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ABSTRACT

One of the curious facts about the food industry is that many of the processes

in use today were being practised, in some form or other, by the Roman legions as

they marched across Europe and beyond. Certainly they were familiar with the basic

techniques of fermentation, and much current research into fermented foods is

concerned with understanding the fundamental nature of these traditional processes,

and how the individual stages in a particular fermentation can be better controlled.

Recent developments in the dairy industry have tended to reflect this pattern

and, over the years, my research group has done much to support the expanding

markets for yoghurt and similar fermented milks. Our evaluation of the

polysaccharide-producing characteristics of starter cultures, for example, encouraged

yoghurt manufacturers to match physical properties to the perceived demands of

consumers, and most culture suppliers followed this lead by labelling their products

with precise designations as to their potential for imparting viscosity to a retail item.

Similarly, my group was the first to record the unique physical properties of

the concentrated yoghurt, labneh, C 230 g 1-1 total solids) that had been made for

hundreds of years by draining whey from natural yoghurt hanging in a cloth or

animal-skin bag. This detailed analysis of the product facilitated the application of

ultra-filtration to natural yoghurt to generate a product with a quality that matched

traditionallabneh and, today, factories in the Middle East, Greece and elsewhere are

using modern membrane-filtration plants to satisfy a growing market demand.

Our success in publicising the attractive properties of concentrated yoghurt
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encouraged me to devote time to yet another 'historical' concept, namely the apparent

'health benefits' derived by small communities in Eastern Europe from consuming

kefir and koumiss. In the West, the flavour and texture of these latter products have

never been accepted, but employing similar cultures to produce 'health-promoting'

bio-yoghurts opened an entirely new avenue for research. As clinical evidence in

support of the prophylactic and therapeutic properties of Lactobacillus acidophilus and

a species of Bifidobacterium became available, so it became apparent that the

therapeutic advantage that accompanies the regular ingestion of 'bio-yoghurts'

depended on the survival of these microfloras over the stipulated shelf-lives of the

retail vehicles. However, no laboratory medium was immediately available for the

simultaneous enumeration of Lb. acidophilus and Bifidobacterium along with the

yoghurt cultures, i.e. Streptococcus thermophilus and Lactobacillus delbrueckii sub-sp.

bulgaricus. Designing such a medium became a priority for one of my students, and,

even today, the procedures that he derived are being used by consumer groups that

monitor the performance of the major dairy companies in England.

If the improved quality of yoghurts and 'bio-yoghurts' had a major impact on

consumer perceptions of fermented milks, the food sector in England gradually

became aware of an even more dramatic change in consumer attitudes. Thus twenty

years ago, cheese meant 'Cheddar' but, following a 'deluge' of television publicity

about the attractions of 'exotic' catering, housewives began demanding mozzarella and

mascarpone for lavish desserts, Feta to sprinkle over salads and Halloumi to grill or

fry. In turn, exporting countries like Italy, Greece and Cyprus came under intense

pressure to increase supplies of top quality products. Local manufacturers soon
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realised, however, that there was little information available concerning the scientific

basis to the procedures employed to make some of these traditional cheeses, and my

research group was selected by Funding Agencies in Greece and Cyprus to act as a

focus for a series of studies of Feta and Halloumi cheese.

The need to eliminate pathogens from the storage brines of Feta cheese without

killing the yeasts and bacteria associated with maturation became an important

consideration for exporters, and one of my students exploited a novel procedure

employing furocoumarins and long-wave ultra-violet light to achieve the desired

selective inactivation. At present, the economics of commercial application are

somewhat dubious but, as soon as cheap, synthetic, non-toxic furocoumarins become

more readily available, the system may well merit re-evaluation. We did confirm,

however, that the metabolic activities of the yeasts and bacteria typically isolated from

storage brines are essential for flavour development in Feta cheese, and that similar

microfloras are instrumental in the development of the important charactistics of

traditional Halloumi cheese. In particular, a new species of lactic acid bacterium,

Lactobacillus cypricasei, was isolated from samples of the traditional ovine cheese,

but whether or not the species has a unique role(s) in the maturation process remains

an open question.

Clearly there is still much to learn but, if the activities of my reseach group

have added just a little to the scientific background essential for future studies of

cheese and fermented milks, then their completion will have been worthwhile.
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OPSOMMING

Een van die merkwaardigste feite omtrent die voedselindustrie is dat baie van die

prosesse wat vandag gebruik word, in een of ander vorm deur die Romeinse magte

gebruik is toe hulle deur Europa marsjeer het. Basiese fermentasie tegnieke was aan hulle

bekend, en heelwat huidige navorsing oor gefermenteerde voedsel is gemik daarop om die

fundamentele natuur van hierdie tradisionele prosesse te verstaan en hoe die individuele

stappe in 'n spesifieke fermentasie beter beheer kan word.

Onlangse ontwikkelinge in die suiwelindustrie reflekteer hierdie patroon, en my

navorsingsgroep het oor die jare heelwat gedoen om die groeiende markte vir joghurt en

soortgelyke gefermenteerde melk te ondersteun. Ons evaluasie van die polisakkaried-

produserende eienskappe van suursels het byvoorbeeld joghurtvervaardigers gehelp om

fisieke eienskappe daar te stel wat verbruikers tevrede sal stel. Meeste verskaffers van

kulture het hierdie voorbeeld gevolg deur hul produkte so te etiketteer dat duidelik gewys

word watter potensiaal dit het om viskositeit aan die finale produk te verleen.

Verder was my groep die eerste om die unieke fisiese eienskappe van die gekonsentreerde

joghurt, labneh (230 g 1-1 totale vastestowwe) te bepaal, wat vir honderde jare gemaak is

deur die wei van natuurlike joghurt te dreineer deur dit in "n materiaal- of diervelsak te

hang. "n Gedetailleerde analise van hierdie tradisionele produk het bygedra tot die

gebruik van ultrafiltrasie op natuurlike joghurt om "n produk te gee met dieselfde

kwaliteit as tradisionele labneh. Vandag gebruik fabrieke in die Midde Ooste, Griekeland

en elders moderne membraan-filtrasie aanlegte om in die groeiende vraag na die produk
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te voorsien.

Ons sukses met die bekendmaking van die aantreklike eienskappe van

gekonsentreerde joghurt het my aangespoor om tyd te spandeer aan nog 'n sogenaamde

"historiese" konsep, naamlik die skynbare gesondheidsvoordele van klein gemeenskappe

in Oos-Europa wat kefir en koumiss verbruik. In die Weste is die smaak en tekstuur van

hierdie produkte nooit werklik aanvaar nie, maar om soortgelyke kulture te gebruik om

"gesondheidsbevorderende" bio-joghurt te produseer, het 'n hele nuwe navorsingsveld

daargestel. Soos kliniese bewyse van die terapeutiese en voorkomende voordele van

Lactobacillus acidophilus en 'n spesie van Bifidobacterium bekend gemaak is, het dit

duidelik geword dat die terapeutiese voordele wat saamgaan met die gereelde inname van

"bio-joghurts", afhang van die oorlewing van hierdie mikroflora oor die gestipuleerde

rakleeftyd van die kommersiële produkte. Geen laboratorium medium was egter

onmiddellik beskikbaar vir die gelyktydige telling van Lb. actdophilus en Bifldobacterium

tesame met die joghurt kulture Streptococcus thermophilus en Lb. delbrueckii sub-sp.

bulgaricus. Die ontwikkeling van so 'n medium het een van my studente se prioriteit

geword, en selfs vandag word die prosedures wat deur hom ontwikkel is, gebruik deur

verbruikersgroepe wat die optrede van groot suiwelmaatskappye in Engeland monitor.

lndien die verbeterde kwaliteit van joghurts en bio-joghurts 'n groot impak gehad het op

verbruikers se persepsie van gefermenteerde melk oor Wes-Europa heen, het die

voedselsektor in Engeland bewus geraak van selfs 'n meer dramatiese verandering in

verbruikers se houding. Twintig jaar terug het kaas "Cheddar" beteken, maar na 'n

stortvloed televisie advertensies oor die aanloklikheid van eksotiese geregte, het daar by

huisvroue 'n vraag ontstaan na Mozzarella en Mascarpone vir nageregte, Feta oor slaai
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en Halloumi om te bak of te braai. Italië, Griekeland en Siprus wat hierdie produkte

uitgevoer het, het onder kwaai druk gekom om groter hoeveelhede, top-kwaliteit produkte

te lewer. Plaaslike vervaardigers het gou agtergekom dat min inligting beskikbaar was

oor die wetenskaplike basis van die prosedures wat gebruik word om hierdie tradisionele

kase te maak en my navorsingsgroep is deur befondsingsagentskappe in Griekeland en

Siprus genader om studies te doen oor sekere aspekte van die vervaardiging van Feta en

Halloumi kaas.

Dit het vir beide in- en uitvoerders belangrik geword om die patogene te elimineer

uit die soutoplossing waarin Fetakaas gestoor word, sonder om die giste en bakterieë wat

rypwording aanhelp, te dood. Een van my studente het 'n innoverende prosedure

ontwikkel wat furocoumarins en lang-golf-ultra-violet lig gebruik om selektiewe

inaktivering te kry. Op die oomblik is daar effense onsekerheid oor die ekonomiese

implikasies van die kommersiële toepassing, maar sodra goedkoop, sintetiese, nie-toksiese

furocoumarins geredelik beskikbaar word, moet die sisteem weer geëvalueer word. Ons

het egter bevestig dat die metaboliese aktiwiteite van die giste en bakterieë in die

stooroplossing noodsaaklik is vir geurontwikkeling in Feta kaas en dat soortgelyke

mikrofloras instrumenteel is in die ontwikkeling van die belangrike karaktereienskappe

van tradisionele Halloumi kaas. 'n Unieke melksuurbakterium, Lactobacillus cypricasei,

is uit monsters tradisionele skaap Halloumi geïsoleer, maar of hierdie spesie 'n unieke

rol speel in die verouderingsproses is nog 'n ope vraag.

Duidelik is daar nog baie om te leer, maar indien my navorsingsgroep se

aktiwiteite slegs 'n klein bydrae gemaak het tot die wetenskaplike agtergrond wat

essensieel is vir toekomstige navorsing, was die voltooiing daarvan die moeite werd.
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Chapter 1. INTRODUCTION

Exactly what evolutionary pressures lead to milk becoming the universal food

for infant mammals is a matter for speculation but, for thousands of years, Man has

derived immense benefits from this unique characteristic. In particular, the ability of

Man to husband large herds of reindeer, cows, sheep, goats or camels has meant that

most communities across the world devised various practices to collect milk and utilise

it as a component of their normal diets. The same peoples would have been aware

also that milk was a very fragile product, and even societies in the cold climate of

Northern Europe would have been conscious that liquid milk could become unusable

in a matter of hours.

Obviously such societies were not aware that bacteriological spoilage was to

blame, but what they would have observed was that the nature of the deterioration was

not uniform, and that while some lots of surplus milk became usable only as pig food,

others changed in character but remained totally palatible. Thus, the frequent storage

of raw milk in a vessel of earthenware or animal skin could well, at some point in

time, have lead to the selection of a fermentative microflora, and the repetitive use

of the same vessel might well have given rise to a 'sour milk' that had a pleasant

flavour and aroma. It would then have been a simple matter for the practice to spread

to neighbouring communities, and for a specific 'sour milk' to become a normal part

of the regional diet. Evidence in favour of this idea is provided by the nature of the

milks themselves for, in Northern Europe, the cool climate lead to the dominance of
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mesophilic microfloras and one distinctive range of products, while in the Middle

East, thermophilic microfloras emerged to give fermented milks that were totally

different in character.

In addition to this natural evolution, Man intervened to improve the sensory

properties of the end-product. Partial concentration of the milk over an open fire

would have been found to greatly improve the consistency of 'yoghurt-like' products

and, in this way, standardised procedures for making these popular foods would have

emerged. It is likely, of course, that the quality of the products ranged from excellent

to almost inedible, for even at the beginning of the 20th. century, little was known

about the bacteria that formed the essential microfloras. Even after the publication of

the book by Metchnikoff in 1910 linking longevity among the hill tribes of Bulgaria

with the consumption of yoghurt containing special bacteria, the ensuing interest in

the 'health-giving' properties of yoghurt did nothing to improve the yoghurt making

process. Indeed, the quality of the fermented milks available in towns and villages

around Europe appears to have been so poor that even the alleged mystical properties

of fermented milks could not persuade consumers to eat them.

1.1 Products Manufactured with Thermophilic Cultures

While fermented milk drinks were developed by producers in Scandinavia and

North America, more viscous or 'gelled' products became the popular forms of

fermented milk in Southern Europe, Asia and the Middle East. Even allowing for

occasional batches of poor quality, yoghurt and similar products easily retained a place

in the diet of communities with a long history of consumption, but it was not until the
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1950's that yoghurt made any real impact on the commercial markets of Europe and

North America. In the event, it was the addition of fruit that proved the turning-point,

and fruit yoghurts began to find favour as pleasant 'snacks' for picnics or similar

occasions. Control over the fermentation improved also, so that a consumer could

purchase products on a regular basis and know, with some degree of confidence, that

the flavour and consistency would match his/her expectations. Today, the retail value

of the fermented milk market is worth millions of dollars (US) and, with sales

continuing to surge, the image of fermented milks as safe, healthy and satisfying

'snacks' has become deeply entrenched. The nature of the retail products has, of

course, changed to meet consumer demands for more exotic fruit flavours and/or more

satifying textures, but it is interesting that the essential characteristics of many

fermented milks have not really altered.

Thus, yoghurt is still defined as a product manufactured from milk - with or

without the addition of some natural derivative of milk, such as milk powder or cream

- and with the gel structure being the result of coagulation of the milk proteins by

lactic acid secreted by defined species of bacteria. Furthermore, these same bacteria,

usually Streptococcus thermophilus and Lactobacillus delbrueckii sub-sp. bulgaricus

must be 'viable and abundant' at the time of consumption, and a definition along these

lines is enshrined in the Food Laws of many countries. Indeed, in many countries,

retail cartons may only be labelled as 'yoghurt' if the product contains viable cells of

Lb. delbrueckii sub-sp. bulgaricus, and this protection of the name has ensured

retention of the essential characteristics of the product. Obviously, gelled products can

be made in other ways and/or the bacteria killed by heat treatments, but such products
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should never be confused with a true fermented milk.

Despite the popularity of both natural and fruit yoghurts, manufacturers are

always seeking new markets, and the development of so-called 'health-promoting' or

'bio-yoghurts' has, over the last ten years, transformed the supermarket shelves right

across Europe. These yoghurt-like products may contain a range of cultures, such as

Lb. acidophilus, Lactobacillus casei, Lactobacillus rhamnosus, Lactobacillus reuteri

or Lactobacillus paracasei, along with one or more members of another genus,

Bifidobacterium, for example Bifidobacterium bifidum, Bifidobacterium longum,

Bifidobacterium adolescentis, Bifidobacterium infantis or Bifidobacterium laetis. The

most popular culture for such 'bio-yoghurts' contains a mixed flora of Lb.

acidophilus, Bifidobacterium sp. and Stro thermophilus and, while the former pair

provide the main 'health benefits', the latter is able to acidify the milk rapidly and

provide the flavour and physical characteristics expected by the consumer of a

yoghurt-like product.

However, although the production of yoghurt is a multi-million dollar industry,

it should not be forgotten that the original fermentation process was one of

preservation of the valuable nutrients in milk. In reality, of course, even yoghurt

spoils rapidly at ambient temperatures above lOoC and, under primitive conditions,

this deterioration must have been extremely rapid. Consequently, a number of

important derivatives of yoghurt made an appearance. For example, our ancestors in

the Middle East may well have observed that, when yoghurt was left in an animal-skin

bag and forgotten for a few days, the drainage of whey gave rise to a concentrated

yoghurt (labneh) which they could consume over several days with little change in
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flavour. They would have discovered also that if some of the labneh was allowed to

dry partially in the sun before being placed in a jar of olive oil (labneh anabaris),

consumption of the same batch could continue for weeks or even months. Whether or

not one of the dietary uses of labneh included mixing with cooked cereal grains is not

known, but certainly some tribes in Iraq discovered that, when labneh was blended

with ground, boiled wheat and portions of the mixture were dried in the sun, the

resultant product (kishk) had a storage life of several years. Obviously reconstituted

kishk has few of the properties of the originallabneh, but at least the nutritionally

valuable milk proteins had not been wasted.

Today, the origins of these traditional products have long been forgotten, and

yet 'labneh ' is now marketed all over the world labelled as 'strained' or 'Greek -style'

yoghurt.

1.2 Products Manufactured with Mesophilic Cultures

Mesophilic species of bacterium like Lactococcus laetis sub-sp. lactis,

Lactococcus laetis sub-sp. cremoris or Leuconostoc mesenteroides sub-sp. cremoris

that grow at temperatures of 20 - 22°C have long been associated with the cheeses and

fermented milks of Northern Europe. In these cooler climates, some form of 'crude'

starter culture became almost essential but, in Southern Europe and North Africa, the

natural mesophilic microfloras of the raw milk seem to have been sufficent to provide

both the acidity for the coagulant to act during cheesemaking and, perhaps, some of

the flavour characteristics desired in the product. Cheeses like Domiati, Feta and

Halloumi are all made without starter cultures, and it is notable also that all three of
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these 'warm-climate' cheeses are matured in brine. The potential preservative action

of the brine would have been well known to the early producers, but more recently,

it has become evident that the microflora of the brine is essential for flavour

development in these same cheeses.

1.3 Aims of the Study

Although fermented foods and beverages have been produced for thousands of

years, it was not until the 1950's that the attractions of fermentation as a means of

preservation, biological ennoblement and flavour enhancement suddenly became

'fashionable'. What became evident also was that any commercial exploitation of

traditional fermentations depended upon acquiring a detailed knowledge of the basic

microbiology of the processes, and there have been some notable success stories in

this respect. The expansion of the pickled cucumber industry in the USA owes much

to the scientists who studied the microbiology of the traditional process, and the

commercial market for sorghum beer in South Africa could not have been exploited

if the native process had not been modified and standardised.

In the dairy industry, the parallel changes have tended to be less dramatic for,

at the end of the day, it must be admitted that yoghurt, for example, is still made by

a process derived thousands of years ago. Nevertheless, success of the fermented milk

sector has depended on standardisation of the traditional processes, and many of the

studies highlighted in this dissertation tend to reflect how fermented milks have

evolved over the last thirty years.

Thus, our work on the impact of extra-cellular polysaccharide-producing starter
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cultures on the organoleptic properties of yoghurt sought to reveal for manufacturers

and culture suppliers alike the potential for modifying consistency to suit consumer

expectations, and similar studies on the concentrated yoghurt from the Middle East

(labneh) paved the way for its commercial exploitation. In particular, one of the

targets for this latter study was to match the properties of traditionallabneh made by

gravity drainage of the whey with a product concentrated by ultrafiltration, and it may

be no coincidence that all the 'Greek-style' yoghurt sold in Europe is maufactured by

membrane processing.

In parallel with these studies, two of my students focussed their attention on

the prophylactic/therapeutic cultures that were being widely praised for their 'health-

promoting' benefits. However, it was widely reported that the potential advantages for

the consumer depended on the species being of human origin and present in a product

at counts exceeding 1.0 x 106 colony-forming units (cfu) ml-i. Consequently, methods

for enumerating Lb. acidophilus and Bifidobacterium sp. in dairy products were

needed urgently for, while the medical profession were familiar with the isolation of

Bifidobacterium sp. from faeces and other materials, the enumeration of the same

genus in a milk product containing, perhaps, three other species of lactic acid bacteria

posed a very different problem. Similarly, factors influencing the survival of these

probiotic species in milk was poorly understood, for a 'bio-yoghurt' is a very different

environment from their normal habitat in the intestine of a human. Although some of

this work involved refinement of existing procedures, its real value became linked

with consumer protection, and a number of organisations in the UK were concerned

to ensure that retail products contained 'therapeutic minimum counts' at the time of
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consumption.

If improving the quality of yoghurt and 'bio-yoghurt' has essentially been a

process of refining well-documented technologies, the procedures for making Nabulsi

cheese from Jordan or Bafut cheese from the Cameroon had, by contrast, never

previously been studied in any systematic fashion. Consequently, we instigated a

number of studies of these two cheeses that revealed not only their chemical, physical

and organoleptic characteristics, but also allowed us to develop variants based on

recombined and filled milks. This latter study was of especial relevance to the

Cameroon which has an abundance of refined palm oil and easy access to skimmed

milk powder from Aid Organisations.

Additional members of my research group extended this work to cover the

traditional, brined cheeses of the Mediterranean and North Africa which, in many

cases, are still being made from raw milk by small producers using skills handed-

down from previous generations. Even with commercial cheeses like Feta and

Halloumi, it emerged that the basic microbiology was poorly understood, and yet the

market for these cheeses is growing fast. Establishing a baseline of knowledge to

assist with this expansion became a major programme in its own right. Thus, while

it had long been realised that the microfloras of the cheese brines were important for

flavour development, there was a clear need to isolate and characterise the principal

species from within these microfloras, and determine their precise biochemical

contributions to the maturation process. Indeed, these studies may well help to make

it possible to control the organoleptic properties of a cheese like Feta by means of

cultures added to the brine.
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If Cameroon has the milk or other ingredients for cheesemaking but little

expertise, the situation in the Sudan was, at least in the early 1980' s, almost the

reverse. The local cheese, Gibna Baida, was an excellent product but of limited

availability, and one of my students sought to develop a process for the producing an

identical cheese by the direct recombination of skim-milk powder and butteroil. As

far as I know, this project was the first to exploit the potential of direct recombination

for cheesemaking but, sadly, the economic conditions in Sudan deteriorated before the

results of the work could be transferred to the 'factory floor'. However, it is pleasing

to record that two private companies supported by the New Zealand Dairy Board are

employing procedures based on this work to manufacture Feta-style cheeses in the

United Arab Emirates, so clearly our publications did not go unnoticed.

As all these ventures were completed on a University campus and often

involved young scientists at the start of their careers, the results have always been

placed in the public domain. Consequently, their impact on the dairy industry in the

UK or elsewhere will never be known for certain, but what these studies tried to

achieve should become clear in the following chapters.
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Chapter 2. THE PROPERTIES OF YOGHURT

Yoghurt and similar fermented milks have been produced in the warmer

regions around the Mediterranean for centuries, but the more widespread popularity

of the product throughout Europe, North America and elsewhere is comparatively

recent. These latter markets are dominated by two types of retail product. One variant

has a firm, gel-like structure together with a clean, mildly acidic and slightly aromatic

flavour - natural set yoghurt, while the other has the consistency of 'double cream'

and the background flavour of yoghurt is usually modified by the addition of fruit/

flavours and sugar (sucrose) - stirred yoghurt. Nevertheless, despite the apparently

contrasted nature o( the end products, the manufacturing procedures for both variants

have much in common and, even today, closely resemble the traditional fermentation.

However, the current generation of consumers are more demanding than their

ancestors, and not only do they anticipate that an extensive range of products will be

available, but that the characteristics of the product will not vary from batch to batch.

Modern process controls make it possible for manufacturers to meet these

expectations, and this aspect of the study has been concerned with an examination of

those facets of the fermentation that are most amenable to standardisation.

2.1 Method of Manufacture

The raw material for yoghurt production is usually bovine milk, although the

milk from other mammals, such as the sheep or buffalo, is equally amenable to

fermentation; only in camel's milk are the micelles too small to form a proper
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coagulum (Ali and Robinson - 1). Caprine milk can also be employed, but, due to the

high level of 6-casein and the poor functional properties of caprine asl casein, we

found that the coagulum formed during the fermentation stage was soft and the end-

product lacked the attractive, 'mouth feel' of normal yoghurt (Robinson and

Vlahopoulou - 2). Although milk fat can be present or absent according to taste and/or

market demand, the critical feature of the milk, in the present context, is the level of

solids-non-fat (SNF). In bovine milk, the level is 85 - 90 g 1.1, of which around

45 g 1-1 is lactose, 33 g 1-1 protein (26 g 1-1 casein and 7.0 g 1-1 whey proteins) and

7.0 g 1-1 mineral salts (Tamime and Robinson - 3). Each of these components is vital

for the production of a satisfactory yoghurt, in that while the lactose provides an

energy source for the starter bacteria (see later), the protein, together with minerals

like calcium and phosphorus, gives rise to the basic structure of the gel. However,

the levels present in liquid milk are not sufficient to produce a satisfactory end-

product, and hence the first step in manufacture is to check the quality of the ex-farm

milk and then raise the level of SNF.

2.1.1 Liquid Milk

The basic ingredient of most yoghurt is whole milk or skim milk, and hence

the quality of the incoming milk is an important consideration. The methods of

extracting representative samples will vary with the size of factory concerned, but it

is essential that the portion examined truly reflects the quality of the whole silo or

tanker. The availability of automated techniques means that the chemical composition

of the incoming milk can be monitored quite easily, but one essential test must be for
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inhibitory substances. Thus, while minor variations in chemical composition may alter

the quality of the end-product and/or the economics of the process, the presence of

antibiotics in the milk can lead to total vat failure.

201.1.1 Inhibitors of Starter Activity

The production of liquid bulk starter cultures in a cheese or yoghurt factory

can encounter problems with respect to: (a) contamination by adventitious bacteria,

yeasts or moulds or, possibly, bacteriophage; (b) changes in the activity of the

culture, e.g. rate of acid production or level of aroma/flavour compounds secreted;

and (c) the presence of antibiotics or other inhibitory substances in the milk.

In particular, Stro thermophilus is especially sensitive to antibiotics like

penicillin, streptomycin, neomycin and ampicillin which are widely used to control

mastitis (Yamani, Haddadin, AI-Kurdi and Robinson - 4) and, when grown alone,

contamination of the milk as low as 0.004 International Units (lU) mlolof penicillin

G can inhibit cell wall development; strains of Lb. delbruecldi sub-sp. bulgaricus tend

to be a little more tolerant (0.02 IU mlolof penicillin G). However, even when the

two organisms are growing together under optimum conditions, 0.01 IU mlolof

penicillin G can delay fermentation. Sanitising agents employed to clean a plant, such

as chlorine (100 mg 1-1) or iodophors (60 mg 1-1), can also cause inhibition of the

mixed cultures (Tamime and Robinson - 3), and hence the screening of bulk milk for

microbiocidal agents is essential.

The Disc Assay is able to detect 0.005 IU of penicillin G ml-lof milk, while

the more user-friendly Delvotest P can detect 0.004 IU of penicillin G ml-lof milk
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in 2.5 hours; at a level of 0.006 IU of penicillin G mlo! of milk, the Delvotest is

reported to be 100% accurate. More recently, the Lac-Tek and Delvo-X-Press tests

have been introduced, and these systems can identify a range of B-Iactam antibiotics

at levels of 0.006 IU of antibiotic mlo!of milk but, in this case, the detection time is

around 7 minutes. This rapid response means that all milk required for processing can

be tested ahead of its introduction into the production area. The Charm Test(s) offers

another alternative for checking for B-Iactam residues, and Standard Methods are cited

also for the HPLC detection of sulphamethazine, the Brilliant Black Reduction Test

for inhibitory substances, as well as various ELISA techniques for detecting low levels

of B-Iactam antibiotics. However, these Standard Methods can prove costly, and one

of my students working in Jordan found that even quite simple procedures can, if

standardised, give excellent results (Yamani, Haddadin, AI-Kurdi and Robinson - 5).

2_1.2 Fortification of the Milk

Traditionally, the solids content of milk was raised by gently heating the milk

in an open pan over a fire, and evaporation of the water was sufficient to achieve the

desired effect (Tamime and Robinson - 3). Nowadays, although concentration by

evaporation under vacuum or ultra-filtration is practised in large dairies, the addition

of whole or skim-milk powder to liquid milk and/or the inclusion of whey or casein-

based powders remains the popular choice with small dairies. The choice of one

method of fortification over another is based mainly on the availability of process

plant, but we did find that the system selected could influence the quality of the final

product (Lankes, Ozer and Robinson - 6). However, so long as the process milk has

Stellenbosch University http://scholar.sun.ac.za



14

around 40 - 50 g 1-1 protein and a total solids of 130 - 140 g 1-1, it will provide a

suitable base for most commercial fermented milks; for some niche markets for

natural yoghurt, total solids levels of 160 - 180 g 1-1 may be used. The fat content

tends to be adjusted according to the demands of the retail market, i.e. 5.0 g 1-1 for

the diet-conscious.

At some locations, skim milk or full-cream milk powder may be the only

feasible raw material, but whatever the precise type of powder, an examination of

each consignment to ensure its adherence to agreed specifications can avoid problems

at a later stage. The yoghurt manufacturer is fortunate, however, in that the process

milk does receive a severe heat-treatment, e.g. 85°C for 30 minutes or equivalent, and

hence some latitude in respect of the microbiological quality of the milk powder can

be tolerated. The same margin of freedom applies to the stabilisers or other

ingredients added prior to heating, but materials incorporated into the finished

yoghurt, e.g. fruit and flavouring/colouring agents, need to be monitored with

particular care.

Although natural yoghurt is based entirely on milk, some countries permit the

use of stabilisers to achieve an acceptable consistency with stirred yoghurts. Many of

them are complex carbohydrates, and the incorporation of starch/modified starch or

one of the plant gums like guar or locust bean at a level of 5.0 - 7.5 g 1-1 will give

a smooth texture to a yoghurt without the need for high levels of milk solids. Thus,

guar gum, locust-bean gum, as well as the carrageenans and cellulose derivatives, are

long-chain polysaccharides composed of regular arrangements of monosaccharide

units, and it is this structure that gives them the ability to bind water. It is significant
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also that these complex molecules cannot be attacked by digestive enzymes in the

human body, and hence they may help to prevent some types of colonic malfunction

by: (a) providing a "bulking agent" for the contents of the intestine; (b) stimulating

intestinal peristalsis; and (c) encouraging the growth of desirable microfloras in the

colon. Inulin is one short- chain polysaccharide that is of especial interest in this latter

respect, and Robinson (7) showed that it also imparted an attractive viscosity to stirred

yoghurt.

In addition, guar gum can slow the rate of post-prandial glucose release into

the blood stream of humans (Robinson - 8)

2.1.3 Heat-treatment of the Milk

Once the desired level of SNF has been achieved, the milk may be

homogenized to ensure both full incorporation of any dry ingredients, and to break-

down the fat globules to a uniform size of around 1 ~m. This size reduction is

essential to prevent the separation of cream during the production of full-fat set

yoghurts, but it also improves the consistency of stirred yoghurts.

The next stage involves passing the milk through a plate heat exchanger in

order to raise the temperature to 90 - 95°e with a residence time in the holding tube

of 7 - 10 minutes. Alternatively, the milk may be heated in the main process vessel

to 80 - 85°e, and then held for 30 minutes. The choice of treatment depends on the

sophistication of the available plant, but the critical feature is the holding time, for the

application of high temperatures alone, e.g. Ultra-High Temperature (UHT)

treatments at 1400e for around 2 seconds, does not give rise to an attractive yoghurt
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(Tamime and Robinson - 9).

2.1.4 Choice of Starter Cultures

Once the heat treatment has been completed, the milk is cooled to 42°C prior

to inoculation with a culture composed of equal numbers of Stro thermophilus and Lb.

delbrueckii sub-sp. bulgaricus. The technology for handling these cultures can vary

but, currently, the most popular routes are: (a) production of a liquid 'bulk starter'

using 'sterile milk' - usually made from reconstituted skim-milk powder - and a

freeze-dried or frozen culture purchased from a supplier; the process milk will be

inoculated at a rate of 20 g 1-1 with the pre-fermented bulk starter (pH around 5.0);

or (b) the purchase of a concentrated frozen or freeze-dried culture that can be added

direct to the process milk (Robinson - 10, 11). For sheer convenience, the latter route

is becoming more popular.

However, whatever type of culture containing Stro thermophilus and Lb.

delbrueckii sub-sp. bulgaricus is employed} it is recommended that the two organisms

should be present in the ratio of 1 : 1 (chain: chain). In practice, this requirement

means checking the balance by direct microscopic examination and, if required, the

count can be made quantitative as well, i.e. with a Breed Smear technique. If the

number of bacteria is too high to be counted directly, then aID -1 dilution in quarter-
~

strength Ringer's solution can be made prior to preparation of the slides. If the sample

is agitated for 30 seconds before the 0.01 ml aliquot is removed, then the microscope

fields should contain countable numbers of bacteria.

Staining with Newman's stain, or after defatting, with methylene blue or
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Gram's stain is a useful aid to differentiation and, for routine purposes, the number

of fields to be examined can be reduced from the figure required, in theory, to give

an accurate count. Thus, counting ten fields in a five by five cross-pattern overcomes

uneven spreading, and a reasonable estimate of the cell count ml-lof a starter culture

can be obtained. The only adjustment required is in relation to the expected ratio,

because the chains of streptococci tend to breakdown into small units of two or three

cells during dilution. If each one of these units is recorded as "one", then the ratio

of streptococci: lactobacilli rises to around 2.7 : 1, and this ratio has been found to

be repeatable with cultures incubated at 42°C; this work was reported in some detail

by Tamime and Robinson (3).

An alternative technique for obtaining information about the ratio between the

two organisms in a starter culture, or in the retail product for that matter, is the total

colony count using a medium that selects for one or other species, or differentiates

between them on the same plate. The fact that dilution and plating will have broken

most of the chains necessitates a modification of the expected ratio, and ratios of 10

: 1 (Streptococcus: Lactobacillus) may well become the accepted "norm"; the chains

of streptococci counted as "one" in the "clump count" tend to be longer than the

chains of lactobacilli (Robinson - 12). However, it is important that different strains

of Stro thermophilus and Lb. delbruecldi sub-sp. bulgaricus may behave differently on

the same medium.

The performance of yoghurt cultures on Lee's medium is a case in point, and

one of my students found that while some strains of Lb. delbruecldi sub-sp. bulgaricus

give white colonies, others produce yellow colonies that are identical to those of Stro
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thermophilus (Ghoddusi and Robinson - 13). The acid-producing capacity of Lb.

delbrueckii sub-sp. bulgaricus appears to be the critical factor; L-S Differential Agar

and Modified Lactic Agar are other media that gave different responses according to

the strains of bacteria under examination.

Tryptose Proteose Peptone Yeast (TPPY) Agar with Eriochrome Black gives

good differentiation, as does Reinforced Clostridial Prussian Blue (RCPB) Agar and,

on both of these media, recovery (following confirmation by Gram staining of selected

colonies) is good; extremely clear definition was achieved by incoporating Prussian

Blue into TPPY Agar in place of Eriochrome Black T (Ghoddusi and Robinson - 13).

If precise counts are needed, it should be noted that recovery from the same culture

on different media does, on occasions, differ by a factor of ten.

While a single differentiating medium may be preferred for visual counts, the

introduction of automatic colony counters may necessitate a change to the use of a

medium selective for only one species, e.g. M17 Agar for Stro thermophilus and

Acidified MRS Agar for Lb. delbrueckii sub-sp. bulgaricus, or that gives a total

colony count for all organisms of starter origin. However, even laser counters are

prone to error, e.g. clusters of colonies close to the margin of the Petri dish, and

selective media are not always entirely inhibitory to other organisms. For example,

we found that Acidified MRS Agar can support the growth of yeasts as well as

lactobacilli and, although the difference in colony morphology was evident to the

human eye, the electronic system recorded just one total count. This point could be

important if the same medium is employed to monitor total viable counts of starter

bacteria in a sample of commercial yoghurt (Tamime and Robinson - 3).
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2.1.5 Microbiology of the Fermentation

In part, the use of Stro thermophilus and Lb. delbrueckii sub-sp. bulgaricus is

historical in origin, in that they have frequently been isolated from natural yoghurt

made by the indigenous tribes of the Middle East. However, there are good reasons

for continuing with the tradition for, when growing in milk, the two organisms

interact synergistically, and this protoco-operation is based upon the facts that:

• Stro thermophilus grows more rapidly than Lb. delbrueckii sub-sp. bulgaricus,

and releases lactic acid, carbon dioxide and formic acid, all of which stimulate

the growth and metabolism of the lactobacilli; and

• the proteolytic action of the lactobacilli on the milk proteins releases peptides,

while the peptidase activity originating from Stro thermophilus makes available

amino acids that are essential for further development of both species

(Robinson - 12).

The end result of this mutual stimulation is .that:

• both species actively metabolise lactose to lactic acid, so that the fermentation

is complete within 3 - 4 hours;

• the metabolites liberated by the two species give yoghurt a distinctive flavour,

with acetaldehyde at levels up to 40 mg kg" as the major component (Tamime,

Robinson and Chubb - 14). Other compounds of starter origin, such as free

fatty acids, amino acids, acetone, diacetyl and keto/hydroxy acids, contribute

to the final flavour, but the importance of these compounds with respect to

perceived taste and aroma is poorly understood; and

• some strains of the two species can produce appreciable levels of extracellular
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polysaccharides, such as glucans or, alternatively, complex polymers with

glucose, galactose and rhamnose as the constituent sugars, and the presence of

these metabolites enhances considerably the viscosity/consumer appeal of the

end-product (Robinson - 15, 16). Thus, whilst some of the polysaccharide

forms a layer over the individual bacterial cells, the remainder forms a network

that binds the cells and the casein together into a viscous mass; commercial

starter manufacturers have available a range of cultures that differ with respect

to the types and levels of polysaccharide synthesised (Robinson - 15, 17).

2.1.6 The Fermentation Process

Yoghurt is defined as a cultured milk produced with thermophilic lactic acid

bacteria, usually Stro thermophilus and Lb. delbrucldi sub-sp. bulgaricus. These starter

bacteria, by converting lactose to lactic acid, are responsible for the reduction in zeta

potential that leads to destabilisation of the casein micelles and, incidently, the partial

dissociation of calcium phosphate associated with the micelles; solubilisation is almost

complete at around pH 5.2 - 5.0. As a result of a further decrease in pH, the casein

micelles lose their structural integrity and become unstable. After initial contact

between the casein micelles, there is a loss of structural entropy which is accompanied

by further aggregation and, under quiescent conditions, a three-dimensional

heterogeneous casein network forms that is held together by covalent and other

protein-protein interactions. The extent of these interactions is determined by both

the concentration of, and the physico-chemical state of, the proteins, as well as factors

such as pH. The heat treatment applied to the yoghurt milk further affects this basic
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process of gel formation, for the usual treatment of 95°C for 7 - 10 minutes results

in the denaturation and, subsequently, aggregation of the whey proteins. During this

process, a specific interaction between k-casein and B-lactoglobulin occurs via reduced

thiol/disulphide interchange reactions, and these heat-induced protein interactions are

essential for the formation of a yoghurt with desirable textural properties.

In commercial practice, many factors influence the physical characteristics of

a yoghurt gel and, while the importance of post-incubation conditions, such as in-plant

shearing and storage temperature, cannot be underestimated, it is believed that the

rheological characteristics of yoghurt are determined mainly by the

gelation/fermentation stage.

Once the milk has been inoculated, it will follow one of two routes (see later)

to give either set or stirred yoghurt. After 4 - 5 hours, the fermentation will be

complete, i.e. the acidity of the milk will have risen to 12 - 14 g 1.1 lactic acid

(around pH 4.2 - 4.3), and the total populations of Stro thermophilus and Lb.

delbrueckii sub-sp. bulgaricus may each exceed 20 x 108 (cfu) ml' (Robinson - 12).

At this acidity, which is probably the level preferred by most consumers, the

milk proteins will have coagulated to form a firm gel, and the product must be cooled

to avoid over-acidification. If this control is not exercised, then: (a) the product may

develop an excessively sharp, sour taste; and (b) the protein gel may begin to shrink

and cause whey to separate as a discrete layer on the surface of the yoghurt. This

free whey can, of course, be stirred back into the body of the product but, in set

yoghurts at least, its presence must be regarded as a fault.
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2.1. 7 Final Processing

For set yoghurt coagulated in the retail cartons, cooling can be achieved by

blowing cold air through the incubation room, or by carefully transferring groups of

cartons in their retail trays to a chill room at 2 - 4°C. In-tank cooling of the base is

often practiced for stirred yoghurt, and this stage requires the circulation of chilled

water (2°C) through the jacket and/or cooling system of the vessel. Care must be

exercised at this stage to avoid the formation of 'pips', for these hard pieces of protein

can appear as unsightly 'white spots' in coloured yoghurts like the cherry or raspberry

varieties. However, while my research group did prove that poor process control

could initiate the formation of these small, protein-rich 'lumps', (Robinson - 18),

there have been reports that the defect is most prominent during the spring and

autumn months. Whether this periodicity is linked with seasonal changes in milk

composition has not been established, nor is it clear why :(a) some manufacturers

observe the problem more than others; (b) why changes in starter culture can often

solve the problem; and (c) why reversion to the original culture after only 2/3 weeks

does not lead to re-occurrence of the problem (Tamime and Robinson - 19).

Alternatively, the yoghurt may be stirred and pumped through a plate or

tubular cooler, but this process can lead to a loss in viscosity; as most stirred yoghurts

are further processed, the initial cooling is usually to around 15°C. In-tank mixing of

the fruit or other flavouring mixture (100 - 150 g 1-1) can be used, but large factories

~M~~~~~~~~~~a~~~~~~ili~

into cartons. The most popular size of carton, as with the set yoghurt, is the

individual portion (125 - 150 g), and the necessary cartons are either: (a) purchased
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pre-formed, filled and then heat-sealed with an aluminium foil lid; or (b) the

polystyrene or similar material may come as a roll which is formed into cartons on

the filling machine - the form/fill/seal process. Family packs (500 g) are available as

well, usually with press-on lids to allow for consumption over several days (Tamime

and Robinson - 19).

2.2 Quality of the Retail Product

The quality of any food product can be defined against a wide range of criteria

including, for example, the chemical, physical, microbiological and nutritional

characteristics, or simply in relation to its overall appeal to potential consumers. As

a result, quality has to be judged by a range of tests of varying degrees of objectivity,

and yet all of them can be useful in ensuring that a product:

• is safe for human consumption with respect to both chemical or microbial

contamination;

• conforms to any Regulations enshrined in law, or set down in advisory

documents supplied by Public Health or other Authorities/Agencies;

• is capable of achieving a specified shelf-life without spoilage; and

• has a sensory quality that is compatible with existing constraints of

manufacture or marketing.

An examination of some of these points implies, naturally enough, that

a critical laboratory assessment of the retail product is essential, but it is important to

bear in mind that quality control is just one component of the all-embracing concept -

Total Quality Management, and this relationship is one that demands constant
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attention.

2.2.1 Nutritional Value

(i) Chemical Composition

The increase in SNF will, of course, improve the compositional analysis of

yoghurt vis-a-vis milk, e.g. > 50 g 1-1 total protein versus 32 g 1-1 in full-cream milk

or > 1.80 g 1-1 of calcium versus 1.15 g 1-1 in milk; in addition, the bioavailability

of the nutrients like calcium and zinc is enhanced as a result of the fermentation.

Some increases in B vitamins and folic acid have been recorded as well, but the extent

of any increase can vary from product to product - a reflection, perhaps, of strain

differences between starter cultures.

Another pertinent characteristic is that the milk proteins in yoghurt are already

coagulated prior to ingestion, and the "soft clot" formed in the presence of acid in the

stomach may have specific benefits, namely: (a) the softer structure is alleged to

reduce any feelings of discomfort; and (b) the more "open" nature of the casein

aggregates allows proteolytic enzymes in the alimentary canal easy access during

digestion. This latter point may be important for certain vulnerable groups like the

young or the elderly, for milk protein can provide a valuable source of essential

amino acids.

In addition, it should not be forgotten that milk fat contains an extremely wide

range of fatty acids. Most of these are present in the form of glycerides, but over 400

individual fatty acids have been identified in bovine milk. Obviously, it is quite

impossible to assign a physiological role to all but a handful of these acids, but the
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fact that they are present in a normal mammalian secretion suggests that 'ignorance

of function' should not be equated with 'no function' .

Lactose is the principal substrate for the production of lactic acid, and this can

be present in yoghurt in two isomeric forms - L( +) and D(-). Stro thermophilus

produces the L( +) form, while Lb. delbrueckii sub-sp. bulgaricus releases the D(-)

isomer or a racemic mixture DL depending upon the strain. In nutritional terms, the

L( +) isomer, which accounts for some 50 - 70% of the total acidity, is the easily

digested form while, by contrast, the D(-) isomer is poorly metabolised and excessive

intake can cause acidosis in some children.

(ii) Microbiological Aspects

The colon of the adult human contains millions of bacteria per gram of

content, and some of the constituent species produce a range of phenolic compounds,

such as skatole and indole, which can damage living tissue. Indeed, there is concern

over their possible involvement in the initiation of cancer in the lower intestine, and

hence any dietary component that tends to suppress the production of such compounds

could be advantageous. For example, the lactic acid in yoghurt could, by modifying

the pH gradient along the intestine, help to inhibit the growth/metabolism of the

putrefactive bacteria, but the potential impact is difficult to predict.

Indeed, a possible prophylactic/therapeutic role for yoghurt has been criticised

on the grounds that neither Stro thermophilus nor Lb. delbrueckii sub-sp. bulgaricus

are likely to survive the digestive process in humans, while the level of lactic acid in

the product is relatively small. Nevertheless, it is feasible to suggest that, as the

millions of cells of Stro thermophilus and Lb. delbruecldi sub-sp. bulgaricus autolyse
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within the small intestine, so the escaping enzymes and other cell contents could have

an effect by stimulating the native microfloras of lactobacilli and bifidobacteria.

Indirect evidence in support of this idea is well documented, for there is no

debate about the acceptability of yoghurt (as against milk) in the diet of 'lactose mal-

digestors'. These are people who have lost the ability to secrete lactase from the

intestinal wall so that, on ingestion, the lactose in milk passes unaltered into the

colon. Here it is fermented by the natural microflora, and the gas generated during

the fermentation causes extreme discomfort. However, yoghurt is acceptable because

the 6-galactosidase released from the degenerating cells of the culture hydrolyses most

of the lactose in the small intestine, and hence only insignificant amounts reach the

colon. If this enzyme is released from the starter culture and retains its activity during

digestion, other cell constituents may behave in the same manner and, perhaps, act

as stimulants of the native intestinal microflora.

2.2.2 Considerations of Microbiological Quality

The severe heat treatment received by the process milk, together with the low

pH of the final product, makes yoghurt extremely safe in respect to public health, for

none of the recognised pathogens can survive or grow below pH 4.3 (Keceli and

Robinson - 20). The spores of Bacillus cereus, for example, will not germinate at low

pH, while organisms of concern in soft cheeses, e.g. Listeria monocytogenes, were

shown to be inactivated in a low pH yoghurt long before it might reach a consumer

(Gohil, Ahmed, Davies and Robinson - 21, 22). In addition, there is good evidence

that metabolites from the yoghurt organisms can actively depress the viability of many
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enteric pathogens, such as Campylobacter, Escherichia or Salmonella spp .. Hydrogen

peroxide is one such metabolite released by Lb. delbruecldi sub-sp. bulgaricus, and

some strains of the same organism are reported to secrete an antibiotic called

bulgarican; Stro thermophilus may also release a low molecular weight compound with

bacteriocidal properties. However, the activity of these bacteriocins is strictly limited

and, in reality, they may do little more than reinforce the effect of acidity

(Robinson - 12).

Spoilage, however, can occur through the activities of acid-tolerant yeasts, or

occasionally moulds, and widely distributed yeasts, like Candida or Saccharomyces

spp., can be associated with gas formation and/or carton 'doming' of fruit yoghurts

(Tamime and Robinson - 19). Excessive acidity, as a result of continued starter

activity during prolonged storage above SoC, can also be a problem, because the acid-

tolerant Lb. delbruecldi sub-sp, bulgaricus has the ability to generate lactic acid to

levels of 17 g 1.1 or even above - depending upon the strain. Such a level is too harsh

for the palates of most consumers, and it is this post-production acidification that, in

general, tends to determine the shelf-life of commercial yoghurt.

2.2.3 Analysis of Chemical Composition

Many countries have legal standards, or at least provisional regulations,

covering the composition of yoghurt. The requirement for a value for 'SNF' is, in

reality, more decorative than essential, because the texture or viscosity of a natural

yoghurt with an SNF below the usually stipulated minimum would be quite

unacceptable. An overall measurement of total solids could, however, be valuable as
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a check that the concentration or fortification has been carried out correctly, and a

modification of the standard gravimetric method for milk has been proposed as

suitable for yoghurt. The routine measurement of protein is essential in large dairies

because, over a typical year, the protein content of bovine milk may vary from 32 -

36 g 1-1, and these differences are enough to alter both the quality of the yoghurt and

the economics of production.

The other significant component, namely fat, is of interest not only in relation

to any legal standards, but also because: (a) many stirred yoghurts are designated as

low or very low fat, and hence it is important that the description should not be

misleading; (b) milk fat has a major impact on the' mouthfeel' of yoghurt, and around

10 g 1-1 is regarded as being the minimum to produce the desired response from the

consumer; and (c) it is anticipated that full-fat natural yoghurt (30 - 35 g 1-1), 'luxury'

fruit yoghurts (> 40 g 1-1) and Greek-style yoghurts (> 80 - 100 g 1-1) will have high

fat contents, and again these expectations must be met. The gravimetric methods of

determining fat in yoghurt (e.g. the Rose-Gottlieb Method) are regarded as the most

accurate but, for routine purposes, the normal Gerber method using 11.3 g of yoghurt

in a milk butyrometer is totally appropriate.

The production of lactic acid beyond the point of coagulation is monitored

principally in relation to consumer preference, and hence the selected end-point will

vary not only from country to country, but also with the type of yoghurt. However,

although the relationship between titratabIe acidity and pH is not straightforward in

a highly buffered system like yoghurt, the direct electrometric determination of pH

is extremely convenient and more widely used than titration.
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2.2.4 Assessment of Physical Characteristics

Yoghurt is normally retailed in one of three physical states, namely as a gelled

(set) yoghurt, a viscous (stirred) yoghurt or a fluid (drinking) yoghurt, and each type

should have quite distinctive characteristics. However, while the typical gel structure

of a set type could never really be mistaken for the semi-fluid form of a stirred

variant, the low viscosity of some "stirred" brands leaves the consumer with little

option but to drink them. This degeneration of product image is obviously regrettable

and, although the release of an occasional "poor" batch is inevitable, the question of

"desirable viscosity" is always somewhat vexing. In practice, each manufacturer will

probably adopt an agreed "in-house" standard for viscosity (or consistency in the case

of set yoghurt), and then operate to this specification, so that the routine assessment

of these physical features becomes a normal part of quality control.

(i) Set Yoghurt

The essential gel structure of set yoghurt means that asessment of the

product must be approached in a manner that does not destroy the delicate coagulum,

and the most convenient test involves the use of the penetrometer. The only special

adaptation centres on the choice of spindle and cone, for these have to be selected so

that, for the product in question, the depth of penetration of the cone does not exceed

about 33% of the total depth of the retail sample. The risk of 'edge effects' from the

carton can be minimised by choosing a spindle with a diameter no greater than 50 %

of the diameter of the pot and, with these restrictions in mind, it becomes a simple

matter to select a probe/spindle weight that is appropriate.
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In our studies, the effect of the configuration of the probe, i.e. flat or cone-

shaped, proved to be a useful variable, so that products with total solids anywhere

between 120 and 160 g 1-1 were handled with ease. In addition, the weight of the

probe/spindle was changed in relation to the temperature of the product, e.g. a light

spindle for examination of a carton at 42°C immediately after incubation, and a

heavier spindle for assessment of the firmer coagulum that developed in yoghurt held

at 4°C for 24 hours. These options to change the weight of the spindle made it

possible to discriminate, at any given temperature, between samples of different gel

strengths, and the fact that comparisons were possible at 42°C made it feasible to

predict the consistency of the retail product prior to final cooling; again this work was

summarised in Tamime and Robinson (3).

The technique is, therefore, both reliable and versatile, and hence standardising

the physical properties of set yoghurt becomes a straightforward exercise. However,

if the data are required for research and development purposes, we found that use of

a computerised Texture Profile Analyser (TPA) improved the repeatability of the

measurements (Ozer, Robinson, Grandison and Bell- 23). Other physical features or

faults, for example 'lumpiness' or the presence of 'nodules', usually become apparent

during sensory analysis.

(ii) Stirred and fluid yoghurt

The ease of operation makes the rotational viscometer, such as the Brookfield

Synchro-Lectric, the popular method for monitoring the viscosity of stirred yoghurts

for, once the type of spindle and the optimum speed of rotation have been established

for a given product, comparison between successive batches presents few problems;
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the Helipath system is preferable as there is less risk of the spindle causing local

syneresis and an artificially low reading (Robinson - 15).

However, although methods of this type have the speed and simplicity essential

for routine quality control, some authorities argue that the actual figures do not reflect

the true nature of the product, in that the shearing effect of the spindle destroys the

integrity of the coagulum (Ozer, Robinson, Grandison and Bell - 23). Consequently,

it has been suggested that, as stirred yoghurt is a visco-elastic material, i.e. has some

of the properties of a viscous liquid and some of an elastic solid, dynamic oscillatory

testing would be more appropriate.

Certainly, this non-destructive technique did expose differences in the

rheological characteristics of strained yoghurts that would not have been so apparent

on the basis of measurements with a viscometer, but the disadvantage of this approach

is that: (a) the equipment is expensive in contrast with a viscometer; and (b) taking

the measurements can be technically demanding.

2.2.5 Assessment of Organoleptic Characteristics

To some extent, the chemical and physical analyses suggested earlier, e.g.

titratabIe acidity and viscosity, will provide a reasonable indication that the normal

"in-house" standards have been achieved, but the use of some form of taste panel to

perform a final check is the usual practice. The derivation of a scheme of assessment

that can be employed as part of routine quality control will be the first stage and,

while the ultimate selection of a scheme will rest with the panel concerned, the over-

riding factors must be operational simplicity and the ability of the procedure to
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discriminate between samples.

For example, Qualititative Descriptive Analysis (QDA) was applied to natural

yoghurts produced with different starter cultures (Robinson - 15). Ten terms were

employed to describe the flavour or mouthfeel of the yoghurts, and the scheme was

equally applicable to stirred fruit/flavoured yoghurts. Once the terms covering a

typical sample had been agreed by a panel and the profile ('spider-diagram') drawn

on a transparent sheet, the profiles for subsequent samples could be easily compared

by super-imposition. In fact, since the publication of this paper a number of workers

have successfully applied QDA to yoghurt and yoghurt-like products.

It is worth noting also that the description of defects can be a valuable part of

the exercise, because a quality controller may then be in a position to indicate why

the particular batch of yoghurt has scored poorly in certain respects.

2.3 Conclusions

Although the production of yoghurt remains a natural fermentation, the dairy

industry has sought over the years to minimise the normal variability of the process.

Starter cultures can now be selected on the basis of their contribution to the

organoleptic properties of the end-product and control procedures have been devised

to monitor all aspects of product quality. A number of these aspects have been studied

by my research group over the years, and the results published in the papers cited. In

addition, a major overview of then current knowledge of yoghurt was published in

1985 - Yoghurt:science and technology (Tamime and Robinson - 3).
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Chapter 3. 'HEALTH-PROMOTING' DAIRY PRODUCTS

The potential role(s) of starter cultures in dairy fermentations is to assist in:

(a) the preservation of the milk by the generation of lactic acid and antimicrobial

compounds; (b) the production of flavour compounds and other metabolites that will

endow a product with the organoleptic properties desired by the consumer; (c) the

enhancement of nutritional value; and (d) the provision of special therapeutic or

prophylactic properties due to the presence, at the time of consumption, of several

million, viable bacterial cells of starter origin.

All these activities have, to varying degrees, been discussed earlier, but it is

the latter aspect that merits a more detailed appraisal. Thus, while it was nearly one

hundred years ago that Metchinkoff suggested that yoghurt could promote a healthy

body and additional longevity and the Russians were making similar claims for kefir

and koumiss, abuse of the concept rapidly lead to its downfall. In the USA in

particular, Acidophilus milk - with Lb. acidophilus as the principal bacterium present

- was promoted widely as a 'miracle cure', even though most retail samples had few

viable cells and little effect on the consumer. It was not suprising, therefore, that

widespread enthusiasm for such products evaporated quite quickly.

As happened in so many fields, the advent of the Second World War rescued

the situation, for the Japanese discoved that certain fermented milks were an excellent

cure for intestinal infections acquired in the jungle. From these primitive origins,

Yakult entered the diet of Japanese consumers and, as usage spread across Japan, so

clinical studies established that ingesting large numbers of specific lactic acid bacteria

could indeed cure patients with certain forms of intestinal ailment. Given the long-
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standing acquaintance of North Americans with Acidophilus Milk, interest in this

product revived, as did fundamental research focussed on overcoming the losses in

cell counts that had destroyed the reputation of earlier generations of the product.

3.1 Lb. acidophilus and its Potential

Lb. acidophilus was first isolated from the faeces of bottle-fed infants by

Moro in 1900, and was given the name - Bacillus acidophilus. Later it was designated

as Lb. acidophilus and, although this nomenclature is widely accepted, the situation

over the status of 'biotypes' remains unclear, i.e. exactly how does an isolate of Lb.

acidophilus from poultry differ from an isolate of human origin? Nevertheless, some

members of the medical profession were sufficiently convinced of the possible virtues

of ingesting Lb. acidophilus as to encourage a modest level of enthusiasm within the

dairy industry, and a fairly standard production schedule for Acidophilus Milk

evolved.

The reason for this support from doctors stemmed from the fact that Lb.

acidophilus is a Gram-positive, rod-like bacterium that is a normal inhabitant of the

lower end of the small intestine and, in this niche, the species both occupies the lumen

of the gut and adheres to the surfaces of the intestinal walls. In this position, the

species:

• secretes lactic acid which lowers the pH of the intestinal content and helps to

inhibit the development of invasive pathogens like Salmonella spp.;

• competes successfully for space and nutrients against pathogenic

bacteria, and reduces the time that a post-infection individual can act as a

'carrier'; and
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• metabolises any residual lactose in the gut content, so helping to avoid

discomfort for consumers with low levels of indigenous lactase

(Robinson - 24).

In addition, high population levels may stimulate the immune system of the host and,

perhaps, lower the cholesterol content of the blood plasma; at least with sheep, we

found that Lb. acidophilus lowered the cholesterol level in blood serum (Haddadin,

Lubbadeh, AI-Tamimi and Robinson - 25). However, one question still remains: is

there any justification for suggesting that products with Lb. acidophilus amongst the

live microfloras should be placed in the category of 'functional foods', i.e. having

special therapeutic properties not related to their chemical/nutritional composition?

The positive answer appears to be based upon the facts that Lb. acidophilus

plays a well-defined role in the normal functioning of the human intestine, and that

the normal populations levels of Lb. acidophilus and related species can be disturbed

by abnormal stresses. The excessive consumption of alcohol or onions/garlic can

severely deplete the populations of lactobacilli in the small intestine, as can the

administration of oral antibiotics. Replacement of the 'missing' microfloras of

lactobacilli is one established reaction to the consumption of Lb. acidophilus in

Acidophilus Milk or a 'bio-yoghurt', as is the regeneration of the indigenous strains.

The only reservation is that any therapeutic activity will only be manifest if the

number of viable cells is around 2.0 - 3.0 X 107 cfu ml-lof product consumed, and

that consumption is on a 'regular basis' (Robinson - 24). What is meant by 'regular

basis' is an open question, and it will be very difficult to establish any data, under

clinical conditions, for 'healthy' humans.

Nevertheless, in spite of these obvious question-marks, the market for products
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containing 'health-promoting' cultures has developed rapidly (Robinson - 17). As

mentioned already, one of the essential conditions for the success of these products

with respect to human health is that the 'therapeutic minimum' number of cells must

survive until the product is consumed, and it is important that, in the presence of the

mixed cultures that might be used for the production of an 'Acidophilus Yoghurt',

survival of Lb. acidophilus may be impeded by the antagonism of the other species

present. Hydrogen peroxide resulting from the metabolic activity of Lb. delbrueckii

sub-sp. bulgaricus, for example, could have an inhibitory effect, but we did confirm

that this potential problem can be avoided by a judicious selection of the yoghurt

culture employed (Robinson - 26).

3.2 The Emergence of 'Bio-yoghurts'

While a product like Sweet Acidophilus Milk could find a market in Europe

for pouring over breakfast cereals, 'spoonable ' yoghurts tend to dominate the

fermented milk market in the UK (Robinson - 17). Consequently, manufacturers of

therapeutic products have concentrated on the production of so-called 'bio-yoghurts'.

Codes of Practice tend to prevent the use of the term 'yoghurt' as Lb. delbrueckii sub-

sp. bulgaricus is not the dominant culture involved, and hence most brands have

adopted names like 'BIA - yoghurt' (Bifidus/Acidophilus - yoghurt).

This latter nomenclature also reflects the fact that most manufacturers include

high counts of both Lb. acidophilus and Bifidobacterium spp. in their products, with

'high' meaning above the 'therapeutic minimum' of 1.0 x lOS cfu ml:' for each

organism (Robinson - 24). Thus, Bifidobacterium spp., as with Lb. acidophilus, has

a distinct role to play in the ecology of the human intestine, and members of the
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genus can withstand passage through the stomach and small intestine when ingested

as part of a meal.

3.2.1 Bifidobacterium spp. and their Potential

Bifidobacterium spp. are Gram-positive organisms with most distinctive

morphologies (Tamime, Marshall and Robinson - 27), which range from Y-shaped to

bone-like to coccoid depending on the growing conditions and/or species (Samona and

Robinson - 28). A number of species are present in the large intestine, e.g. Bij.

bidium, Bij. longum, Bif. adolescentis and Bif. injamis and, in this niche, the

organisms will:

• secrete lactic and acetic acids which will lower the pH of the colonic content

and help to inhibit the development of invasive pathogens like Escherichia coli

or Candida spp.;

• compete successfully for space and nutrients against pathogenic or

putrefactive bacteria - it is alleged that amines and phenols released during the

metabolism of the latter group could trigger the onset of colon cancer; and

• metabolise the mucin present on the wall of the colon; this essential

function not only controls the volume of mucin on the surface of the wall, so

avoiding constant diarrhoea, but establishes bifidobacteria as the

dominant wall flora (Tamime, Marshall and Robinson - 27).

In addition, high population levels may stimulate the immune system of the host.

3.2.2 Starter Cultures for 'Bio-yoghurts'

While bulk starter cultures are still used for the production of normal yoghurt,

Stellenbosch University http://scholar.sun.ac.za



38

the cultures for 'bio-yoghurts' are usually ofthe freeze-dried or deep-frozen, direct-to-

vat type (Robinson - 10). The reason for this contrast is that: (a) Lb. acidophilus, or

similar intestinal lactobacilli like Lb. casei or Lb. reuteri, and Bifidobacterium spp.

are difficult to grow in milk; and (b) the end-products must have viable cell counts

above the agreed 'therapeutic minimum'. By using a direct-to-vat culture with a

known cell count, the manufacture is able to calculate with some accuracy the

incubation time necessary to obtain the desired final counts and, equally important,

can have confidence that those same counts will be achieved day after day.

While some products like the Danish milk, Cultura, contains strains of Bif.

bifidum and Lb. acidophilus alone, most manufacturers seek to improve the flavour

and viscosity of 'health-promoting' products through the use of mixed cultures. The

employment of yoghurt cultures was the preferred route at one time, particularly as

the same culture can, as mentioned earlier, give marked improvements in fermentation

times.

However, the high levels of lactic acid generated by normal mixtures of Stro

thermophilus and Lb. delbrueckii sub-sp. bulgaricus when employed alongside the

'bio-cultures' can pose special problems. For example, the counts of bifidobacteria

in a 'bio-yoghurt' were shown in our laboratory to decline well below the 'therapeutic

minimum' within the anticipated shelf-life of the product (Robinson -29; Samona,

Robinson and Marakis - 30). For this reason, Stro thermophilus is usually employed

alone to generate the acidity desired in a 'bio-yoghurt' for, unlike Lb. delbrueckii sub-

sp. bulgaricus, the production of lactic acid by Stro thermophilus is limited to a

maximum of around 1.0%. It is relevant also that the production of lactic acid by Bif.

bifidum and Lb. acidophilus in milk is similarly restricted and, at low temperatures
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(2 - 4°C), acid production by Stro thermophilus, Bij. bifidum and Lb. acidophilus

ceases almost completely. Consequently, reductions in pH during the storage life of

these mixed-culture products are negligible, and the acid-induced decline in viable

counts ceases to be a problem.

This restriction has also presented manufacturers with a further benefit for, so

long as the pH of the 'bio-yoghurt' is 4.4 - 4.6 after cooling and packaging, the

nature of the product does not alter. Consequently, consumers who find the taste of

normal yoghurt too acidic can eat 'bio-yoghurts' with few inhibitions, and producers

have found that a whole new market has developed - such consumers may not even

be aware of the alleged health benefits. However, it must be remembered that, with

regard to consumer safety, pH 4.3 is generally accepted as a upper 'safe' limit (Keceli

and Robinson - 20), and little is known about the survival of pathogens in 'bio-

yoghurts' at pH 4.4 or above.

3.3 Aspects of Quality Control

Acceptable properties like viscosity and flavour are expected of 'bio-yoghurts'

just as they are of normal yoghurt, but the essential requirement for high viable counts

of Bifidobacterium sp. and Lb. acidophilus means that additional checks are necessary

to ensure that the 'therapeutic minima' are maintained throughout the shelf-life of the

product. However, few commercial products contain Lb. acidophilus and/or

Bifidobacterium alone, so that any system for quality control must be able to cope

with the presence of Stro thermophilus and, perhaps, Lb. delbrueckii sub-sp.

bulgaricus as well.

Consequently, a range of media has evolved for examining 'bio-products' for
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Lb. acidophilus when growing alone in a fermented milk, and for Lb. acidophilus in

the presence of other genera. The choice of medium does, as mentioned elsewhere,

depend on: (a) the personal preference ofthe operator; (b) whether the assessment will

involve automatic counting; (c) whether differentiation between a number of species

on one plate is an advantage; and (d) the strains of each species, because the

'reactions' of starter cultures on media are often strain-dependent (Ghoddusi and

Robinson - 13).

Some media, such as TPPY Agar with Prussian Blue (see page 18), are good

for differentiating the normal yoghurt microflora, but offer the additional advantage

of enabling an inoculum of a yoghurt culture, bifidobacteria and Lb. acidophilus to

be enumerated on the one medium (Ghoddusi and Robinson - 13). Thus, colonies of

Stro thermophilus appear as small, pale blue colonies with a thin, light blue zone in

the medium, while Bifidobacterium spp. give rise to white colonies, Lb. delbrueckii

sub-sp. bulgaricus produces small, shiny white colonies surrounded by a wide, royal

blue zone, and Lb. acidophilus is readily distinguished as large, pale blue colonies

surrounded by a wide, royal blue zone. It must be emphasised again that differences

between strains may prove to be important, and the medium may need further

modification and improvement.

If Bifidobacterium spp. are the only organisms of interest, then we found that

species of human origin can be isolated selectively on a number of media (Samona

and Robinson - 31). However, in the presence of other lactic acid bacteria, selective

agents have to be employed, and the choice and level of the agents can have a

dramatic impact on recovery. Thus, on Blood Liver Agar supplemented with

neomycin sulphate, paramomycin sulphate, nalidixic acid and lithium chloride (NPNL)
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at a rate of 50 ml of stock solution per litre of medium, Bif. bifidum showed

acceptable recovery while Bif. longum was seriously inhibited; the same contrast in

growth responses was observed on Modified Rogosa Agar supplemented with NPNL.

Successful growth of both species of Bifidobaeterium was recorded with lithium

chloride and sodium propionate as the only inhibitory agents, but unfortunately certain

mesophilic and thermophilic lactic acid bacteria were found to grow on the same

medium. The most promising option appeared to involve the use of Tryptone Phytone

Yeast (TPY) Agar with 20 ml of NPNL per litre of medium which gave good

recovery for Bif. bifidum, Bif. longum and Bif. adolescentis while, at the same time,

eliminating the growth of other thermophilic cultures (Samona and Robinson - 31).

However, the need to check any proposed medium against the strains being

employed in the factory was emphasised by the fact that, while Laet. laetis sub-sp.

laetis (NCDO 763) was inhibited on TPY Agar with 20 ml 1-1 NPNL, Laet. laetis

sub-sp, laetis (NCDO 276) grew; similar patterns could probably be observed with

strains of Stro thermophilus and Lb. delbrueckii sub-sp. bulgarieus as well.

Unless colony morphology/colour eliminates confusion, it is important to note

that checks on typical colonies under the microscope may not prove helpful. Thus,

while the cells of bifidobacteria are usually Y-shaped or bone-shaped depending upon

the species, they may become coccoid if the growing conditions so dictate (Samona

and Robinson - 28). Consequently, the observation of Gram-positive cocci in a Breed

Smear made from a colony on a plate presumed to be selective could, in fact, result

from the presence of either a normal strain of Stro thermophilus or an 'abnormal'

colony of Bifidobacterium sp.. It may be worth mentioning, however, that the change

in morphology tends to occur over several generations, so that the examination of a
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bio-yoghurt manufactured with a direct-to-vat culture should reveal typical Y-shaped

or bone-shaped cells.

In addition, it is important that the concentration of any antibiotic mixture was

shown by Samona and Robinson (31) to have an significant impact on the total level

of recovery of bifidobacteria and, bearing in mind that 'health claims' should be

supported by high cell counts in the product, media selection becomes a vital issue.

3.4 Conclusions

Clearly, there are many attractive 'health-promoting' products on the market

and, as mentioned earlier, there may be some justification for suggesting that these

products with their live microfloras should be in the category of 'functional foods',

i.e. having special therapeutic properties. However, if the positive evidence looks

promising, it has to be admitted that there are some negative aspects that must not be

forgotten. Excessive intakes, apart from leading to slight intestinal upsets, should not

pose a problem, but there must be some concern about:

• poor strain selection - for example, some strains of Lb. acidophilus from

animals grow better in milk than strains of human origin (Haddadin,

Lubbadeh, Al-Tamimi and Robinson - 25), and hence manufacturers might

well be tempted to use animal strains for manufacture. A parallel situation

exists with another 'health-promoting' genus, Bifidobacterium, for Bif.

animalis - which has never been isolated from humans - is far better suited to

the manufacture of fermented milks than the species of human origin. The

widespread usage of Bif. animalis under the revised name, Bif. lactis, is the

subject of serious debate and, while Bif. laetis may be an entirely appropriate
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organism for its intended therapeutic role, the controversy does highlight the

problems of strain selection.

• choice of inappropriate products - excessively acidic products will clearly pose

a situation that needs to be monitored, but the impact of flavouring or other

agents needs careful consideration as well (Robinson - 29).

• choice of inappropriate cultures - attempts have been made to market 'bio-

yoghurts' containing high counts of Enterococcus faecium, and this practice

must be regarded as dubious in the extreme. In the first place, E. faecium

carries a gene(s) for resistance to penicillin, and hence there is an obvious risk

of transfer to other bacteria, including potential pathogens, in the intestine.

While secondly, the species occurs at low levels in the colon compared with

other genera, e.g. Bifidobacterium spp. and appears to have no established

beneficial function. Fortunately, the product marketed in Europe failed because

of its appalling sensory properties, but its appearance on the supermarket

shelves does highlight the need for Regulatory Authorities to be vigilant.

• exaggerated health claims could lead to the same problems that were

encountered with the marketing of Acidophilus Milk during the early part of

the last century, for the dividing line between the provision of 'sensible

information' and 'misleading information' is difficult to define.
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Chapter 4. CONCENTRATED YOGHURT AND
RELATED PRODUCTS

Concentrated yoghurt (labneh) is manufactured from natural, stirred yoghurt,

and some traditional examples are 'labneh' (Middle East), 'tan or than' (Armenia),

'Skyr' (Iceland) and 'Shrikhand' (India). More recently, Europeans have become

accustomed to buying so-called 'Greek-style yoghurt', which derives its name from

the fact that the major suppliers are based in Athens. A further range of products,

such as 'Ymer' (Denmark) is derived from milk incubated with mesophilic lactic acid

bacteria, with or without the presence of lactose-fermenting yeasts (Tamime and

Robinson - 19).

Traditionally, most of these products were made by concentrating normal

yoghurt using cloth-bags or animal skins to give products of 220 - 230 g 1-1 total solids

and fat contents of - 100 g 1-1 (Tamime and Robinson - 32). Once removed from the

container and stirred, the labneh provided an ideal base for the incorporation of

ingredients like chives or cucumber (TCarC1Kl) or sweetners like honey (Robinson -

33). However, while the product remained an essential component of diets in the

Middle East, the labour-intensive nature of the process and problems of hygiene acted

as 'brakes' on any real expansion of the market. The use of nozzle separators to

concentrate warm, natural yoghurt to the desired level of solids-not-fat was seen as

one way of modernising the system, and cream was blended-in at a later stage to yield

a product of around 240 g 1-1 total solids with 100 g 1-1 fat (Tamime and Robinson -

9). However, while nozzle separation is widely used for the production of quark and

is a comparatively easy system to operate, labneh produced in this manner tends to

have a slightly' grainy' texture. Exactly why the product acquires this texture does not

appear to fully understood, but reports of the phenomenon were widespread.
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Eventually, membrane filtration provided the solution (Ozer, Robinson,

Grandison and Bell- 34) but, as the quality of the 'new' product had to match labneh

made with the traditional 'cloth bag' system, one of my students, Barbaros Ozer, and

I decided that a number of alternative approaches needed to be evaluated. Pre-

concentration of the milk by ultra-filtration or reverse osmosis was one obvious

option, while the application of membrane filtration to yoghurt of pH 4.6 or

thereabouts provided another route. The direct reconstitution of whole milk powder

to 230 g 1-1 total solids followed by fermentation was considered to be a technically

straight-forward approach but, as with the other options, little was known about the

likely rheological properties of the product.

4.1 Background to the Study

Yoghurt gels are particulate structures, mainly composed of caseins, and the

structure of such gels has been widely studied. Similarly, the effects of processing

conditions, such as heat treatment, type of starter culture or level of total solids, on

the properties of both set and stirred yoghurts have been evaluated using scanning

electron microscopy. Depending on the processing conditions, continuously connected

protein strands produce a heterogeneous three-dimensional gel network which holds

free water, and any factors which affect the properties of the gel network by changing

the nature and number of protein interactions also affect the water-holding capacity

of the gel. The gel structure is known to involve both covalent (thiol/disulphide

interchange) and non-covalent bonds, and the physical characteristics of particulate

gels are determined by strong-permanent bonds (covalent bonds) formed during
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coagulation, and by subsequent rearrangements of the casein aggregates. Furthermore,

the final gel structure is also dependent upon the number of weak-reversible

interactions that arise between the aggregates prior to formation of the permanent

bonds; therefore, the balance between strong and weak bonds controls the rheology.

Another factor affecting the physical characteristics of yoghurt-type gels is the

distribution of protein-protein bonds over the gel network. Several studies have

investigated the relationship between protein concentration, distribution of protein-

protein bonds and rheology of the resulting gels. In the case of homogeneous cross-

linked particulate gels, all particles contribute equally to the network moduli.

However, in non-homogeneous gels like yoghurt, thick protein nodes that include

more than one protein-protein junction point are evident, and their contribution to the

elasticity of the gel increases as the number of stress-bearing strands decreases.

However, while there have been some significant studies of gels with low total

solids, the gel characteristics of materials with high solids contents, e.g. concentrated

yoghurt, was uncertain. Consequently, our programme included the preparation of

samples of concentrated yoghurt by a number of different methods, namely:

Traditional concentrated yoghurt (control): produced by holding yoghurt

(160 g 1-1 total solids - pH 4.3) made from reconstituted whole milk powder in bags

of double-layer cheese cloth at 4 °C for 18-20 hours;

Concentrated yoghurt (Ultra-filtration (UF) - after fermentation): fermented

milk (as above) was concentrated by UF at 42°C immediately after fermentation. The

pH value of finished product was, after cooling, - 4.0;

Concentrated yoghurt (UF - before fermentation): made by concentrating
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freshly reconstituted milk «160 g 1-1 total solids) at 50 oe to approximately 230 g 1-1

total solids prior to fermentation to a pH of 4.3. In this case, both set and stirred

products were made, and the pH of the finished yoghurts was - 4.0;

Concentrated yoghurts (Reverse Osmosis (RO) - after and before fermentation):

prepared as with the UF products, except that an RO system replaced the UF one; and

Concentrated yoghurt (direct reconstitution): made by reconstituting the

required amount of whole milk powder in water at 40 oe to give a base milk of

230 g 1-1 total solids, which was then fermented to pH 4.3 - again both set and stirred

products were made;

and then a determination of any contrasts in rheology that could be revealed by

dynamic rheometry (Ozer, Robinson, Grandison and Bell - 34), confocal laser

scanning microscopy (Ozer, Stenning, Grandison and Robinson - 35) and/or scanning

electron microscopy «Ozer, Stenning, Grandison and Robinson - 36).

In addition, the gelation profiles of milks with either 160 or 230 g 1-1 total

solids were examined (Ozer, Robinson, Grandison and Bell - 37).

4.2 Chemical Composition of the Products

In general, the protein (range: 88 - 92 g 1-1) and fat (range: 82 - 92 g 1-1)

contents increased in the traditional and UF-yoghurts in line with the concentration

factor but, given that the level of total solids were standardised, the same fractions

increased in the RO- and direct reconstitution yoghurts to a lesser extent (range: 64 -

68 g 1-1 for protein and 61 - 66 g 1-1 for fat). The lactose concentration was reduced

from 62 g 1-1 (original milk at 160 g 1-1 total solids) to 42 g 1-1 in the traditional
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yoghurt - slightly higher in the yoghurts concentrated by UF, whereas in the RO and

reconstituted products, the lactose content increased (range: 82 - 91 g 1-1); the ash

contents of the yoghurts revealed a pattern similar to lactose. Overall, it seemed likely

that these contrasts in chemical composition would be sufficiently large to be reflected

in the physical properties of the products.

4.3 Gelation of the Milks

The pH value of the unconcentrated milk (160 g 1-1 total solids) reached pH 4.3

within 240 minutes during fermentation at 42°C but, in the samples with higher total

solids, the decline in pH was slightly slower due to the higher buffering capacity of

the concentrated milks.

During the early stages of incubation (0 - 90 min), no viscoelasticity was

evident in any of the samples but, as the pH decreased, an increase in the complex

modulus (G*) - associated with a transition from the 'liquid' to the 'gel'state - was

observed (Ozer, Robinson, Grandison and Bell - 37); this change was evident from

the sudden drop in the loss tangent (tan ó) and a marked increase in the concentration

of ionic calcium [Ca2+]. The 'gel' onset point for all samples was in the critical range

for acid gel formation, i.e. pH 4.9 - 5.2, and seemed to be independent of the level

of total solids, i.e. 160 or 230 g 1-1. After the gels had formed, the loss tangent

(tan ó) remained almost unchanged for all samples throughout the incubation period,

suggesting the formation of essentially similar network structures.

In contrast with most of the samples, the complex modulus (GO)of the UF-

milk sample did not reach a steady 'plateau' within the experimental time-frame, but
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continued to increase over the entire period of incubation. The loss tangent (tan 5)

values of the UF-milk were, however, similar to those observed with the other

samples, and this pattern suggests that the same interactive forces were involved in

gel formation in all cases, but operating, for reasons that were not clear, at different

rates.

The gel development rate was highest in the base milk (160 g 1.1 total solids),

followed by the reconstituted milk (230 g 1.1 total solids), and the RO and UF milks

in decreasing order, i.e. the lower the level of protein, the faster the rate of gel

development (Ozer, Robinson, Grandison and Bell - 37). However, the similarity in

the' gel onset' points indicates that, once the critical pH has been achieved, gelation

occurs irrespective of the level of protein present; only consolidation of the gel is

dependent on the actual concentration of protein.

4.4 Physical Properties of the Products

In general, the casein particles in the concentrated yoghurts were linked at

random and formed a matrix filled with the liquid phase (whey). As the level of total

solids increased, so the casein particle chains become shorter, the pore dimensions

diminished and the density of the matrix increased. In the traditional, UF-after and

UF-before fermentation yoghurts, much denser structures were observed compared to

samples with lower protein contents (RO-before, RO-after and direct reconstitution

yoghurts). Consequently, there was a close relationship between protein content, gel

strength and the dimensions of the voids in the network, and only with the RO-after

fermentation yoghurt did this correlation breakdown; the latter samples appeared to
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have only small whey-filled 'compartments' in the gel networks.

The precise reason for this appearance was not established, but it may be that

the relatively high pressure (2 MPa) applied to the warm yoghurt caused a breakdown

in the protein matrix and, as a result, the broken fragments appeared to be distributed

evenly. This view is supported, to some extent, by the fact that the UF-after

fermentation yoghurt has a much stronger gel structure, which implies that the lower

pressure employed during the process results in an 'even distribution' of relatively

less-disturbed protein networks as against an 'even distribution' of protein fragments.

4.5 Behaviour of the Starter Cultures

The growth of Str.thermophilus was similar in all samples, with the

exponential growth phase ending at around 120 minutes of incubation at 42°C,

irrespective of the total solids level; at this point, the pH values were between 5.2 -

5.6. In pre-concentrated samples of milk (230 g 1-1 total solids), the numbers of viable

colonies of Str.thermophilus were slightly higher than in the other milks (160 g 1-1

total solids) at the end of the log phase. This more rapid development could be due

to a relative increase in stimulatory factors, such as whey proteins, and the enhanced

growth of the culture in the UF concentrated milk may have been responsible for the

higher level of acetaldehyde detected in the end-product.

During the next period of incubation, a stationary phase of growth for

Str.thermophilus was observed, while Lb.delbrueckii sub-sp. bulgaricus grew more

rapidly. In the samples with lower total solids, the growth of Lb.delbrueckii sub-sp,

bulgaricus continued until end of the incubation (240 minutes) but, in the pre-
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concentrated samples, the growth rate declined after around 180 minutes (Ozer and

Robinson - 38).

A relationship between Str.thermophilus and acidity was also evident in all

samples, and regression coefficients between Str.thermophilus and pH varied from

0.829 to 0.935. In the milks with lower total solids, the counts of Lb. delbrueckii sub-

sp. bulgaricus were not markedly affected by acidity (r' between 0.536 and 0.668),

but the effect of acidity became more important in milks with 230 g 1-1 total solids

(r between 0.791 and 0.845). This contrast could be due to the fact that the dividing

cells of Lb.delbrueckii sub-sp. bulgaricus were exposed to high levels of acidity over

the prolonged incubation period used with the concentrated milks; in yoghurts made

with concentrated milks, the titratabIe acidities in the end-products were higher than

in yoghurts concentrated after fermentation.

A sensory panel confirmed that there was clear distinction between the UF and

RO samples concentrated after fermentation, and the performance of the UF-yoghurt

viz-a-viz the traditional product was most encouraging. Obviously careful process

control will be essential with any membrane system, and an analysis of some products

on sale in Qatar only served to highlight this point (AI-Jedah and Robinson - 39).

How one manufacturer ended-up selling a 'labneh' with over 300 g 1-1 total solids and

170 g 1-1 fat remains a mystery, because none of the processes that we examined could

give rise to products that analysed in this manner.

4.6 Effluent Problems

The above study established that the production of concentrated yoghurt
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(labneh) is, in terms of the quality of the end-product, best achieved by separation of

the whey from natural yoghurt by the traditional cloth-bag method or by ultra-

filtration but, in either case, the waste material is an effluent (whey) with a Biological

Oxygen Demand that precludes careless disposal. In industrialised countries, on-site

treatment plants are common within the dairy industry but, in countries like Jordan,

there is considerable pressure on companies to consider methods of disposal that give

an economic return. If the end-product of the disposal system is one that is normally

imported, then the potential benefits are seen as even higher.

As typical labneh whey in Jordan contains - 25 g 1-1 lactose, fermentation

provides one obvious solution, and two options were assessed. The first route involved

the production of a mixture of acetic and propionic acids (Haddadin, Al-Muhirat,

Batayneh and Robinson - 40) and, as both acids can be classified as 'food-grade' when

produced by the fermentation of whey, it was assumed that one (or both acids) could

find ready outlets within the local food sector. The second option was a fermentation

of the whey to acetone and butanol (Haddadin, Batayneh, Batarseh and Robinson - 41)

for, although both compounds can be manufactured more economically by direct

chemical pathways, both have to be imported into Jordan at the present time.

In both cases, the fermentations proved to be feasible, and the labneh whey

appeared to contain no compounds that were inhibitory to the fermentations.

However, whether full-scale production would be an economically viable proposition

was not assessed.

Stellenbosch University http://scholar.sun.ac.za



53

4,7 Products derived from Labneh

As mentioned earlier, there is large and growmg demand in Europe for

concentrated yoghurt but, whereas Europeans regard the product as a 'novelty' item,

in the Middle East, labneh has long been viewed as a central component of the diet.

In addition, the seasonal availability of local milk makes it essential that these limited

supplies of milk protein are not spoiled at the high ambient temperatures that prevail,

for even labneh is susceptible to damage by yeasts and moulds. Today, refrigeration

is becoming widespread but, traditionally, two options for preservation found favour

with peoples inhabiting the Gulf Region.

The first option was to take a 'bag' of labneh that has been draining overnight,

and then place the bag under boards weighed down with heavy stones. As further

whey was forced out of the coagulum, the total solids increased until it reached

around 400 g 1,1 and, at this point, the labneh could be removed from the bag for

shaping into small 'golf balls'. These balls were then immersed in olive oil, and the

labneh - or labneh anbaris as it was called at this stage - remained stable for months

on end; 18 months is the shelf-life printed on the retail jars of labneh anbaris that are

now available in supermarkets.

Our studies confirmed that this remarkable chemical and microbiological

stability stems from the fact that the acidity of the product suppresses bacterial

growth, while the comparatively anaerobic conditions will not allow yeasts, moulds

or oxidative defects to develop (Keceli, Robinson and Gordon - 42).

Now-a-days, labneh anabaris is the most popular option for the long-term

storage of labneh but, hundreds of years ago, the peoples in Iraq developed an even
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more stable material, kishk. The first stage in kishk-making involved boiling whole

wheat grains in water until the starch gelatinised, and then drying the grains in the

sun. After coarse grinding, the flour was mixed with yoghurt, or more usually labneh,

to form a thick dough. 'Lumps' of this dough were then hand-moulded into 'balls' of

around 200 g, which were then pressed onto a metal tray and sun-dried. As these

labneh-cereal 'balls' have an Awof < 0.5, are non-hygroscopic and extremely tough

physically, they can be stored in an open jar for two/three years without any

detectable change in chemical composition or sign of microbial activity.

On reconstitution in water and heating, the porridge-like gruel makes an

excellent foodstuff, in that it contains protein, available carbohydrates and dietary

fibre, and it seems curious that societies outside of Iraq do not appear to have

developed a high-nutrient product similar to kishk; the more so, perhaps, as porridge

per se has been consumed as a breakfast cereal for many years. Similarly in Mexico,

many village children are weaned on a gruel of ground maize, and yet the nutritional

value of a maize-based kishk would be much better (Robinson and Cadena - 43). In

addition, our studies revealed that a gruel derived from a fermented milk-cereal base

could be just as acceptable to children in Mexico as the maize-based food (Robinson

and Cadena - 44).

Overall, our attempts to improve the general perception of the basic product

have been greeted with little enthusiasm (Robinson - 45). Even in the Arab world,

reactions were muted, even though taste panels convened in the Lebanon rated the

whole wheatmeal kishk as having an 'attractive flavour' (Toufeili, Melki, Shadarevian

and Robinson - 46).
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It may be, of course, that there is something unfamiliar about the taste of

acidic gruels, but it is curious that kishk enjoys such a limited distribution.
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Chapter 5. STUDIES OF TRADITIONAL CHEESES

Although crude forms of cheese were probably derived almost as soon as Man

domesticated animals, the earliest records of cheesemaking are probably those from

Ancient Egypt. Earthernware pots of the type still in use today to separate the milk

for making the soft Egyptian cheese, Mish, were found in the tomb of King Horaha

dating from around 3,200 BC, while both reed mats - employed to drain whey from

the soft curd - and storage jars for finished cheese have been located in tombs built

during the Roman occupation of the Nile basin.

By 332 BC, a more textured type of cheese, Domiati, had become established,

and it is of interest that, like Mish, it is a cheese ideally suited to the conditions

pertaining in the Middle East. Thus, the high ambient temperatures and poor

standards of hygiene meant that products with high acidities and salt contents were the

most amenable to preservation, and it is probable that many varieties popular with

present-day consumers, such as Feta or Halloumi, are refinements of these early

products. Variants of these primitive systems of production evolved with time, and

most tribes with herds of cows, sheep or goats will have derived some form of cheese

or fermented milk.

As these groups intermingled as the result of wars or casual migrations, so the

art of cheese making spread. Climatic or other conditions would have imposed

contraints in various ways and, as a result, distinctive local varieties emerged. The

introduction of agents capable of rapid coagulation of the milk, such as extracts from

plants like the Thistle (Carduus spp.), Fig (Ficus carica) or Thyme (Thymus spp.),

would have offered one route towards some degree of standardisation of the making
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process, but the role of the bacterial flora, i.e. mesophilic or thermophilic, could have

been equally important.

Since these early days, numerous varieties of cheese have emerged to attain

differing levels of status in the eyes of consumers but, even so, the essential nature

of cheese has changed very little. It is still a product made by the coagulation of milk

by enzymes and/or acid with some of the whey expressed from the finished curd, and

this simple definition is broadly applicable to all varieties. Different conditions of

processing and maturation can, of course, change dramatically the nature of the

finished cheese, and these aspects have, with respect to Feta and Halloumi cheeses,

been studied in detail during the course of this work. In particular, it was hoped that,

by understanding more about the microbiology and biochemistry of the maturation of

these cheeses, the products could be standardised to suit their ever-expanding

commercial markets.

However, one fundamental aspect of cheesemaking concerns the quality of the

raw material - milk, and the availability and essential characteristics of this basic

ingredient provided my research group with some additional avenues for research.

5.1 The Milk for Cheesemaking

The milk from any mammal can, in theory, be turned into a cheese-like product

but, for purely practical reasons, milk from domesticated animals has always

dominated production. The primary source has tended to be determined by the

vagaries of the local countryside, so that while bovine milk has been more readily

available in lowland areas, mountain tribes have relied on sheep' or goats as the

sources of raw material. In the semi-arid climate of Cyprus, for example, Halloumi
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cheese made from ovine or caprine milks is the only cheese of real local importance

(Robinson, Haddadin and Abdullah - 47; Papademas and Robinson - 48), and many

Mediterranean cheeses are made from these same base materials. Subtle differences

between the various milks, such as levels and composition of the milk fat, can affect

the nature and quality of any cheese produced but, in many cases, much depends upon

the process. Our low-fat and reduced-fat Halloumi cheeses were, for example, quite

reasonable products compared with the traditional cheese, but it is likely that boiling

the cheese in salted whey tended to mask potential deficiences (Papademas, Norman

and Robinson - 49).

The two major forms of protein that occur in milk, namely the caseins and the

whey proteins, are the essential components of many cheeses but, in general, the

caseins are the more important fraction. Thus, not only do the caseins represent

around 70 - 80% of the total protein present in milk, but they are the proteins which

form the matrix of the curd and, ultimately, the cheese itself; only if the cheese is

made from milk that has been subject to ultra-filtration or the cheese is made from

recombined milk (Ali and Robinson - 50) is the whey protein fraction of real

importance.

During cheesemaking, the lipid content of the milk is largely retained in the curd

along with the caseins so that, in a typical hard-pressed cheese, 45% of the total solids

content may be fat. What is crucial, however, is the ratio between the fat and the

protein. Obviously this point has been well-established for cheeses like Cheddar, but

one of my students working in Jordan showed that it was equally relevant for the

semi-soft cheese, Nabulsi (Haddadin, Shahin and Robinson - 51).

The remaining solids in a cheese will be low levels of lactose and mineral
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salts, and the former is essential both for the further production of lactic acid by the

starter bacteria and to support the growth of the non-starter lactic acid bacteria that

contribute to maturation. In Nabulsi cheese, for example, we found that the natural

microflora varied with the source of milk, and that the presence of certain species

appeared to playa significant role in flavour development (Yamani, Al-Nabulsi,

Haddadin and Robinson - 52).

5.2 The Role of Cultures in Cheesemaking

As with fermented milks, bulk starter cultures may be grown on-site or

purchased for direct addition to the process milk but, given the potential problems

with bacteriophage or poorly-balanced multi-strain cultures (Robinson and Ali - 53),

the use of direct-to-vat cultures is increasing in popularity. The actual cultures are

selected for their ability to produce lactic acid from lactose, and/or their ability to

produce distinctive metabolites that contribute to the flavour profile of a given cheese.

In the latter context, the correct choice is especially important for cheeses that

undergo a period of maturation, in that: (a) the metabolic activities of the bacteria

during the early stages of maturation create the reducing conditions necessary for the

numerous biochemical changes associated with flavour development to occur; and (b)

the release of various enzymes from dead cells again contributes to the complex

changes that turn a raw curd into the finished cheese.

However, while both mesophilic and thermophilic genera of bacteria are

widely used in cheesemaking, a number of traditional cheeses like Halloumi

(Papademas and Robinson - 48) and Nabulsi (Yamani, Al-Nabulsi, Haddadin and

Robinson - 52) are made from raw milk with no additional cultures being needed.
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This system has served the local cheesemakers well for many years but, as levels of

production of these traditional cheeses increases and safety concerns become more

pressing, so the use of raw milk may have to be phased out. Switching to a procedure

employing pasteurised milk and a commercial starter culture is the obvious option, but

imitating the sensory properties of the traditional cheese is not easy. In some cases,

the use of lactic acid bacteria isolated from local raw milk could allow producers to

retain the familiar flavour of their products, and certainly this approach was found to

be successful during limited trials with a fresh cheese from Jordan, Nabulsi

(Haddadin, Shahin and Robinson - 51, 54).

If the cheese is one that is matured for several months then, even if pasteurised

milk and starter cultures are employed, organisms of non-starter origin, such as

lactobacilli from the environment, could prove to be central to flavour development.

The precise relevance of non-starter lactic acid bacteria in the release of flavour

compounds is difficult to determine in a natural biological material like cheese, but

the high counts of lactobacilli found in many cheeses (Papademas and Robinson - 55)

suggest that the genus must be making a very real contribution. This conjecture

became relevant in this present study when it was established that Halloumi cheese

made from ovine milk had a new species of Lactobacillus present, Lactobacillus

cypricasei (Lawson et al., 56). This species was never isolated from any samples of

Halloumi cheese made from bovine milk, and it is tempting to speculate that the

activity of Lb. cypricasei is one of reasons why Halloumi cheese made from ovine

milk tastes different from its bovine counterpart (Papademas and Robinson - 57).

In cheeses like Feta and Halloumi that are stored in brine, yeasts could be as

important as non-starter lactic acid bacteria in the development of flavour and texture.
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Thus, the yeasts in brines surrounding Feta cheese were shown in one of our recent

studies to be important sources of both lipolytic and proteolytic enzymes, and it would

be surprising if these enzymes did not enhance the pungent flavour of the traditional

Greek cheese (Bintsis, Litipoulou-Tzanetaki and Robinson - 58).

The practical significance of this observation is that it supports the tradition of

Feta-makers in rural Greece of inoculating 'new' brine with a bucket-full of 'old'

brine. Whatever the merits of this traditional system, it does raise fears over the safety

of products destined for export, for our survey of the brines in cans of Feta cheese

sold in the United Arab Emirates showed that Listeria spp. can survive during storage

(Gohil, Ahmed, Davies and Robinson - 59). However, if cultures of yeasts isolated

from traditional brines could be added to pasteurised brine, it is possible that a

'normal' process of maturation would be observed, and in a medium free from

pathogens. Our work suggests that this approach could soon become a reality, but

species and/or strain selection will be important, as will the rate of inoculation.

Yarrowia lipolytica, for example, can be isolated from Feta brines quite frequently,

but the strains that we recovered were so metabolically active that brines inoculated

with 1.0 x 1()3cells / ml gave cheeses that were totally inedible after maturation for

60 days. It is pleasing to record though that the same cell count of Debaryomyces

hansenii added to a sterile brine produced an excellent cheese, and a field trial in

Greece will commence shortly.

Alternatively, it is technically feasible to eliminate pathogens like Listeria spp.

from cheese brine using furocoumarins and long-wave ultra-violet light (UVA) as the

active agents (Bintsis, Litipoulou- Tzanetaki and Robinson - 60). Furthermore,

populations of yeasts are less affected by the treatment, so that it becomes possible to

Stellenbosch University http://scholar.sun.ac.za



62

render a brine safe without destroying the microflora associated with the desired

maturation (Bintsis, Litipoulou-Tzanetaki and Robinson - 61). Sadly, the current cost

of furocoumarins and their ability to induce allergic reactions in humans means that

the system lacks commercial potential. Nevertheless, a new generation of safe,

synthetic furocoumarins is being developed for various medical uses, and hence the

furocoumarinlUV A technique could still find an application within the dairy industry.

5.3 Aspects of the Cheesemaking Process

In the major dairy countries, cooled raw milk is transported to cheese factories

in insulated tankers but, in less-developed countries, the initial handling of the milk

can have a disastrous impact on its microbiological quality. In turn, these high

bacterial counts are transmitted to the cheese, and this situation was well illustrated

by a study of Bafut cheese from the Cameroon (Kameni, Mbanya and Robinson - 62).

In this case, the milk was allegedly pasteurised and the equipment sanitised, and yet

the samples of cheese analysed for pathogens failed to meet any normal specification.

The logical conclusion was that the original milk was so heavily contaminated that

neither the natural protective systems (Haddadin, Ibrahim and Robinson - 63) nor

normal pasteurisation was able to cope with the bacterial load.

Where liquid milk is not available or is in short supply, recombined or filled

milks can be considered as raw materials. In the Cameroon, for example, we

successfully produced samples of the Bafut cheese from locally-available refined palm

oil and imported skimmed milk powder (Kameni , Mbanya and Robinson - 64), and

initial consumer reactions were promising. Unfortunately, a local civil war precluded

further investigation.
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In the Sudan, we employed an alternative and totally novel approach. In this

case, skimmed milk powder, sodium caseinate and butteroil were recombined to give

the levels of fat and total solids desired in the final cheese, and the cheesemaking

procedure was modified accordingly (Ali and Robinson - 50, 65). Some physical

differences between the experimental cheeses and the traditional local cheese, Gibna

Baida, were obvious under the scanning electron microscope, but the sensory

properties of the two cheeses were indistinguishable (Robinson and Ali - 66). Sadly,

yet another civil war destroyed a factory being built outside Khartoum to manufacture

commercial quantities of this recombined cheese, but at least the technology has been

exploited by the New Zealand Dairy Board to encourage the production of a Feta-type

cheese in the United Arab Emirates.

This success with the novel cheesemaking process encouraged us to explore the

possibility of making a hard-pressed cheese based on soya milk, for in the home

country of one of my students, Thailand, the distinctive taste of the soya bean is

widely appreciated. A yoghurt culture was used to acidify a mix produced from

reconstituted, spray-dried soya milk, and the activity of the culture was found to be

excellent (Chumchuere and Robinson - 67). To our dismay, the texture of the resultant

cheese was like 'putty', and the taste too 'beany' even for a taste panel of students

from the Far East. However, when cubes of the cheese (2.5 cm') were fried in

vegetable oil, the product was rated as 'excellent' (Chumchuere, MacDougall and

Robinson - 68). Whether any entrepreneur in Thailand will try to scale-up the process

remains to be seen, but it was one of our cheesemaking ventures that had a most

unexpected ending.
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5.4 Safety and Quality

Nowadays, the milk is normally pasteurised at 72°C for 15 seconds prior to

cooling to 30°C and transfer to the cheese vat. Some small-scale producers, or those

that insist on traditional technology, may still use raw milk, but scares over safety

have made it illegal, or at least very difficult, for manufacturers in many countries to

use raw milk for cheese making. In any event, there is little concrete evidence that

the majority of consumers can tell whether a sample of cheese is made from raw or

pasteurised milk (Nicol and Robinson - 69).

Once manufactured, the nature and duration of the maturation process varies with

the type of cheese, for while fresh, unripened cheeses may be sold a few days after

manufacture, cheeses like Feta are held for at least 60 days for the full flavour to

develop (Bintsis, Litipoulou-Tzanetaki and Robinson - 58). The essential

transformations involve changes in flavour, modifications to the structure of the

cheese and a range of biochemical interactions associated with the extensive battery

of compounds derived from the milk and/or the activity of various micro-organisms.

The mature cheese is, therefore, an extremely complex material, and hence

judging the exact point at which a cheese has reached its optimum character is no easy

matter. In general, the progress of maturation has to be judged subjectively by a

skilled grader but, if necessary, objective schemes can be derived for use by less

experienced tasters (Robinson - 70). In the final analysis, it is, of course, the

consumer who decides on the acceptability or otherwise of a given product, and

present evidence suggests that the brined cheeses investigated in this study will find

an ever-expanding market.
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Chapter 6 CONCLUSION

One of the problems that bedevils some fields of applied science in the modern

world is that, in spite of their exciting potential, the work appears to lack glamour.

Everyone admits that the tropical rain forests of South America may contain plants

with medicinal properties that could be exploited for the benefit of patients across the

globe, but few research organisations will divert money for the necessary searches.

The field of food fermentations faces just the same lack of support, and yet many of

these traditional processes have been central to the survival of rural communities over

many years and there could be much to learn from an understanding of their chemistry

and microbiology.

One example of this hidden potential emerged through a brief study that we

made of the fermented milk from Kenya, Iria ri Matii (71). In essence, this product

is made by pouring whole milk (often heated and cooled) into a hollowed-out fruit

(gourd) from the plant, Lagenaria leucantha, and leaving it to ferment overnight at

ambient temperature. Next morning, the slightly viscous and mildly acidic milk is

poured out of the gourd and drunk by the children in the family.

Superficially, the fermentation seems simple enough, but it is the preparation

of the gourd that is unique. Thus, after removing all the seeds and pith from the fruit,

the inside wall of the gourd is rubbed with glowing pieces of wood from the mutero

tree (Olea africana). This latter process may be repeated two or three times until the

inner surface is smooth and then, after shaking out any excess ash, the gourd is filled

with raw milk and left hanging at ambient temperature. Often this initial fermentation
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gives a poor quality product that has to be discarded but, after several batches have

been fermented and the gourd has been re-treated with glowing splints from the

mutero tree, the fermentation stabilises. At this point, it can be assumed that a

desirable microflora has built-up on the inner surface of the gourd, and that the

organisms concerned are able to dominate any subsequent fermentations.

What remains curious, however, is the action of scouring with glowing splints.

The obvious answer is that the heat is 'sterilising' the inner surface of the gourd, so

that contaminant yeasts or bacteria do not prevent a desirable lactic acid microflora

from developing. There may, of course, be some truth in this idea, but anecdotal

evidence established that only wood from the mutero tree had the desired effect.

'Unscoured' gourds never gave rise to an acceptable product, and gourds cleaned with

glowing pieces of wood from other trees or shrubs did not allow the establishment of

a lactic microflora capable of producing Iria ri Matii.

In a global context, this fermentation from a remote corner of Africa may

seem of little interest, and yet there must be a reason why only one type of wood will

have this selective effect. If the active agent is chemical, could it have applications

in another food context ?

To overlook such questions is all too easy, and it must be admitted that the

studies that comprise this thesis have tended to concentrate on issues of more

immediate relevance or, perhaps, were preceived as having a 'higher profile'. The

simple method devised by one of my students for detecting antibiotics in milk supplies

in Jordan provided a immediate solution to a very real problem, for importing ready-

made test kits from Europe was never popular with dairies collecting ex-farm milk
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supplies in small volumes.

Similarly, our studies on the effect of starter cultures on the quality of stirred

yoghurt or the evaluation of media suitable for the enumeration of the bacterial floras

in 'bio-yoghurts' were responses to perceived industrial needs and, in the latter case,

a demand from consumer groups that the public should be protected from 'bogus'

products that contained few viable cells of the desired therapeutic organisms.

Publication in the popular consumer magazine, Which, of the counts for lactobacilli

and bifidobacteria in named brands provided a useful reminder to manufacturers that

'therapeutic minimum' standards had to be maintained.

The study of the concentrated yoghurt (labneh) was again motivated by an

industrial situation, in that a method for large-scale production was being sought as

a matter of urgency. Initially, it was important to establish which of the techniques

available to remove whey from normal yoghurt C 160 g 1-1 total solids), i.e. ultra-

filtration or reverse osmosis, would give a product that was almost 'identical' to

traditionallabneh C 230 g 1-1 total solids) and, furthermore, to be able to demonstrate

our conclusions objectively. In the end, the data generated by three different

techniques of physical examination - dynamic rheology, scanning electron microscopy

and confocal laser microscopy - confirmed that the structures of traditionallabneh and

a sample made by ultra-filtration were similar in all essential respects; a conclusion

that was readily supported by sensory analysis.

Perhaps it is inevitable that anyone working with fermented foods wonders

whether his/her work can be directed towards alleviating hunger or malnutrition in one

of the less-developed countries, and our novel process for making a brined cheese to
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match Gibna Baida from Sudan appeared to fall into this category. Thus, the process

used ingredients available from Relief Agencies, was simple to operate and left no

effluent, and hence it seemed entirely appropriate for Africa - especially as the

sensory properties of the end-product were 'identical' to those of the native product.

Perhaps one day the 'good intention' behind this project will be realised !

A more immediate 'intention' though is the desire of the Greek and Cypriot

Governments to prove that their 'national' cheeses - Feta and Halloumi, respectively -

are unique, and one of my students did discover some interesting properties of

Halloumi. Plant terpenes from shrubs growing in the hills of Cyprus were found only

in traditional ovine Halloumi cheese, as was a new species of the genus Lactobacillus,

but whether such fine details will convince an International Court that Halloumi can

only be made in Cyprus remains to be seen. It may be relevant, however, that Courts

in the USA have already ruled that Halloumi cheese on sale in America must have

been made in Cyprus, so perhaps the chemical and microbiological results published

by my research group will serve to underline the fact that traditional Halloumi cheese

really is unique.

While it has been gratifying to have the results of our research published in

peer-reviewed Journals, equally pleasing is the fact that students from the Middle

East, Greece and elsewhere have been associated with many of the studies described

earlier. As these same students have then moved on to successful, science-based

careers, the studies that they have completed in my laboratory gain an additional

dimension and, as the author citations on the 'Submitted Publications' will confirm,

many of the studies contain this 'hidden element'.
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This 'teaching or training' component of the work served also to highlight

deficiencies in the basic literature of dairy science, and books like Yoghurt-science and

technology (Tamime and Robinson - 3) and Dairy Microbiology (not cited) were

compiled to fill a perceived need. What was unexpected, however, was that their

impact would spread beyond the English-speaking nations. In the event, Yoghurt-

science and technology has been translated into Spanish and Farsi, while Dairy

Microbiology has editions in Spanish and Arabic; even the rather specialist text - Feta

and Related Cheeses (not cited) has a version in Farsi. Obviously research is first and

foremost about 'originality', but when associated publications like review articles and

books encourage students across the world to think more seriously about the cheeses

and fermented milks that they may well consume everyday, the benefits of the

research stretch well beyond the commercial application(s) of laboratory-generated

data.
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LIST OF SUBMI'ITED PUBLICATIONS

PREFACE

This Volume contains a series of original research papers and invited

review articles that summarise the results of laboratory investigations of various

fermented dairy products. In many cases, the papers - identified with the

superscript • - were written with supervised research students as the co-authors but,

in other cases, the student may have been supervised jointly for at least one

component of the project - papers identified with the superscript +. The citation of

three or more authors, i.e.one/two authors in addition to the student and co-

supervisor, implies that a colleague(s) has provided specific laboratory facilities, e.g.

a scanning electron microscope, not available within the Dairy Microbiology Unit. No

superscript implies an equal partnership between the authors.

The title pages of some relevant books have been included in this

Volume, but chapters contributed to books have been cited in the List of Total

Publications only, as have Conference Proceedings and references to edited books;

any of these latter publications can be made available on request.

Stellenbosch University http://scholar.sun.ac.za



71

1. Ali, M.Z. & Robinson, R.K:
'Size distribution of casein micelles in camels' milk'
J. Dairy Research, 52, 1985, 303-307

2. Robinson, R.K. & Vlahapoulou, I.'
'Goat's milk utilisation for fermented milk products'
Dairy Industries International, 53(12), 1988, 33-35

3. Tamime, A.Y. & Robinson, R.K.
Yoghurt - Science and Technology. Pergamon Press, Oxford, 1985, 450 pp.

4. Yamani, M.I., Haddadin, M.S., AI-Kurdi, Lina M.A. & Robinson, R.K. +
'The detection of inhibitory substances in ex-farm milk supplies'
Recent Developments in Food & Agricultural Chemistry,
Signpost Publications, India, 1998, 611-627

5. Yamani, M.I., Haddadin, M.S., Al-Kurdi, Lina M.A. & Robinson, R.K. +
'A simple test for the detection of antibiotics and other chemical residues in
ex-farm milk'
Food Control, 10, 1999, 35-39

6. Lankes, Heidi, Ozer, B.H. & Robinson, R.K:
'The effect of elevated milk solids and incubation temperature on the
physical properties of natural yoghurt'
Milchwissenschaft, 53(9), 1998, 510-513

7. Robinson, R.K.
'The potential of inulin as a functional ingredient in yoghurt'
British Food Journal, 97(4), 1995, 30-32

8. Robinson, R.K.
'Perceived regulatory trends in Europe'
Dairy Industries International,

9. Tamime, A.Y. & Robinson, R.K.
'Fermented milks and their future trends. Part II. Technological aspects'
J. Dairy Research, 55, 1988, 281-307

10. Robinson, R.K.
'Freeze-dried starter concentrates - Part I'
Dairy Industries International, 46(6), 1981, 15-18

11. 'Freeze-dried starter concentrates - Part II'
Dairy Industries International, 46(7), 1981, 11-12

Stellenbosch University http://scholar.sun.ac.za



72

12. 'Fermented Milks - Yoghurt'. In Encyclopaedia of Food Microbiology
Eds. Robinson, R.K., Batt, C. & Patel, P.O.
Academic Press Ltd., London, 1999, 784-791

13. Ghoddusi, H.B. & Robinson, R.K.·
'Enumeration of starter cultures in fermented milks'
J. Dairy Research, 63, 1996, 151-158

14. Tamime, A.Y., Robinson, R.K. & Chubb, L.W.+
'Acetaldehyde as an indicator of flavour intensity in yoghurt'
The Milk Industry, 79(4), 1977, 4-6

15. Robinson, R.K.
'Cultures for yoghurt - their selection and use'
Dairy Industries International, 53(7), 1988, 15-19

16. 'Cultures and quality'
Dairy Industries International, 64(2), 1999, 23-25

17. 'Product Design - Yoghurt and other fermented milks'
Food Ingredients and Analysis International, 22(2), 2000, 15-19

18. 'Yoghurt manufacture: some considerations of quality'
Dairy Industries International, 46(3), 1981, 31-35

19. Tamime, A. Y. & Robinson, R.K.
Yoghurt - Science and Technology (Second Edition)
Woodhead Publishers Ltd., Cambridge, 1999, 609 pp.

20. Keceli, Turkan & Robinson, R.K. *
'Dairy products - the real risks'
Dairy Industries International, 62(4), 1997, 29-33

21. Gohil, V.S., Ahmed, M.A., Davies, R. & Robinson, R.K. +
'The direct enumeration of Listeria monocytogenes in a food with a low
background microflora' Food Control, 6(6), 1996, 365-369

22. 'Growth and survival of Listeria monocytogenes in two traditional foods from
the United Arab Emirates' Food Microbiology, 13, 1996, 159-164

23. Ozer, B.H., Robinson, R.K., Grandison, A. & Bell, A.E.+
'Comparison of techniques for measuring the rheological properties of labneh
(concentrated yoghurt)
International J. Dairy Technology, 50(4), 1997, 129-133

Stellenbosch University http://scholar.sun.ac.za



73

24. Robinson, R.K.
'Special yoghurts - the potential health benefits'
Dairy Industries International, 54(7), 1989, 23-25

25. Haddadin, M.S., Lubbadeh, W., Al-Tamirni, M.A. & Robinson, R.K. +

'A preliminary appraisal of the effect on the cholesterol content of fresh ovine
milk of supplementing the feed of Awassi ewes with Lactobacillus acidophilus'
Milchwissenschajt, 54(9), 1999, 502-505

26. Robinson, R.K.
'Survival of Lactobacillus acidophilus in fermented products'
South African J. Dairy Science, 19(1), 1987, 25-27

27. Tamime, A. Y., Marshall, V.M.E. & Robinson, R.K.
'Microbiological and technological aspects of milks fermented by
bifidobacteria'
J. Dairy Research, 62, 1995, 151-187

28. Samona, Aspasia & Robinson, R.K. *
'Morphological variability of the bifidobacteria'
J. Dairy Science, 75 (Supp1.1), 1992 (Abs)

29. Robinson, R.K.
'Survival of Bifidobacterium bifidum in health-promoting yoghurts'
South African J. Dairy Science, 22(2), 1990, 43-45

30. Samona, Aspasia, Robinson, R.K. & Marakis, S. +
'Acid production by bifidobacteria and yoghurt bacteria during fermentation and
storage of milk' Food Microbiology, 13, 1996, 275-280

31. Samona, Aspasia & Robinson, R.K.·
'Enumeration of bididobacteria in dairy products'
J. Society Dairy Technology, 44(3), 1991, 64-66

32. A.Y.Tamime & Robinson, R.K:
'Some aspects of the production of a concentrated yoghurt (labneh) popular in
the Middle East' Milchwissenschaft, 33(4), 1978, 209-212

33. Robinson, R.K.
'A dairy product for the future - concentrated yoghurt'
South African J.Dairy Technology, 9(2), 1977, 59-61

34. Ozer, B.H., Bell, A.E., Grandison, A. & Robinson, R.K. +

'Rheological properties of concentrated yoghurt (labneh) ,
J. Texture Studies, 29, 1998, 67-79

Stellenbosch University http://scholar.sun.ac.za



74

35. Ozer, B.H., Stenning, R., Grandison, A. & Robinson, R.K.+
'Effect of protein concentration on the properties and structure of
concentrated yoghurts'
International J. Dairy Technology, 52(4), 1999, 135-139

36. 'Rheology and Microstructure of labneh (concentrated yogurt)'
J. Dairy Science, 82, 1999, 682-689

37. Ozer, B., Robinson, R.K., Grandison, A. & Bell, A.E. +
'Gelation properties of milks concentrated by different techniques'
International Dairy Journal, 8, 1998, 793-799

38. Ozer, B.H. & Robinson, R.K."
'The behaviour of starter cultures in concentrated yoghurt produced by
different techniques'
Lebensmittel- Wissenschaft und-Technologie, 32, 1999, 391-395

39. AI-Jedah, J.H. & Robinson, R.K.
'Does quantity compromise quality'
Dairy Industries International, 66(2), 2001, 34-37

40. Haddadin, M.S., Al-Muhirat, S.R., Batayneh, N. & Robinson,R.K. +
'Production of acetic and propionic acids from labneh whey by fermentation
with propionibacteria'
J. Society Dairy Technolology, 49(3), 1996, 79-81

41. Haddadin, M.S., Batayneh, N., Batarseh, R. & Robinson,R.K. +
'Production of acetone and butanol by fermentation of labneh whey'
Egyptian J. Dairy Science, 25, 1997, 205-215

42. Keceli, Turkan, Robinson, R.K. & Gordon, M.H."
'The role of olive oil in the preservation of yoghurt cheese (labneh anbaris)'
International J. Dairy Technology, 52(2), 1999, 68-72

43. Robinson, R.K.& Cadena, Maria"
'The potential value of yoghurt-cereal mixtures'
Ecology of Food & Nutrition, 7, 1978, 131-136

44. Cadena, Maria & Robinson, R.K:
'The acceptability of yoghurt-cereal mixtures to a rural community in
Mexico' Ecology of Food & Nutrition, 8, 1979, 169-174

45. Robinson, R.K.
'Improving the image of yoghurt-cereal mixtures'
South African J. Dairy Technology, 10, 1978, 139-141

Stellenbosch University http://scholar.sun.ac.za



75

46. Toufeili, I., Melki, Celine, Shadarevian, S. & Robinson, R.K. +
'Some nutritional and sensory properties ofbulgur and whole wheatmeal kishk' .
Food Quality and Preference, 10, 1999, 9-15

47. Robinson, R.K., Haddadin, M.S.Y. & Abdullah, B.M.+
'Halloumi Cheese - some aspects of manufacture and quality'
South African J. Dairy Science, 23(3), 1991, 61-64

48. Papademas, P. & Robinson, R.K:
'Halloumi cheese - the product and characteristics'
International J. Dairy Technology, 1998, 51(3), 98-103

49. Papademas, P., Norman, Julia M. & Robinson, R.K:
'Properties of full-fat, less-fat and reduced-fat Halloumi cheeses made from
bovine milk'
Australian Dairy Foods, 22(2), 2000, 30-32

50. Ali, M.Z. & Robinson, R.K:
'Casein properties in recombination'
Dairy Industries International, 57(12), 1992, 29-31

51. Haddadin, M.S., Shahin, Rula & Robinson, R.K. +
'The influence of the casein:fat ratio in sheep's milk on the chemical
composition and sensory properties of Nabulsi cheese'
J. Society Dairy Technology, 48(3), 1995, 71-75

52. Yamani, M.I., Al-Nabulsi, A.A., Haddadin, M.S. & Robinson, R.K. +
'The isolation of salt-tolerant lactic acid bacteria from ovine and bovine milks
for use in the production of Nabulsi cheese'.
International J. Dairy Technology, 51(3), 1998, 86-89

53. Robinson, R.K. & Ali, M.Z:
'The effect of sub-culturing on the species composition of multiple-strain
cheese starters'
South African J. Dairy Technology, 17, 1985, 65-70

54. Haddadin, M.S., Shahin, Rula & Robinson, R.K. +
'Nabulsi: a Jordanian cheese'
Dairy Industries International, 57(12), 1992, 29-31

55. Papademas, P. & Robinson, R.K:
'A comparison of the chemical, microbiological and sensory characteristics of
bovine and ovine Halloumi cheese' .
International Dairy Journal, 10, 2000, 761-768

Stellenbosch University http://scholar.sun.ac.za



76
56. Lawson, P.A., Papademas, P., Wacher, Carmen, Falsen, E., Robinson, R.K.

& Collins, M.D. +
'Lactobacillus cypricasei sp. nov., isolated from Halloumi cheese'.
Int. Journal of Systematic and Evolutionary Microbiology, 51, 2001, 45-49

57. Papedemas, P. & Robinson, R.K:
'Sensory characteristics of different types of Halloumi cheese as perceived by
tasters of different ages'
International J. Dairy Technology, 54(3), 2001, 94-99

58. Bintsis, T., Litipoulou-Tzanetaki, E. & Robinson, R.K.+
'Microbiology of brines used to mature Feta cheese' .
International J. Dairy Technology, 53(3), 2000, 106-112

59. Gohil, V.S., Ahmed, M.A., Davies, R. & Robinson, R.K. +
'Incidence of Listeria in foods in the United Arab Emirates'
J. Food Protection, 58(1), 1995, 102-104

60. Bintsis, T., Litipoulou-Tzanetaki, E. & Robinson, R.K.+
'Existing and potential applications of ultra-violet light in the food industry'
J. Science Food Agriculture, 80, 2000, 637-645

61. Bintsis, T., Litipoulou- Tzanetaki, E., Davies, R. & Robinson, R.K. +
'The antimicrobial effects of long-wave ultra-violet light and furocoumarins
on some micro-organisms that occur in cheese brines' .
Food Microbiology, 17, 2000, 687-695

62. Kameni, A., Mbanya, J.N. & Robinson, R.K. +
'Bafut: a Cameroon cheese' Dairy Industries International, 59(6), 1994,27-29

63. Haddadin, M.S., Ibrahim, S.A. & Robinson, R.K. +
'Preservation of raw milk by activation of the natural lactoperoxidase
systems' Food Control, 7, 1996, 149-152

64. Kameni, A., Mbanya, J.N. & Robinson, R.K. +
'The production of Bafut cheese - a local cheese from Cameroon - with
recombined and filled milks'
Egyptian J. Dairy Science, 23, 1995, 211-220

65. Ali, M.Z. & Robinson, R.K. *
'Aspects of the structure of a Feta-style cheese made by direct
recombination' Milchwissenschajt, 45(11), 1990, 699-701

Stellenbosch University http://scholar.sun.ac.za



66. Robinson, R.K. & Ali, M.Z.'
'A survey of cheesemaking in the Al-Duwaym area'
Sudan Notes and Records, LXIII, 1982, 154-158

67. Chumchuere, Sumonwan & Robinson, R.K:
'Selection of starter cultures for the fermentation of soya milk'
Food Microbiology, 16, 1999, 129-137

68. Chumchuere, Sumonwan, MacDougall, D.B. & Robinson, R.K. +

'Production and properties of a semi-hard cheese from soya milk'.
J. Food Science & Technology, 35, 2000, 577-581

69. Nicol, Karen.M.J. & Robinson, R.K.·
'The taste test' Dairy Industries International, 64(8), 1999, 35-38

'Putting raw milk cheeses to the test'
Australian Dairy Foods, 21(4), 1999, 34-36

70. Robinson, R.K.
'A method for the objective assessment of cheese flavour'
The Milk Industry, 81(4), 1979, 34-37

71. Kimonye, J.M. & Robinson, R.K:
'lria ri Matii - a traditional fermented milk from Kenya'
Dairy Industries International, 56(2), 1991, 34-35

77

Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



78

LIST OF TOTAL PUBLICATIONS

1. Robinson, R.K.
'Studies on penetration of insect integuments by fungi'
PANS (Section B), 12, 1966, 131-142

2. Ecology of Fungi. English Universities Press, London, 1966, 114 pp.

3. Madelin, M.F., Robinson, R.K. & Williams, R.J.
'Appressorium-like structures in insect-parasitizing Deuteromycetes'
J. Invertebrate Pathology, 9, 1967, 404-412

4. Robinson, R.K.
'Changes in mycorrhizal flora on roots of Pinus patula in Swaziland'
South African Forestry J., 78, 1971, 14-15

5. 'Protein from non-agricultural sources'
Proc. Agric. Develop. Association, 1971, 3-12

6. Importance of soil toxicity in relation to the stability of plant communities'
Proc. British Ecological Society, 1972, 105-113

7. 'The production by roots of Calluna vulgaris of a factor inhibitory to growth
of some mycorrhizal fungi'
J. Ecology, 60, 1972, 219-224

8. 'Soil-sickness problems in man-made forests'
Congress Union Fitopath. Mediterranean, 1972, 327-331

9. Robinson, R.K. & Garvie, J.H.
'Protein from algae - an associated industry'
United Nations Expert Group Report, 1973, 24 pp.

10. Robinson, R.K.
'Assessment of algae as a source of human food'
Report No. 15158, 1973, Scientific Design Co., London

11. 'Mycorrhiza in certain Ericaceae native to Southern Africa'
J. South African Botany, 39(2), 1973, 123-129

12. 'Mycorrhizas and second rotation decline of Pinus patula in Swaziland'
South African Forestry J., 80, 1973, 16-19

Stellenbosch University http://scholar.sun.ac.za



79

13. 'Chemical composition of Ulva lactuca'
Report for Ministry of Health, Mauritius, 1974, 14pp.

14. 'Nutritional value of the microalgae'
Proc.IVth.Congress Food Science & Technology, 1974, 198-202

15. Aylward, F. & Robinson, R.K.
'Education and training in food hygiene'
Microbiological Safety of Foods. Eds. Hobbs, B.C. & Christian, J.H.B.
Academic Press Ltd., London, 1974, 395-403

16. Robinson, R.K.
'The detection of mycotoxins in foods'
International J. Environmental Studies, 8, 1975, 199-202

17. 'The growth requirements of the micro-algae'
Proc. American Chemical Society, 69, 1975, 6pp.

18. Robinson, R.K. & Tamime, A.Y.
'Yoghurt - a review of the product and its manufacture'
J. Society Dairy Technology, 28, 1975, 149-163

19. Robinson, R.K.
'Yoghurt - perceived regulatory trends inEurope'
Dairy Industries International, 40(6), 1975, 49-51

20. Robinson, R.K. & Tamime, A.Y.
'Quality appraisal of yoghurt'
J. Society Dairy Technology, 29, 1976, 148-155

21. Tamime, A.Y. & Robinson, R.K.
'Recent developments in the production and preservation of starter cultures for
yoghurt'
Dairy Industries International, 41(11), 1976, 40-41

22. Robinson, R.K., Tamime, A.Y. & Chubb, L.W.
'Acetaldehyde as an indicator of flavour intensity in yoghurt'
The Milk Industry, 79(4), 1977, 4-6

23. Robinson, R.K.
'A dairy product for the future - concentrated yoghurt'
South African J. Dairy Technology, 9, 1977, 59-61

24. 'Yoghurt and health'
BNF Nutrition Bulletin, 4, 1977, 191-197

Stellenbosch University http://scholar.sun.ac.za



80

25. Khan, Perveen & Robinson, R.K.
'Hygiene in nutrition education'
Int. Confer. Nut. Education, Oxford, 1977, 4 pp.

26. Robinson, R.K. & Tamime, A.Y.
'Some aspects of the utilisation of whey'
Dairy Industries International, 43, 1978, 14-22

27. Robinson, R.K.
'Improving the image of yoghurt-cereal mixtures'
South African J. Dairy Technology, 10, 1978, 139-141

28. Tamime, A.Y. & Robinson, R.K.
'Some aspects of the production of a concentrated yoghurt (labneh) popular in
the Middle East'
Milchwissenschajt, 33(4), 1978, 209-212

29. Robinson, R.K. & Guzman, Margura
'Nutritional potential of the algae'
Plant Foods for Man, 2, 1978, 195-202

30. Robinson, R.K. & Cadena, Maria
'The potential nutritional value of yoghurt cereal mixtures'
Ecology of Food & Nutrition, 7, 1978, 131-136

31. Khan, Perveen & Robinson, R.K.
'Human infestations and infections'
International J. Environmental Studies, 12, 1978, 307-309

32. 'The potential dietetic importance of stabilisers, with special reference to
guar gum'
Plant Foods for Man, 2, 1978, 113-119

33. Robinson, R.K. & Kutianawala, S.
'Cassava - potential as an industrial crop'
World Crops, 31, 1979, 168-174

34. Robinson, R.K.& Cadena, Maria
'Acceptability of yoghurt-cereal mixtures to a rural community in Mexico'
Ecology of Food & Nutrition, 8, 1979, 169-174

35. Khan, Perveen, Macrae, R. & Robinson, R.K.
'Use of a chromatography refractive index detector for monitoring dialysis
experiments'
Laboratory Practice, 28, 1979, 260

Stellenbosch University http://scholar.sun.ac.za



81

36. Robinson,R.K.
'A method for the objective assessment of cheese flavour'
The Milk Industry, 81(4), 1979, 34-37

37. 'Algae as a crop'
World Crops, 32, 1980, 8-14

38. Dairy Microbiology (Editor)
Volume 1 - The Microbiology of Milk, 255 pp.
Volume 2 - The Microbiology of Milk Products, 330 pp.
Applied Science Publishers Ltd., London, 1981.

39. Robinson, R.K. & Tamime, A.Y.
'Microbiology of fermented milks'. In Dairy Microbiology - Volume 2.
Ed.Robinson, R.K. Applied Science Publishers Ltd., London, 1981, 245-278

40. Robinson, R.K.
'Yoghurt manufacture: some considerations of quality'
Dairy Industries International, 46(3), 1981, 31-35

41. 'Freeze-dried starter concentrates - Part I'
Dairy Industries International, 46(6), 1981, 15-18

42. 'Freeze-dried starter concentrates-Part II'
Dairy Industries International, 46(7), 1981, 11-12

43. 'Cultured Milk Products - an expanding market'
FEl '81 International Conference, 1981, 6-8

44. Robinson, R.K. & Toerien, D.F.
'The algae - a future source of protein'
Developments in Food Proteins - 1. Ed. Hudson, B.J.F.
Applied Science Publishers Ltd., London, 1982, 289-325

45. Ali, M.Z. & Robinson, R.K.
'A survey of cheesemaking in the Al-Duwayrn area'
Sudan Notes and Records, LXIII, 1982, 154-158

46. Robinson, R.K.
'The dissection of milk - its relevance to the food industry'
Dairy Industries International, 47, 1982, 19-23

47. 'Food ingredients from milk'
Food, 5, 1983, 36-39

Stellenbosch University http://scholar.sun.ac.za



82

48. 'Cultures for milk and meat processing'
Biotechnology - 3. Eds. Rehm, H-J and Reed, G.
Verlag Chemie, Weinheirn, 1983, 191-202

49. The Vanishing Harvest. Oxford University Press, Oxford, 1983, 273 pp.

50. Microbiology of Frozen Foods. (Editor)
Elsevier Science Publishers, London, 1985, 290 pp.

51. 'Freezing for the catering industry'. In Microbiology of Frozen Foods
Ed. Robinson, R.K. Elsevier Science Publishers, London, 1985, 233-250

52. Ali, M.Z. & Robinson, R.K.
'Size distribution of casein micelles in camel's milk'
J. Dairy Research, 52, 1985, 303-307

53. Robinson, R.K. & Ali, M.Z.
'Effect of sub-culturing on the species composition of multiple-strain cheese
starters'
South African J. Dairy Technology, 17, 1985, 65-70

54. Nahaisi, M.H. & Robinson, R.K.
'Acidophilus drinks: the potential for developing countries'
Dairy Industries International, 50, 1985, 16-17

55. Tamime, A.Y.& Robinson, R.K.
Yoghurt - Science and Technology. Pergamon Press, Oxford, 1985, 450 pp.

56. Robinson, R.K.
Developments in Food Microbiology - 2 (Editor)
Elsevier Science Publishers Ltd., London, 1986, 226 pp.

57. Modern Dairy Technology (Editor)
Volume 1 - Advances in Milk Processing, 440 pp.
Volume 2 - Advances in Milk Products, 438 pp.
Elsevier Science Publishers Ltd., London, 1986

58. Robinson, R.K. & Tamime, A.Y.
'Recent developments in yoghurt manufacture'. InModern Dairy Technology.
Ed. Robinson, R.K. Elsevier Science Publishers Ltd. ,London, 1986, 1-34

59. Robinson, R.K. & Tamime,A. Y.
'The role of protein in yoghurt'. In Developments in Food Proteins - 4.
Ed. Hudson, B.J. Applied Science Publishers Ltd., London, 1986, 1-36

Stellenbosch University http://scholar.sun.ac.za



83

60. Robinson, R.K.
'Survival of Lactobacillus acidophilus in fermented products'
South African J. Dairy Science, 19(1), 1987, 25-27

61. Microbiologia Lactologica (Spanish Edition)
Volumen 1 - Microbiologia de la leche, 230 pp.
Volumen 2 - Microbiologia de los products lacteos, 298 pp.
Editorial Acribia SA, Zaragoza, Spain, 1987

62. 'Cultures for yoghurt - their selection and use'
Dairy Industries International, 53(7), 1988, 15-19

63. Developments in Food Microbiology - 3 (Editor)
Elsevier Science Publishers Ltd., London, 1988, 196 pp.

64. Developments in Food Microbiology -4 (Editor)
Elsevier Science Publishers Ltd., London, 1988, 250 pp.

65. Seth, Rachel & Robinson, R.K.
'Characteristics of mould-ripened cheese'. In Developments in Food
Microbiology - 4
Ed. Robinson,R.K. Elsevier Science Publishers Ltd., London, 1988, 23-46

66. Tamime, A. Y. & Robinson, R.K.
'Technology of manufacture of thermophilic fermented milks'
International Dairy Federation Bulletin No.227, 1988, 82-95

67. 'Fermented milks and their future trends. Part II: Technological aspects'
J. Dairy Research, 55, 1988, 281-307

68. Robinson,R.K. & Vlahapoulou, I.
'Goat's milk utilisation in fermented products'
Dairy Industries International, 53(12), 1988, 33-35

69. Robinson, R.K.
'Special yoghurts - potential health benefits'
Dairy Industries International, 54(7), 1989, 23-25

70. Senyah J.K., Robinson,R.K. & Smith, J.F.
'Cultivation of the Oyster Mushroom - Pleurotus ostreatus -
on cocoa shell waste'
Mushroom Science, XII(Part II), 1989, 207-217

71. Tamime, A. Y.& Robinson, R.K.
Yoghurt - Science and Technology (Revised Edition)
Pergamon Press, Oxford, 1989, 450 pp.

Stellenbosch University http://scholar.sun.ac.za



84

72. Ali, M.Z. & Robinson, R.K.
'Aspects of the structure of a Feta-style cheese made by direct recombination'
Milchwissenschaft, 45(11), 1990, 699-701

73. Robinson,R.K.
'Survival of Bifidobacterium bifidum in health-promoting yoghurts'
South African J. Dairy Science, 22(2), 1990, 43-45

74. Dairy Microbiology (Second Edition - Editor)
Volume 1 - The Microbiology of Milk, 296pp.
Volume 2 - The Microbiology of Milk Products, 400 pp.
Elsevier Science Publishers Ltd., London, 1990

75. Robinson, R.K. & Tamime, A.Y.
'Microbiology of fermented milks'. In Dairy Microbiology - Volume 2
(Second Edition) Ed. Robinson, R.K.
Elsevier Science Publishers Ltd., London, 1990,291-344

76. Robinson, R.K.
'Snack-foods of dairy origin'. In Snack Food. Ed. Booth, R.G.
Van Norstrand Reinhold, New York, 1991, 159-182

77. Therapeutic Properties of Fermented Milks
Elsevier Science Publishers Ltd., London, 1991, 198 pp.

78. 'Micro-organisms in fermented milks'
In Therapeutic Properties of Fermented Milks. Ed.Robinson
Elsevier Science Publishers Ltd., London, 1991, 23-43

79. Robinson,R.K.& Tamime, A.Y.
Feta and Related Cheeses Ellis Horwood, Chichester, 1991, 258 pp.

80. Robinson, R.K.
'Manufacture of Halloumi cheese'. In Feta and Related Cheeses.
Eds. Robinson, R.K. & Tamime, A.Y.
Ellis Horwood Ltd, Chichester, 1991, 144-158

81. Robinson,R.K., Haddadin, M.S.Y. & Abdullah, B.M.
'Halloumi Cheese - some aspects of manufacture and quality'
South African J. Dairy Science, 23(3), 1991, 61-64

82. Kimonye, J.M. & Robinson, R.K.
'Iria ri Matii - a traditional fermented milk from Kenya'
Dairy Industries International, 56(2), 1991, 34-35

Stellenbosch University http://scholar.sun.ac.za



85

83. Samona, Aspasia & Robinson, R.K.
'Enumeration of bididobacteria in dairy products'
J. Society Dairy Technology, 44(3), 1991, 64-66

84. Yogur - Ciencia y Tecnologia (Abridged Edn.)
Editorial Acribia SA, Zaragoza, Spain, 1991, 368 pp.

85. Wood,A., Toerien, D.F. & Robinson, R.K.
'The Algae - cultivation and utilisation'
In Developments in Food Proteins - 7. Ed.Hudson,B.J.F.
Elsevier Science Publishers Ltd., London, 1991,79-124

86. 'Biochemical changes during fermentation'
In Fermented Milk Products. Ed. Aalbersberg, W.
B.Bellf's Wirtschaftsinformationen GmbH, Hamburg, 1991, 10-15

87. 'Lactobacillus acidophilus and its use in the Dairy Industry'
Proc. Singapore IFST, 1992, 1-16

88. 'Morphological variability of bifidobacteria'
J. Dairy Science, 75 (Suppl.l), 1992, 132

89. Ali, M.Z. & Robinson, R.K.
'Casein properties in recombination'
Dairy Industries International, 57(12), 1992, 29-31

90. Robinson, R.K. & Samona, Aspasia
'Health aspects of Bifidus products'
International J. Food Sciences & Nutrition, 43, 1992, 175-180

91. Robinson, R.K.
'Ecology of the lactic acid bacteria' In Functional Foods.
Ed. Middleton, Lucinda. IBC Technical Services Ltd, London, 1993, 50-56

92. 'Lactic acid bacteria'
British Food Journal, 95 (4), 1993, 44-45

93. Modern Dairy Technology (Second Edition - Editor)
Volume 1 - Advances in Milk Processing, 475 pp.
Volume 2 - Advances in Milk Products, 516 pp.
Elsevier Science Publishers Ltd., London, 1993

94. Robinson, R.K. & Tamime, A. Y.
'The manufacture of fermented milks'. In Modern Dairy Technology.
(Second Edition) Ed. Robinson, R.K. Elsevier Science Publishers Ltd.,
London, 1993, 1-48

Stellenbosch University http://scholar.sun.ac.za



86

95. Macrae, R., Robinson, R.K. & Sadler, M.S.
Encyclopaedia of Food Science, Food Technology and Nutrition (Editors)
Volumes 1 - 7. Academic Press Ltd., London, 1993, 4989 pp.

96. Robinson, R.K.
'Yoghurt - the product and its manufacture'
In Encyclopaedia of Food Science, Food Technology and Nutrition.
Eds Macrae, R., Robinson, R.K. & Sadler, M.S,
Academic Press Ltd., London, 1993, 4968-4972

97. 'Fish - Demersal species of temperate regions'
In Encyclopaedia of Food Science, Food Technology and Nutrition.
Eds. Macrae, R., Robinson, R.K. & Sadler, M.S,
Academic Press Ltd., London, 1993, 1838-1843

98. 'Fish - Pelagic species of temperate regions'
In Encyclopaedia of Food Science, Food Technology and Nutrition.
Eds. Macrae, R., Robinson, R.K. & Sadler, M.S,
Academic Press Ltd., London, 1993, 1843-1846

99. 'Salmonellosis'
In Encyclopaedia of Food Science, Food Technology and Nutrition.
Eds. Macrae, R., Robinson, R.K. & Sadler, M.S,
Academic Press Ltd., London, 1993, 3988-3991

100. Robertson, S.C. & Robinson, R.K.
'Separation and Clarification'
In Encyclopaedia of Food Science, Food Technology and Nutrition.
Eds. Macrae, R., Robinson, R.K. & Sadler, M.S,
Academic Press Ltd., London, 1993, 4075-4078

101. Samona, Aspasia & Robinson, R.K.
'Effect of yoghurt cultures on the survival of bifidobacteria in fermented milks'
J. Society Dairy Technology, 47(2), 1994, 58-60

102. Kameni, A., Mbanya, J.N. & Robinson, R.K.
'Bafut Cheese - the properties of a new cheese from the Cameroon'
Dairy Industries International, 59(6), 1994, 27-29

103. Samona, Aspasia & Robinson, R.K.
'The survival of bifidobacteria in milks fermented with yoghurt cultures'
Proc. 24th. International Dairy Congress, Ge 43, 1994, 282

104. 'Comparison of growth and acid production by branched and coccoid forms
of bifidobacteria'
Proc. 24th.International Dairy Congress, Ge 44, 1994, 283

Stellenbosch University http://scholar.sun.ac.za



87

105. Gohil, V.S., Ahmed, M.A., Davies, R. & Robinson, R.K.
'Incidence of Listeria in foods in the United Arab Emirates'
J. Food Protection, 58(1), 1995, 102-104

106. Ahmed, LA., Ahmed, A.K. & Robinson, R.K.
'The chemical composition of dates as influenced by the stage of ripening'
Food Chemistry, 54, 1995, 305-309

107. 'Aflatoxin production on the pits(seeds) of the date palm (Phoenix dactylifera)'
Mycotoxin Research, 11, 1995, 75-79

108. Kameni, A., Mbanya, J.N. & Robinson, R.K.
'The production of Bafut cheese - a local cheese from Cameroon - from
recombined and filled milks'
Egyptian J. Dairy Science, 23, 1995, 211-220

109. Haddadin, M.S., Shahin, Rula & Robinson, R.K.
'The influence of the casein : fat ratio in sheep's milk on the chemical
composition and sensory properties of Nabulsi cheese'
J. Society Dairy Technology, 48(3), 1995, 71-75

110. 'Nabulsi: a Jordanian cheese'
Dairy Industries International, 60(7), 1995, 33-35

111. Ghoddusi, H.B. & Robinson, R.K.
'An agar to differentiate Lactococcus laetis and Lact. cremoris' (Abs)
Proc. 9th. Congress Food Science & Technology, 1995, 162

112. Robinson, R.K.
Colour Guide to Cheese and Fermented Milks
Chapman & Hall, London, 1995, 195 pp.

113. Haddadin, M.S., Ibrahim, S.A. & Robinson, R.K.
'Some chemical and microbiological properties of Jameed made from sheep's
milk' Proc. IDF Seminar, Crete, 1995, 325

114. 'Preservation of raw milk by activation of the natural Lactoperoxidase
systems' Proc. IDF Seminar, Crete, 1995, 89-94

115. Tamime, A.Y., Marshall, V.M.E. & Robinson, R.K.
'Microbiological and technological aspects of milks fermented with
bifidobacteria'
J. Dairy Research, 62, 1995, 151-187

Stellenbosch University http://scholar.sun.ac.za



88

116. Robinson, R.K.
'New starter cultures for the dairy industry'
Science & Technology Now, 8(2), 1995, 10-11

117. 'The potential of inulin as a functional ingredient'
British Food Journal, 97(4), 1995, 30-32

118. Gohil, V.S., Ahmed, M.A., Davies, R. & Robinson,R.K.
'The direct enumeration of Listeria monocytogenes in a food with a low
background microflora'
Food Control, 6(6), 1996, 365-369

119. Samona, Aspasia, Robinson, R.K. & Marakis, S.
,Acid production by bifidobacteria and yoghurt bacteria during fermentation and
storage'
Food Microbiology, 13, 1996, 275-280

120. Haddadin, M.S., Abdulrahim, S., Hashlamoun, E. & Robinson, R.K.
'The influence of Lactobacillus acidophilus on the production and chemical
composition of hen's eggs'
Poultry Science, 75, 1996, 491-494

121. Abdulrahim, S., Haddadin, M.S., Hashlamoun, E. & Robinson, R.K.
'The influence of bacitracin and Lactobacillus acidophilus on layer performance
of chickens and cholesterol content of plasma and egg yolk'
British Poultry Science, 37, 1996, 341-346

122. Gohil, V.S., Ahmed, M.A., Davies, R. & Robinson,R.K.
'Growth and survival of Listeria monocytogenes in two traditional foods from
the United Arab Emirates'
Food Microbiology, 13, 1996, 159-164

123. Ghoddusi, H.B. & Robinson, R.K.
'Enumeration of starter cultures in fermented milks'
J. Dairy Research, 63, 1996, 151-158

124. Haddadin, M.S., Ibrahim, S.A. & Robinson, R.K.
'Preservation of raw milk by activation of the natural Lactoperoxidase
systems'
Food Control, 7, 1996, 149-152

125. Haddadin, M.S., Batayneh, N. & Robinson,R.K.
'Production of acetic and propionic acids from labneh whey by fermentation
with propionibacteria'
J. Society Dairy Technology, 49(3), 1996, 79-81

Stellenbosch University http://scholar.sun.ac.za



89

126. Ghoddusi, H.B. & Robinson, R.K.
'The test of time'
Dairy Industries International, 63, 1996, 25-28

127. Robinson, R.K., Kastanas, P. & Vallerand, F. (Editors)
Utilisation of Sheep and Goat Milk
Proceedings of IDF Seminar, Crete (1995). IDF, Brussels, 1996, 346 pp.

128. Ahmed, LA., Ahmed, A.K. & Robinson, R.K.
'Susceptibility of date fruits to aflatoxin production'
J. Science Food Agriculture, 4, 1997, 64-68

129. Abdulrahim, S., Haddadin, M.S., Odetallah, N.H. & Robinson, R.K.
'A proposed protocol for checking the suitability of Lactobacillus acidophilus
cultures for use during feeding trials with chickens'
Tropical Science, 74, 1997, 16-20

130. Haddadin, M.S., Abu-Reesh, I., Al-Oaissiah, O.A. & Robinson, R.K.
'The Olive (Olea europea) - benefits and problems of commercial production
in the Middle East'
Agriculture & Equipment International, 49(2), 1997, 76-78

131. Ahmed, LA. & Robinson, R.K.
'Incidence of Aspergillus flavus and Aspergillus parasiticus on date fruits'
Agriculture & Equipment International, 49(4), 1997, 136-139

132. Haddadin, M.S., Batarseh, R., Batayneh, N. & Robinson,R.K.
'Production of butanol and acetone from labneh whey'
Egyptian J. Dairy Science, 25, 1997, 205-215

133. Ozer, B., Robinson, R.K., Grandison, A. & Bell, A.E.
'Comparison of techniques for measuring the rheological properties of labneh
(concentrated yoghurt)'
International. J. Dairy Technology, 50(4), 1997, 129-133

134. Ozer, B., Bell, A.E., Grandison, A. & Robinson, R.K.
'Changes in the physical properties of Labneh (concentrated yoghurt) during
storage' Proc. 1FT Conference, Orlando, USA, 1997, (Abs.)

135. Ozer, B., Grandison, A. & Robinson, R.K.
'Rheological properties of labneh manufactured using membrane processes'
Proc. IDF Seminar, Vicenza, Italy, 1997 (Abs.)

136. Ozer, B., Robinson, R.K., Grandison, A. & Bell, A.E.
'Rheological characteristics of labneh produced by various concentration
techniques' Proc. IDF Seminar, Vicenza, Italy, 1997, 40-45

Stellenbosch University http://scholar.sun.ac.za



90

137. Keceli, Turkan, Konar, A. & Robinson, R.K.
'Effect of Salep and some alternative stabilisers on the qualities of Goat's
Milk Ice cream'
Proc. IDF Seminar, Athens, Greece, 1997, 56

138. Keceli, Turkan & Robinson, R.K.
'Consumer risks associated with dairy products'
Dairy Industries International, 62(4), 1997, 29-33

139. Robinson, R.K. & Keceli, Turkan
'Occurrence of pathogens in dairy products'
Proc. 2nd. International Conference, Qatar on
"Food Safety and Public Health", 1997, 10 pp.

140. Ozer, B., Bell, A.E., Grandison, A. & Robinson, R.K.
'Rheological properties of concentrated yoghurt'
J. Texture Studies, 29, 1998, 67-79

141. Ahmed, LA. & Robinson, R.K.
'Selection of a suitable method for the analysis of aflatoxins in date fruits'
J. Agricultural Food Chemistry, 46(2), 1998, 350-354

142. Lankes, Heidi, Ozer, B. & Robinson, R.K.
'Effect of method fortification of the texture of natural yoghurt'
Milchwissenschaft, 53(9), 1998, 510-513

143. Yamani, M.I., Al-Nabulsi, A.A., Haddadin, M.S. & Robinson, R.K.
'The isolation of salt-tolerant lactic acid bacteria from ovine and bovine milks
for use in the production of Nabulsi cheese'
International J. Dairy Technology, 51(3), 1998, 86-89

144. Chumchuere, Sumonwan & Robinson, R.K.
'Production of a semi-hard cheese from soya milk'
Proc. 1FT Conference, Atlanta, USA, 1998, (Abs.)

145. Dairy Microbiology (Arabic Edition)
Volume 1 - The Microbiology of Milk, 296pp.
Volume 2 - The Microbiology of Milk Products, 400 pp.
King Saud Univ. Press, Riyadh, Saudi Arabia, 1998.

146. Kameni, A, Mbanya, J., Kamga, P.T. & Robinson,R.K.
'Microbiological evaluation of Bafut Cheese: A local cheese from
Cameroon'
Egyptian J. Dairy Science, 26, 1998, 161-166

Stellenbosch University http://scholar.sun.ac.za



91

147. Ozer, B., Robinson, R.K., Grandison, A. & Bell, A.E.
'Gelation properties of milks concentrated by different techniques'
International Dairy Journal, 8, 1998, 793-799

148. Papademas, P. & Robinson, R.K.
'Halloumi cheese - present and future'
New Chemistry, 1998, 24(3), 26-27

149. Papademas, P. & Robinson, R.K.
'Halloumi cheese - product and characteristics'
International J. Dairy Technology, 1998, 51(3), 98-103

150. Yamani, M.I., Haddadin, M.S., AI-Kurdi, Lina M.A. & Robinson, R.K.
'The detection of inhibitory substances in ex-farm milk supplies'
Recent Developments in Food & Agricultural Chemistry,
Signpost Publications, India, 1998, 611-627

151. Pennington, T.D. & Robinson, R.K.
'Utilisation profile of a new species: Inga ilta'
in The genus Inga - utilization. Eds. Pennington, T.D. & Fernandes,
E.C.M. Royal Botanic Gardens, Kew, 1998, 151-158

152. Keceli, T., Gordon, M.H. & Robinson, R.K.
'The antioxidant properties of phenolic acid compounds from virgin olive oil'
AOCS Conference, Sardinia, 1998 (Abs.)

153. Robinson, R.K. & Wilbey , R.K.
Cheesemaldng Practice. Aspen Publishers Inc., Maryland, 1998, 449 pp.

154. Tamime, A. Y. & Robinson, R.K.
Yoghurt - Science and Technology (Second Edition)
Woodhead Publishers Ltd., Cambridge, 1999, 609 pp.

155. Yoghurt - Science and Technology (Farsi Translation)
Ferdowsi University Press, Iran, 1999

156. Robinson, R.K., Batt, C. & Patel, P.D.
Encyclopaedia of Food Microbiology (Editors) Volumes 1 - 3
Academic Press Ltd., London, 1999, 2,372 pp.

157. Robinson, R.K.
'Fermented Milks - Yoghurt'. In Encyclopaedia of Food Microbiology
Eds. Robinson, R.K., Batt, C. & Patel, P.D.
Academic Press Ltd., London, 1999,784-791

Stellenbosch University http://scholar.sun.ac.za



92

158. Toufeili, I., Melki, Celine, Shadarevian, S. & Robinson, R.K.
'Some nutritional and sensoryproperties ofbulgur andwhole wheatmeal kishk' .
Food Quality and Preference, 10, 1999, 9-15

159. Abdulrahim, S., Haddadin, M.S, Hashlamoun, E. & Robinson, R.K.
'Effect of zinc bacitracin and Lactobacillus acidophilus as feed additives in
broiler rations'
British Poultry Science, 40, 1999, 91-94

160. Ozer, B., Stenning, R.A., Grandison, A. & Robinson, R.K.
'Rheology and Microstructure of labneh'
J. Dairy Science, 82, 1999, 682-689

161. AI-Jedah, J.H., Ali, M.Z. & Robinson, R.K.
'Survival of pathogens in mehiawah - a fish sauce from the Arabian Gulf'.
J. Food Science & Technology, 36, 1999, 561-564

162. Chumchuere, Sumonwan & Robinson, R.K.
'Selection of starter cultures for the fermentation of soya milk'
Food Microbiology, 16, 1999, 129-137

163. Haddadin, M.S., Abdulrahim, S., Al-Khawaldeh, G.Y. & Robinson, R.K.
'The Solid-state fermentation of waste pomace from olive processing'
J. Chemical Technology Biotechnology, 74, 1999, 613-618

164. Keceli, Turkan, Robinson, R.K. & Gordon, M.H.
'The role of olive oil in the preservation of yoghurt cheese'
International J. Dairy Technology, 52(2), 1999, 68-72

165. Yamani, M.I., Haddadin, M.S., Al-Kurdi, Lina M.A. & Robinson, R.K.
'A simple method for the detection of antibiotics in liquid milk'
Food Control, 10, 1999, 35-39

166. Haddadin, M.S., Lubbadeh, W., Al-Tamimi, M.A. & Robinson, R.K.
'Effect on the cholesterol content of fresh ovine milk of supplementing the feed
of Awassi ewes with Lactobacillus acidophilus - a preliminary appraisal'
Milchwissenschaft, 54(9), 1999, 502-505

167. Lubbadeh, W., Haddadin, M.S., AI-Tamimi, M.A. & Robinson, R.K.
'Effect on the cholesterol content of fresh lamb of supplementing the feed of
Awassi ewes and lambs with Lactobacillus acidophilus'
J. Meat Science, 52, 1999, 381-385

Stellenbosch University http://scholar.sun.ac.za



93

168. Yamani, M.I., Humeid, M.A., Hammouh, F.G.A.& Robinson, R.K.
'Production of fermented cucumbers and turnips with reduced levels of sodium
chloride'
Tropical Science, 39, 1999, 233-237

169. Ahmed, LA & Robinson, R.K.
'The ability of date extracts to support the production of aflatoxins'
Food Chemistry, 66, 1999, 307-312

170. Bintsis, T., Davies, R., Litipoulou-Tzanetaki, E. & Robinson, R.K.
'Microbiology of Feta cheese brine'
Int. Congress Hungarian Soc. Microbiology, Budapest, 1999.

171. Ozer, B., Stenning, R., Grandison, A. & Robinson, R.K.
'Effect of protein concentration on the properties and structure of
concentrated yoghurts '
International J. Dairy Technology, 52(4), 1999, 135-138

172. AI-Jedah, J.H., Ali, M.Z. & Robinson, R.K.
'The nutritional importance to local communities of fish caught off the coast
of Qatar'
Nutrition and Food Science, 1999, 288-294

173. Ozer, B.H. & Robinson, R.K.
'The behaviour of starter cultures III concentrated yoghurt produced by
different techniques'
Lebensm. Wissen. un-Technologie, 32, 1999, 391-395

174. Nicol, Karen.M.J. & Robinson, R.K.
'The taste test'
Dairy Industries International, 64(8), 1999, 35-38

175. Nicol, Karen.M.J. & Robinson, R.K.
'Putting raw milk cheeses to the test'
Australian Dairy Foods, 21(3), 1999, 34-36

176. AI-Jedah, J., AI-Mufta, A. & Robinson, R.K.
'The problems posed by toxigenic species of marine algae in the Arabian Gulf'
Science & Technology Now, 19, 1999, x-xi.

177. Robinson, R.K.
'Factors affecting the consistency of stirred, fruit yoghurts'
Dairy Industries International, 64(2), 1999, 23-25

Stellenbosch University http://scholar.sun.ac.za



94

178. Papademas, P. & Robinson, R.K.
'The evolution of free volatile fatty acids during the maturation of Halloumi
cheese' Proc. IDF Conference, Banff, Canada, 2000 (Abs)

179. 'Aspects of the microbiology of Halloumi cheese'
IDF Conference, Nicosia, Cyprus, 2000 (Abs)

180. 'Lactobacillus cypricasei sp.nov. isolated from Halloumi cheese'
IDF Conference, Nicosia, Cyprus, 2000 (Abs)

181. Bintsis, T., Litipoulou-Tzanetaki, E., Davies, R. & Robinson, R.K.
'Aspects of the decontamination of Feta cheese brine'
Meeting Soc. Applied Microbiology, Glasgow, 2000 (Abs)

182. Al-Jedah, J.H., Ali, M.Z. & Robinson, R.K.
'Inhibitory action of spices against pathogens that might contaminate a fish
sauce (mehiawah) from the Middle East'
International J. Food Microbiology, 57, 2000, 129-133

183. Chumchuere, Sumonwan & Robinson, R.K.
'Production and properties of a semi-hard cheese from soya milk'.
J. Food Science & Technology, 35, 2000, 577-581

184. Bintsis, T., Litipoulou- Tzanetaki, E. & Robinson, R.K.
'Microbiology of brines used to store Feta cheese' .
International J. Dairy Technology, 53(3), 2000, 106-112

185. Papademas, P. & Robinson, R.K.
'Aspects of the microbiological, chemical and sensory properties of Halloumi
cheese'
International Dairy J., 10, 2000, 761-768

186. Bintsis, T., Litipoulou- Tzanetaki, E., Davies, R. & Robinson, R.K.
'The antimicrobial effects of long-wave ultra-violet light and furocoumarins on
some organisms that occur in cheese brines'
Food Microbiology, 17,2000,687-695

187. AI-Jedah, J.H. & Robinson, R.K.
'The nutritional implications for local communities in Qatar of the
introduction of ready-to eat meals'
Nutrition and Food Science, 2000, 300-303

188. Papademas, P., Norman, J.M. & Robinson, R.K.
'Sensory properties of low-fat Halloumi cheese'
Australian Dairy Foods, 22(4), 2000, 34-36

Stellenbosch University http://scholar.sun.ac.za



95

189. Bintsis, T., Litipoulou-Tzanetaki, E. & Robinson, R.K.
'Existing and potential applications of ultra-violet light in the food industry -
a critical review'.
J. Science Food Agriculture, 80, 2000, 637-645

190. Robinson, R.K.
'Formulations for Yoghurt and other fermented milks'
Food Ingredients and Analysis, 22(2), 2000, 15-19

191. AI-Jedah, J.H. & Robinson, R.K.
'Does quantity compromise quality?'
Dairy Industries International, 66(2), 2001, 34-37

192. Lawson, P.A., Papademas, P., Watcher, C., Falsen, E., Robinson, R.K. &
Collins, M.D.
'Lactobacillus cypricasei sp.nov. isolated from Halloumi cheese'
Internat. J. Systematic and Evolutionary Bacteriology, 50, 2001, 45-49

193. Tamime, A.Y., Robinson, R.K. and Latrille, E.
'Yoghurt and other Fermented Milks'. In Mechanisation and Automation in
Dairy Technology. Eds. Tamime, A.Y & Law, B.
Sheffield Univ. Press, 2001, 152-203

194. Haddadin, M.S.Y., Humeid, M.A., Qaroot, F.A. & Robinson, R.K.
'Effect of exposure to light on the solanine content of two varieties of potato
(Solanum tuberosum) popular in Jordan'
Food Chemistry, 73, 2001, 205-208

195. Haddadin, M.S., Abu-Reesh, I.M., Haddadin, F.A. & Robinson, R.K.
'Utilisation of tomato pomace as a substrate for the production of Vitamin B12'

Bioresource Technology, 78, 2001, 225-230

196. Papedemas, P. & Robinson, R.K.
'Sensory characteristics of different types of Halloumi cheese as perceived by
tasters of different ages'
International J. Dairy Technology, 54(3), 2001, 94-99

197. Lioliou, K, Litipoulou-Tzanetaki, E., Tzanetakis, N. & Robinson, R.K.
'Changes in the microflora of Manouri, a traditional Greek whey cheese,
during storage'
International J. Dairy Technology, 54(3), 2001, 100-106

198. Haddadin, M.S., Khattari, S., Caretto, Daniela & Robinson, R.K.
'Potential intake of selenium by the inhabitants of different regions of
Jordan'
Nutrition and Food Science, 31(5), 2001, 230-233

Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



SUBMITTED PUBLICATIONS REPRODUCED IN FULL

Stellenbosch University http://scholar.sun.ac.za



Journal of Dairy Research (1985), 52, 303-30; Printed ~nGreal Britain - - ·303

, -,.
Size distribution of casein micelles in camels' milk .

By ~10ID~D Z. ALI* ASD RI~lL.-\.RD K. ROBINSONt
* University of Gezira, PO Box 20, Medani, Sudan
t Department of Food. Science, University of Reading,

WhiteL-night.s, Reading RG6 2AP~UK

(Receivea" 1 June 1984 and accepted fOTpub~ication 29 September 1984)

. The particle size distribution of bovine milk has been the subject of recent reports,
and different techniques have been used to determine therange of micellar sizes. These
techniques have included light scattering and centrifugal fractionation (Lin et al.
1971); electron microscopy (Schmidt et al. 1973) and chromatography and photon
correlation spectroscopy (Griffin & Anderson, 1983). The size of the micelles ranges

i. between 20 and 600 nm with a maximum frequency of around 60-80 nm as reported
by Holt et al. (1978) and Kimber et al. (1978); sub micellar particles were observed
by Schmidt et al. (1973). , ' .

Despite its economic potential, the camel and its milk have received little
attention. Moreover, the camel is well adapted to arid environments and can produce ..
milk when its water intake is.drastically restricted (Yagil & Etzion, 1980). Elamin.
(1980) gave an account of the dromedary camel of the Sudan and its milk '
constituents: the percentages of water, protein and fat were 86-90, 3'6--1,'ï: 4-5'5
respectively. Ahmed et al. (1979) studied some minor constituents ,of camels' milk r.
the amounts ofCa and P (mg/l00 ml) detected were 137-:-312and 39--152respectiveiy.,

The casein micelle size of camels' milk is an important parameter of the structure
of the milk. This was studied using transmission electron microscopy to observe the
relative particle size distribution. Some observations on the structure of casein
micelles, together with a comparison of their average diameter, are also gi\~D:' .

~I.A.TE.RllLS.ANDlIETHODS

•.,

Collection of samples
Six samples of milk were collected from six individual Bedouin camels (Camely.s

dromedariuss, reared by nomads, from the Sudan. The samples were collected from
two different semi-desert sites: (a) 50 miles N. of Wad )Iedani (capital of the Gezira
Region), samples no. I, 2 and 3 and (b) 10 miles S.\V. of Wad Medani, samples no.

: 4,5 and 6. This choice of sites enabled all the samples to be taken from camels within
the first 1-2 months of onset of lactation. .
, To let down the milk, the baby camel (calf) was introduced to suckle its mother

for about 10-15 min. Then after discarding the first 2-3 strips, about 2-3 ml milk
' ...·ere collected directly from each camel into test tubes containing an equal volume
of25 % glutaraldehyde in 0·2 lI-sodium cacodylate-HCI buffer (pH 7'2), and then fixed
for 1 h. Samples were mixed with an equal volume of 2'5% molten agar (60-ïO Oe),
and the material poured on to glass slides and allowed to set. The gel was then cut
into 1 mm! pieces and kept refrigerated (below 5°C) in 0·2 xt-scdium cacodylate - Hel
buffer (pH 7'2) ready for further processing, within 3 "leeks, at Reading University,
t:K. Both immediate processing and alternative preparative techniques on fresh milk
were impossible in these geographical sites.
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Fig. 1. True particle size distribution of casein micelles of camels' milk.

-Tsble 1.Apparent and true" number acerace diameter of casein micelles in milks
from different camels

Sample tAppareoc meao, !True mean,
no. nm nm

1 - lSS-9 16i
2 lSS'4 160
3 163·9 160 -
-I. 163'S . 162'9
5 1~6'2 159
6 15i'5 149'S

Al"erage 16-1.-2S 159-iS

• Standard error - ±!H2
-t Observed mean eeuneed by the image analyser.
t Apparent mean after correction with the computer program.

Electron microscopu
The fixed material was rinsed quickly in a fresh buffer before poss-flxation

treatment in 1% buffered- osmium tetroxide. (pH 7·2) for 1 h. After rinsing in six
changes of distilled water, samples were stained in 1% uranyl acetate for 30 min,
dehydrated in a series of acetone-water mixtures (50, 70, 90%), and twice in pure
acetone. They were then treated in propylene oxide and propylene oxide/ Araldite
mixture bëfore embedding .in Araldite. -

Thin sections (about SD-lOOnm) were cut with glass knives on a Reichert
Ultramicrotome (Ultracut, Reichert-Jung, Slough, Berks, UK) and mounted on.fine
naked mesh grids. Tbe grids were then examined in a transmission electron
microscope (100 B, JEOL. Tokyo, Japan) operating at an accelerating voltage of
00 kV. :\Iicrographs were taken randomly from fields with discrete casein micelles.
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Two separate blocks. of embedded material were sectioned in order to obtain more
representative fieldsfor examination. t

Particle size determination
Transmission electron micrographs were 'prepared with a filial magnification of·

x 36000, and the frequency distribution 'of the micellar sizes was determined with
the aid of a semi-automatic image analyser (Model MOP 3, Reichert-Jung). The
diameters of discrete micelles from each sample were meaaured separately on at least
nine micrographs, 'and the' results' printed out into' 40 classes, with a Class limit of
14 nm (14-560 nm), i.e, particles of < 14 nm 'could be recognized but not sized. To
calculate the true particle sizes, the apparent diameter classes of each sample were'
corrected by use of the computer program described by Goldsmith (196ï). '

~,

RESULTS .ANDDISCUSSION

The relative frequency distribution of the diameter of casein micelles in camels'
milk (total particles counted = 2448) is shown ID Fig.1.The. observed pattern
suggests that the majority of micelles have comparatively small diam. of 28-240 nm.
The maximum frequency is observed at 5~0 nm, similar to that reported for bovine
milk of 60-80 nm (Kimber et al. 1978; Holt et al. 19i8). The range of size of casein
micelles in the camels' milks was from the lower limit of measurement (14 nm) to
560 nm .
. The number averaze diameter of casein micelles of the six camels' milks was 159'ï8

(Table 1). Thé apparent mean refers to that counted by the image analyser and the
true one refers to the apparent mean after correction by the computer program. There
are limitations on any preparative technique, such as plastic embedding of casein
micelles, so that computed number average size is a function.of the measuring
technique; Brooker (19ï9) attributed differences observed between results of different
workers of size ranze and distribution of bovine casein micelles to such differences
in techniques. For this reason no comparison can bemade here between sizes of'bovine
and camels', milk micelles. 'Therê was no significant difference between the observed
and the true means of diameter average of casein micelles of the different camels'
milks. Few mathematical procedures have been developed for correction of the
apparent particle size of globular bodies such as that of the casein micelle (Goldsmith,
196ï; Rose, 1980) ..

Typical electron micrographs of camels' milks are shown in Fig. 2 (a,b). The
ultrastructural appearance of the casein.micelle was similar to that seen in other
species (Knoop et al. 1973; Tan et al. 1971). Further enalysisof the casein fractions,"
and of their position in the micelle network, is needed in order to, explain the nature
of the camel milk proteins and their chemical behaviour.

, This work was initiated and encouraged byMr B. E. Brooker, NIRD, Shinfield.
Reading. The authors gratefully acknowledge his help and that of Dr ~I.L. 'Green
and Dr)!. C. A. Griffin of the NIRD, and Dr P. L. Goldsmith of I.C.1. Fibres Ltd,
Harrogate, 't'"'K with the computer program. One of us (i\LZ.A.) is grateful to the
British Council for financial support.
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Inmany areas of Europe, the goat has
always occupied a central position in
the rural economy and many tra-
ditional products, such as the Saint
Maure and Pel ardon cheeses of
France, provide ample evidence of
this long association. Nevertheless, in
relation to the overall development of
dairy products, cow's milk has been
the dominant interest and it is only
recently that the potential of goat's
milk as a raw material has been
seriously assessed.

Initially, this expansion of interest
reflected the fact that allergic reactions
triggered-off, in susceptible patients, by
the proteins in bovine milk were not
observed after consumption of caprine
milk.

This somewhat marginal interest in the
milk has been further encouraged by the
introduction of quotas on cow's milk
within the EEC. The end-result is that
goat's milk is now widely available within a
rather specialised market sector, but a
sector that still has relatively few products
for immediate sale. Liquid milk and cheese
were the obvious options to fill the void,
but it was not long before yogurt was
targetred as a feasible alternative.

The properties of yogurt manufactured
from caprine milk are entirely different
from those of the bovine equivalent. The
reasons for this contrast have yet to be fully
resolved. The fact that yogurts based on
goat's milk tend to farebadly in comparison
with the usual Commercial product has
added some urgency to the situation.

The aim of this review is to consider:
(a) some of the possible reasons for the
differences in behaviour that are observed
during the production of yogurt; and
(b) how many alleged deficiences in the
characteristics of caprine products might
be corrected.

\
Composition of the milks

The natural starting point for any
comparison is the gross chemical compo-
sition and a cumber of recent papers have

Address
Department of Food Science and
Technology .
University of Reading,Whiteknighcs, PO
Bolt 226, .
Reading,RG6 2M

Dairv In.!ust:'Ïes Inte!"!:3tor.aJ. 1988.53 (12)

2
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Interest ingoat 'smilk and related dairy products isgroanng, with potentialfor introducing new products
into the market.

Table 1. Some analyses of goat's milk that have been reported k the literature,
together with typical analyses for both cow's milk and goat's milk; a1J figures as
percentages. References in brackets.

Country Breed Total Fat Protein Lactose Ash
solids

Australia (5) Saanen 11.7 3.4 3.2
Egypt (6) Baladi 13.9-15.8 5.2-6.8
Greece (7) 11.3-14.8 3.0-5.6 3.1-3.8 4.3-4.7 0.75
Libya (8) 13.0 4.0 3.8 4.4 0.9
Spain (9) 13.2-15.9 4.4-6.9 3.5-3.7 0.8

Typical Analyses
4.5Goat (lO) 13.0 3.3 4.6 0.6

Cow 12.6 3.7 3.4 4.8 0.7

33
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..

reported on the major chemical com-
ponentsofgoat'smilk.As~ofthese . ~
results is shown in table 1; It 1$ notable
that the variations in respect of both fat
and protein cao be considerable. The
causes of these differences are said to be ~
breed, stage of lactation. geographical
location/season and diet (I, 2. 3).

The influence of season and stage of
lactation were considered to be of major
importance; milk produced during the
winter months had higher levels of fat and
SNF (mcluding protein) than milk taken
during the summer (4). According to
Mashaly tt al (3), the values for. fat and
total solids increased during the early
stages of lactation in milk drawn from
Egyptian Baladi goats, but other figures (4)
indicate a rather different picture. The
reasons for these disparate findings are not
obvious, but with SOmany factors involved,
variability is only to be expected.

This conclusion may not be much
consolation to the factory manager faced
with the problem of deriving an end-
product to a routine specification. but
while herd sizes tend to be small and
scattered across a range of geological sites,
standardisation of the raw material will
continue to be a problem. If bulk supplies
become available, then it is possible that
the typical analysis shown in table 1could
become the 'norm' and it is noticeable that
the suggested figures do not differ greatly
from those' reported for cow's milk.

Obviously, seasonal and other variatioos
may be important to the manufacturer of a
dairy product, but the contrast in behaviour
between cow's milk and goat's milk during
fermentation processes suggests that dif-
ferences, either quantitative or qualitative.
between discrete components of the milks
may be more critical than the overall
figures.

Lipids
An important characteristic of the fat

globules in goat's milk is that they are
smaller in size than those in cow's milk (11,
12), although Singh tt al. (13) found that
pasteurisation at 61°C for 30 minutes

. increased the average globule size by about
12%as a result of coalescence. In addition.
it has been established that the fat globules
of caprine milk do not cluster when milk is
cooled. apparently due to the lack of the
agglutin which is found in bovine milk
(14).

Cerbulis te al (15) studied the lipid
distribution between the cream and skim-
milk fractions that arise as a result of
centrifugation of goat's milk and in
addition, analysed the composition of the
lipid fraction of whole milk. This compo-
sition and particularly the dominant
position of the triglycerides, is not unlike
that of co .....'s milk (16), but it was noted
that the skim-milk fraction of caprine milk
contained significantly more free lipids
thm did the bovine equivalent. .

On storage, Patton tt al (17) observed an

Yogurts baud on goal'S mille haut tmiUd 10fart lxJIfly in comparisqn rz;Ï,hrAt typical ~.""ri.MI
produa,
increase in the number of free phospho-
lipids. suggesting that the fat globule
membrane may be susceptible to damage.
If this conclusion is correct. then the
release of short-chain fatty acids from the
globule core could explain the build-up of
'goat flavour' during the storage of raw
milk. It might imply also that milk from
breeds secreting 'thick' fat globule mem-
branes would be more mild in flavour. but
this possible correlation does not appear to
have been explored.

The free fatty acids found in milk are
mainly the result of hydrolysis and their
presence can result in desirable or undesir-
able flavours, depending on both the type
present and their concentration. In caprine
milk. the free fatty acids are the main
source of the characteristic 'goaty flavour'.
and a concentration of5.65 meqllitre (total
free fatty acids) is enough to provide an
unpleasant 'note' (18).

Stark (12) attributed the characteristic
flavour of goat'S milk to the relatively high
levels of short and medium chain-length
fatty acids. A number of lipases ar_e
responsible for the observed hydroloysis
(19) and the majority are sensitive to heat-

Table 2. The range of reported figures for the m2jor protein Irsxtions ofg02 ts'milk,
together with a typical figure for cow's m1llc; all figures asperctD~ges in Dormal
mi1Jc.

ProteIns
Total casein
as - casein
S - casein
K - casein
Whey proteins
S - lactoglobulin
a - lactalbumin
Serum albumin

Afur: Juartz &Ramo: (9); BanJu lt al (16).

Proteins
The proteins in goat's milk have

less extensively studied than those in
milk (20), but various workers

treatments; the pasteurisation
immediately after collection
fore, be instrumental in CCU'UCllII1'

extent of hydrolysis, and hence the
up of undesirable flavours.

Overall, it is clear that the cne[Illc:aj
differences between caprine and
lipids ace sufficiently pronounced as
explain the more obvious contrasts
flavour associated with their presence .
dairy product. Whether there are
differences in respect of the
properties is not well estaousnec,
impact of the two milks on
characteristics of a cheese, for exalDlpl~
suggests that a comparison might be
interest.

The physical properties of r"n"'l'r.tM
milks, however. are mainly dependent
the behaviour of the milk proteins, and
in relation to these components that
comparison between caprine milk
bovine milk may become most relevant.

Goat's milk
2.14-3.18
0..34-1.12
1.15-2.12
0.42~59
0.37~.70
0.1~.28
0.06-0.11
0.01~.11

Cow's milk
2.6
1.28
0.8
0.37
0.8
0.3
0.07
0.03
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isolated and characterised the major rapid in goat's milk, a point that was later
components; a summary of their results is confirmed by Manjunath et al (3 l) and by
shown in table 2. the authors (unpublished data).

The structure of the bovine casein The inconclusive nature of some of
micelle has been the subject of serious these conclusions is no doubt a reflection
investigation for a number of years, and of the extreme variability of the raw
according to a recent review (21), the four material and differences in performance
major components, <XSn CXS:l-, B- and K-. between the starter cultures used. But
casein, form aggregates or submicelles that despite these problems, a number of
coalesce together with mirieral material to attempts have been made to improve the
form the micelles. Kappa-casein tends to ."organoleptic characteristics of goat's milk
be located on the surface of the micelle, yogurt. ""
whereas a.1-casein is implicated in the The influence of homogenisation has
internal structure. Ono and Creamer (22) been studied on the quality of yogurts
used gel filtration chromatography to made from milks concentrated by vacuum
separate casein micelles and sub-micelles evaporation, reverse osmosis, ultra-filt-
(aggregates) according to their size. and ration or the addition of skim-milk powder
they found, as did Richardson er al (23). (goat's milk); it was concluded that
that the caprine micelles were smaller than homogenised, ultra-filtered milk gave rise
bovine ones. The micelles contain little to products with optimum flavour and
aSe casein (23) and the major component viscosity. Fortification of goat's milk by
appears to be ,8-casein (22). ultra-filtration was confirmed as the most

However, when the size distribution of suitable approach for producing a saris-
caprine casein micelles was studied by factory yogurt (32). and it was suggested
electron microscopy (24), it was found that that the increased threonine residues in
the micelles ranged in size from 100 to UF milk might explain the marked
400nm in diameter. The majority fell into improvement in aroma recorded in the
two categories - l00-200nm (35%) and end-product.
200-3OOnm (42%) - and these figures The possible impact of free fatty acids
provide an interesting comparison with the on the flavour ofgoat's milk yogurt has also
studies of Holt er al (25) on cow's milk. been the subject of speculation and it has
Thus, the latter workers found that while been shown by Boccignone et al (33) that
the casein micelles ranged in diameter caproic. caprilic and linoleic acids all
from 20-600nm, the maximum frequency increased during yogurt production. The
OCCUrredaround 6O-8Onm. " implication of these changes in respect of

These observations would suggest. flavour could be important, and hence the
therefore, that the micelles in caprine milk selection of the starter culture may be
are. on average. larger than those in bovine critical. More recently. Rysstad and
milk. a feature that could explain, at least Abrahamsen (34, 35) haveshown that the
in part. the contrasted behaviour of the two stage of lactation can exert a major
milks during fermentation processes. influence on starter- activity. in that the

production of acetaldehyde. for example.
increased in late lactation milk to reach
8.9ppm; this level is still well below that
associated with cow's milk yogurt.

Use in fermented milks
Although yogurt has been made with

goat's milk for a number of years, the final
product tends to be different from cow's
milk yogurt in a number of respects that
are important to the consumer. In
particular. it has been commented that:

(a) the caprine produce often lacks the
typical flavour of yogurt;
(b) the coagulum tends to be rather soft
and often lacks the pleasing mouthfeel
of cow's milk yogurt; and
(c) on the positive side. it has been
found that retail products rarely show
any signs of syneresis.
Additional features have been reviewed

by Loewenstein er al (26). but it is
noticeable that many of the reports are
somewhat contradictory. Thus. Aggarwal
(27) produced a sample of Set yogurt from
goat's milk containing 4.3% fat and 8.6%
solids-not-fat, and recorded that the end-
product was indistinguishable from the
control made with cow's milk. Duit-
scheaver (28) and Loewenstein et al (29,
30) found that yogurts made from com-
parable milks were readily identified, and
that the product from goat's milk was less
viscous. The former investigator also
noted that acid development was more

Conclusion
Overall. it would seem reasonable to

conclude that there are definite differences
in the texture and consistency of yogurts
"made with the two milks, and that these
differencesare a reflection of the contrasted
micellar structures. Thus, it could be
argued that the larger micelles in caprine
milk aggregate in the presence of acid to
give a softer and less compact coagulum
than that associated with products of
bovine origin. as this conclusion would
explain not only the apparently less
attractive mouthfeel of goat's milk yogurt.
but also the resistance of the gel to further
shrinkage and syneresis during storage.
If this conclusion is correct then.

improvements in the textural properties
will have to centre on the employment of
either ultra-filtradon, appropriate stabil-
isers or specially chosen starter cultures.
The latter course would. for a number of

reasons, be of most immediate interest to
many small manufacturers and. certainly
in cow's milk. the choice of starter culture

can have a dramatic effect on the physical
characteristics of the retail product (36).
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The detection of inhibitory. substances in ex-farm milk
" _ _'. - -- . .

supplies
. M. LYamani1, Lina M. A. AI-Kurdi1, M. S .Y. Haddadln' and R. K Roblnson"
'Departmem of Nutrition and Food Technology, Faculty of Agriculture, University of Jordan, Anunan, Jordan;
2Departrnent of Food Science and Technology. University of Reading, Reading, England.

ABSTRACT

It is vital to ensure that milk
employed for' making cheese or
yoghurt is antibiotic-free. Test kits
. are available. commercially "for 6-
lactarns and sulphonamides, but less
expensive "andmore readily available
techniques may needed for use in the'
less developed areas of the world. A
simple procedure employing. a
yoghurt culture has been devised to
give a result in 2.5 hours and, as
this timing is identical to many
commercial tests, the new test could
be used as part of the reception
programme at a small dairy.

INTRÓDUCTION

Although Iysozyrne and
lactoferrin can be present in mastitic
milk at sufficiently high

concentrations as to cause false
positives in antibiotic' assays (1,2),
these natural antimicrobial systems
are urilikely to affect the starter
cultures employed for cheesemaking, .
while the heat-treatments applied
during' the manufacture of fermented
. milks will cause total inactivation.

Detergent . and disinfectant
residues can also affect culture
activit)' adversely but, in general, the
levels required to induce inhibition
are so high that only extreme
negligence leads to problems from
this source. .

However, antibiotics have been
used in dairy'. management
programmes for decades, ana their
application is essential for the control
.of .mastitis :and other bacterial-,
infections (3,4). Such antibiotics can
easily pass into milk: and, unless
contaminated milk is discarded, It

611
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. .
can prove a major problem for the
receiving vdiary (5,6). In some'
countries: antibiotics are employed as
feed additives to enhance milk
production m,. and residues. from
this practice could find their way into,
the food' chain. .

Such uses of antibiotics remain
controversial (8), so that· the most
likely route for antibiotic
contamination of milk remains direct
administration. The dose given to
any specific animal wiU depend upon
the type of antibiotic used, the
severity of, the infection, the
frequency of acimiriistration and the
judgement of the vet (9), 'so that
levels of 'administration vary widely.
This variation is one of. the factors
that. affects the withholding time of .
the milk, a period defined as '''the
time from' the last injection or
infusion. of antibiotic to the time of
drawing of the last milk sample to
test positive for the antibiotic"(lO).

.In general, around 20% of an
antibiotic will be secreted in the first
milking after administration, and a
classic study in the USA showed
that, if 100,000 International Units
(IU) of penicillin were administered.
by intra-mammary infusion, the level
of antibiotic in' the .first and second
milkings was 8.15 lU/ml, and 0.042
lU/ml. for the'sixth milking (9); No
pencillin was detected thereafter, and

hence the' general recommendation
has become that milk should be
discarded for three days following
treatment.
. . What is important, however, is .
that other 'factors: such i~the yield
of milk from a given animal, the
physical health of the animal and the
carrier of the antibiotic (aqueous or
oil), can all affect the persistence of
a specific antibiotic residue (11). One
survey, for example, showed that
'21% of samples tested positive
beyond, the recommended holding
period (12), a rate of failure that was
deemed to be far too high. In part,
the resu1t was attributed to the fact
that current analytical methods are
much . more. sensitive than those
employed in the past (11), but it'
served to highlight two issues: 0) is
it undesirable for antibiotic residues' .
to be present in milk ? and (ii) what
methods are available to test raw'
milks, what is their sensitivity and
are they suitable for use in .
. industrialised and' less developed
countries alike ?

IMPACT OF ANTIBIOTIC
RESIDUES ON RUMAN HEALTH
AND DAIRY TECHNOLOGY

An International Unit is
defined as 0.6 /lg of the sodium salt
of benzyl penicillin (13), and levels
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as low as 0.002 IU I ml ofpenicillin
irimilk can cause partial inhibition of
dairy starter cultures' (14): .:,The
absence of antibiotics in milk used
·for cheese or' yoghurt production is,
therefore, essential, but an additional
problem is the apparent interference
of antibiotics .in the phosphatase
reactions (15). in practical terms,
this possible invalidation of a test
which is widely used to monitor the
adequacy of pasteurisation could
have serious implications for public
health, irrespective of whether the
milk is for direct retail sale or for the
manufacture of a non-fermented
dairy product.

If the food manufacturer is
· concerned about potential technical
·problems, of equal concern is the
possible affect on human health. In
some countries; milk containing
antibiotic residues is rated as
adulterated (9), and hence its sale
would be regarded as illegal. The
principle behind this stance is that
many adults are hypersensitive to
penicillin and its derivatives, and a
dose as low as 0.003 IU I ml of milk
can cause a variety of allergic
reactions ranging from mild skin'
rashes to death (16). The influence of
antibiotics on the normal microfloras
of the human intestine is well
docwnented also. (17), as is the risk
that any decline in the '"mltive·

populations in the gut may permit.
undesirable .bacteria or yeasts to
flourish and over-grow .sectorsof the
intestinal wall. In addition, the
ingestion .of .residues may-increase
the nUmber' .of antibiotic-resistant
bacteria in the intestine, and certain
species from within these antibiotic-
resistant microflorasmay transfer the
genets) for resistance to potentially
infectious species. When this transfer
happens, clinical treament with the .
same antibiotic will, be ineffective,
and the search for a cure can be both
time-consuming and distressing for
the patient (13).

It is this possible scenario that
has lead the Federal Drug Agency
(USA) to specify a 'zero tolerance'
for antibiotics in' milk .and milk
products. In practice, of course, this
regulation has to be intrepreted as the .
lowest concentration of the antibiotic
which is detectable by an approved
technique (17). Bearing this lauer
point in mind and the data available
concerning the potential risks to
consumers (18), the WHOIFDA
produced guidelines covering' the
maximumconcentrationsof antibiotic
. residues to be permitted infoods
(19). These figures are summarised .
in Table 1.
Obvioualy these maximum
concentrations are a reflection of the
levels that the WHOIFDA feel can. .. .
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Table 1. The suggested, maximum
concentrations of antibiotic residues
in milk.' .

Antibiotic
, :

Coilce"ntration
(mg/litre)

."

Ampicillin
Bacitracin
Cephalosporins
Chloramphenicol
Chlorotetracycline
Cloxacillin
Erythromycin
,Framycetin
Nafcillin'
Neomycin
Novobiocin
Nystatin
Oleandomycin
Oxytetracycline '
Penicillins
Polymixin B
Streptomycin
Sulphonamides 1

Tetracycline

0.01
1.20
0.01
0.00
0.02
0.02
'0.04
0.15
0.02
0.15
,0.15
1.10
0.15
0:10
0.006
5.00
0.20
0.10
0.10

, , ,

I Sulpbonamides are 'often used on farms to control
superficial infections and they will inhibit starter
cultures for cheese or yoghurt.

be detected by mónitoring' on a
routine basis" and this approach is
crucial for success in' eliminating
residues from milk.

CONTROL OF RESIDUES IN
MILK

, The only practical method "of
, controlling, 'residue ',levels of
antibiotics ,in milk is to institute a '
rigorous programme of testing.
.However, if' such programmes are
managed bya Central Authority, the
system may involve no more than the
testing of nillk .from a given herd
once a month (20). Thus, milk that is
satisfactory on the day of testing
might fail a few days later as a result
of antibiotic therapy being resumed.
The daily testing of milk at a
receiving dairy offers a better option,
particularly if individual farmers
make use of on-farm test kits as well
(6, 21). However, the financial
penalty ,that accompanies the
withholding of milk for three days or
more remains a constant
encouragement to the practice of
diluting contaminated milk with good
quality material.

The FDA has attempted to
improve the situation by requesting
that drug companies recommend a
minimum effective dosage for each
antibiotic therapy, and place a clear
warning on the preparation about
withholding times.' In addition,
Schoech (22) published a detailed
series of guidelines for farmers, but
the financial loss associated with
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withholding milk does place a burden
on small farmers; although illegal,
some farmers in the USA are
believed . to . treat nnlk _with'.6-
lactamases in ,order to avoid
antibiotic failures (13, 23). '

. 'Given this obvious conflict
between the necessity of 'the farmer
to sell milk and the desire of cultured
product manufacturers arid the
general public to avoid problems
arising from exposure to antibiotics,
the debate returns to' the starting
point - the need for a rigorous
programme of testing. Exactly how
such a programme should be carried
out will 'depend upon the political
infra-structure within any given
country, but equally important is the
question - are, the techniques of
detection reliable enough ? In
particular, it is essential that any
selected procedure:
(i) provides results 'thatare accurate
and repeatable for any given sample,
and reproducible between different
laboratories;' there must be no room
for disputes between parties about the
validity of the test;
(ii) provides' results that' are
available within ,a time-frame that
allows for rejection, of' a suspect
batch before production of a
fermented product is lost, or a bulk
silo of market milk is contaminated;
and

(iii) is not so expensive as to limit
its use within the country .in
question, ,

The factors to be considered
when choosing a test method include:
the type of antibiotics' likely to be
encountered, 'time limitations, degree
of sensitivity, cost and, perhaps, any
requirements . laid down by
Regulatory Authorities (24). In
general, the niajority of tests rely on
the ability of a selected species of
bacterium to produce acid or reduce
a dye in antibiotic-free milk, or
produce visible growth on an agar
medium supporting discs of filter
paper impregnated with the testmilk. ,-.
If antibiotics are present,' then' the '
rate of metabolism and/or the rate of
cell division is reduced, and the
effect can be readily detected by the
absence ofa change of colour or no
visible colonies around the disc of -
,filter paper 0, Inmany countries, users
are allowed a choice of nominated
test procedures, and amongst those
available are:

Cylinder Plate Method
In this procedure, a basal

medium is seeded with the test
bacterium, eg. Micrococcus lutea
(formerly Sarcina lutea) (25) and
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poured into Petri" dishes. After
solification, short lengths of glass
tubing (warmed to create a seal with
the surface of the agar) are 'located
around -the plate:' .A 'different' test
sample. of milk IS then pipetted into

./the open end of each tube; antibiotic
standards will be included on each
plate. After incubation at 30°C for 18
h for M: lutea, the glass tubes are
removed and the diameters of any
zones of inhibition can be measured
with calipers to the nearest 0.01 mm
and compared with zone(s) of the
antibiotic standards.

The sensitivity I is quoted as
being around 0.01 IU penciliin I ml
of milk but, as the test is non-
specific,' confirmation ·with
penicillinase is. a necessary part. of
the procedure. A further increase in
sensitivity was. obtained by adding
lysozyme from egg white to the
medium to give larger zones of
inhibition (26);·· the detection level
was reduced to 0.0075 IU penicillin
I ml of milk. However, although the
reliability and sensitivity of the
procedure is good, it demands a high
level of technical expertise and the
results are not available for around
24 h. Nevertheless, it remains a
recognised Standard Method in the
USA (27).

\

Disc Assays
Full. details of this technique

are provided in the Standard Methods
from the USA (27), but essentially it
involves:
- preparing plates seeded with around
i06 .s por e s' . 0 f , B á c il i u s
stearothermophilus var. calidolactis
- touching discs (12.7 nun diameter)
of filter paper onto the surface of a
well mixed sample of test milk, and
allowing a specific amount of milk to
be absorbed by capillary' action
- placing the test discs (up to five)
and a control disc containing 0.05 IU
penicillin in a regular circle 1 cm
from the edge of the Petri dish
- incubating the inverted plates' at
64°e for 2.5 h and measuring the
zones of inhibition.

The rapidity of the test means
that it can be employed to screen
incoming milk to a cheese or yoghurt
plant, and the sensitivity is around
0.008 IU penicillin G I ml of milk
(29); again a penicillinase treatment
is required to confirm the presence of
a B-Iactam residue. An improvement .
in repeatability and reproducibility
has been obtained by placing dry
filter paper discs onto the surface of
the agar and then pippetting 90 JLI of
test sample onto the disc.

A modification of' the
technique using Bacillus megaterium
to detect sulphonamides has been
devised, (30). Although again
demanding on laboratory expertise,
the Disc AS,say remains the preferred
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choice' of a number of authorities
around the world.:

,Delvotest-PISP
This test again employs the

antibiotic sensitivity of Bacillus
stearothermophilus var. caiidolactis, .
but in a manner that is extremely
'user friendly' .

Small ampoules of· basal
medium containing bromocresol
purple as an indicator and the
bacterium are purchased,' ready-
prepared, along with a bottle of
nutrient tablets (31). To run a test;
0.1 ml of milk plus one nutrient
tablet is added to an ampoule, and
the complete mixture is incubated at
64°C for 2.5 h. A positive control'
(0.008 JU penicillin / ml)' and' .a
negative control (antibiotic-free skim
milk) are set-up at the same time.

In the absence of any
inhibitory substances, the bacterium
secretes lactic acid which changes the
medium from purple to yellow, while
the retention of the purple colour
indicates no metabolism by the
organism; a green colour is regarded
as a doubtful result that necessitates
further examination. The sensitivity

, .of the test to a range of antibiotics is
shown in Table 2, and the test is
regarded as especially appropriate for
the residues of penicillin G.

"The range of sertsitivities to

Table '2.' Lowest' detection
concentration of different antibiotics
to Delvotest-P; all' concentrations as
p.g/ml of milk' except , pencillin
OU/ml) (31).

Antibiotic

Penicillin'
Cloxacillin "
Ampicillin
Streptomycin
Neomycin'
Tetracycline
Erythromycin

, Sensitivity ,

0.004 .
"0.025
0.003
8.000 .
6.000 .
0.200
1.750

other c o m p o u n ds , eg .
.chloramphenicol (5.0 - 8.0 J!g/ml)
and sulphonamides (50.0 - 100.0
J!g/ml)(31) 'suggests that the strain of
B. stearothermophilus var.
calidolactis has been .selected
primarily to cope with .antibictics.
This view is borne out by the fact
that a new test, Delvotest-Sl'; has
recently been introduced to monitor
for sulphonamides' alongside B-
lactams. In this test, the sensitivity of
the test bacterium to sulphonamides
is enhanced by the introduction of
trimethoprim ,into the medium, so
that the level of detection is lowered
to 0.25 - 1.0 p.g/ml, depending 'upon
the compound.

The procedure is 'simple to
carry-out, ,not too demanding
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technically, and it has become the dried .and the level of radiation
approved method of testing inmany determined. If .6-lactams are present
countries within Europe. However, in the milk sample, then these,
confirmation of' the nature 'of the compete with the I·C antibiotic for·

, , inhibitory material may be needed; sites on 'the bacterial wails" and
penicillinase to confirm for'" 6- hence the radioactivity in the
lactams-ead para-aminobenzoic acid precipitated cells, is' reduced
to test for the presence of sulpha compared with an antibiotic-free'
.residues. The cost pe; test is 'less control. '
-than~-£·,+·,{Ster1ing), .but even this -. Co l lab o rat iv e : 'studies
routine outlay Could deter small "'\ confirmed detection at 0.01 ru I ml
dairies in less develaped countries. '\of 6-lactams, but it is techniquethat

A rather similar test :. the could prove expensive with respect to
Valio TlO! Test - has been marketed laboratory, equipment and technician
in Finland but, in this. case, expertise. The same-is 'true for. the
Streptococcus thermophilus rrrsn is more recent generation of Charm .
the test organism. The sensitivity of Tests that employ 'H-Iabelled
this strain to streptomycin, neomycin reagents to detect a range of different
and erythromycin is reported to be antibiotics (33). As, might . be
better' than the figures shown in anticipated, .t}le sensitivity, is.
Table 2, but the level of detection of excellent, and, 'the sort of results
penicillin is the same (32).

Charm Test
This test is among those

adopted by the AOAC (29), and the
original test depended upon the
affinity of fi-Iactam antibiotics for
specific sites on the cell walls of
bacteria. In practice, penicillin
labelled with "carbon is mixed into a
sample of milk (5 ml) along with a
suspension of Bacillus
~tearothermoph{lus" and the, mixture
incubated at 9QOCfor 3 m. The cells
are then removed by centrifugation,

Table 3. 'Lowest dete~tion'
concentration of different antibiotics
in the Charm Test IT;' all
concentrations a'Spglml of milk (34).

Antibiotic Sensitivity

Penicillin
Streptomycin
Novobiocin' '
Tetracycline
Erythromycin
Sulphonamide
Chloramphenicol

0.003
0.010
0.010 '
0.600
0.020
0.050
0.080
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shown in Table 3 can be obtained in
around 15 IIi.

Alternative Systems
. .The. use .of . antibiotic

preparations containing dyes like
Brilliant Blue F.C.F has been
recommended in some countries (35,
36)~ but it 'must be established that
the dye is secreted into. the milk at
the same rate as the antibiotic(s) in
popular use ...Obviously the presence
of dye is a strong deterrent to any
producer to include contaminated
milk in a .market load, but the
general impression remains that the .
procedure is not reliable enough for
routine purposes (37)
. Em z ym e .' Linked
lnirnunosorbent Assays (ELlS AS) for
the detection' of l)-lacta'm antibiotics
have gained formal approval in some
countries, and the Delvo-Xpress
(Gist-brocades,' Holland). and the
Lactek (Idetekk, USA) systems, for
example, are being promoted on
account of the speed and sensitivity.
Thus, 0.006 ID of penicillin G I ml
of milk can be detected in 5 - 7
minutes using the Delvo-Xpress (31),
arid hence milk corning into a dairy
can .be rapidly screened· before
further processing.

. Alternatively, this rapid
derivation of 'results .means that
Regulatory Authorities could screen

a large number of samples of market
milk in order to protect consumers
from antibiotic residues.: -As' with
many ELISA systems,. the' cost per
test will be in the. region. of £ 1 .- 2
(Sterling) but, in many situations, the
speed and specificity of this approach
justifies the expenditure ...

CHOICE FOR THE USER

It is clear from this review of
the procedures available to monitor
milk supplies for antibiotics and
other inhibitory .substances ·that
potential users have a range of
options. Obviously cost may be a
major consideration -. investment in
laboratory equipment. has been
ignored in the figures .given .above,
as may routine .access' to .the
consumables necessary to complete a .
test. ,

Nevertheless, the consuming
public deserves protection, and milk
processors must be .able to monitor'
supplies in order to. avoid the
financial losses that can follow from
failure. of a fermentation. It IS'
probable that the Public .Health
Authorities .in most: major:'
conurbations can afford to select the .
test(s) that is most appropriate for
their needs but, . for the dairy

. industry, the decision may not be so
clear-cut. Dairies in rural areas, for
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A SIMPLE TÉCHNtQUE, FOR
MONItORING MILK' 'SUPPLIES
POR'INHffiITORY SUBSTANCES

. , ".

, ' , Most cheeses and fermented
milks ~re manufactured 'using either: '. . . '"

.'

(i) A mesophilic culture consisting of
Laciococcus laetis sub-sp. lac/is' and'
Lactococcus laetis sub-sp. cremoris,
along ,with, 'in ' some cases,
Lactococcus ' laetis 'sub:sp.' laetis
biovar . diacety l acti s (old
nomenclature) arid Leuconostoc
mesenteroides sub-sp.i cremoris;
Propionibacterium spp. are employed
in some Swiss cheeses as well; or,-

. . ..
(ii) A" thermophilic culturedominated

0', by, 'Streptococcus thermophilus and
Lactobocinus ,delbrueckii, sub-sp.
bulgaricus ' although ,species like'
Lactoba'cilius' h e lv et icus ,'
Lactobacillus casei and Lactobacillus
oeidophilus are used,' quite widely;
Bifidobactérium SPp'. are added to
some 'health-promoting' fermented
milks (38, 39). All these species are,

, , ' " ,

(see Table 4) susceptible,' to varying
degrees, to inhibition by antibiotics

, ' ,

" ,

or other compounds in milk, and
hence the use of contaminated milk
for cheese. or yoghurt .making may
result in: (a) total 'vat failure and loss',
of 'the milk through the growth of "
adventitious bacteria .resistant to the
Inhibitory substanceïs); ',or eb) P.90r
acid development and the risk of
consumer complaints and/or incidents'
of food-borne disease (40). " ,

, '

Table 4. Typical minimurn levels of
penicillin G that will inhibit of some
common lactic acid bacteria.

Genus Level for Inhibition
(lU/ml)

Lactococcussop. 0.05,
Lactobacillus '

bulgaricus 0.02
Stretococcus

thermophilus 0.004
Yoghurt culture 0.01

Consequently, there can be
little doubt' that all- dairies
undertaking 'the , fermentation , 'of
liquid ,milk need a, system, for'
monitoring supplies for inhibitory
substances, and hence the aim of this
study was to: '
1. Devise a simple test' for
monitoring milk supplies, and, one
that needed only routine laboratory'
equipment; and
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2. Ensure that the result. would be
available within 2.5 hours, so that
unacceptable milks could be rejected
before the start of processing ..

MATERIALS AND METHODS

As· shown in Table 4; the
species used for the production of
yoghurt tend to be the most sensitive
of the lactic acid bacteria in common
use. Whengrowing together - as in a
normal yoghurt culture - the sensitivy
of the combination is slightly lower
than that of the individual
components, but it is still comparable
the figures .shown for .some -of the
commercial kits. Consequently, it

. was decided to use Streptococcus
thermophilus .. and Lactobacillus
delbrueckii sub-sp. bulgaricus in the
Yoghurt Culture Test (YCT).

After preliminary screening of
three cultures from the major Dairies
in Jordan for their sensitivity to
antibiotics, one was selected for the
experimental programme. It was
maintained by adding 1 g of a well
mixed, fresh culture to 99· ml of
skim-milk (10% total solids, w/v)
which had been heat treated at 95°C
for 5 min. After incubation at 42°C
for 4 h, the culture was stored
overnight at 4°C .for use next day ..

The sensitivity of the proposed .
test was measured using fresh, raw

milk drawn froma single cow with
no .history .of disease or antibiotic
.therapy. Aftercooling to 4°C, the pH .
of the milk' was reduced to. pH 6.0

.. using ·IN. HCI. The milk was then
divided into seven portions, and the .
individual portions were dosed with
a stock solution of. penicillin G to
give the following concentrarions:
0..0 (control), 0.1; 0.06, 0.03,0.006,
.0.003 and 0.0006 ID/ml. The milks
. were then warmed in a microwave
oven to 45°C, and each portion was
inoculated with the yoghurt culture at
a rate of 4% v/v; 1 mlIl00 ml of
Chlorophenol Red. (0.2% in 50%
ethanol) was added as an indicator ..
After thorough mixing, each portion
of milk was distributed into ten test
tubes (10 ml amounts), andthe tubes .
were pla-Cedin a water bath at 42°C.
Duplicate" masurements of pH were
made immediately using a Hanna

. Instruments p~ Meter, and then after
1.5, 2'-0, 2.5 and 4 h incubation.

The .entire .procedure . was
. repeated with chlorainphenicol (10.0
- 1.0 #-tg/mlof milk), oxytetracycline
(0.50 :- 0.05· #-tg/ml of milk),
tetracycline (0..80 - 0.10 #-tg/ml of
milk), ampicillin (0.20 - 0.05· #-tg/ml
or"milk), erythromycin (0.60 - 0.20
#-tg/mlof milk) and cloxacillin (0.60-
0.20 #-tg/mlof milk). .

.Once the protocol had been
established ·and the sensitivity of the
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..'

YCT 'against the different antibiotics
confirmed: a full-scale field trial was
undertaken: Over a period of three

. months, a total of 618 samples of
milk from the' three largest. dairy
plants 'in Jordanwere tested with' the
YCT system. On each occasion, -the
dairy -operator produced a composite
sample frorn: the milks of each,
supplier , 'and a 100 ml .from this
composite sampie .was transferred, to
a screw-capped bottle. 'The sample -
stored in ice at 2 - 5°C, was returned.
to-the laboratory within one hour and
the pH measured .

. Each sample 'of milk (around'
1qo ml) was then poured .into an
individual polyethylene yoghurt
carton (ZOO. g capacity), and
sufficient IN'HC) added to give' a pH .
of 6.0. Four grams 'of starter culture,
and' 1.0 ml of Chlorophenol Red

. were added and, after mixing, .the
carton was placed in an .incubator at
42°C.'. A control made up in
antibiotic-free skim milk was run in '.
parallel, arid the colour change/curd
formation was recorded at 2.5 and
4.0 h; sampleswithoutany change in
colour/curd formation were suspected
of being contaminated with
antibiotics . -: positive. As an
additional check, eachofthe samples
.that failed to form a coagulum, after
2.5 or 4· h .was ·tested with a
Dclvotest-P kit obtained from Gist-

brocades, Delft, Holland, and used
according. to the manufacturer' s
instructions (31) .

, .
RESULTS AND DISCUSSION

, The results of the preliminary
trials showed that. with antibiotic-
free milk of pH 6.0:

- the culture achieved a pH of 4.8 in
2.5 h;' .

- the. chlorophenol red- indicator
changed colour from light violet to
beige-yellow; and

- a soft coagulum had formed.

The minimum concentrations
of the different antibiotics giving
positive results in the YCT, ie.· no
curd formation or colour shift in .the
presence of Chlorophenol Red, are
shown in Table 1.

The sensitivity of the test to
pencillin was rather' disappointing
because; at 2.5 h. the YCT was ten
times less sensruve than the
published results for the Charm or
Delvotest-P: techniques. The reason
for this difference may be that the
Lac. delbrueckii sub-sp. bulgaricus
component of the culture was not
affected immediately by the inhibitor;
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... - .
Table 1. Minimum concentrations of. . . . . . .

antibiotics (ID of pénicillin or. p.g/
ml) detected by the YCT as failures
of the culture to lower the pH of the
milk to 4~8 and fOrID a -coagulum
within the time specified.

Antibiotic Coagulum Formation (h)
2.5 4.0

Penicillin (lU) 0.05 0.10 .'
(0.03 and 0.06 ]Lg/ml)

Chloramphenicol 2.0 4.0
Oxytetracycline 0.1' 0.25
Tetracycline 0.2 0.4
Ampicillin 0.1 . 0.15
Erythromycin 0.3 0.4
Cloxacillin, 0.3 0.35

some strains of Lac. delbrueckii sub- .
sp. bulgaricus can tolerate, 0.10
lU/ml of penicillin (39). It has been
reported also that mixed cultures of
Stro .thermophilus and Lac.
delbrueckii sub-sp. bulgaricus are
less sensitive than the individual
species growing alone,' and this effect
might have altered' 'the results, as
well. The sensitivity of the YCT at
2.5 h was better for tetracycline,
oxytetracycline, chloramphenicol and
erythromycin than some reported
figures for Delvotest-P (41), but the
resuIt for ampicillin revealed a lower
sensitivity. \

The' lower sensitivity of the"

test at 4 h is probably' a reflection of
the fact that sufficient cells survive
inhibition 'by,' the lower levels of
antibiotic to .reduce.. albeit slowly,'
the pH of.the milk .toA.8. . .

Nevertheless, ·basoo· upon this
performance, the· following
guidelines ,for monitor,ing, the
inhibitory effects' of antibiotic
substances were established.

1~Failure to changeindicator in 2.5
,·and 4.0 h

Conclusion: .unacceptable ,level of
inhibitory substanceïs) in the milk.

2. Failure to change indicator in 2.5,
but change after 4.0 h

Conclusion: . marginal level of
inhibitory, substanceïs) ÏÏ1 the milk.

3. Change of indicator in 2.5 hand
coagulum formation ,

Conclusion: inhibitory, substances
below the level of detection.

This pattern is broadly
comparable with that proposed for
the Delvotest-P '(31) for readings
after 2.5 h incubation, that is:

'(i) total colour change of the medium
containing Bromocresol Purple' from

. purple to yellow' -', residues ~ of
penicillin G < 0:002 lU/ml and
comparable situation with other
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inhibitory agents; ", _
Qi): medium .appears purple/green
colour ~ co~cen~r~tion of penicillin G
of 0.002 ~0.005 lU/ml; and
,aH) entire medium .appears purple -
eoncentranon of pencillin G at least
0.005 lU/ml.', .

• • 0, "

. -, 'Clearly the disadvantage of the
YCr .is that it is not as sensitive' to '
fi-lactaIl) '.. residues as some
commercial kits, and hence Public
Health Authorities operating a policy
of 'zero tolerance' of antibiotics i'l

, dairy products may need to use
another approach ·(27).

.Nevertheless, the ver was
conceived. as a reception test for
dairies, and coagulation at i.s h 'will
give a. dairy total confidence to use'
the milk in a-fermentation process. IIi.
addition, it is important that the YCT ..
is simple,. employs . an in-house
culture" needs little skill to perform
and is inexpensive. Consequently; it
was decided to use the YCT for a
market survey' of selected milk
supplies in Jordan, with the
Delvotest-P' being employed to
confirm any positive results.

One of the notable features of
the survey was that' care of the milk
appeared to be variable in that, at the .
time of testlog in the laboratory,'
24 % of the samples had a pH < 6.4
and 13% had a value < 6.2; 6% of

the samples were below the targetpfl
, 'of 6.,~ set for 'the Y~T. These figures
suggest that. some of the milk is not
being 'adequately Cooled', after
collection and, for, some' processing

. 'procedures, these. low values could
cause problems.

,The results of the antibiotic
tests areshown in Table 2.

, "

Table 2. Numbers of milk: samples
from three, different dairy plants
which 'gave positive results" in, the
yCT; ie. no colour change and/or '
'coagulation within the times
indicated, and the numbers which
were then 'confirmed by the
Delvotest-P.
Source

Dairy 1.

, Number
(a) (b)'" (c)

. 184 34 6(6)

Dairy ,2. 311 29. 7(7)

Dairy 3. 123 30 0(0)

Total ,618 93 13(13)
(a) Total number of samples from
each dairy
(b) Positives identified .by YCT. at :
2.5 h; the numbers confirmed with
Delvotest-P were 27 t 21 and ~1'8for
Dairies 1, 2' and 3, respectively. "
(c) Positives indentified by 'yeT at
4.0 h; figures in brackets indicate
confirmation with Delvotest-P.

"
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It is notable that, when a
. sample failed the yeT after 4 h, ie.
high levels: of Inhibitory substabees
were present,' the -"result 'of the
. Delvotest-P confirmed the result in
all cases.·-

However, after incubation for
2~5 h, only ,81% .of the samples
detected as .positive' for- inhibitory
substances by the yeT -were _later
confirmed .as . positive by the
Delvotest-P. The importance of this
hitter -result lies in the facts that: .-

(i) if the results of the
Delvotest are taken as the 'standard' ,.

- then the yeT at 2.5 h gave 19%
'false positives', ie. any 'failures'
are on the side of caution. In other
words, if a batch of milk does
contain inhibitory substances, the-
dairy manager will be alerted early to
a potential problem; on the basis of
the result at 4 h, the manager can.
then decide to use the milk knowing
that the process times may be
extended slightly, or reject it if the
result at -4 h remains positive;

(ii) the sensitivities to the two
_tests are not identical. For example, -
a failure with the yeT at 2.5 h could
indicate -- inhibitory levels of
sulphonamides, a group of antibiotic
materials .that ~re -only detected by
Delvotest-P at levels of 50 - 100 p.gl

(iii) the ver canbe carried
out with the culture that -is -employed
in .the dairy for the 'mamrfacture of
yoghurt, so -'giving an direct
. indication of thesuitability of the test
milk for the process _in question.

CONCLUSION. -

Overall, it would appearthat a
- yeT employing selected _strains .of
- Stro thermophilus and Lac.:
delbruecldi sub-sp. bulgaricus could
provide an extremely sensitive test
for inhibitory substances in milk, and
- that a 'pass' _at 2.5: h assures the
manufacturer that the milk -can be
used in a fermentation process.
Conversely, a 'failure' at - 2.5 h

- highlights the risk of possible,
contamination and, although a
'failure' at 4 h is necessary to
confirm - that -the -milk should -be
rejected, .the use of the yeT should
be encouraged in countries where the
testing of -milk _supplies for
antibiotics is not. mandatory.

- Obviously.: the workload on a
dairy. laboratory could become
excessive in a country like Jordan
where individual farmers deliver the
milk direct to a dairy. However, in
such situations, consideration might
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be given 'to .th~ establishment of'
collecting Centres where milks could
be tested, bulked and then delivered
to dally plants in the vicinity. Such
an' approach. might' serve ro.. (a)
reduce the number of suppliers
attempting' to, market contaminated
milk - 2,~1%, of supplies identified in
the survey, contained unacceptable
levels of inhibitory substances
including, perhaps, antibiotics: of the
B-Iactam group; and (b) improvethe
chilled storage 'capacity in the area,
and so avoid the, build-up óf acidity
that was' noted -in 'many of' the
individual samples,
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Abstract

A simple Yoghurt Culture Test (YCT) for the routine detection of antibiotic and other residues in raw milk was developed.
It involved acidifying a sample of the milk to pH 6.0, adding Chlorophenol Red as an indicator and inoculating the milk (4%,
v/v) with a culture containing a balanced mixture of Streptococcus thermophilus and Lactobacillus delbrueckii sub-sp. bulgaricus. In
the absence of inhibitory substances, incubation at 42°C for 2.5 h gave rise to sufficient acid production for the milk to gel and
the indicator to change colour (PASS), but low levels of the antibiotics tested increased the incubation time beyond 4 h
(FAILURE). A survey of 618 samples of raw milk collected from three dairies in Jordan identified a failure rate of 15% with
the YCT at 2.5 h whereas, due to differences in sensitivity, the Delvotest-P failed only 12.3% of the milks. It was concluded that
the YCT was a reliable and inexpensive approach for testing ex-farm milks for inhibitory residues. © 1998 Elsevier Science Ltd.
All rights reserved.

Keywords: Milk; Antibiotics; Testing

1. Introduction

Antibiotics are essential for the control of mastitis
and other bacterial problems in dairy herds (Jones and
Seymour, 1988; Oliver et al., 1990), and their passage
into milk can cause major problems for a receiving
dairy. Thus, if the milk is to be processed for direct
retail sale or into milk powder or some other product,
it would be regarded in many countries as 'adulterated'
and a public health risk (Albright et al., 1961). This
intolerance of antibiotic residues stems from the fact
that some adults are hypersensitive to penicillins, and
allergic reactions and even death can result from inges-
tion (Seymour et al., 1988). In addition, any exposure
of the intestinal microflora of humans to antibiotics
may lead to an increase in the numbers of antibiotic-
resistant species present and, if some of these are
pathogenic, then their possible spread within a
community could have dire consequences (McGrane et

'Corresponding author.

al., 1996). It is for this reason that the Federal Drug
Agency in the USA have specified a 'zero tolerance'
for antibiotics in milk and milk products, i.e. no higher
than the lowest concentration that can be detected by
prevailing techniques (Kornfield, 1977; lOF, 1991).
For the manufacturers of cheese or fermented milks,

the situation is slightly different, for the presence of
antibiotics or other inhibitory materials in milk can
lead to total or partial failure of the starter culture. If
the failure is total, then an entire vat of milk may be
wasted, while if acid development is slow or inade-
quate, consumer complaints may arise if poor product
reaches the market or, in the case of certain cheeses,
there may be a risk of a serious incident of food-borne
disease (Keceli and Robinson, 1997). In order to avoid
the financial losses that may be associated with the use
of contaminated milk, both the dairy industry and
Regulatory Authorities have come to rely on routine
programmes of testing (Shearer, 1995; Robinson and
Wilbey, 1998). For this purpose, a number of microbial
inhibitor tests approved by the AOAC (1990) or other
Bodies are available, such as the Cylinder Plate Assay

0956-7135/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
PII:S0956-7135(98)00154-6
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in the same manner, and were always used on the
following day.
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and the Disc Assay(s) (Marshall, 1992), the Delvotest-
Pand Delvotest-SP (Anon, 1997), and the Charm
AJM-96 Test (Marshall, 1992; McGrane et aI., 1996;
Suhren and Heeschen, 1996). In general, these broad
spectrum tests take > 2.5 h to complete but, more
recently, a number of rapid « 10min) ELISA systems
have been introduced which are highly specific for
p-Iactam residues (Bell et al., 1995; Scannell a et al.,
1997). In the case of penicillin G, most of these
procedures can detect between 0.004 and
0.006 IU ml-lof milk, but the responses of the micro-
bial inhibitor tests to other antibiotics or inhibitory
residues varies with the compound in question. As far
as the fermentation sector of the dairy industry is
concerned, these figures compare favourably with the
known sensitivity of Streptococcus thermophilus
(Tamime and Deeth, 1980), a species that is amongst
the most susceptible of starter bacteria to inhibition.

In Europe, North America and Australasia, dairy
factories can, therefore, monitor their milk supplies on
a routine basis and, given the speed of the ELISA
tests, are in a position to reject contaminated tanker
loads in advance of discharge into a silo. However, this
use of an antibiotic residues test as a 'reception test' is
a comparatively recent innovation and, as most recog-
nised tests take > 2.5 h, their use is intended, at least
in part, to avoid vat failure through the prior isolation
of any heavily contaminated supplies. In the less
developed parts of the world, the non-availability of
imported commercial kits and the cost of each test
tends to preclude even this essential monitoring (Jurdi
and Asmar, 1981). Nevertheless, these restrictions do
not mean that testing should not be implemented, and
hence the aim of this project was to:

(i) examine the possibility of employing a simple,
standardised growth test to check milk supplies for
inhibitory materials within the same time-span as
the widely used microbial inhibitor tests; and

(ii) compare the performance of the test against an
internationally-accepted method - the Delvotest-
P.

2. Materials and methods

Three yoghurt cultures - each contaming equal
mixtures of Streptococcus thesmophilus and Lactoba-
cillus delbrueckii sub-sp. bulgaricus - that are in
regular use in dairy plants in Jordan were selected for
the project. Each culture was prepared by mixing 1 g of
well-mixed, fresh yoghurt with 99 ml of skim-milk (10%
dry milk solids, wtv) that had been heat treated at 95°C
for 5 min. After incubation at 42°C for 4 h, the cultures
were stored at 5°C. Fresh sub-cultures were prepared

2. l. Establishment of the procedure

Fresh, raw milk was drawn from a single cow known
to be free from any form of medication, and the
sample was transported to the laboratory in an ice-box;
the maximum journey time was around 1 h. Appro-
priate volumes of the milk were then dispensed into
four clean jars and, while one jar was held as a control,
the pHs of the other samples were adjusted to 6.4, 6.2
and 6.0 using 1N HCI. The milk in each jar was then
divided into four equal portions and, after warming in
a domestic microwave oven (Toshiba ER 692) for a
period of time known to give a temperature of 45°C,
the four portions were inoculated with either 2, 3, 4, or
5% (wtw) of one of the three available cultures. This
procedure was repeated for each pH treatment and
control, and with each of the three cultures. After
thorough mixing, 10ml aliquots from each portion
were transferred to each of 10test tubes, and the tubes
placed in a water bath at 42°C. Duplicate measure-
ments of pH were made immediately using a Hana
Instruments pH meter (Model HI 8416), and after 1.5,
2.0 and 2.5 h incubation; the titratabIe acidities of the
same samples were measured using the procedure of
Case et al. (1985).
As an alternative to measurements of acidity, the use

of pH indicators was examined in a further trial by
adding 0.1ml of either Bromocresol Green (0.2% in
50% ethanol), Methyl Red (0.2% in 50% ethanol),
Chlorophenol Red (0.2% in 50% ethanol) or Bromoc-
resol Purple (0.2% in 50% ethanol) to the milk either
before or after incubation.

2.2. Sensitivity of the test to different antibiotics

Stock solutions of each antibiotic, namely penicillin,
chloramphenicol, oxytetracycline, tetracycline, ampi-
cillin, erythromycin and cloxacillin, were prepared in
deionised water at 10 times the maximum concentra-
tion to be tested. Appropriate aliquots were then
added to standard volumes of fresh, raw cow's milk to
give the following concentrations:

Penicillin - 0.1, 0.06, 0.03, 0.006, 0.003 and
0.0006 IU ml-lof milk

Chloramphenicol - 10.0, 5.0, 4.0, 3.0, 2.0 and
1.0 pg ml-lof milk

Oxytetracycline - 0.50, 0.25, 0.20, 0.15, 0.10 and
0.05 J,lgml-lof milk

Tetracycline - 0.80, 0.60, 0.40, 0.30, 0.20 and
0.10 J,lgml-lof milk

Ampicillin - 0.20,0.15,0.10,0.075 and 0.05 J,lgml-lof
milk
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Erythromycin - 0.60, 0.50, 0.40, 0.30 and 0.20 Jlgml-1
of milk

Cloxacillin - 0.40, 0.35, 0.30, 0.25 and 0.20 Jlgml-lof
milk

The pH value of each sample of milk was then
adjusted to 6.0 with 1 N HCI, and the sample warmed
to 45°C in the microwave. A fresh starter culture was
then used to inoculate the contaminated milks, along
with a control sample (zero antibiotic), at a rate of 4%,
and Chlorophenol Red was added as an indicator.
After mixing well, 10ml amounts of each milk were
dispensed into test tubes, and the tubes incubated at
42°C. Measurements of pH and acidity were made at 0,
1.5, 2.0, 2.5 and 4.0 h, and the colour changes were
recorded as well.

2.3. Market test of the yeT procedure

Over a period of 3 months, a total of 618 samples of
milk supplied to three largest dairy plants in Jordan
were examined using the Yoghurt Culture Test (YCT).
On each occasion, the dairy operator produced a
composite sample from the milks of each supplier, and
100ml from this composite sample were transferred to
a screw-capped bottle. The sample, stored in ice at
2-5°C, was returned to the laboratory within 1 hand
the pH measured.
Each sample of milk (around 100ml) was then

poured into an individual polyethylene yoghurt carton
(200 g capacity), and sufficient 1N HCI added to give a
pH of 6.0. Four grams of starter culture and 1.0ml of
Chlorophenol Red were added and, after mixing, the
carton was placed in an incubator at 42°C. A control
made up in antibiotic-free skim milk was run in
parallel, and the colour change/curd formation was
recorded at 2.5 and 4.0 h; samples without any change
in colour/curd formation were suspected of being
contaminated with antibiotics and were considered
positive. As an additional check, each of the samples
that failed to form a coagulum after 2.5 or 4 h was
tested with a Delvotest-P kit obtained from Gist-
brocades, Delft, The Netherlands, and ampoules that
were entirely or partially purple at the end of 2.5 h
were recorded as positive.

3. Results and discussion

The preliminary trials confirmed that the optimum
conditions to achieve curd formation - pH 4.8 and
titratabie acidity of 0.5% (as lactic acid) - within 2.5 h
involved an inoculation rate of 4.0% and an initial pH
of the milk of 6.0. However, only one of the three
starter cultures was able to achieve this level of
performance on a repeatable basis, and hence the

Table 1
Minimum concentrations of antibiotics detected by the YCT as
measured by the time for the culture to lower the pH of the milk to
4.8, i.e. achieve minimum coagulum formation

Antibiotic Coagulum formation (Jlg ml-I)

2.5 h 4.0h

0.03 0.06
(0.05 IV) (0.1 IV)
2.0 4.0
0.1 0.25
0.2 0.4
0.1 0.15
0.3 0.4
0.3 0.35

Penicillin

Chloramphenicol
Oxytetracycline
Tetracycline
Ampicillin
Erythromycin
Cloxacillin

other two were eliminated from the trial. It was found
also that Chlorophenol Red was the most appropriate
indicator, as the change in colour from light violet to
beige-yellow was easy to note during routine
observations.
The minimum concentrations of the different

antibiotics giving positive results in the YCT, i.e. no
curd formation or colour shift in the presence of
Chlorophenol Red, are shown in Table 1. The sensi-
tivity of the test to penicillin was rather disappointing
because, at 2.5 h, the YCT appeared 10 times less
sensitive than some of the results published for the
Charm or Delvotest-P techniques, and it may be that
the Lac. delbrueckii sub-sp. bulgaricus component of
the culture was not affected immediately by the
inhibitor; Tamime and Deeth (1980) suggest that some
strains of Lac. delbrueckii sub-sp. bulgaricus can
tolerate 0.10 IV ml-lof penicillin. It has also been
reported that mixed cultures of Stro thermophilus .a.nd
Lac. delbrueckii sub-sp. bulgaricus are less sensitive
than the individual species growing alone, and this
effect might have altered the results as well (Robinson
and Tamime, 1990). The sensitivity of the YCT to
chloramphenicol, oxytetracycline, tetracycline and
erythromycin at 2.5 h was better than that reported for
Delvotest-P (Jones and Seymour, 1988), but the result
for ampicillin revealed a lower sensitivity.
The reduced sensitivities of the YCT at 4 h is a

reflection of the fact that the concentrations that cause
a 'failure' at 2.5 h leave a percentage of cells of one or
both organisms unaffected. Consequently, sufficient
acidity has been generated at the end of 4 h to form a
coagulum, and a higher concentration is needed to
ensure that too few cells survive to lower the pH to 4.8
or below. Nevertheless, the results at 4 h were useful
for developing the following protocol:

Failure to change indicator in 2.5 and 4 h
- unacceptable level of inhibitory substances in the

milk
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not being adequately cooled after collection and, for
some processing procedures, these low values could
cause problems.

The results of the antibiotic tests are shown in
Table 2, and it is important that. whereas after incuba-
tion for 2.5 h only 81% of the samples detected as
'positive' for inhibitory substances by the YCT were
later confirmed as 'positive' by the Delvotest-P,
samples that failed the YeT after 4 h were all
confirmed as containing a high level of one or more
inhibitory substances by the Delvotest-P. The practical
significance of this pattern lies in the facts that:

38 M.I. Yamani et al./Food Con/rol 10 (/999) 35-39

Failure to change indicator in 2.5 h, but change after
4h

- marginal level of inhibitory substances in the milk
Change of indicator in 2.5 h

- inhibitory substances below level of detection

This pattern is broadly comparable with that
proposed for detection of penicillin G with the
Delvotest-P (Anon, 1997) with readings after 2.5 h
incubation, i.e. (i) total colour change of the medium
containing Bromocresol Purple from purple to yellow
- residues of penicillin G <0.002 IU ml-I and
comparable situation with other inhibitory agents; (ii)
medium appears purple/green colour - concentration
of penicillin G of 0.002-0.005 IU ml-I; and (iii) entire
medium appears purple - concentration of penicillin
G > 0.005 IU ml-I.

Clearly, the disadvantage of the YeT is that it is not
SO sensitive to p-Iactam antibiotics as some of the
commercial kits, but this criticism does not alter the
value of the YeT as a practical method of assessment
for a dairy. In other words, as long as the working
culture can coagulate the milk in 2.5 h, the dairy can
use the milk with confidence for a fermentation
process, whereas, if the milk fails at 4 h, it is totally
unsuitable for a fermentation process. Whether or not
the 'marginal' category is helpful is open to debate, but
at least the result alerts the dairyman to an impending
problem. In addition, the YCT is simple, employs an
in-house culture, needs little skill to perform and is
inexpensive, so that its use as a routine screen of
supplies could find wide application. Consequently, it
was decided to use the YCT for a market survey of
selected supplies of raw milk in Jordan, with the
Delvotest-P being employed to confirm any positive
results; it was assumed that negative results would be
negative with the Delvotest-P as well.

One of the notable features of the survey was that
care of the milk appeared to be variable, io that, at the
time of testing in the laboratory, 24% of the samples
had a pH < 6.4 and 13% had a value < 6.2; 6% of the
samples were below the target pH of 6.0 set for the
YeT. These figures suggest that some of the milk is

(i) if it is assumed that the results of the Delvotest-P
were 'correct', then the YCT at 2.5 h gave 19%
'false positives', i.e. any 'failures' were on the side
of caution;

(ii) the sensitivities to the two tests are not identical.
For example, a failure with the YeT at 2.5 h could
indicate the presence of inhibitory levels of
sulphonamides, a group of antibiotic materials
that are only detected by Delvotest-P at levels of
50-100 JIg ml-I. Thus, it could be that the results
referred to above as 'false positives' could, in
reality, be providing a true reflection of the quality
of the milk; and

(iii) the YCT can be carried out with the culture that
is employed in the dairy for the manufacture of
yoghurt, so that the result at 2.5 h gives an
immediate indication of the suitability of the test
milk for processing.

Overall, it would appear that the YCT employing
sensitive strains of Str. thermophilus and Lac.
delbrueckii sub-sp, bulgaricus provides a test for inhibi-
tory substances in milk that is broadly comparable in
response to the Delvotest-P. Obviously, the YCT would
not be suitable for use in the laboratory of a Regula-
tory Authority where the priority is to protect consu-
mers from extremely low levels of p-Iactam residues,
but use of the YCT could be encouraged in countries
where the testing of milk supplies for antibiotics is not
mandatory.

Table 2
Numbers of milk samples from three different dairy plants which gave positive results in the vcr, i.e. no colour change and/or coagulation within
the times indicated, and the numbers which were then confirmed by the Delvotest-P

Source Number Positives identified by vcr and
confirmed by Delvotest-P

Positives identified by vcr
at 2.5 h at 4 h

at 2.5 h at 4 h

27 6
21 7
28 0
76 13

Dairy 1.
Dairy 2.
Dairy 3.
Total

184
31J
123
618

34
29
30
93

6
7
o
13

--------
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What emerged also from the survey was that the
workload on a dairy laboratory could become excessive
in a country like Jordan where individual farmers
deliver the milk direct to a dairy, and consideration
should, perhaps, be given to the establishment of
collecting centres where milks could be tested, bulked
and then delivered to dairy plants in the vicinity. The
attraction of such an approach is that it might serve to:
(a) reduce the number of farmers attempting to market
contaminated milk - 2.1% of supplies tested in the
survey contained unacceptable levels of inhibitory
substances, including probably antibiotics of the
f3-lactam group; and (b) improve the chilled storage
capacity in the area, and so avoid the build-up of
acidity that was noted in many of the individual
samples.
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1. Introduction

It is well known that raising the level of solids-nan-fat
(SNF) in bovine milk above the typical value of 8.5-
9.0% Improves the gel strength of set yoghurt and/or
the viscosity of the stirred product. The values for these
physical parameters tend to increase with levels of non-
fat solids up to a maximum of 16% (1), but the benefits
of exceeding this figure are usually marginal-at least
as measured by the penetrometer or viscometer. It has
been argued that the increase in gel strength arises
from an increase in the number of protein-protein bonds
that can occur at elevated solids levels, but there is
some controversy as to the extent to which the method'
of .fortification, e.g. addition of skim-milk powder, vac-
uum evaporation or membrane processing, of the proc-
ess milk affects the situation.

The viscosity of stirred yoghurt may be affected in a
rather different manner, but for both set and stirred yo-
ghurts, the characteristics of the starter culture and the
conditions of incubation can influence the properties of
the end-product. One of the problems in .assessing any
responses to process parameters Is. that. the usual
methods of. physical measurement involve a destruc-
tion of the gel structure (2).

Thus, yoghurt has a weak gel structure formed from
a 3-dimensional network which immobilises the liquid
phase (3), and any disturbance breaks the chains of
casein micelles. However, by examining such a struc-
ture with a controlled-stress rheometer, 2 parameters
which indicate the elastic and viscous characteristics of
the gel can be determined. Firstly, the storage modulus
.G' is measured, which expresses the stored energy in
the material from the rearrangements in the structure
which can take place during the oscillation period; sol-
ids tend to return to the original state after a stress is
released, and hence G' confirms the elastic character-
istics of the product. Then, secondly, the loss modulus
Gil, which records the energy lost during the cycle of
deformation - so Indicating the viscous component of
the material, is recorded. These measurements should,
therefore, give an accurate picture of the gel structure
and any changes that occur during stirring, but it has yet
to be demonstrated convincingly that the results from
the application of destructive techniques are in any way
misleading with respect to the physical properties of yo-
ghurt. In addition, rhepmetry is a technically-demanding
procedure comparecfwith the use of the conventional
penetrometer or vtssorneter, so that the aims of this
work were: .
a} to produce natural set and stirred yoghurts with 16%

SNF, with the elevated total solids being achieved
by the addition of skim-milk powder, concentration
by ultrafiltration or concentration by vacuum evapo-
ration;

b} to evaluate the gel strength (set yoghurt) and vis-
cosity (stirred yoghurt) by both destructive and non-
destructive techniques;

c} using a non-polysaccharide producing culture of
Streptococcus thermophilus and Lactobacillus del-
brueckii subsp. biJlgaricus, assess the impact of in-
cubation temperature on the above properties; and

d} compare the data obtained by the ..alternative tech-r' niques, andconsider their potential/as a basis for
'. comparing the physical quality of the yoghurts made

from the 3 types of milk.

2. Materials and methods

2.1 Production of the yoghurts
A batch of pasteurised liquid skim-milk (8.5% SNF)

was divided into 3, and the individual portions were
treated as follows:
a) addition of skim-milk powder (SMP) (Adams Food In-

gredients, Leek, Staffs, England) to give a final total
solids level of 16%:

b) concentration at -0.6 bar and 57-60°C through a
climbing-film evaporator (VE) (Coming Process Sys-
tems, Stone, Staffs, England) to 16% total solids;
and

c} multiple passes at 45°C through a tubular PCI Ultra-
filtration (UF) Unit (PC I Membranes, Whitchurch,
Hants,UK) using a polyether sulphone (model ES
625) membrane with an area of 0.8 m2, a MWt cut-
off of 25,000 Daltans, and inlet and outlet pressures
of 0.6 and 0.3 MPa, respectively, until the total solids
content was 16%.
The individual batches were then heat-treated at

8SoC for 30 min, prior to cooling to 30°C for inoculation
(2% v/v) with a culture of Streptococcus thermophilus
and Lactobacillus delbrueckii subsp. bulgaricus. The
starter culture had been grown in sterile skim-milk (12%
total solids) with incubation at 42°C to give a pH of 4.7-
4.8 and a ratio between the genera of 1:1 'clump count'
(1). After stirring the inoculated milk for 10 min to dis-
tribute the culture, 1 portion of each batch was poured
Into polyethylene cartons (175 ml in 200 ml cartons),
whilst the remainder was divided between 2 stainless
steel beakers (1,750 ml in each 21beaker). One beaker
was placed in an incubator at 42 oe until the pH reached
4.3, at which point the yoghurt was transferred to a cold-
store at 4oe for 24 h. The other beaker (1,750 ml of in-
oculated milk) was placed immediately in a cold-store at
4°C, and then was later placed In an incubator at 30°C
for an overnight fermentation to pH 4.3; this yoghurt
was also held at 4oe for 24 h before examination.

In the cases of the set yoghurts, the cartons were in-
cubated at either 42 or 30°C to pH 4.3, and again a pe-
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2.2 Assessmentof the physical properties, i~~
The gel strength was measured with ,a standard Á 1~

penetrometer (Stanhope Seta Ltd., Camberley, Surrey, I! 6
UK) using a probe of 67 g, a diameter of 2.5 cm and an -:, 'I 4

2apical angle of,900; the penetration time was 5s. In-all-~ cr
cases, the temperature of the yoghurt was equilibrated 0
at 25°C to match the temperature of the sample being
studled with the rheometer, and duplicates pots from FJg t: Apparent gel strength of natural set yoghurts of 16%
each batch were assessed.,' , . " tolal solids achieved by adding sl<im-m1lkpowder

The bulk 'samples of yoghurt were stirred manually CSMP)to'lIquld milk (8.5% total solids), or eoncentrat-
for 5 min to achieve a visually homogeneous product fng the milk by vacuum evaporatlon (VE) or ultrafiltra-
and, after standardising the temperature at 25°C, the Uon(UF); all samples stored for18 d at4·C. Measure-
apparent viscosity was measured with a Broókfleld Vls- , menis, as depth of penetraUon (mm) 91 a standardcone/spindle at 2SoC,are themeans of3readings
cometer (Model LVT with Helipath Attachment) (Brook- '
field Engineering Inc., Stoughton, USA) fitted with a T-
bar spindle (0) rotating at 0.6 rotatlonsánln; the read-
Ings were converted to centipolses using the factor ;.
s~pplied by ttle manufacturer. Fo~ both gel strength and r,.
viscosity measurements, the samples were stored for .
18 days to sImulate a typical shelf-life In a retail situa-
tion. '" , : .

A Rheotech Intemational Controlled-Stress Rheo-
meter (Camtel Ltd., Royston, Herts, ,UK) was used, to
make the dynamIc measurements, and the moving
surface was a parallel plate of 20 mm diameter; the gap
between this plate and the stationary surface was 10 mm.
To establish the conditions for set and stirred yoghurt,
the frequency and amplitude ranges were tested to find Flg.2;
the so-called linear viscoelastic region (LVE) (4).ln this
region, both shear moduli are independent of strain .and
stress, and Il ends at the same applied strain where the
material begins to break down. The experimental con-
ditions were established as:
Yoghurt Frequency Amplitude

(Minimum)
O,015mNm
O,008mNm

Set
Stirred

Amplltude
(Maximum)
O,15mNm
O,08mNm

0,25 Hz
0,25 Hz

All measurements were made at 25°C.
Before all assessments, the yoghurts were held at

25°C In a constant temperature room to equilibrate, and
were stirred by means of a low speed stirrer (speed set-
ting 63 rpm, stirring time 5 s, diameter of stirrer vessel
= 10 cm) in order to standardise the condition of the
samples. Each test specimen was allowed to relax
(5 min) prior to assessment of Its amplitude behaviour.
The 3 types of yoghurt were examined after 11 days to
simulate the mid-point of a typical shelf-life.

3. Results and discussIon
Samples of set and stirred yoghurts made from milks

concentratedlfortified by different techniques and Incu-
bated at either 30,or 42°C were analysed In terms of
their physical propertles. The values for gel firmness of
the set yoghurts' alter 18 d storage at 4°C are shown In
Fig. 1, while the viscosity measurements for the stirred
yoghurts are shown In Fig. 2. '

Overall, viscosity and penetrometer values were
higher for UF-treated sample Irrespective of Incubation
temperature, but the differences between SMP-fortifled
yoghurts and those made from vacuum-evaporated mtlk

Milchwlssenschaft 53 (9) 1998

,SMP, UF

1!i!142'C_' ,\.: .\

SMP VE UF

Apparent vIscoslUes of natural sUrredyoghurtsof 16%
total solids achieved by adding skim-milk powder
(SMP) to liquid milk (8.5% total solids), or eoncentrat-
Ing the milk by-vacuum evaporation (VE) or ultrafiltra- .
UonCUF);all samples stored for 18 d at 4·C. Measure- '.
ments, as viscosities (centipoises) recorded with
standard Brookfleld VIscometer at 25°C, are themeans'
of 3 readings

were relatively small. This contrast with the UF samples
could be due to differences In the protein contents of the
yoghurts for, with the application of UF application, oniy
high molecular weight compounds were detained in
the retentate so that, at the same levels of total solids, '
the UF sample had the highest level of protein; in VE
and SMP-added samples, all the milk components in-
creased proportionally. As a higher protein content leads
to a higher number of protein Interactlons and proteln-
protein bonds, so the elastic character of the gel in-
creases as shown In Fig. 1. The same Increase in con-
centration of protein causes the space occupied by t~e
protein network to increase, so restricting the mobility of
free water and higher values for viscosity (Fig. 2).

In all samples, although the trends with respect to the
physical characteristics remained unchanged, the re-
corded values declined when the Incubation tempera-
ture was lowered to 30 from 42°C. As expected, the
retarded activity of the thermophilic starter resulted in a
slower rate of acidification - the Incubation periods for
42 and 30°C were 4-5 and 14-15 h, respectively, and
this slow gelation may have led to a difference In the ki-
netics of protein network formation. Thus, at low tem-
peratures, the activation energy (Helmholtz energy) re-
quired for gelation (formation of physically-active protein
bonds) Increases and vice versa (5), and a minimum
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Helmholtz activation ~nergy is essential for. the forma- active forces were essentially independent of the varl-

_... tion of an irreversible gel network;' a decrease in Helm- abies examined (Fig. 5); the loss tangent (tanS= G"/G')
• holtz activation energy causes faster gelation, espe- is indicative of the nature of the interaction forces in a
._ ctally during th_~.eC!tlystage~Qfin¢._I,i.t>~!ior:!~_'; _._ _ . ., gel (5).:. _______ _'0 •• __ •

.. _. In all the systems, the number and distribution of _.- .
both the strong andweek (revérsiblë) bonds increased -~~"r---_._._.----------------,
with incubation temperature.a corieluslon cónfirmed by ~ ..: -- -. - - -- -.' - -.- .
the higher valuesfor storage (G') and loss (G") moduli
(Figs.3 and 4, respectively). ltls fair to assume that the.
stronger protein borids contribute to the elastic charac- .
ter of viscoelastic gels, whereas the loss modulus (G") .
reflects the number and/or distribution of weak bonds.
Both, the number 'and ..distribution of protein bonds'
throughout the gel network seems to be dependent on .
the protein content as well, for the UF samples gave
higher storage moduli than the others.

S 12000
";;;' 10000
:J

:ti1j 8000
o '"E Cl! 6000G)c.
Cl
Eo
ëi)

30·Csel • '.
. . 42 C stirred 30.C stirred

Fig.3: Storage moduli (G') of natural set and stirred yoghurts :
of 16% total solids achieved by adding skim-milk
(SMP) to liquid milk (8.5% total solids), or eoncentrat-
Ing the milk by vacuum evaporation (VE) or ultrafiltra-
tion (UF); all samples stored for 11 dat 4°C. All meas-
urements were made at 25°C, and are the means of 3
readings

Fig.4: Loss moduli (G") of natural set and stirred yoghurts of
16% total solids achieved by adding skim-milk (SMP)
to liquid mHk (8.5% total solids), or concentrating the
milk by vacuum evaporation (VE).or ultrafiltration (UF);
all samples stored for 11 d at 4 C. All measurements
were made at 25°C, and are the means of3 readings

However, the loss tangent (tan S) values remained
unaffected by incubation temperature or technique of
processing, so suggesting that the nature of the inter-

I/)
I/)

..9

42·Cset. 30.e set .; -- ,
~. . 42°C stirred 30'0 ttirred'i'L-~ ~ ~-~o'~~- ~

Fig.5: Loss tangent (tan 5) of natural set and stirred yoghurts
of 16 % total solids achieved by adding skim-milk
(SMP) to liquid milk (8.5% total solids), or concentrat-
ing the milk by vacuum evaporation (VE) or ultrafiltra-
tion (UF); all samples stored for 11 dat 4°C. All meas-
urements were made at 25°C, and are !he means of 3
readings

It was notable also that the results of the dynamic
(small deformation/non-destructive) rheological tests
.mirrored physical properties (af both incubation tem-
peratures) observed by the destructive-techniques (vls-

. cometer and penetrometer). This apparent correlation
appears to contradict the earlier findings of OZEA (2) .
who failed to find any agreement between small and'.
large deformation tests using reconstituted whole milks
concentrated by ultra-filtration or reverse osmosis.
Whether contrasted starting materials or differences in
the test parameters were responsible for this conflict
was not established but, in the present context, the
traditional techniques appeared to provide a good indi-
cation of the rheological properties of the yoghurts.

4. Conclusions
Although the differences in gel strength and viscosity

between the UF and VE yoghurts were not extreme, the
dynamic meaurements made it clear that UF concen-
tration of the process milk is a suitable technique for the
manufacture of yoghurt. Whether the heat treatment
under vacuum evaporation caused the milk proteins to
be less reactive during the yoghurt making process was
not established, but the UF milk did produce yoghurts
with firmer and more viscous structures.For small pro-
ducers wishing to change from SMP fortification, UF
offers a further advantage over VE in terms of plant
flexibility, for the economics of vacuum evaporation
tend to favour large throughputs of milk.

It was evident also that the higher incubation tem-
- perature (42°C) should be employed to achieve both
the optimum rate of acidification and the minimum re-
quirement for activation energy (Helmholtz energy),
and it might be interesting to investigate this aspect of
gelation further.
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Uquid skimmed milk (8:5% total solids (TS» concen-
trated to 16% TS by ultra-filtration gave better quality yo-
ghurt with respect to gel strength (set yoghurt) or viscosity
(stirred yoghurt) than milk fortified to the same extent with
skim-milk powder or reduced In volume by vacuum evapo-
ration to 16% TS. This contrast was confirmed both by
techniques destructive to the gel structure (penetrometer/

,
. .... ...

FIOsslgeMagermllch (8,5% Trockenmasse (TM» kon-
zentriert auf 16% TM durch Ultrafiltration ergabeinen quali-
tatlv besseren Joghurt hlnslchtlich Gelfestigkeit (fester
Joghurt) oder Viskosltiit (gerOhrter Joghurt) als Milch, die
mit Magermllchpulverversetzt ader 1mVolumen durch Va-
kuumevaporation auf 16% TM konzentriert worden war.
DIeser Gegensatz wurde durch die Gelstruktur ..zerstë-
eende- Verfahren (Penetrometer/Setzjoghurt und Visko-
~1meter/ROh~oghurt)und durch nlcht·d~~truktive dynami-
sche Rheometrie bestatigt. Obwohl die genauen Grande
fOr den positiven Effekt der Ultrafiltration nicht untersucht
wurden, kënnten die Befunde wichtige Auswirkungen fOr
kleinere Betriebe haben, die In die.Verarbeitungsanlagen
investieren wollen, um die Verwendung von teurem Ma-
germilchpulverzu vermeiden.
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The·potential of inulin as a
functional ingredient
Richard K. Robinson
Examines the behaviour of inulin in foodstuHs

A functional food is n-ow defined as one that has an 'r
enhanced physiological effect[l], and it is no surprise that
yogurts and/or bio-yogurts fall into this category. The
. eneficial features of these products are normally
associated with the bio-availability of minerals or the
properties of the starter culture for, whether the latter
organisms survive digestion and become implanted[2], or
merely act as a source of enzymes and vitamins following
autolysis[3], the benefits are well documented.

In normal yogurt, various attempts have been made to
enhance these functional properties further by including
sources of dietary fibre/non-digestible carbohydrates but,
needless to say, such end-products tend to have limited
organoleptic appeal. Nevertheless, few people doubt the
wisdom of consuming crude fibre on a regular basis to
improve the transit of waste materials through the
colon[4],or that other non-digestible plant materials can
be important components of the diet of adult humans.
The oligosaccharides are one category of these non-
digestible carbohydrates that could prove attractive as
functional ingredients[5], and inulin, in particular, could
e of especial interest to the dairy industry.

Properties of inulin
Inulin consists of linear chains of fructosyl units joined
by P(2~1)bonds, and it is this bonding that renders it
resistant to hydrolysis, both in the stomach and the
intestine[6]. It passes, therefore, directly to the colon
where it is fermented by the bifidobacteria[7]. This group
of bacteria are essential for the healthy functioning of the
colon, and some of the reported benefits of high
population levels in the intestine are cited by Kurmann
and Rasic[8]. More specifically, species- of Bifido-
bacterium act in t~'colon in a number of ways:

• They metabolize carbohydrate materials with the
release of lactic and acetic acids, both of which
serve to lower the pH of the colonic contents and

British Food journal, Vol. 97 No. 4. 1995. pp.3O·32
oMes University Press Limited. 0007-070X

. suppress the activities of putrefactive bacteria.
Acetic acid is the most effectivein this respect, and
it may well not only prevent overgrowth of the
walls of the colon by undesirable bacteria - an
occasional side-effectof ME influenza, for example
- but also lower the risk of potentially carcinogenic
compounds accumulating(2].

• The bacteria attain a high population level along
the walls of the colon, and degrade the mucin
secreted naturally by the epithelial cells; although
the secretion of mucin is essential, excessive levels
can lead to diarrhoea.

• They may stimulate the immune system of the
host and prevent invasion by pathogenic bacteria .:

In essence, the colon cannot function correctly without a
microflora dominated by Bifidobacterium spp. and,
bearing in mind that the population levels can be easily
depleted by a range of adverse factors ranging from
simple ageing through to antibiotic and/or radiation
therapy, any natural means of reinforcing their presence
must be desirable. The question arises, therefore, could
the inclusion of inulin in natural or fruit yogurt provide
the same benefit to the consumer as a "bio-yogurt"
incorporating bifidobacteria? Obviously, other foods
could be considered as vehicles for inulin, but yogurt
would appear to be a sound choice in that, while the short
chain lengths of the inulin should not interfere too much
with the inter-micellar bonding of the casein, they should
still have the capacity to impart a degree of viscosity to
the whey phase of the product. Consequently, the study
reported here sought to establish:

• the optimum level of casein necessary to give
maximum gel strength to a natural yogurt as a
resuIt of protein-protein interactions;

• the effect of diffferent levels of oligosaccharide on
lactic acid production by a standard yogurt culture
- a bioculture including Bifidobacterium sp. might
utilize some of the inulin to generate undesirable
levels of ethanoic acid; and

.. the influence of inulin on both the gel strength,
viscosity and flavour of natural yogurt.
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THE POTENTIAL OF INULIN AS A FUNOIONAL INGREDIENT

Materials and methods
Skimmed-milk powder was reconstituted to give batches
ofmilk containing either 12, 14, 16, 18 or 20 per cent total
solids, which gave a range of protein (casein) values (by
calculation) of 3.6-6.0 per cent. Each batch was heat-
treated at 85°C for 30 minutes, before being cooled to
42°C and inoculated with a liquid culture (2per cent v/v)
of Streptococcus thermophilus and Lactobacillus
delbrueckii sub-sp, b'ulgaricUs in the ratio of 1:1 (clump:
clump). The milks were then dispensed as 400ml aliquots
into polypropylene containers with press-en lids, and the
cartons incubated at 42°C. The pH of each batch was
monitored hourly until the "control" sample reached pH
4.2 and, at this point, the remaining cartons were placed
in a refrigerator at 4°C.

Next morning, a penetrometer was employed to test the
istance of the protein networks to a standard cone and

spindle (l25g/apical angle - 45°), for it is reasonable to,
assume that the greater the depth of penetration of the
spindle, the lower the degree of protein-protein bonding.
Once the measurements of gel strength had been
obtained, each batch of yogurt was transferred to a slow-
speed mixer and blended to an even consistency for the
viscosity to be recorded with a Heli-path Viscometer
(Brookfield LVT) and T-spindle.

;.:..;..~ljj The initial trials showed that'a total solids level of 16 per
cent (4.8per cent casein) gave a degree of protein bonding
close to the maximum - at least as measured by the
technique in question, and this base was used, therefore,
for the incorporation of inulin at levels of 1.5 and 10 per
cent These levels were selected on the basis of the usual
dietary values for inulin (2-12g per person per day in
Europe[51 so that, even at a rate of addition of 10per cent,
the consumption of one carton of yogurt (l25g) on any
• en day would not lead to an excessive intake; the
maximum dietary intake per day tends to peak at around
2Og.The heat-treatment of the milk and the production of
the yogurt was completed as described above, and the
measurements of gel strength and viscosity were
completed after overnight cooling.

Results and discussion
The penetrometer readings for the yogurts with different
total solids are shown in Table I, and it is clear that,
beyond a level of 4.8-5.0per cent casein, the configuration
of the micellar structure is such that additional bonding is
unlikely to occur. Indeed, the typical structure of the
coagulum, as reveaJ~ in Plate I, suggests that whey-
filled interstices will always limit the degree of
aggregation[9~

Given these basic properties. it was anticipated,
extrapolating from previous work carried out with
polysaccharides[lO.l1), that the incorporation of inulin
would:

EI

Table I.Depth of penetration ouer a period of ten seconds of
a standard cone and spbzdle into set yogurts of different total
solids at SoC

Total solids
(%)

Depth of penetration
'(mm)

12
14
16
18
20

:rTIJ
23.0
20.0
19.2
17.7

r
Note: All readings are the means of four samples

_' ,<II,

• interfere with the extent of bonding to give a
decrease in gel strength in proportion to the
concentration of oligosaccharide: and

.. give an increase in viscosity as the concentration
of inulin in the whey phase rose.

However,the figures in Table TI appear to show a rather
different pattern, in that the mean readings for gel
strength can be assumed, given the crude nature of the .
instrumentation, to be broadly similar. The implications
of these data are that the oligosaccharide, unlike the
polysaccharides employed in the earlier work, has caused
little serious interference with the degree of protein-
protein bonding, even at the inclusion levelof 10 per cent.
This view is confirmed, to some extent. by the figures fór
viscosity.Thus, if it is assumed that value for the control
is dependent entirely on the resistance supplied by small
pieces of coagulum, then clearly the inclusion of inulin (5
per cent) has caused the gel to disintegrate into smaller

Plate 1. The tyPical structure of natural yogurt fortified
with skimmed·milk pou'(}er; the bondbrg between the groups
of casein miceUes is evidellt. as are the wh,yftl1ed spaces[9J.
(Source:A. Y. Tamime and M Kalab)
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Table II. Depth of Penetration over a period of ten seconds
. of a standard cone and spindle into set yogurts of 16per cent
total solids and levels of inulin indicated; viscosity measures as
described in text

Level of inulin
(%)

Depth of penetration
(mm)

Viscosity
(centipoises x len

Nil
1
5
10

22.0
23.0
20.0
20.8

3.79
3.25
3.04
3.62

Note: All readings at 5°C and the means of four samples

...•';~-::r

fragments that cause less "drag" on the spindle, i.e. there
ould appear to have been some, albeit limited,

interference with the network of protein-protein bonds. At
the 10 per cent inclusion rate, it would reasonable to
anticipate that both the size of the gel fragments and the
viscosity would be reduced even further. However, it
would appear that any loss in viscosity resulting from
fragmentation of the protein has been almost nullified by
the improved viscosity of the whey phase. This latter
observation suggests that the overall impact of the inulin
has been small and that, in practice, it could be
incorporated into yogurt at a level determined by dietary
considerations alone. This conclusion was further·
supported by the facts that:

• the rate of acid production by the starter culture
. was identical in all the milks; and

• a taste panel was unable to distinquish, on the
basis of flavour, between the three batches of
yogurt that included inulin; in a Triangular
Test[12], the slightly improved "mouth feel" of the
yogurt with 10 per cent inulin made it
distinguishable from the other samples.

Conclusions
The cost of pure inulin as extracted from dahlias, chicory
or Jerusalem artichokes might well, at least at present,
preclude its use in yogurt on an industrial scale. However,
there appears to be no reason why artichokes or chicory
couldnot be grown as a source of inulin, just as potatoes
are exploited for their starch[1,13,14], so rendering a
commercial grade of the oligosaccharide available to the
dairy industry.

\
Obviously, bio-yogurts are currently able to offer a
bifidogenicdimension to the diet of interested consumers,
but an alternative route for stimulating the native colonic

flora would appear to merit serious investigation,
particularly as the organoleptic quality of natural yogurt
containing inulin, as well as a fruit-flavouredderivative,
was excellent. .
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Yogurt ~::Perceived Regulatory-
. .'

Trends in Europe="
By R! K. Robi~son, Department ot Food, Science, University of Reading

MANY consumers have a concept of
yogurt as a rather pleasant, custard-like'
product, sharp t9' the taste and coming in
a variety of fruit flavours'. The more
discerning may be aware that its
manufacture involves a bacterial
fermentation, and yet few concern
themselves as to exactly what yogurt isor
should be like. Yet these are exactly the
questions which are now arising as the
drive for national and/or international
standardisation gains momentum. It is
· the purpose of this paper, therefore, to
examine some of the standards that have
been proposed for yogurt, and to assess
what .mayor may not be achieved if
current regulatory trends become
hardened into reality.

·Chemical Composition

As far as Europe is concerned, yogurt
is based on cow 's milk, and the available
·staridards imply that the nutritional value
of yogurt shall not be less than the milk
from which it has been derived. The
exception to this position is fat, and, as
shown in Table I, yogurt, including
usually the base of fruit yogurt, is
precisely typed according to fat content.

The minimum SNF value has few
critics, and similarly thereare reasonable
commercial, and' possibly health,
arguments for the introduction of the low
fat yogurts. Attainment of, and

_determination of, these levels presents
"few problems (Davis, 1970, Davis and
M'a6Lachlan, 1974), but whether there is
any need'for the precise designation of all
the types -is a moot point. Similarly the
question of labelling has to be finally
resolved, for, while, "skimmed-milk
yogurt" is rather unattractive, the phrase
"low-fat yogurt" has been criticised 'as
having a 'low calorie overtone' which is
not jusiified by many fruit yogurts,'
Whether the Swedish system of a
'normal' and 'light! yogurt would be
suitable compromise remains to be seen,
but, for the' t>res~nt; the three (or fout
including 'Balkan' yogurt) category
approach appears to be gaining ground.
'The other aspect of chemical

compesition that merits attention is the
lmroducticn of additives of non -dairy
origin, that is fruit, flavouring and
colouring materials, aM\tabilisers. Some

· aspects of the current position in this area
are outlined in Table II.

The trends revealed by this data deserve
more than a casual comment, -and for a
number of reasons. Thus, if it is' accepted
that the proposed additives have rfceived
toxicological clearance, then: their
exclusion (total or partial) is presumably
based on a desire to endow present-day

Country of
Origin

Table I.Suggested standards for the chemical composition of yogurt in terms of milk
. fat and solids-not-fat (SNF) , ,

070SNFTypes of yoghurt based on % fat
. Normal . Medium low

Czechoslovakia
Denmark
Finland
France
Italy
Netherlands
Switzerland
Sweden
United Kingdom
West Germany
FAO/WHO

l'

3.5
3.8
2.5
3.0
3.0
3.2
3.5
3.0
3:5
3.5
3.0

1.8-1.5 0.3

1.0
1.0
0.3

2.0 0.5
0.5

2,0-1.0 0.3
1.8-1.5 0.3
3.6-0.5 0.5

q'

8.2'
After - Robinson and Tamime (1976). (.~',......

:.:~.':

Table II. Suggested standards for the chemical composition of fruit/flavoured yogurt
. in terms of non-dairy additives .

Country Colour /
Origin Stabiliser Fruit Flavour Preservative

Denmark Nil 10-15% Nil
France up to 30%* As regulations
Italy up to 30%*
United Kingdom . Starch

Pectin 1-070
Gelatin
alginates
agar
Edible gums
cell uloses

• Total additions.

, Nil

In fruit
SOz-6Oppm

up to 30%* As regulations benzoic
acid-12Oppm

0.5% '.

After: Italian Standards (1972); French Standards (1974); UK Food Standards
Committee (1975); lOF /Denmark (1975).

yogurt with the characteristics of its
Bulgarian ancestor. Whether this
sentiment should be enshrined in detailed
legislation is another matter, as is the
question of whether precise regulations
for the addition of stabilisers is really
necessary. If the proposed U.K.
standards can serve as an example, il is
clear that these are based on current
practice, bu t equally clearly, the
increasing . cost of the hydrocolloidal
material's and the limitations of existing
plant, will both serve to ensure that the
employment of plant gums is kept to a
mirumum anyway.. The validity of
spelling out maximum permitted levels is,
therefore, open to comment, as also is the
validity of the proposed specification.

The reason for raising this lalter point
is that plant materials, such as guar gum
or gum tragacanth, can be placed under
the heading of 'djetary fibre' (Jenkins el
0/, 1976(a»);-.The extensive literature on
fibre need not be considered here, but the
value 'of. the 'materials in stimulating
~ntestinal perisralsis' and adsorbing

potentially toxic chemicals has found
widespread acceptance. However.
recently, the possible value of plant gums
has received the altention of the
physiologists, and il has been shown that
guar gum can ad not only as an effective
hypocholesrerolaemic agent, but can also
significantly decrease post-prandial
hyperglycaemia in diabetics (see Fig. I.).
The suspected correlation between
chloresterol levels in the blood and
coronary disorders makes the first
finding of some interest to most
European males, while the more easily
controlled response of Ihe blood sugar
levels may also be no bad thing.

Against this background: the proposed
specification looks rather different, with
the unnecessary and/or undesirable
starch being allowed al the 1"10 level,
while the seemingly valuable
un\lQsorbable carbohydrates are regarded
witfi less favour. Obviously this proposal
may simply reflect the slalus quo, bUI it
would appear thaI an equally valid
argument could be made out for a total
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ban on the use of starch as a stablliser
.with the gums permissible up to any level
designated as necessary by the
manufacturer. Such a proposal might
prove unpopular, but il does raise the
question as to just how far regulations are
a~vis~ble merely to legalise an existing
situation.
MicrobiologIcal and
nutrItIonal aspects

There are few People who would doubt
that yogurt Is a nutritious product, and
as shown in Table Ill, analyses bear ihi~
out. However, figures canr\ot tell the
whole story, and the feeling persists that
yc;>gurt is something more than a
collection of chemicals. The reported
acceptance of yoghurt by Reople with
demonstrated lactcse-lntolerance, is just

. one example that chO{Tlical~nalysis can

W
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..J
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o
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..J
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15
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Figure 1. Individual blood-glucose levels (mmol/l.) of an insulin-dependent diabetic
after taking a test meal with added 'dietary fibre'.

only reveal a part of the story. Legislation
cannot, apart frorn controlling some of
the more optimistic advertisements, deal
with nutritional value per St, but, in
relation to the microbiology of yogurt,
the arguments are somewhat intermixed.

For production purposes, it is
stipulated that the requisite laetic acid
must arise through the action, mainly, of
Lactobacillus bulgaricus inconjunctlon
with Streptococcus thermophilus or a
similar lactic acid bacterium.

However, the need for yogurt to
possess a specific identity, and the
established symbiotic relationship
between certain strains of L. bulgarlcus
and Stro thermophilus, would suggest that
this more restrictive requirement should
apply. Certainly France and Holland
appear to be taking this line, and there
would probably be few cblectlons if other

Table III.Some nutrients In yo~urt and milk; all figures per lOOg.

Material
Natural Yoghurt
Frult Yoghurt
Milk

Protein
5.0
4.8
3.4

Fat Carbo- Vit. C.
Cg) hydrate (mg)
1.0 6.4 180 0.4
1.0 18.2 160 1.1
3.7 4.8 120 2.0

Ribonavin
0.26
0.23
O.IS

Arrer: U.K. Food Standards Committee (1975).

.0 ...

'....
:f·

European counCries followed their "}.'£~".
example. '. ....
Controversy does arise, however, once, ,"-

proceSsing has finished, and while' ':~;',
Germany and the United Kingdom seem' ".:-
agreed on the concept of 'pasteurised
yogurt', other National Committees are
insisting that 'yogurt must contain· _.
"abundant and viable bacteria"; indeed
some countries, such as Holland, are ". .',
considerlng the advisability of specifying
'minimum numbers' for bacteria in' the
retail 'product, This approach has also "
been advocated by Oaviset al (1971), and .'
it is probable that most samples could
conform to the type of standards shown
in Table IV. However, the' data also
indicates that retail samples are on the
market with seemingly low counts of
lactobacilli. Assuming that these figures
are representative, then the question of
'minimum numbers' becomes more·
critical, particularly as 'advisory
recommendations' could end-up as f[ega[
requirements' within the EEC context. i
. Two aspects would appear to merit
.attention, namely does the consumer
expect an abundance of viable bacteria in
yogurt, and docs the presence of the
bacteria contribute to the quality of the
product? Obviously opinions differ-
considerably over the first question, and
there appears to be no objective data
from Europe on whieh to comment.
However, trends in the United States
could be relevant, and it has been
suggested (Kroger and Fram, 1975) that
the 'new generation.' of consumers is: .
unaware that' yogurt cóntains live .
bacteria, and Is not especially concerned .
anyway. This auimde docs not argue in
favour of pasteurisation, but it does
suggest that concern over 'numbers' may
be rather misplaced. The issue of quality
is also dirficult to quantify, but the
general impression is that the navour of
pasteurlsed yogurl is someway behind its
normal counterpart. This view implies
that consumer reaction alone will inhibit
any appreciable change to 'heat-
treatment', for while brand loyalty may
110t be appreciable in respect of yogurt,
brand rejection is an entirely different
matter. The situation is aggravated
further by the absence of any standard
method of enumeration for the yogurt
oraanisms, and. there might be some
justification In suggesting that, apart
(rom ensuring accurate IabeUing and'
hygenic quality, attempts at pursuing
microbiological conformity should be
avoided.

Qua~lty Appraisal

The hygienic quality of yogurt should
present (ew problems, but, in general,
organoleptic considerations have tended
to be ignored. The monitoring of acidity
has been proposed in Holland·
(Netherlands Standards, (967), while in
France (French Standards, 1974) a
compositional figure for lactic acid is
included in the Regulations. However,
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outside these countries numerical values
for acidity are not recorded, and, with
9OClJoof the market occupied by .fruit
yogurts, the question of a 'traditional
yogurt flavour' has become a minor
interest. The relevance of consistency has
not diminished, however, and casual
observation would suggest that this area
represents a major source of .consumer
complaint. Various quantitative
techniques arc available to assess the

. viscosity of yoguri, and, in technical
terms, it would seem that 'the
establishment of limits for a particular
type of yogurt would be perfectly
feasible. Whether such a proposal would
go too far in removing brand distinctions
is open to debate, but a trend towards
more uniformity would have its
adherents.

This tendency to consider the consumer'
more closely is reflected in the expanding
role of organoleptic appraisal in the
quality control of yogurt. One typical
scheme is shown below (pearce and
Heap, I974):-
"Charae/er Assessed
Appearance and colour
Body and Texture
Flavour -

Score
5
5
5x2

. Total20

Schemes, based on this format, are in
regular use by the Government Control
bodies of Denmark, Norway and Sweden.
Whether regulations governing this
form of appraisal will be formalised
remains to be seen, but the quantitative
nature of the rating scheme would suggest
that regulatory standards could be
introduced.

Discussion

In attempting to assess the drift in
regulations concerning yogurt, no
attempt has been made to distinguish
between proposed legal standards and
advisory recommendations, because, in
the long term / both could become
mandatory for the producer. Assuming
that this view is valid, then the interested
parties, namely the producers and the
consumers, should perhaps take a hard
.Iook at the emerging situation. In
particular it might be asked whether
precise legal standards arc necessary for a
commodity like yogurt, and, if not, is
there a workable alternative?
These questions imply no criticism of

. the various committees currently
discussing the legislative position, but are
concerned simply with raising the issue of
whether legislation, perhaps advisable for
international trade, is really required at
national level. The relevance of this issue
has been highlighted recently by the
realisation that legislation can emerge in a
form that apparently benefits nc-one.
The recently proposed ban on the sale of
fresh poultry is just one example of the
type of legislation that, despite being of
no interest nationally, could easily have
passed onto the Statute Book. The

•After: Davis and McLachlan, 1974.

eradication of apples below SO mm. from
the domestic retail markets, is another
example of a seemingly arbitrary ruling
'that helps neither the consumer nor the
producer. If the characteristics of yogurt
become similarly in flexible, perhaps
under the auspices of the EEC, it may
. prove, in the long term, to be to the
disadvantage of all the interested parties.

It is assumed premise of all regulations
that they are necessary, but if, in the case
ofyogurt, this conclusion were rejected,
then the question arises as to whether the
absence of legislation would really
matter. Obviously opinions will differ,
but a good case can be put forward to
suggest that little advantage will accrue
from the introduction of precise'
specifications. Thus, there is already a
measure' bf agreement between
manufacturers as to what shall be labelled
as 'yogurt' and a minimum of additional
discussion could remove any undesirable
anomalies, Market research could be
employed to elicit the consumer
viewpoint, and the end-result would be an
agreed, general characterisation of yogurt
that would meet the interests of both the
manufacturers and the consumers.
Adherence to the spirit of this agreement
would be the responsibility of the
producers and/or an appropriate
federation, and there is every reason to
believe that such self-imposed strictures
would hold. Thus, the' growth potential
of yogurt makes it vital for all producers
to ensure that an attractive product image
is preserved, while, at .the same time, a
manufacturer who does attempt to 'cut
corners' will soon find his customers
looking to other brands. .
It is this built-in system of consumer

protection that makes legislation or even
advisory regulations somewhat
redundant, so leaving the way clear for
the dairy industry to be self-regulating.
Aspects of advertising and hygiene are
already covered by existing Acts, and it
may be that the introduction of further
standards should be resisted. Certainly
this attitude can be found outside Europe,
and it would seem that both Australia and
New Zealand presently restrict
Government involvement, in respect of
yogurt, to matters of public health, while
Canada has, as a declared policy, no

intention of introducing compositional
standards. In this latter instance, it is felt
that free market competition together
with the responsible attitude of producers
is ample to ensure the maintenance of
quality. If such a system works in the
Canadian situation, then why not
elsewhere, and it is, perhaps, time to
decide that, at the National level at least,
specific regulations of the type that were
discussed earlier are both unnecessary
and irrelevant to a modern European
society.
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~TROD'C"CTION .AND HISTORICAL BACKGROUND

Even today the microbiological quality of raw milk is often very poor, and
centuries ago the situation must have been infinitely worse. It is not surprising,
therefore, that many communities acquired a taste for C sour milk' or that, with time,
techniques were developed to ensure that the process of souring followed a particular
pattern. The constant use of the same vessels, or the addition of fresh milk to an on-
going" fermentation, would have led to the gradual evolution of locally popular
products. . . -

The nature of these products would have differed from region to region depending
on the indigenous microflora, which in turn reflected the climatic conditions of the
area. In Scandinavia for example, mesophilic species might be expected to dominate,
and hence a taste for milks fermented by Laetoeoecue and Leuconostoc spp. might be

11·2
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.expected to prevail (Marshall, 1984). In the Middle East, the thermophilic species
. would have led to yogurt-like products, while in the Caucasian mountains ~~ange of
beverages derived from a mixed culture of yeasts and lactic acid bacteria found
popularity (Kemp, 1984). .

!\Iany of these ·geographical associations have long since broken- down, so that
yogurt, to take one example, now enjoys world-wide consumption. Nevertheless, the

. species composition of modern starter cultures largely mirrors microfloras associated
historically with the products concerned, and this characteristic provides, therefore,
an appropriate means of categorizing the various mi~.· .

The microbiological aspects offermented milks, including the latest nomenclature
of the organisms employed, have been discussed in Part I of this review (iUarshall,
198ï) and in Part n the aim is to' consider the recent technological developments
that have taken place.

DETINITION .c-.-n CLASSIFICATION

The International Dairy Federation (IDF) definition of fermented milks (IDF,
1969) takes into account the raw material, i.e. milk from cow, goat, sheep or buffalo;
processing conditions; the fermentation process achieved using specific micro-
organisms. .

These general categories of fermented milks cover the main criteria of
manufacture of these products. The exact names given to the: fermented milk
products which are manufactured throughout the world are not well established, but
it is probable that there are several hundred. A monograph on fermented milks is
being prepared by IDF Group B35.

In view of the fact that cows' .milk is widely produced in different parts of the
world, it is possible to suggest that the term fermented milks could be reserved for
those products which are manufactured from CO\Vs'milk, and that the names of other
cultured dairy products (from milk of different species of mammal) 'should imply the
type of milk used. For example, the term yogurt should be reserved for the product
made from cows' milk, dahi from buffaloes' milk, and similarlyfor other yogurt
varieties produced. from different milks.

For convenience, however, it was decided in the present review that a scheme for
the classification of fermented milks which would be acceptable to both scientists and
manufacturers should be based mainly on the method of fermentation. A generalized
scheme for the classification of fermented milks, including some examples, is given
in Table 1. .

PATTER~S OF PRODUCTION AND cO~Sl::::nPTI~N

There are no exact data for the world production of fermented milks. However,
the data in Fig. 1 illustrate the pattern of consumption of yogurt and buttermilk (in
some instances other fermented milk products are included) in some of the IDF
member countries. It is evident that Finland and the Scandinavian countries have
the highest per capita consumption of fermented milks in the world, followed by most
countries in \Vestern Europe,' Iceland, India and Israel. Thus, if the pattern of
consumption in these countries (see Fig. 1) is considered to be equivalent to the total
production, then in 1984 the production of fermented milks was in the region of 9'5
million tonnes (IDF, 1986). In 1981, the total production of acidophilus milk and
other dairy foods containing Lactobacillus acidophilus in Denmark, Brazil and USSR
was 2, 21 and 198 thousand tonnes respectively (IDF, 1983).
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Table 1.Classification and some examples of fermented milk products
Type of .
fermentation

I. Lactic acid

A. :\lesophilic

Traditional name

Taetmjolk} .
Filmjolk
Lattfil
Lanefil
Mazi,.a lala
Ymer

-:.t·:··.....
"

B. Thermophilic Yogurt

Bulgarian buttermilk
Yakult
Liquid yogurt

C. Therapeutic ACO·yogurt
A-3S fermented milk

Acidophilus milk
AB-fermented milk

AB-,-oSZUrt
Biogarde~ }.

Bloghure> '.

Blfigburt>
l\1il-:\lil E }
Miru·:\l.i.ni ..
Yakult ' ,

II. Yeast-lactic acid

Kefir }Koumiss'
Acidophilus-yeast .
milk

UI. )lould·lactic acid
Viili

IV. :\liscellaneou:5
fermentation

Country.o£
origin

Scandina ria

Kenya
D~nina~k

)lo:5t countries

Bulzaria
Jap'án
Korea

Switzerland
Denmark

lIost countries
Denmark

Denmark

Federal Germany

Japan

Russia

Finland

* )Iarshall (198;).

llicroflora present· .

Lactococcus laai» subsp. lactis, blovar .
diacetylacti8,. Leuconostoc
mesenieroides subsp. cremori8

Laetoeoecue spp .. Leuconostoc spp.
Lact, laetis subsp. cremoris, biovar
..diacetylacti8
Lactobacillus delbrued:ii subsp.
bulqaricus, Streptococcus salitarius
subsp. ihermophilus

L. delbrueckii subsp. bulqaricus
L. casei
L. delbrueckii subsp. bulqaricus or
easei or helxeticu«

Yogurt culture, L. oeidophilus
L. acidophilus, mesophilic lactic acid
bacteria

L. oeidophilus
L. oeidophilus. Bijidobaeterium
bifidum

As above plus yogurt culture

{

Stro salixarius subsp, thermophilus.
L. acidophil us. BJ. bijidum

Stro salivorlus subsp. ihermophilus,
L. oeidophilus .

Bf· bifidum

{
Yogurt culture, Bf. bijidum
L. acidophilue, casêi, B]. bret'e
L. casei

{

Refer to Part Iof this renew articie-
Refer to Part I of this review article-
L. oeidophilus. lactose-fermenting
yeasts . .. ..

Similar to filmjolk, Geotriehum
eandidum

Refer to Part I of this renew
article-

The above production figures do not include countries in the )liddle East and
North Africa where the consumption offermented milks is high, and hence the world
production figures for such products should be estimated to be in excess of9·5 million
tonnes.

Kurmann (1984) analysed the pattern of consumption of fermented milks in the
member countries of the IDF, and noted that the factors which influence production
and consumption include cattle breeding and milk production: countries with high
milk production in the northern xis-a-vis southern hemisphere tend to have
developed the habit of consuming more milk, and there is greater impetus to
manufacture fermented milk products from the surplus milk. The tvpe of diet also
had an effect: consumption of fermented milks is greater among ~ommunities in
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Finland
Sweden
Netherlands
Denmark
Iceland
India
Switzerland
Israel .
Norway
France ,
Federal Germany t------ooyJ'
Austria ,
Czechoslovakia I
Japan I
Belgium I
USSR I
Spain
Luxembourg
South Africa
Ireland
Canada
Italy
UK
Australia
Hungary
Chile
USA
Poland
. Fig. 1. .!nnual consumption of fermented milk products in different countries in 1984. Reproduced

from International Dairy Federation (1986).
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different regions of the world who have adopted mixed diets, as compared with the
exclusively vegetarian (South America, Africa and the Far East where the
consumption of fermented milks is very low) or animal diets which are popular
among nomadic tribes." Although the latter type of diet may include lactic-type
foods, the level of consumption is low, e.g. inhabitants of the polar region and Asiatic·
part of Russia. A decrease in milk and butter consumption among the industrialized
nations oy-er the past two decades has been paralleled by an increase in the
consumption of fermented milks, fresh cheeses and various liquid dairy products.
Other miscellaneous factors that contribute to the trend of inoréasing consumption
of fermented milks may include level of income, availability of an organized
distribution system and diversification in the type of fermented milks sold to the
'consumer.

Finally, it is of interest that none of the great religions of the world forbids the
consumption of fermented milks.

TECHNOLOGY OF l1ANUFACTURE .

Over the past three decades, a wide range of research papers, reviews and text
books has been published on the manufacture of fermented milks. It is beyond the
scope of this publication to review the literature in detail; the following are
recommended for further reading: in English (Eller, 1971; RaSié & Kurmann, 1978,
1983; De, 1980; Kosikowski, 1977; Tamime & Robinson, 1985), in Russian
(Rostrosa, 1973; Kereleva. 1975), in Bulgarian (Nakashev & Petrova, 1977;
Chomakov, 1978), in German (Klupsch, 1984) and in Arabic (Abou-Donia, 1975).

Specifically tailored processes have been developed for the manufacture of the
different types of fermented milks, but in practical terms most schedules of
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manufacture have much in. common.- For this reason, -the technical aspects of
production of the different types of fermented milk will be consideredunder the one

--heading! Le. yogurt, but details of temperatures and duration of incubation merit
individual consideration; the plant and equipment are almost universal

Lactic fermentations
This type of fermented milk is the most popularproduct in the dairy industry.

The starter cultures employed are mainly lactic acid bacteria, and some examples are
given in: Table 1. )Ïost of these products are made using a mix_edstarter culture
(yogurt, ymer, or buttermilk), but in some instances·a single organism is employed
(Bulgarian buttermilk, acidophilus milk and yakult).

".&1esophilic
The term mesophilic fermented milks is used for those products employing

microorganisms whose growth optima range between 20 and 30°C; the well-defined
microflora consists mainly of Laetoeoecue and. Leuconostoc spp.

Cultured buitermille
. A pasteurized fermented skim milk, mainly made in USA and Ireland, and
traditionally the by-product of buttermaking .after churning ripened cream. The
commercial starters may consist of Lact. laetis subsp. lactis, subsp. cremoris, biovar
diacetylactis and Leuc, mesenieroides subsp. eremoris. The leuconostoc is a flavour-
producing starter able to synthesize diacetyl from citrate with CO2 as a by-product.
When the citrate level is depleted, the diacetyl is catabolized to acetoin, and addition
of 0'05-0'10 % Xa citrate to the milk has been recommended by Vedamuthu (1978,
~1985) in order to prevent the conversion phase. Loss of diacetyl concentration in_
buttermilk can. occur if the fermentation exceeds the level of 0'78% lactic acid
(Vedamuthu, 1985). A green flavour in buttermilk is an undesirable characteristic,
and is due to an excessive accumulation of acetaldehyde by the Laetoeoecue spp.:
inclusion of Leuc. mesenteroides subsp. eremotie helps to catabolize it (Marshall,
1984).

J.

Buttermilk
A fermented skim milk or low fat whole milk (1'7% fat) which is preheated and

homogenized (first stage 13·8)IPa, second stage 3'5 J\iIPa).before pasteurization. The
time/temperature employed may vary from 85°C for 30min to 95 °Cfor up to 5 min.
The milk is cooled to 22°C, inoculated with 1% starter culture (Lact, lac tis subsp.
laetis and Leuc. mesenteroides subsp. cremorisï, and at pH 4'6 the coagulum is cooled
to 5°C and packaged (Kosikowski, 1984; Vedamuthu, 1985).The consistency of the
buttermilk is improved by fortification of the skim milk with 1'5-2·0% skim milk
powder, the addition of stabilizer (0'01-0'02 %), and/or the use of specially selected
strains of lactococci that produce capsularslime,

Traditionally, buttermilk used to contain butterflakes, and this can be achieved
by the addition of lyophilized butterflakes at a rate of 0·02% to buttermilk --before
packaging.· -

Fruit flavouring has not been a successful commercial process in the United
States owing to colour changes in the presence of the lactic starter culture, but the
addition of 0'02-0'2 % citric, malic or phosphoric acids can prevent this defect
(Kosikowski, 1984). It is also recommended that the addition ofO'l-O'2 % Na citrate
helps the starter bacteria to produce diacetyl rather than acetaldehyde or acetoin.
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- However, Lundstedt & Corbin (1983) suggested that the fermentation of buttermilk
could be controlled by cooling the product at pH 5·2 to stop the"metabolic _acth-ity
of Laci. lacti« biovar diacelylacli8, or by direct acidification of the product to pH 4·5
with lactic acid. 'The latter approach could not be' considered as a biosynthetic
process, because most of the acid is added, rather than secreted by microorganisms .

.The microbiological quality of raw' milk, especially with regard to Pseudomonas
spp., can affect the flavour of.buttermilk, and a level above 50-100 x 103 cfu ml-I can
cause bitter, unclean and medicinal flavours (\\lllte, 1978). These organisms produce
heat-resistant enzymes able to .reduce diacetyl and produce acetylmethylcarbinol. A
. good flavoured buttermilk contains a diacetyl to acetaldehyde ratio of 4: 1, and hence
a reduction in diacetyl is not desirable (Frank, 1984)..

.The decline in buttermilk consumption in the USA has been off-set by a demand
for the product in the bakery industry, and a long holding time during the heating
of the milk (85°C for 30 min),can achieve the 80% denaturation of the whey proteins
needed to obtain the 'rise' in baked goods (Vedamuthu, 1985).

Ymer
A Danish cultured milk product containing 3·5% fat, and 11% solids-not-fat (

(SNF) including 5-6% protein. The starter' culture consists of Leuc. mesenteroides
subsp. cremoris and Lact. lactis'biovar diacetylactis (Anon. 1969).

Traditionally, the fermented. skim milk (pH 4·6) is cut and warmed indirectly.
This allows syneresis to occur, and 59% of the original volume is removed as whey;
fat is then blended with the product, which is homogenized, cooled and packaged.
This method of production results in' a 50% loss of the whey proteins and calcium.
At present, an ultrafiltration (UF) process is used to produce ymer commercially in
Denmark, and according to Samuelsson & Ulrich (1982), the manufacture stages are
as' follows: warm the milk to 55 °C.and separate the cream; pasteurize the skim milk
at 92 oe for 15 s; 'cool to 55°C and concentrate the milk by UF; standardize with
cream to 3-5% and homogenize (Hl'6 ~IPa) at 65°C; heat the milk to 85 °C for 5 min,
cool to 20-22 °C, add culture and incubate for 20 h; stir coagulum, cool to 5°C, store
for 24 h, stir, package and distribute. " .

Lactofil
A Swedish concentrated cultured milk product similar to ymer, the only evident

differences being that the fat content is 5%, and the culture used is similar to that
for buttermilk and filmjolk.

Filmjolk
A Scandinavian sour milk; the fat content ranges between 0'5 and 3% depending

on the brand, and the starter cultures include the acid producers Lact.Lacti« subsp.
lactis and subsp. cremoris, and the flavour arid aroma producers Lact. lactis biovar
diaeetylactis and Leuc, mesenieroides subsp. cremoris (Anon., 1980; Spetsig, 1983).

Incorporation of air into the milk or the cultured product during production can
give rise to the defects of whey separation, granulation, lumpiness and thin
consistency-; hence de-aeration of the milk is an important stage during processing.
According to Anon. (1980), the filmjolk process line could be described as follows':
heat whole milk to 78 °C, and transfer to de-aeration vessel; separate the milk, and
use part of the cream for in-line standardization of the skim milk; homogenize at
10-20 ~IPa and at a temperature of70 °C; heat the milk to 90-95 °C for 3 min, cool
to 18-20 °C and inoculate with 1-2 % starter culture; break the coagulum a~

Stellenbosch University http://scholar.sun.ac.za



Fermented milks. Il. Technological aspects 287-
.0'8-0'9 % lactic acid after 20 h; cool and package, taking .care that the agitation-

. system does not entrap anyair.

Nordic roPY milks

'.
:.t;>· ',~..

Traditional dairy products in Norway, Sweden and other neighbouring countries."
where herbs are used to ·proc!uce.thickmilk that is slimy and ropy. Traditionally, in
addition to the mesophilic lactic culturesthat are present naturally in milk and are
of unknown composition, the leaves of Pinguicula t"Ulgaris and Drosera spp. are
.added to milk, both plants being known locally as tatgras (thickening grass}; thus,
tátmjólk means ropy or thick milk. Eilbunk is a sour, whole milk which is prepared
to be consumed immediately. No doubt the role of the microflora is important, and
studies carried out -in 1982 on ropy milk made by the traditional process described
by Linne (Alm & Larsson, 1983) resulted in a flavourful product with an apple-like
aroma; a pH of4'4, with a good consistency and no sign of syneresis; shelf-life up
to 3 months at 8 oe; milk sugar reduced by one third, and folic acid content
much higher than for other. fermented milk products; the total viable count was
3'5 x 108 cfu g-l, and that of the aroma-producing bacteria was about 1'1 x 1,07cfu
-1g . .
The increase of folic acid ,content in the Xordic ropy milk is mainly attributed to

the starter culture activity rather than the presence oftatgras in the milk. Alm (1982)
has studied the effect of fermentation on vitamin B content of milk and fermented
milk products in Sweden, including ropy milk without the addition of tatgras. This
last product was manufactured by Alm (1982) from cows' milk (3% fat, w/v) which
was heated to 90 oe for 30 min, cooled, inoculated with a mixed culture of Lact. laciis
'biovar longi' and Leuc. mesenieroides subsp. cremoris and incubated at 17-18 oe for
20-:-22h (pH range .4·~·6). The reported increase in the folic acid content of this
type of ropy milk was more than twofold after one day's' fermentation=Similar
increases in the level of folic acid content of other fermented milks has been reported
by different researchers in many parts of the world (see AIm, 1982).

Thermophilic
Thermophilic fermented n{ilks are those products which consist mainly of lactic

acid bacteria with an optimum temperature range of 37-45 oe, and the defined
microflora consist of Lactobacillus spp. and Streptococcus spp.

Yogurt
A fermented milk product that has been developed over thousands of years

around the Mediterranean basin, the Middle East and India. The product(s) is known
as laban or leben (in Lebanon and most neighbouring countries), lben (in Morocco),
dahi (in India) and zabadi (in Egypt). Under rural conditions, it is safe to conclude
that the starter culture is a mixed flora containing mesophilic and thermophilic
lactic acid bacteria and lactose-fermenting yeasts plarshall, 1987; Abou-Donia
1984; Benkerroum et al. 1984; Arrizza et al. 1983; Tantaoui-E1araki et'aZ. 1983).
Yogurt, including fruit-flavoured yogurt, which has been developed over the past few
decades in the developed countries, and has been extremely successful in finding
universal acceptance, could be considered similar to laban, leben or zabadi. The only
difference is that the starter culture is of a defined thermophilic microflora, and
consists mainly of Streptococcus saliuarius subsp. thermophilus and L. delbrueckii
subsp. bulqaricus.
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Cows', ~ilk is generally used for the m~nufacture of yogurt, and relevant data

regarding yogurt made from goats', sheep's or buffaloes: milk have been well
documented elsewhere (De, 1980;Kurmann, 1986;KehagiaS et al. 1986, Abrahamsen,
1986; Abrahamsen &: Holmen, 1981; Kehagias, 1986; Rysstad & Abrahamsen,
198ï). ' .

A generalized scheme for the manufacture of yogurt is illustrated in Fig. 2. The
factors that can affect the quality of the product include: .' ,

(1) Preliminary handling 'of the milk. The reception and/ or handling of the milk
, in a factory for the production of fermented milks is discussed elsewhere by Raáié &
Kurmann (19ï8);' Tamime & Robinson (1985).· .' . .', .

(2) Standardization/fortification of the basic mix. The fat content in the
milk varies in relation to the species of mammal and the stage of lactation, and is
adjusted to suit market demands or to comply with existing legal standards. The
methods employed for the standardization of the fat content in milk are removal of
_fat from full cream milk, mixing full cream milk with skim milk, addition of cream
to skim milk and the use of standardizing centrifuges. Fortification of the milk SNF is
synonymous with standardization of the S:NFin the yogurt milk, i.e. lactose, ash and
protein. The protein fraction affects the physical properties (mainly viscosity /
consistency of the coagulum), and an account of the role of protein in yogurt has been
published recently by Robinson & Tamime (1986a).

A SUI'Yeycarried out in Scotland between 1984 and 1985 (Tamime et al. 198ï),
- showed that the chemical composition (%) of yogurt (natural set and/or stirred)
varied in total solids (TS) (12-(}-18'ï), fat (0'6-1'5), protein (4'5-6'4), lactose and
- other 'sugars (6'2-10-0), and ash (1·(}-1·4).

It is suggested that the desired S~"Fcontent in the yogurt could be achieved using
.addition of milk powders (e.g. skim, full cream, whey or caseinates), eoncentraeien
(e.g. by evaporation (EV), t.JFor reverse osmosis (RO», or addition of miscellaneous
products such as soya bean or leaf protein.

The first two methods are widelv used in the dairv industry. and the final choice.. . .. "

is dictated by the availability of the raw materials, or the capital investment
required for the installation of EV, UF or RO equipment. The general' re-
commendation for the fortification of the yogurt milk with dairy powders is at a rate
of 2-4 %; above this level the yogurt has a distinctive powdery taste; and becomes
more expensive to produce. In EV and RO, the basic mix is concentrated to around
14-15 % TS, and for l~ to 12% TS with a view to maintaining the protein content
at 5%. -

Physical properties of the coagulum are primarily dependent on the casein: non-
casein protein ratio. The work of Modler & Kaláb (1983) and Modler et al. (1983)
suggests a ratio of 2'89: 1·0 in yogurt made from skim milk powder, milk protein
concentrate or whey protein concentrated by '(;~; the gel strengths of the coagula
were similar, as were the degrees of syneresis. However, Tamime eral. (1984)
concluded that a ratio of 3'2-3'4: 1'0 produced a good yogurt (using skim milk
powder, EV, RO or CF), while a ratio of 4·62:1'0 in yogurt which was fortified with
Xa caseinate ga\:e a rough. coarse texture. The protein content of these yogurts was
maintained 'between 5'0 and 5·6%. In another study, the degree of syneresis
decreased as the milk solids level was increased from 10 to 30%, owing to changes in
size of the casein particles (large at 10% solids and small at 30% solids) which
formed the chains/cluster of the protein matrix (Harwalkar & Kaláb, 1986).

~lilk powders (e.g. full cream, skim, buttermilk, and whey) are easily
reconstituted in the yogurt milk at refrigeration temperature, or at around 40°C.
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Fig. 2. Flow diagram illustrating the main. stages involved during the. manufacture ofmost
fermented milks

Fermentation

. 1
Breaking of coagulum and cooling

1
Addition of fruit flavours

1
Storage

The main concepts of recombination have been fully documented in previous IDF
Bulletins (IDF: 1979, 1982; Bejgaard, 1986). The wettability of caseinate powders
may pose some problems, but rehydration at higher temperatures and the use of high
speed mixers could minimize .this difficulty. The alternative systems employed for
the fortification of the yogurt milk by the concentration methods (EV, UF and RO)
have been reviewed by Tamime & Robinson (1985).

Filtration of the reconstituted products is ~ recommended procedure for the
removal of undissolved or scorched particles from the milk and to minimize the
deposition of milk solids in the heat exchanger. In addition de-aeration of the basic
mix is sometimes practised in order to provide the appropriate growth conditions for
the starter cultures. . . .

At this stage of processing, other dried ingredients are added to the yogurt milk,
i.e. sugar and stabilizers. The former is added to sweeten, and the recommended level
is governed by consumer acceptability, but levels greater than 1~12 % can reduce
the metabolic activity of the starter culture. Stabilizers, which are hydrophilic in
nature, are added in order to improve the viscosity of the product and to prevent
whey syneresis. Some examples of stabilizers are starch, gelatin, locust bean gum,
guar, agar, alginates, pectin, carrageenan, or combinations of these compounds, and
the recommended level of use is up to 0·3%. Higher levels can increase the
consistency but the flavour of the yogurt would be affected adversely. A
comprehensive list of permitted stabilizers for yogurt has been reported by the Food
and Agriculture Organization (1984). In some instances, syrups and liquid stabilizers
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(e.g. gelatin) are added to yogurt milk after the heat treatment stage, i.e. at
40--45 °C, so that the microbiological quality of these products is critical.

(~) Homogenization. In industrial practice, homogenization of yogurt milk is
carried out at ~'8-19'6lIPa and between 00 and jO oe. Normally the processtakes
plaoe during the upward How of heating of the basic mix. Homogenization .is
efficacious in that it prevents the tendency of. the far to rise to the surface in the
incubation tanks (for stirred yogurt) and in the retail container (for set yogurt); it

-reduces .syneresis due to protein-protein interaction, thus improving the water
holding capacity of the coagulum; it reduces the tendency of the small fat globules
to coalesce, because they are coated with a new membrane component which consists
mainly of casein submicelles ; it improves the light scattering of the product, so that
the yogurt appears whiter in colour; and finally it ensures uniform mixing of any dry
ingredients added to the milk.

Homogenized milk has a tendency to foam because of the increased level of
phospholipids.in the skim phase, and it is strongly recommended that the incubation
tanks should be bottom' filled.

(4) Heat treatment. The application of heat'to yogurt milk is a universal
practice, and the reported time/temperature treatments can be classified as 85 OCt
3~5 min, 90-95 °C/5-10 min, 115 °C/30 s or 149 °C/3'3 s.

Heat-induced changes inmilk constituents described by Tamime & Deeth (1980)
and Tamime & Robinson (1985) include destruction of undesirable organisms in
milk; production of compound(s) which stimulates L. delbrueckii subsp. bulqaricus ;

, production of volatile compounds which may contribute to flavour ; changes in the
ionic status of minerals which help to decrease the coagulation time; and changes in
the physicochemical nature of the nitrogenous components of milk.

The last factor is important and could beconsidered as one of the major changes
in relation to the manufacture of yogurt. Some of the heat treatments of yogurt milk
mentioned above, i.e. 85°C for 3H5 min or 9(}-95oe for' 5-10 min. are sufficient to
denature the whey proteins and induce interactlons between the x-casein,
p-Iactoglob~lin and possibly e-lactalbumin. These interactions are governed by the
milk constituents and the type of milk used. Ramos (1978) reported the changes in
the nitrogenous fractions of cows', goats' and sheep's milks (see Table 2)_

It could be argued that such changes might be applicable also to yogurt milks
which have been fortified by the addition of dairy powders, or by EV, RO or 1..7.
Scanning electron microscopy and transmission electron microscopy are modern
techniques which have been employed to study the microstructure of yogurt; i.e.
casein/whey protein interactions, the formation of chain matrices and the aggregates
or clusters of the casein micelles (see .recent review, Robinson & Tamime, 1986a). The
production of a firm yogurt coagulum in heated milks is probably primarily the result
of interactions between casein and the denatured whey proteins.

Heating of the milk increases the hydrophilic properties of the coagulum and the
stability of the yogurt gel. Labropoulos et al. (1981, 1984) concluded that the
physical properties of yogurt manufactured from milk heated to 82°C for 30 min,
compared with '.~49°C for 3'3 s, were best, and that the latter treatment is suitable
only for the production of drinking yogurt or yogurt with thin consistency or low
curd firmness. Similar observations were reported by Parnell-Clunies et al. (1986a, b)
and Parnell-Clunies & Kakuda (19S6) for whole milk heated at 85°C for 1()--.40min
(vat process), at 98 oe for 0'0-1'8; min (high temperature short time - HTST) and at
140°C for 2-8 s (ultra high temperature - t:HT) for the manufacture of yogurt.
However, they concluded that: (a) yogurt firmness and viscosity was increased with

(
'.
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, Table 2. Cha1}ges (%) in the nitroqenous fractions of milk from different animal
.species after heating at 80 oe for 10 min

Casein cow
Xon·casein X ~ goat
Soluble protein -~~:~ ,_goat
P-Lactoglobulin cow
Xon-protein X goat

~..,.
' ..

< goat
< cow
< cOw
< sheep
< ,sheep

After Ramos (1978).

< sheep
< . sheep
< sheep

. . .

Table 3. Jlilk processing for the manufacture of yogurt
Labropoulos et al,
(1981. 1984)

Raw whole milk
!

Prewarmina at 60 ac
! -

Homogenize
!

Heat treatment (see text)
!

Cooling to 43 ~C.inoculate with
3% separate culture of
Lactobacillus delbrueckii subsp.
bulqaricus and Streptococcus
salicarius subsp. thermophilus
!

Incubate at 43 ac for 4-5 h
!

Cool and store at 4 "C for 12--48 h

Pamell-Clunies et al.
(1986a, b)

Raw whole milk
!

Heat treatment (see text)
!

Pre cool to 50 ac
!

Homogenize at (105 kg/em:) 10-3
:\IPa
!

Cool to 45 ac and inoculate with
3% starter culture
!

Package (200-700 ml)
!

Incubate at 42--44 ac until pH
4'6±0'05
! '

Cool and store at 5 ac for 42 d

Schmidt et al.
(1985)

First dav
S;parat~ whole milk at 37 ac
!

Fortify skim milk with 3% skim
milk powder
!

Warm to 49 ac and homogenize at
17,24 ::\IPa (first stage) and 6,9
i\IPa (second stage)
!

Cool to 4°C and store for 14 h

Second day
Heat treatment (see text)
!

Cool to 42 ac
!

Package (300 m1) arid Inoculate
0-5% (v/v) with each of Stro .
8alivariu.s subsp. thermophilus and
L. delbrued:ii subsp. lndgaricus '
!

Incubate at 4Q'oCto pH 4'3
! .

Cool in ice bath
, !

Store for 1 week at 4 ac

the'vat process v. HTST and UHT treatments, but the highest water holding
capacity of the coagulum was observed with the HTST process followedby the UHT
and vat treatments ; (b) although structural changes ofthe yogurt, coagulum are
induced by heat, other parameters, i.e. hydrophobicity, denaturatiori of individual
whey proteins rather than total denaturation and .changes in disulphide and
sulphydryl groups should not be overlooked; (c) yogurt made by the vat process
exhibited syneresis and a grainy texture, and the application of UHT could be
limited by the weak texture of the coagulum; (d) the HTST process, i.e. heating milk
at 98 °CJor 1·87min, represents the best process for industrial production.

Schmidt et al. (1985) prepared yogurt as described in Table 3, and they concluded
that the effects of heating on yogurt texture were that the conventional yogurt
exhibited higher firmness, viscosity and more syneresis that UHT yogurt; improved
firmness and consistency of UHT yogurt was achieved at the longer holding time;
and heating the milk at 138 oe rather than 149oe was not, as reported by
Labropoulos et al. 1981, 198-1),as destructive to the yogurt texture.

The above studies represent the latest investigations on the effect of milk
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processing conditions on the physical properties _of yogurt. The design of these

. experiments is summarized in Table 3. It can be observed that the physical
properties of set yogurt only have been examined. In practice, the coagulum of
stirred yogurt is broken mechanically before cooling and before packaging, but in all
of these 'studies the coagulum of set .yogurt was broken mechanically after
refrigeration, which is contrary to the normal practice; hence, the physical properties
of stirred yogurt, and in particular the thixotropic behaviour of the product, may not

. be similar to those reported by Labropoulos et al. (1981, 1984), Parnell-Clunies et al.
(1986a, b) and Schmidt et al. (1985). The method adopted for the production of
yogurt by the last authors' could be inconvenient for industrial application, because
the production time ~ extended by one day.

The types of process which can be employed for the heat treatment of the yogurt
milk are classified as batch or continuous. In the former type, multi-purpose tanks
are used, and the processing cycle involves heating and holding the milk atthe desired
temperature, cooling the milk to incubation temperature, and cooling of the
coagulum. . .

The continuous process (e.g. plate, tubular or scraped surface heat exchangers) is (
most commonlv used in the industry, and the milk can be heated to anv desired
temperature. The holding section ;f the yogurt processing plant is built as an
external unit so that for a short holding time (3 s) an extended piping system from
the heating section is used; for a medium holding time (up to 10 min) a special spiral .
tubel cell or tubes in zigzag arrangement is used; while for a long holding time (up
to 45 min} water-jacketed or insulated tanks are used.

The above-mentioned heating/holding systems have been discussed by Tamime
&; Robinson (1985). .

(5) Production. Methods' of fermentation, cooling, addition of-fruit flavours and
packaging have not changed dramatically over the past decade. Illustrations (see
Fig. 3) of these systems have been reported by Raéié & Kurmann (1978), Tamime &
Greig (1979), Tamime & -Robinson (1985) and Robinson & Tam.ime (1986b).

Yogurt-_related products
Strained or concentrated yogurt and tabneh products are popular in the :\Iiddle East

and neighbouring countries. The rural method of manufacture consists of straining
natural yogurt using a cloth bag, animal skin or earthenware vessel. The product is
then known as labneh or lebneh (in Lebanon and most Arab countries), tan or than (in
Armenla), tulum (in Turkey) and leben zeer (in Egypt).

Preliminary studies on the effect of using various strains of yogurt starter culture
on the rate of whey drainage were fust reported by Tamime & Robinson (1978), who
conoluded that strains producing hydrocolloidal polysaccharides are not 'suitable
because of the longer time required for the removal of whey. .

Until a few years ago, the factory scale production of labneh was similar to the
traditional process, but this method is slow, cumbersome, and unhygienic and losses
are high. Recently, the traditional practice has been up-dated for creamery scale
operation, a~ new mechanical systems installed. 'With these, the yogurt coagulum
is separated using a modified nozzle separator. Very low fat yogurt is used and cream
is blended later with the concentrated product to the desired level. Dagher &
Ali-Ghariebeh (1985) have produced labneh from heated yogurt by centrifugation for
5 min at different speeds, i.e. 4080, 7970 or 11'700g respectively. Organoleptically all
these labnehs were similar to the control (cloth bag) samples. The same authors have
used H20! and K sorbate to prolong the shelf life of the product, but these additives
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Modern process . Tradirional process
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...

Wholemilk or skim milk

1 .-r _-

.

Heat treatment at
95°C for 60 minl .
Homogenize at

145 kPa

!
Cool to 37°C
and inoculate
(DVI culture)

Whole milk

1
Heat treatment at
95 "c for 60 min. .l
Cool to 37 ~Cand
hold for 3-4 h

!
.Heat to 95°C
for 10-15 min

!
Cool to 37 ~Cand

inoculate
(2-5% or bulk starter)

l
Incubate for up to 24 h

to 1% lactic acid
Incubate to 0·6-0·7%

lactic acid

Cool to 5°C,
Package

. l
Store at 5 °c

After Chandan (1982), Robinson & Tarnlrne (1981)
DVI, dlrect-ro-vat-lnoculatlcn.

Fig. 3. Two alternative methods for the production of acidophilus milk .

,
are not acceptable in certaincountries, The production of labneh using a separator
has been reported also by Salji et al. (1983) in Saudi ...Arabia. In another process
(Kharrazi, 1984) for the production of labneh, yogurt is blended with brine (3-12 %
salt) and the mixture concentrated using a centrifugal separator.

lJF methods have been used for the production of labneh, and two different
systems have been reported. In the first the milk is concentrated by Uf' to the desired
TS before heat treatment and fermentation (Abd El-Salam & El-Alamy, 1982;
Veinoglou et al. 1978; Ibrahim, 1979), while the other system involves concentrating
the warm yogurt by lJF. The latter approach is similar to the production of quarg,
and currently this method of processing is under review at the "Nest of Scotland
Agricultural College.

Although there are no exact data for the production of labneh in the Middle East,
the reported annual production of this product inSaudi Arabia in 1982-3 was around
7 thousand tonnes (Salji et al. 1987a, b), and it is also produced in many other parts
of the world including the United Kingdom. Table 4 shows the chemical composition
of these products .
. Chakka and shirkhand. This is Indian-type fermented milk and the former

product is similar in composition to labneh (Table 4). The only evident difference is
that chakka is manufactured from skimmed buffalo milk. Different starter cultures
have been employed, i.e., mixed strains of lactic cultures (a) Lact. laetis subsp. lactis,
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Table 4. Chemical composition. (%) oj labneh and other related products
- . . ,

Titratable
Total acidity

Product solids Fat ProteUl ~ctose· Ash %l.a. Reference

Labneh
1. Lebanon
Commercial 22-90 10-SO ~"D ~"D ~"D 1'66}
Commercial 21'78 8'40 xn ~"D ~"D 2-53 TaoUxoe(19i7,1978)
Commercial 21·6i 8·20 ~"D ~"D XD· 2'08
Standard 26·00 10-00

2. Saudi Arabia
Commercialt 2-1'61 8'14 10-43 4'91 l-Oj 1~5}Commercial! 23'44 8'34 9-"- 3'51 1·33 l'S6 Salji tt al. (1983...
Commercial§ ·20-54 6'4.2 9-()Z 2'S6 1-14 1·91 1987(1,6)
Standard 22'00 i-OO

S. 't'oited Kingdom
Experimental 23'i 9-8 8'80 . 3'96 Hl 1·89} TaoUxo8 (19ii, 1978)
Experimental 23·; 10-26 9-00 3'ii 0-6i ~"D
Commercial 22-95' 11~ 5·81 5·10 1-00 1-62} TaoUxoe (unpublished data)
Commercial 20-39 9-SO 5·62 3'31 1'96 1'44

4. Greece (
'.

Experimental ~"D 9-50 8·50 ~"D ~"D ~"D} YeUl<?gloud al. (1973)Commercial 22·40 10-iO' 8·24 xn ~"D 1·i3
Chak.ka Patel & Abd EloSalam (1986)
India 23·00 trace 14 3'25 1-08 2'2 Patel & Chakrabony (1985)

Sk)T
Iceland
Traditional 20-79 0-37 15·83 3·63 0-96 2·i2 TaoUxoe (unpublished data)
Commercial 17·49 0-22 12·65 3'S5 O-ji . 1·86

Labneh &Dbaris
1. United KÏ1~gdom 31·18 4';8' 18·60 6'95 1-25 :yn TaoUxoe & Crawford (1984)
2. Israel 46'48 20-00 ·li·6i 3'98 .4·S3· 3'42 Rosenthal tI al. (1980)

• lo some instances % lactose was calculated by di1ference; t mean average of commercial pl&DUinCentral
province:! mean average of commercial plants inWestem province; § mean average of commercial plants in
remaining three provinces; ~"D not determined; - not specified.

I.

biovar diacetylactis and Leuc. mesenieroides subsp. cremoris in a ratio of 1 :1 :1, (b)
Lact. laetis subsp. laetis and cremoris, (c) Stro solivarius subsp. thermophilus and
L. delbrueckii subsp. bulqaricus in a ratio of 1: 1, and (d) Lact, laetis subsp. laetis and
biovar diacetYlactis. This last mixed culture, e.g. LF-40, has been accepted as the
most suitable by many shirkhand manufacturers in India (Patel & Abd El-Salam,
1986). After fermentation the product is concentrated using a basket centrifuge at
900 g for 90 min. Shirkhand is produced by blending chakka with cream, sugar and
cardamom, and its chemical composition (%) is as follows: TS 5i-60, fat 5-6, protein
6·5-7'0, sucrose 4{)-43, reducing sugar 1'6--1-7,ash 0'49-0'55 and titratabie acidity
1·05-1·10 (Patel & Abd EI-Salam, 1986).

Experiments on the use of mutant strains of Lact. laetis biovar diacetylactis
(parent S, and mutants S-95 and PlI) for the manufacture of chakka have been
reported by 'Khanna. et al. (1982), which showed that the mutant strain PlI was rated
best by the panel of judges when grown in cows', buffaloes' or reconstituted
milks .
. Skyr. An Icelandic concentrated, fermented milk product which is manufactured

from skim milk. The chemical composition of traditional and commercial skyr is
illustrated in Tabie 4, and the protein content of the former product is around 16%.
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Methods of production are similar to labneh (i.e. traditional using the cloth bag, and ....

. commercial using the nozzle separator). .
The microflora of skyr consists of thermophilic lactic acid'bacterie (Str. salivarius· -

subsp. thermophilus, L. delbrueckii subsp. bulqaricus, L.jugurti and L. helveticus) and
lactose-fermenting yeasts (Pétursso_n·~-1949);-during the fermentation of skim milk,
some coagulant is added with starter culture. The fermented milk, before··
concentration, is called petti, which has the same origin as theXorwegian word,
taette.. . ... . . ... .

Post-fermentation heat treatment of skyr is widely practised in Iceland, and da·ta
regarding the effect of seasonal variation on the compositional quality of skyr are
well documented by Ragnarsson et al. (1983) and Reykdal et al. (1985). Icelandic skyr
is now flavoured with strawberry or bilberry, and in some instances cream is blended
with concentrated product. .

Labneh anbaris. A cheese-like product which has twice the level of milk solids of
labneh and is preserved in olive oil. Similar products are produced in rural areas in
the lIidclle East from goats', ewes' and cows' milk. The product, which was evaluated
by Tamime & Crawford (1984), was made from low fat milk, and the data for fat·
reported in Table 4 do not include olive oil in the analysis. A typical product should
contain around 20% fat (Rosenthal et al. 1980); however, the authors should have
named this product as labneh anbaris rather than labneh (see the difference in
composition - Table 4).

Bulgarian buttermilk/ SOUT .milk or yogurt. A fermented milk popular only in
Bulgaria, where L. delbrueckii subsp. bulqaricus starter is used alone (Marshall, 1984)
in contrast to cultured buttermilks which employ mesophilic starters, but Bulgarian
buttermilk has a sharp and clean flavour reminiscent of yogurt. Pasteurized whole
milk is used and the incubation is carried out overnight at 40-42 ~Cto the desired.
level of acidity. In some instances Stro salicarius subsp. ihermophilus is also included .
in the starter culture (Gyosheva, 1982, 1985; Gyosheva & Rusev, 1979). The volatile
compounds . (ppm) associated with the flavour of Bulgarian buttermilk are
acetaldehyde (31'27-76'47), ethanol (21'20-75'00), acetone (2.4'13-58'28), 2-butanone
(0'87-7'19), diacetyl (0'74-3'05) and ethylacetate (0-1'46) (Gyosheva, 1982).

In the USA, Bulgarian buttermilk is manufactured by mixing, at the time of
breaking the curd, cultured buttermilk and milk fermented with L. delbrueckii subsp.
bulqaricus in the ratio of 110 kg/2'4 kg respectively planus, 1979).

Dried yogurt products. Prepared in the Middle East by different methods. Kishk,
for example, is a blend of yogurt or other related products (laban khad and/or laban
zeer) and parboiled cracked wheat known in the region 8:~burghol. The mixture is
boiled, and the concentrated blend is shaped into 'rolls' of to cm in diam., then dried
in the sun. The dried product is non-hygroscopic and has 8: shelf-life of up to 2-3
years; in Lebanon and Syria, the dried product is pulverized. Data regarding the
compositional and microbiological quality are reviewed by .,,\bau-Donia (1984). For
consumption kishk is reconstituted in water, simmered gently over a fire and is
normally consumed with bread. The consistency of this product is similar to
porridge ..

Modeer or oggtt, a similar product to kishk (without the added cereal), is made
by the desert dwellers of Saudi Arabia from goats' and ewes' milk. The dried product
is reconstituted in water and drunk like yogurt, or heated and eaten as a soup; it may
also be consumed dry like a biscuit with dates. Research work to Improve the quality
of oggtt, which was manufactured from fresh milk or reconstituted milk powder, has
been reported by Al-Mohizea et al. (1985) and Al-Ruqaie et al. (1987). The nutritional
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quality of laboratory prepared madeer from cows' milk which was allowed to ferment
at ambient temperature without the addition of a starter culture indicated significant
amounts of mineral salts and other vitamins (Sawaya et al. 19B-!) .
. Dried yogurt is available on the market in the rK, but limited data are available
on the process of manufacture. A typical chemical composition i%) of a semi-instant,
low fat, dried yogurt is as follows: moisture 4, fat 4, protein 33, lactose 37, ash 7.and
.organic milk salts .11(Anon. 1983a). The product is utilized in other food industries,
including manufacture of baby food. The latter outlet, in the t-x. was valued at £3·5
millionin 1982 (Anon. 1983b). '. . . .

Recent derelopmenis in yogurt manufacture
. Several technological improvements have taken place recently in the industry.

Post fermentation heat. treatment. This process aims to extend the shelf life of
yogurt, as heating the product, for example at pasteurization temperatures, can
destrov the starter bacteria and also contaminants such as yeasts and moulds.
Inacti~-ation of the yogurt miereflora in the product may not b~ permitted in some
. countries, e.g. France. However, heating yogurt in its container to 58°C for 5 min is
sufficient to inhibit the activity of the yogurt bacteria. This process is known as heat
shock (Driessen, 1984). Recently Waes (198;) evaluated this treatment for set yogurt
and observed the total elimination of yeasts and that L. delbrueckii subsp. bulqaricue
was more sensith-e than Stro salivarills subsp. thermopbilu« to heat. He also noted
that strain selection of lactobacilli is important if the viable count required after heat
shock was to be above 103cfu ml-lo To obtain these results the acidity of the product
should be - pH 4·6. .

In some experimental" work. on heat shock yogurt (Driessen 1984), the product
had. been prepared in glass bottles rather. than thermoformed plastics. Although the' .
latt-er material is widely used, its industrial application for heat shock treatment is
questionable. According to a survey in the Lh., the reported level of styrene in
yogurt ranged from < 1-200 pg/kg ()linistry of Agriculture, Fisheries and Food,
1983). The application of heat to yogurt in plastic containers could increase the level
of styrene in the product, which JIlay be undesirable to the consumer. Further
research work is required in this area to determine the level cf this substance.

Tampering urith. packaging. There has been increasing evidence of tampering with
processed food sold in retail chain stores in Europe and North America. However, in
the USA, Herner (198ï) reported on consumer reactions towards 'tamper evident'
packaging of cultured dairy products, and the demand that manufacturers guarantee
the safety of their products. The most popular methods used for I tamper proofing'
are the shrink film overwrap, shrink bands and heat ectivated lids, and it is likely
that similar approaches to protect the consumer will be adopted in the future on this
side of the Atlantic.

Nett: products. In 1986 the value of the yogurt marketin the UK. was estimated
at £240 million (Anon. 198ïa) which represents a market growth of 18%, and the
projected figure for 198; is £281 million. Ultimately, product development ensures
the broadening of consumer appeal by the marketing of new yogurt products, such
as yogurt with added cream, yogurt free from additives such as artificial colours,
stabilizers and sugar, yogurt mousse and/or lightly whipped yogurt which is a blend
of yogurt, cream, and fruit purée, and the use of fructose in fruit-flavoured
preparations; aspartarn as a sweetener in dietetic yogurt has also been developed.

(
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.Therapeutic products .
These have been manufactured commercially in Europe, and are becoining .

popular with the health-conscious consumer. The organisms employed are thermo-
philic in nature, and the microfloraused are thë types isolated from the intestine of
newly born babies, i.e. Bifidobaaeriusn spp., or those that can become established in
the gut i.e. L. acidophilus. - -

Bioghurt®, Biogardef) and Bifighurt®
These are cultures which can be incorporated into fermented foodstuffs fo~the

production of cultured milks. The basic proeedure .ofmanufacture is shown in Fig. 2.
_The first stage is the propagation of the bulk starter. According to Rasié & Kurmann
(1983), reconstituted skim milk powder at 11% TS is a convenient medium for

- starter propagation, and for strains which are difficult to culture 0'5% yeast extract
may be included. The use of bulk starters rather than direct-to-vat inoculation (Dv'l)
is recommended as a means both of reducing production time and of ensuring high
numbers of viable cells in the end products. One of the problems with these products
is that bifidobacteria are not competitive in the presence of other microorganisms,
and even L. oeidophilus is fastidious in its growth requirements. For this reason, the
production of the bulk starter must take place under aseptic conditions (Tamime,
1981;Tamime & Robinson, 1985), with the constituent microorganisms being grown
initially as monocultures (Sohuler-Malyoth et al. 1968). The last authors proposed the
following scheme for the production of a cultured milk containing bifidobacteria:
monocultures of Stro salivarius subsp. thermophilus, Bf. bifidum and L. acidophilus
were incubated for 7,4 and 24 h respectively, all at 42°C. A bulk starter containing
-the three cultures (ratio 1:1:1)was incubated for 4 h at 42°C, then added to the milk
and incubated for 3 h at 42°C. -

The relatively rapid fermentation time is a -reflection of the high rate of inoculum
required, i.e. 10-20 %, in order to ensure that sufficient bifidobacteria are transferred;
the end-product should contain 10el08 cfu ml-lof Bf, bifidum (Schuler-Malyoth et
~l.1968), and the increase during incubation is-unlikely to exceed two log cycles.The
:finalpH of the retail product must be above 4'6, because otherwise L. acidophilus,
and more especially Bf. bifidum, will quickly decline in numbers. This requirement
means that incubation must be terminated at pH 4'9-5'0 to allow for further
acidification during cooling and packaging.

The precise figures for pH will, of course, .depend on the strains involved, and
certainly some isolates of Bf. bifidum show -remarkable tolerance even of pH 4·0
_(Rasié & Kurmann, 1983).However, it is probable that the commercial strains are
far less acid-resistant, and assuming that a therapeutic minimum of 105cfuml'? in
a daily portion of 100g should be present at the end of 14 d storage, then
maintenance of a high pH becomes essential. Careful control of times and
temperatures is therefore critical, but it is fortunate that the post-production
characteristics of the Bioghurt® and Biogarde® cultures are different from those of
a typical yogurt starter. Thus, while the production of lactic acid continues, albeit
slowly, through the storage life of yogurt, in Bioghurt'", Biogardeê and Bifighurt!l
products the change in acidity is negligible at 2-4 oe (Klupsch, 1983). Consequently,
there is no reason why these products should not retain their essential microflora for
the duration of the expected shelf life.

Although the use of laboratory-grown cultures does offer certain advantages, in
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other fields the use of commercially available starter cultures has become common
practice. In the present context these latter cultures would be employed for the
preparation of the bulk starter, and the sterile milk could be inoculated either with
the individual species, or with a preblended mixture. The choice of on~ approach as
against another is probably a matter of company.policy, but the deep-frozen starter
concentrates containing Stro salicarius subsp. thermophilus and L. acidophilus (with
or without Bf. bijidurn) provide excellent inocula for starter tanks. '

The provision of starters as individual species does offer the potential user rather'
mor,e flexibility in respect of the final ratio between the organisms, as well as perhaps
epening the way to more exact control over the total numbers of bacteria in the retail
product. Whether these reasons are important to the manufacturer will 'probably
depend on the nature of the end product, but it has been reported that excessive
numbers of bifidobacteria can impart a vinegar taint to fermented milks (Hansen,
1985). 'I'he use of single species may also render the cultures more amenable for DVI
and this application is certainly intended for the so-called AB-cultures (see later).

The market growth of Biogarde+ (Almhof brand) in Europe has been developing
successfully over the past few years. In ~983 the annual production was 500 tonnes, (
and the figure soared to 7000 tonnes in 1986 (Anon. 1987b).
. Marshall et al. (1982) have successfully grown B]. bifid-urn, adolesceniis, infantis
and longum in ultrafiltered skim milk and in Cheddar cheese whey which had been
concentrated x 2 and x 8 respectively. The viable counts of these bifidobacteria in
fermented milks stored at 4°C for 21 d ranged between <: 103 and> lOS cfu ml-lo

Acidophilu« milk
This invariablv includes viable strains of L. acidophilus, and the activitv of this

species has .now b~ezi linked with the establishment of a normal gut flora in patients
who have received antibiotic therapy (Xahaisi, ,1986), the alleviation of habitual
constipation (Graf, 1983), and reduction in levels of serum blood cholesterol in rats
(Sinha et al. 1979).

The last two claims, as with suggestions of anti-tumour activity (Shahani, 198~),
require much further investigation, but the in vivo competitive ability of
L. ooidophilus against potential pathogens is widely accepted (Sandine et al. 19ï2;
Speck, 1976).

The reaction of the consumer to such claims has, even in the health-conscious
United States, been rather less than enthusiastic, but acidophilus milk has found a
limited niche in the market place. _-\.5 a consequence, the dairy industry has sought
ways of streamlining the traditional method of production, and a comparison of the
original system and its modern variant is shown in Fig. 3.

Further reductions in the process' time have been hindered by the fact that
L. oeidophilus grows only slowly in milk, and this milk has to be virtually sterile to
avoid the proliferation of undesirable contaminants. Although a tJIlT process of
145°C for 2-3 s could achieve this state (Chandan, 1982), few dairy plants have this
facility available. A prolonged heating and cooling cycle is therefore the accepted
solution. ~o relating to the extended fermentation time, it is essential that the
strain employed is capable of survivel/Implentation in the human intestine, and such
biotypes are notoriously slow-growing. An overnight incubation of 12-16 happears
to offer the best solution, with an appropriate back-up system to .monitor
automatically the pH and initiate cooling at a preset level of acidity.

This latter point is critical, because to exhibit any of the expected thera-
peutic properties, the retail product must contain at least 500 x 108 cfu ml-lof
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L. oeidophilus at the time of consumption (Speck, 1976). Survival at- this level is
directly dependent on the overall acidity of the milk, -and if the acidity is allowed to -
rise above 0:-~..(i·7% lactic acid, the viability" of the cells will decline in a matter of .
days. Given adequate control over pH, then the required population level should be
maintained for 14-21 d, but the extent of anv success in this direction mav.well be
influe~ced by the efficiency of refrigeration ~oiïditions- of the retail cha~. Partly to .
overcome the risk of reduction in viable cells, and partly to avoid the rather sour
. taste of traditional acidophilus milk, manufacturers have sought other ways of
bringing products containing viable organisms to the consumer. .

The most straightforward development has involved the preparation of a cell
concentrate by centrifugation, followed by the addition of the cell mass to
pasteurized market milk. This direct incorporation. allows the manufacturer to
adjust the cell count to an agreed figure, and because little acid development occurs
under refrigerated storage the flavour is little different from that of normal milk. This
sweet acidophilus milk has achieved considerable popularity in the USA, but in
Europe the twin aims of stable cell numbers and improved flavour tend to have been
pursued mainly by employing mixed inocula of L. oeidophilus and other suitable
species. The production of acidophilus yogurt is one obvious proposal that has been
examined (Gilliland & Speck, 1977; Hull et al. 1984; Robinson, 1987), and provided
that the cultures are carefully selected and the acidity is closely monitored, survival
of L. aaidophilus for at least 14 d seems to be assured. However, although this
product meets the criterion of improved flavour; cell viability could still prove a
problem in commercial practice. .

An alternative has been to use Bj. bifidum as one of the inoculated species, a move
of especial interest in light of the alleged therapeutic properties ascribed to this
organism (Rasié & Kurmann, 1983)~ ..

Cztltura-AB
A sour milk product that, in terms of consistency and flavour, resembles natural

yogurt. The base is milk enriched to give a protein content of 3·8-3·9 %, and then
heat treated in the same manner as yogurt milk. After cooling to 37 -c. the' milk is
inoculated with separate cultures of L. oeidophilus and Bf. bifidum. If deep-frozen
DYI cultures are used, then the inoculum rate is 250 g of L. acidophilus culture and
100 g of BJ. bifidum culture/l000 Imilk. This slight imbalance ensures that the
bifidobacteria do not become too dominant, for at the end of fermentation it is
expected that the cell counts will be 2-4 x 108 cfu ml-1 and 1-2 x 108 cfu ml:" for
L. acidophilus and Bf. bifidum. respectively (Anon. 1985).

The actual fermentation is a distinct contrast to that employing Bioghurt~,
Biogarde ê and Bifighurt'ê cultures, for Cultura is developed over a period of 16 h, and
up to 18 h if lyophilized DYI cultures are used. Presumably the activity of Stro
salicarius subsp. thermophilus is beneficial in accelerating acid development in the
former products, but the pH of Cultura is allowed to fall to 4'1-4·2. At this level of
acidity, the cleath rate of the constituent bacteria is extremely high, but even so it

.. is reported that 'therapeutic minimum' counts are still present after 21 d at 7°C
(Anon. 1985).

Although Cultura can be produced in the form of a drink, it is basically a yogurt
with a rather special microflora. The production plant requirements are therefore
similar, but it is important that the incubation time is much extended. This means
that, as with the long-set system for yogurt, the demands in terms of plant hygiene
are comparably more strict.
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Yakult
.A therapeutic fermentedmilk product originating from Japan and with ahigh

consumption rate there. It is also produced and distributed in the Far East and
.Xorth and South -.t.\merica (AIion: 1986). .. _

In 1984 130 tonnes of yakult and-_~§2 tonnes of total lactic beverages were
produced in Japan (S. Mitsuhashi, i986, pers. comm.). The therapeutic properties of
yakult are attributed to the high numbers ofL. casei, which appear to behave in the
human gut in a manner similar-to L. acidopbilu« and Bifidobaaerium (Anon. 19;4).
The precise details of the manufacture of yakult and related products are not readily
available outside Japan. However, Table 5 illustrates the chemical composition of
yakult and another .similar product, compared with raw milk. '

Yakult has a thin consistency and, to compensate for the junket-like
characteristic, sucrose is added, presumably to enhance its organoleptic properties .
.The colour of yakult is slightly brown, which indicates that the milk/sugar base has
been subjected to a high temperature before cooling and fermentation. Recently
yakult flavoured with vegetable juices (e.g. tomato, celery, carrot, cabbage or
parsley) 'has been marketed to provide the product with an entirely different I

unage.

Yeast-lactic fermentations
Although many early fermentations were probably contaminated with yeasts,

only in two instances does the growth of yeasts appear to have been consistently
encouraged. Typical examples of such fermented milks are kefir and koumiss, The
presence of yeast results in the production of ethanol and also of CO2which gives an
effervescence characteristic to these products.

Kefir
Usually produced from whole cows' milk; after heat treatment (90-95 oe for 5

min) and homogenization, it is cooled to around 23 oe for the fermentation.
Traditionally, the milk was then inoculated with a batch of so-called kefir grains,
which consist of a complex population of yeasts and lactic acid bacteria embedded
in a semi-solid matrix (Bottazzi & Bianchi, 1980). The precise identity of the
constituent microorganisms has always been somewhat controversial, but the studies
of Kandler & Kunath (1983) and Marshall et al. (1984) tend to suggest that only two
organisms are intimately associated with the grains; these are Candida kefir and
L. kefir (see also Engel et al. 1986).

Low fat kefir (1'5%) has been studied by Gawel & Gromadka (19i8). The milk
was heated to 85-90 oe for 1(}-15min, cooled to 20 ~cand 5% starter (kefir grains).
was used for fermenta.tion over one day with further: ripening at 8-10 oe for another
day. They concluded tha.t the main biochemical changes in kefir occurred during the
first day of fermentation, and that the organoleptic properties of the product were
dependent on the activity of the kefir grains.

~Iultiple stage heat treatment of the milk (i.e. heating to 8i oe, cooling to Ti oe,
re-heating to 87 oe, cooling to Tl oe and holding for 30min) helps to increase firmness,
elasticity and viscosity of the kefir curd, and reduce syneresis (Berzhinskas et al.
19i8). UHT milk with 1 or 3% fat has been used for the manufacture of kefir, and
the product has similar characteristics to kefir made from HTST milk (:Merin&'
Rosenthal, 1986). Korovkina et al. (1978) recommended that fermentation ofmilk at
25 oe improves viscosity and flavour, The fortification of milk (1% fat) with 0·6% Xa
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Table 5. Oompoeitional quality (%) ojyakult and a relatedproduct compared 'with"
- -raw milk - .

Yakult .:\verage in ..
-YaJ..-ult lliru-lliru . raw milk

. Bifidobacterium
bijidum

Lactobacillus BJ. brere
Type of microorganism casei L. acidophilu«
Constituents -

Fat·. 1:1 3·1 - 3'6
Protein 1·2 3·1 3'2
Lactose 1-1 4·5 4'5
Other sugars 14·1 6'1
Ash 0·34- 0-8 or

After S. )litsuhashi, 1986 (pers. comm.).

caseinate is used for the production of a dietetic kefir called osobyi (Bogdanova et al.
1978). .

In the absence of grains typical kefir can be manufactured with a wide range of
lactic acid bacteria plann, 1985)~One advantage of this approach is that it could
allow the process to be handled as a two-stage fermentation, i.e. a lactic acid
fermentation followed by an alcoholic one. Whether or not this division would offer
benefits in.relation to process control has yet to be established, but it would certainly
allow operators to consider the use of DYI cultures rather than the sometimes
temperamental kefir grains.

Koumiss
Produced traditionally from mares' milk, and although thousa~ds of tonnes of .

true koumiss are manufactured annually in the USSR, a substantial volurne is no' ...
based on 'whole cows' milk. or a mixture or skim milk and cheese whey. with or." ... ~
'without added cream CM~nn, 198~). .

The basic process involves a heat treatment of the milk to ..90:-92 °C for around
5 min followed by homogenization if appropriate, and cooling to 26-28 aC. The
inoculum, which may range from H}-30 %, probably consists of a mixture of
L. delbrueckii subsp. bulqaricus, L. oeidophilus and Kluyveromyces laetis (Robinson &
Tamime, 1981), and the length offermentation is adjusted to provide an end-product
with acidity from 0'6 to 1·0% lactic acid and ethanol content of 0'7 to 2'5 %. At the
selected end-point, the coagulum is agitated vigorously to a smooth consistency, and
then packaged.

Recently, Puhan & Gallmann (1980) developed a method for the production of
koumiss from t""F modified cows' milk. The process involves mixing five parts of
whole. cows' milk with eight parts of "LT}' concentrated rennet whey (2: 1), this
modified milk being similar in composition to mares' milk. The processing stages are
similar to yogurt until the inoculation stage. At this point, p-galactosidase is
added together with a yogutt starter culture (1'5%), and at pH 4'4, the coagulum is
cooled.to 20°C. The product is then inoculated with a koumiss yeast culture (4%),
incubated for 6 h in a stir bottle (with crown cork), and cooled to 5°C for storage.
This method of manufacture claims to minimize the separation of the two phases of
milk; however, owing to the build-up of CO;! pressure in the bottle, this type of
koumiss tends to foam on opening.

The addition of Acetobaeter aceti to a koumiss starter .culture containing Lact.
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lactis subsp. lattis, L. delbrueëkii subsp. bulqaricu« and the yeast Torula laetis has
been reported as a new starter culture for koumiss, and is alleged to mimic the
specific aroma of the product made from mares' milk (Shigaeva & Ospanova,
1982). ." , ' .

At present, there are few indications that koumiss is proving acceptable outside
the U,SSR, but the emergence of new brands, including one produced from camels'
milk (Belokobylenko, 1984) suggests that the product could acquire a wider
appeel. .

.Acidophilus-yeast milk
A fore-runner of a yeast-lactic fermented milk product which could be developed

for the European and North American markets. Subramanian.& Shankar (1985)
achieved high numbers of viable cells of L. acidophilu« (6'2-9'8 x loa cfu ml-I) in the
presence of lactose-fermenting Saccharomyces fragilis or Candida pseudotropicalis.

The milk is heated to 90 oe for 20 min, and coagulation achieved in < 20 hat 33
or 37 oe. The consistency of the coagulum is improved by fortification of the milk
with 1'5% skim milk powder and 0'5% agar. The latter compound prevents the
break-up of the curd caused by the production of CO2,

The packaging of yeast-lactic fermented products in hermetically sealed
laminated paper board cartons or plastic containers may pose' the problem of
consumer rejection of swollen packages due tó a build-up of pressure as a result of
CO2 formation inside the container; recently a breathing membrane which allows
CO2 to escape has been developed in Switzerland (Fliickiger, 1986).

Mould-lactic fermentation

Viili
A cWtured milk product from Finland. The two different types of villi are the

natural or plain-flavoured viili (3'9% fat), also ket·ytl:iili (2'5 % fat) and the
sweetened and fruit-flavoured: marjaviili (...ánon. 1982). . .

The standardized milk (3'9 or 2:0% fat) is heated to 85--90oe without
homogenization, cooled to 20 oe, inoculated with the starter culture, packed into
cups, incubated at 18-20 oe until thë acidity is 0·9% lactic acid and finally cooled,
During the incubation period, the fat rises to the surface where the mould Geotrichum
candidum grows to form a velvet-like layer on the product (see also Merilainen,
1984).

The introduction in the early 1980s of marjaviili, which has a layer of fruit in the
bottom of the cup, has increased consumption' of this type of fermented milk in
Finland by 10%, and the annual total consumption of viili is 61 per capita
plerilainen, 1985).

:Miscellaneous fermentations
Numerous rural processing methods have been used by man for the manufacture

of different fermented foods in the developing countries (for a review of these
indigenous foods see Steinkraus, 1983). The products, which could be of potential
interest in expandlng the fermented milks market in the de vreloping countries, are.
mainly formulated using mammalian milk plus non-animal protein products. This
approach is attractive in countries where there is shortage of milk. Some published
data on the use of soyabean flour, peanut flour or leaf protein in the yogurt industry
have been reported by Robinson & Tamime (1986a); however, further trials must be
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carried out in order to improve the acceptability of such proteins; Recently, gata
(coconut milk) has been used in the Philippines for the production of yogurt (Sanchez
& Rasco, 1984). The recommended formulation is coconut milk blended with
reconstituted skim milk powder in a ratio of 50:50, heating to 85 -c for 20min':~
cooling to 42 ~C, inoculation with 1'5% Stro saliuarius subsp. ihermophilus and
incubation for 30 min before the addition of 1'5% of L. delbrueckii subsp, bulgaricus;
fermentation takes place in the container to the desired pH (4'5-4';), with final
cooling and storage. The same authors concluded that the consistency of the product
is improved. by addition of extra' skim milk powder to the- basic' mix and 12%

. .

sugar.

lIETHODS OF ST..!.RTER CULT""C"REPROD"C"CTION'

The distinctive features of the various products discussed above are derived in
large measure from the metabolic activity of the specific starter cultures. This.
association means that the correct species, and usually strain of that species, has to
be added to the process mix in an active, viable state, and in sufficient numbers to
complete the desired fermentation within a' set process period. 'Yhere a pre-:
determined mixture of species is required, then the numerical balance between the
organisms must also be achieved. Some of the methods employed to satisfy these
demands are tabulated here (Table 6).

The final choice of any given system of inoculation will depend on a number of.
factors, such. as the location of the plant in respect of culture suppliers, the
sophistication of any on-site laboratory and, perhaps, the nature of the final product,
but whatever the ultimate selection, the demands of a production facility can usually
be met. Xevertheless,product manufacturers are relying increasingly onspecialists
for the routine supply of cultures. The trend away from in-house· production is
largely because commercially produced starters give more consistent activity than
liquid cultures subject to daily transfers; they also make less demand on specialist
laboratory staff, allow easy rotation of cultures to avoid thabuild-up of phage,
introduce the possibility of change to DVI for the process milk and. lower the risk of
infection by adventitious organisms.

For products with complex and/or ill-defined starter cultures, e.g. koumiss, this
transition may not be possible at present. However, the proposal that kefir can be
made with a precisely defined mixture of species, each added separately to the
process milk, does suggest that even traditional fermentations could be adapted to
incorporate the latest developments in starter technology.

Fl"Tl"RE DEVELOPlIENTS

The manufacture of any fermented food is something of a balance between the
traditional art and modern science, and the production of the various milks described
above is no exception. The relative importance of tradition and technology varies, so
that while yogurt making is now a highly automated process, other procedures are
little, more than scaled-up versions of their cottage origins. The reason for this
disparity liesmainly with differences in consumer demand, for there is little incentive
for investment in a product with comparatively low sales. This same basic pattern
will, no doubt, be followed in the future and hence the extent to which consumers will
adopt new flavours and/or types of product will largely determine the rate and
direction of future developments. It could be argued, however, that economic forces

Stellenbosch University http://scholar.sun.ac.za



304 A. Y. T.:UIThIE ~J) R. K. ROBn"SON

'Table 6. Summary of the alternative forms of starter culture that are emplqyed for the
, manufacture of fermented milks

Physical .tate
of culture

IJquid

Frozen
Short-term
(-40°C)

Long term
(-196°C)

Lyophilized

Facilities required to
produce bulk starter

_ Laboratory to propagate _.,.•.
. steek and mother cultures, .

intermediate and bulk
, atarter vessels (for details

see Tamime. 1931)

Inoculation lerel
into process mix

1-3% (T'/T')
3-3%
10-30%

Example of
application

Yoll\lrt
Kefir
Koumiss

, , ,

Intermediate and bulk starter
vessels'
Bulk starter vessels

or
Inoculation directly into the

, process mix
Bulk starter vessels

or
Inoculation directly into the
process mix

'As above Yogurt

1 can/1.ooo I Yogurt
Acidophilus milk

1 sachet/1ooo 1 Yogurt -
Acidophilus products
witb or without
Bifidobacttrium (

and centralization of the production of fermented milks, and in particular yogurt,
may help re-introduce, forindustrial purposes, the continuous yogurt process which
was developed a few years ago by the collaboration of the Xetherlands Institut-e for
Research in Dairying and Stork-Amsterdam in Holland (see Tamime &: Robinson,
1985).

The growing interest in products with a health-promoting image has encouraged
starter manufacturers to offer a range of cultures, including L. acidophilus and BJ.
bifidum, and to ensure that these cultures have patterns of growth and survival that
satisfy both the manufacturer and the health-conscious consumer. The fact thata
conventional yogurt unit can be employed for production means that, at least
initially, manufacturers of plant and equipment will be under no pressure to design
any specialized items, but the development of multi-stage fermentations, as
proposed for kefir, could necessitate some degree of innovation.

However, if plant manufacturers are able to indulge in a measure of conservatism,
the suppliers of cultures certainly cannot. Already the trend towards DVI cultures
is posing demands for starters of unchanging performance, and future requirements
may prove even more stringent. Inparticular the potential of genetic engineering has
raised the prospect of 'ideal' cultures, and certainly the derivation of mesophilic
strains that are totally phage resistant is a clear possibility (Huggins, 1984). Strains
of lactic acid bacteria with enhanced levels of metabolism in respect of a specific
pathway are also being sought. and technically at least the outlook is encouraging.
This optimism must be balanced, however, by the realization that such cultures
would be employed in food products and, as pointed out by Barach (1985), what
happens to the harmless status of a starter organism once it has been subjected to
genetic engineering 1 To date, the regulatory authorities have not become formally
involved with the clearance of a specific culture, and the resolution of the first test
case will be'watched with interest.
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Freeze-driea
concentrates

starterpern
Their characteristics and potenti~application
to the productton of cheese andyoghurt
R K Hoblnson Department of Food Science. University of Reading

The production of an active
contaminant-free bulk starter is the
corner-stone of any process leading to the
successful manufacture of a fermented
dairy product, and hence it is not
surprising that this area of creamery
operation has long been a source of
concern to the production manager.
Originally this concern would have
prompted an involvement in all stages of
'starter preparation within the creamery,
but in recent years, this pressure has slowly
been reduced, and principally through the
'endeavours of the independent
manufacturers of starter cultures.

Initially, these efforts were limited to the
supply of stock cultures, or perhaps
inocula for the direct preparation of a
mother culture, and although the
introduction of these new cultures was
welcome, the creamery was still left With
the onerous task of building up the volume
to provide the bulk starter. Itwas perhaps
inevitable, therefore, that the dairy
industry and its suppliers began to
speculate about the possibility of cultures
that could be inoculated directly into the
process milk itself, and the results of this
speculation arc outlined in Table I.

Each one of these systems enjoys the
support of its adherents, but it is noticeable
that an increasing number of dairies are
turning to the specialist suppliers of starter
cultures for their needs. Thus, the ever
rising cost of maintaining on-site culture
facilities, together wth the constant risk of
starter failure, has rendered the production
of liquid or similar cultures increasingly
unattractive, but it is the introduction of
'off-the-shelf' concentrated starters that
has really tipped the balance in favour of
the starter manufacturers.

Freeze-dried starter cultures
'The process of freeze-drying

(lyophilization) is widely, employed for the
preservation of biological materials,
particularly in situations where the
inherent characteristlcs of the material
must be maintained unaltered, and it is this
technique that has now been applied with
great success to the preservation of
bacterial cultures (see Figure I.). Sonie
forms are intended merely to replace the
traditional stock-cultures held by a
laboratory, but the freeze-dried
Dairy Industries International

concentrated starters represent a specific
response to the need for cultures that are
suitable for direct inoculation into either' iii)
the bulk starter tank, or alternatively, into
the process milk itself. At first sight, these
two methods of using the cultures appear
similar, but in practice, the situations arc
quite different, and in a number of
important respects: '

i) the milk in a bulk starter tank will
be virtually sterile, and hence the,
starter organisms should be
subject neither to competition
from other bacteria, nor to It would be quite unrealistic, therefore,
infection by phage; the milk for to assume that a thousand gallon vat of
processing into cheese will only be process milk simply req uires a rather larger

inoculum than a hundred gallon starter
pasteuriscd, and may contain both tank, and indeed the success of the direct-
b~cteria and phage partieles;. - to-vat freeze-dried concentrates is an

ii) the comparatively small volumes indication that they represent a new
of medium required for starter concept in starter formulation. For this
production allow for adjustment reason, it is appropriate to consider the
of the chemical composition of the available cultures in relation to their
milk to encourage maximum intended mode of use, for it is pressure
culture activity, whereas the from this source that has, perhaps above
cultures employed fordirect-to-vat anything else, dictated the characteristics
inoculation ha ve to showoptimum of the starters concerned.

Figure 1. An outline of an hypothetical procedure for the production of afreeze-dried
starter culture.

growth and metabolism in milks of
widely differing composition;
the schedule for starter production
is normally more flexible than that
for processing, so that while a
freeze-dried starter for direct-to-
vat usage will be expected to
perform as well as its liquid
counterpart, some degree of
tolerance will be accorded to
'cultures giving rise to a bulk
starter.

Grow selected strain(s).in reconstituted
skim-milk + cryoprotective agents

!
Neutralise and concentrate by
centrifugation

!
Freeze culture rapidly to -30° or below

A process that causes less
stress to the cells involves
continuous 'neutralisation'

-------------- of the growing culture, and
membrane concentration.
(Osborne,1977)!

Dry frozen culture under vacuum to
moisture content 1%

_------------- If grown as single strains,
blend in desired proportions.!-

Pack, under nitrogen, into sachets
capable of being hermetically sealed

!
Store at -20°C or4-7°C (see Table 1).
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Type of CulJure . Comments

Freeze-dried starter concentrates

Heat-treatment of medium
(as exist Ina operation)

1
Cool to Incubation temperature

. 1
Surface 'sterlllze' sachet wltb alcohol

l.
Cut open, and' pour contents Into

starter vessel

1
Agitate to ensure even distribution

of culture

1
Incubate to desired acidity

and it is clear that if this approach is
contrasted with the traditional system'
involving serial inoculations of liquid
cultures, then it represents a most efficient
and inexpensive method of starter
production. The cultures offer the
additional attraction that they can be
stored for 5-6 months at -20°C without loss
of activity, and hence the costly storage
facilities required for the deep-frozen
concentrates are quite unnecessary.

For the -manufacture of Cheddar or
similar cheeses, there are now some fifteen
cultures available containing' mixed
populations of Strtptococcus cremaris
«95%) and Streptococcus laetis (>5%);
and sufficient phage-unrelated strains of
Stro eremoru to provide a S-day rotation.
The fact that these same strains have been
employed for many years in the industry
implies that the finished cheese should be
of a quality identical with that normally
associated with the plant in question, and
this confidence has certainly been justified
in respect of the equivalent yoghurt
cultures. Thus, yoghurt manufacturers
tend to require cultures capable of
producing either a firm, dean-cut
coagulum with a pronounced, aromatic
navour (Set Yoghurt), or a coagulum that
is resistant to agitation and the

D:liry Industries International

The Production of Bulk Starters
The freeze-dried conceritrates intended

for direct inoculation of bulk starter
vessels are' distributed by Chr. Hansen's
Laboratorium A/S, and arc sent through
lhemail in light-weight, aluminium
pouches. Each indivjdual sachel contains
s.ufficient bacteria to inoculate a specific
volume or milk, and in tbccase of Cheddar
or other cheeses, the volumes are' 45
gallons or 220 gallons. The equivalent
cultures for yoghurt arc designated as
meetb~ I-"~!kstarter requirements for 110-
220 gallons, bui large' volumes can, of
.course, be handled simply by employing
more than one sachet.

The procedure for producing a bulk
starter is quite straightforward, and
consists of the following steps:-

Tabl« I. Th« alttrnatIvtforms of starter cultur« that art avallabl«, and somt obstrvatIons
on tlrt mtilrod of utilisation . -' '.

Liquid Cultures

b) Long-term at -196°C Expensive culture storage facilities required;
cg. Marstar Cultures Requirement for bulk starter vessels;*
(Miles Laboratories Ltd) Easy to use;
Redi-set Cultures Low risk of infection;
(Chr. Hansen's An extensive spectrum of phage unrelated strains is available for
Laboratorium A/S). cheese production, but plans for culture rotation can become

complex.

FroUD cultures
a) Short-term at -20

Ito -4()OC
eg. Cheese Starters
(Dairy Cultures Ltd.)

Expensive in terms of laboratory facilities;
Requirement Corbulk starterand intermediate culture vessels;
Dêrnanëlngcn ereamerypersonnel; . ,
High risk oC infection during transfers, cg. bacteria, yeasts
or phage; .

. Culture é:haracteristics liable to change with frequent
sub-culturing.

Requirement for central laboratory within company, but also
available from independent suppliers;
Requirement for rapid and reliable transport service;
Requirement for bulk starter (and perhaps intermediate)
culture vessels;
Low risk ofinfection if bulk starter facilities are well maintained;
Less demanding on creamery personnel;
Improved control of cultures should eliminate undesirable
changes. ..;_;.

*Some cultures, eg. Hansen's OVS Cultures, can be employed
for direct-to-vat inoculation.

·Drled Cultures
a) Freeze-dried

(standard)
eg. Dri-Vac Cultures
(Chr. Hansen's
Laberatorium A/S

b) Freeze-dried
(concentrates)
i) Bulk startee
production

eg. Redi-set Cultures

(Chr. Hansen's
Laboratorium AIS)

'ii) Direct-to- Vat System
eg. ICF Cultures
(Eurozyme)

Eliminate's need for maintenance of stock cultures;
Standard culture characteristics;
Otherwise handled as liquid cultures (see above).

Requirement for domestic deep-freeze (-200C) for
storage; .
Requirement Cor bulk starter vessels;

Low risk oC infection, and rotation of phage unrelated strains
employed in cheese plants;
Easy to use;

Can be employed as direct-to-vat cultures, and have proved
especially useful for small seale production of yOlhurt., but
procedure would be too expensive for large creameries.

Requirement for domestic refrigerator (7"C) for storage;
No requirement for bulk starter vessels;
Low risk of infection;
Rotation of cultures Corcheesemaking on weekly basis;
Estimated cost per tonne of cheese is reported as "comparable to
to the production of a liquid bulk starter" ..

incorporation of Cruit (Stirred Fruit
Yoghurt), and this basic choice can be
accommodated from the cultures on offer,
. The only significant difference,
therefore, between a liquid culture and this
lype of freeze-dried concentrate is that the
bacteria in the latter are in a state of
'suspended animation', while those in the
former are, in terms of their metabolism,
fully active. This contrast means that,
although the viability of the freeze-dried

cultures is excellent and the total number
of bacteria added to the bulk starter milk
may be the same in both cases, the time
required to produce a bulk starter will be
increased. This effect is illustrated in
Figure 2, and assuming that the desired
acidity for a bulk starter for yoghurt is
around 0.85% lactic acid, ie, both
Strtptococcus tlrtrmoplri/us and
Lactob aelllus bulgaricus in -their
logarithmic phase of growth, then a
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traditional bulk starter should reach this
stage in 2Yz-3. ~ours at 42°C, but ~tarter
milk inoculated with a freeze-dried culture
would not reach this level of acidity until4-
41/J hours. This delay is simply
confirmation that the freeze-dried cells
need a longer time to attain optimum
physiological performance, and it must be
emphasised that the activities of the' final
bulk starters will be indistinguishable ...

The extended lag phase apparent in
Figure 2 need not be important in practice,
for little more than a slight modification to
the schedule of starter production will
totally nullify any inconvenience that
could arise from the initial sloth of the
culture. Indeed, once the new 'time-table'
has become operational, the use of freeze-
dried concentrates can greatly simplify the
tedium of bulk starter production, and it is
no surprise that their popularity is
increasing rapidly.

Nevertheless. the creamery is still left
with the demand for expensive bulk starter
tanks, the cost of the starter medium, the
energy costs of heating the medium, and
the need for personnel to monitor the
entire operation, and hence it is only
natural that cheesernakers should have
retained their dream of the 'ultimate
starter', namely an inexpensive, reliable,
'off-the-shelf" culture for direct addition to
the process milk. Whether this dream will
ever become reality remains to be seen, but
there can be little doubt .that the latest
addition to the 'field' offers a real prospect
of success.

Direct-to-Vat Inoculation
The demands made upon a starter

culture employed for direct-to-vat
inoculation are rigorous, in that:
i) it has to be totally reliable;
ii) it has to perform efficiently

irrespective of normal seasonal or
other variations in milk quality;

iii) the quality/Grade of the end-
product must be comparable to
that obtained with the starter
system already in use;

iv) the cost to the cheesernaker must
be no greater, per unit weight of
cheese, than the production of a

. conventional liquid bulk starter, .
and it was against this background that the
special freeze-dried concentrated starters
for direct inoculation were developed. At
present, cultures of this type are marketed
by one company, Eurozyme,: and it is
worth considering how far the restraints
imposed by the manufacture of a hard-
pressed cheese, eg. Cheddar, can be met by
these leF (Inoculurrl pour Cuve de
Fabrication) cultures.

I) Reliability of the Cultures
The reliability of a culture depends, in

the first instance, on the selection of strains
of bacteria that are resistant to freeze-
drying and on choosing the optimum
conditions for the actual freezing and
dryin~ operations, for once this

Dairy Industries International

groundwork has been completed, it should
be possible to produce cultures on a
regular basis with linlevariaticn in their
activity or viability. This latter point can,
of course, be confirmed by the imposition
of an adequate system of quality control,
and a typical specification for an lCF
culture would be:

The working cultures ~re available in
standard sacbets containing IO,20,50 and
100 Units, and the rate of usage depends on
the type of cheese being milde and, to a
lesser extent, on the prOcess/plant in
question. However, in general a hard'
cheese, eg. Cheddar, would be inoculated
at a rate of 4Q-4S units12S0 gallons of milk

Starter organisms. 2 X lO"-IOu colony (Chapman, 1978), while soft cheeses such
forming units (cfu)/g. as Carré de L'Est or Camembert require

rather lower levels, namely 20 units1250
gallons a-nd O.S units12S0 gallons
respectively (Mietton et al, 1978; Vassal et
al, 1978).
Il) Performance durlni Cbeesemaklni .

Activity 1 Unit/g. Three factors are mainly responsible for
.A Unit is the quantity of freeze-dried the phenomenon of poor acid development
culture required to produce ISO m.mols. of during cheesernaking, namely, (a) an over-
lactic acid in skim-milk (10% total solids) ripe or poorly balanced starter, (b)
in 4 hours at 30"C. (Anon, 1981). infection by phage, and (c) low quality
. ·The application of these standards milk containing, perhaps, antibiotic or
ensures that the cheesernaker is always other residues, and any direct-to-vat
working with a culture of known activity, .starter must be able to cope satisfactorily
and hence the problems caused by over- with these pressures. The first problem has,
ripe bulk starters (Pearce &Brice,1973), or of course, been dealt with by the very
starters weakened by phage attack, are nature of the starter, and the essential
eliminated. question is, therefore, whether an ICF.. .
Figure 2. This graph shows the typical development of acidity in reconstituted skim milk
(/6% T.S.) employing (t::.) a liquid cultureand (e) afreeze-dried culture of Streptococcus
thermophilus and Lactobacillus bulgaricus.
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culture can be formulated to accommodate
the vagaries of normal process milk.

In theory at least, the answer must be
amrmative, because the Ireeze-dried
concentrates marketed by Eurozyme are
based on the multiple strain concept
pioneered by Limsowtin ~I al (1977). In
this work, six phage unrelated strains of
SIr. cremorls were assembled into one
culture, along with a low level of Str.Iactls,
and the combination was employed daily
for up to eight months in three different
commercial creameries manufacturing
Cheddar Cheese. It is the translation of this
highly successful concept into a practical
system for the cheesernaker that has now
been achieved by Eurozyme, with the
additional safeguard that two multiple
strain combinations are available to give a
weekly rotation of phage unrelated
cultures, and some recent trials at the
National Institute for Research in
Dairying (NIRD), Reading, have
confirmed this initial optimism.

In the work at the NIRD, two multiple
freeze-dried starters manufactured

t--".,......'--

PlaIt
Units reoulred for Ih~ volume of milk In th«
val. Ih~ inocula lion procedure is
straightforward.
by E~'rozyme (Code No. S IIand S 12)were
each used on eight occasions to make
ëhedd:u cheese. Single herd bulk milk WIJ
used either fresh (mixed evening and
morning milkings) or after storage at 4°C
for 2~ hours or 48 hours, and after
paseeurisaricn (72.S~C/17 sec.), the milk.
WOlS cooled to rennet temperature (32"C)
and poured into the pilot-scale vats (4S
plIons). One sachet of culture (10 Units)
was then added to each vat (see Plate I),
and the cheeses made along the lines
described by Chapman (19711).

The results are shewnjn Table Il and it is
clear that, apart from the slight elevation
of the temperature at renneting. the
process is essentially similar to that
normally employed for the manufacture of
Cheddar cheese. The maximum rennet to
mill time of S~:hours is, of course,longer
than would be expected in the presence of a
traditional starter, but even so, the delay is
within the limits of 'normal practice'.
It is also notable that these new ICF

Iniry Industries International

Table 1. Productian recordsfor tllt manufacturt of Cheddar ~hust employing leF
ctJluru - No. SI J and SJ1- EDchcultur« was ustd on trghl occasions 0IIdwhtr~ a spread
of dat« Is indicated, Iht figurts rtprlStnllht extremes of variation. .

CultureSll Acidity CuitureSI2 AdditY
Time/femperature (% lactic acid) Time/Temperature (% lactic acid)

Ripéning time 2S-30min. 2S-30min. :-
Rennet to cut 40min. 0.10 40min. 0,10
Rennet to
scald (max.) 2h.OSmin.-2h.IOmin. 0.12 2h.OSmin.-2h.1Smin. 0.12
Rennet to whey
drainage (fmish) 3h.3Omin.-4h.00min. 0.2~.22 3h.20min.-3h.SOmin. 0.21-0.23
Rennet to mill Sh.OSmin.-Sh.30min. O.SS-O.60 Sh.OSmin.-Sh.30min. 0.S7-O.62
Inoculation to

0.6~-o.70Press Sh.SSmin.-6h.3OÏnin. 0.66-0.72 Sh.2Smin.-6h.2Omin.
Renneting
temperature 32"C 32"C &

Scald
temperature 39"C 39"C

Based on: Chapman (1981) - unpublished data.
"

,oing to be forced to consider the
implications very seriously,' because it
appe.ars, on present evidence, that the cost
'of the new system will, ptr unit weight of
cheese, be highly competitive.

Nevertheless, the fmal accolade, if
indeed there is to be one, must come from
the industry itself, for unless the cultures
can prove themselves under nonnal
commercial conditions, and over a long
period of time, then creamery managers
will not be tempted from their nonnal
practice. Itwas with this need in mind that,

. earlier this year. Eurozyme invited a'
number of creameries to introduce direct-
to-vat freeze-dried concentrates into their
normal cheese making procedures, and it is
the performance of these starters in a
typical industrial climate that will be
discussed in a second article to be
published later this year. (

cultures are a considerable improvement
on their forebears, and that, in particular:
i) the prolonged lag phase wually

observed during the resuscitation
of freeze-dried cultures bas been
curtailed, and hence the rate of
add production in the vat is
approaching that recorded with a
liquid inoculum (Chapma.n, 1978);

ii) possible synergism between the
constituent strains appears to'
enable the culture to cope with
variations in milk supply;

iii) the preliminary trials have not
indicated any susceptibility to
phage present in the process milk;

iv) although 'we of the ICF cultures
necessitates minor adjwtments to
the cheesemaking process, cg. a
higher temperature at renneting.
the quality of the finished cheese is,
comparable to that produced with'
a conventional bulk starter.

Conclusion
There is no doubt that freere-d ned

cultures provide, in terms of convenience
and reliability, the ideal inoculum for a
bulk starter (Anon, 1980). but whether
similar cultures can be employed for direct
addition to the process milk is still a matter
of some controversy.

The recent trials carried out in tbc UK,
as well as those reported by Mietton et al
(loe, dt) and Vassel ~I al (loe. cit), indicate
that a range of cheeses, including Cheddar,
Carré de l'Est and Camembert, can be
successfully manufactured employin,
freeze-dried concentrated starters, and
furthermore, that the time-consuming and
often extremely demanding, procedure of
starter production can now be reduced to
just one simple operation-cmptyin, the
contents of a sachet into the process milk. If
these conclusions are a fair assessment of
the situation, then the cheese indwtry is
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are shown in Table 1. A typical control
schedule, ie. one involving inoculation of
the milk with a liquid bulk starter, is
included for comparison, and this
association serves to highlight certain
aspects of the process, in that:

starterpart2
'Theiruse as direct-ta-vat starters in:'
the manufacture of Cheddar cheese
R K Robinson Department of Food Science. University ofReadlnq.

THE essential characteristics of a starter
culture employed for the direct-to-vat
inoculation of process milk are that:
i) It has to be totally reliable;
ii) It has to perform efficiently

irrespective of variations in the
quality of the incoming milk;

iii) The quality of finished cheese must be
acceptable to the cheese maker, as
must the cost of the culture per unit
weight of cheese,

and the extent to which the ICF (Inoculum
pour Cuve de Fabrication) or 'Ezal'
cultures marketed by Eurozyme might
meet these requirements has been
discussed in the October issue of this
journal (Robinson, (981). However, the
data presented on that occasion was based
on trials performed in an experimental
dairy, and while the results were most
encouraging, the conditions were clearly
less demanding than would be encountered
in a commercial creamery.

For this reason it was decided to offer
the cultures to two farmhouse cheese-
makers, for if the starters could satisfy the
exacting standards of this type of
operation, then it would provide clear
evidence that this method of direct-to-vat
inoculation represents a truly practical
proposition.

Performance in the Creamery

The principal site for these trials was a
srnatl factorv in Somerset. The normal
intake of this plant is 4,000 gallons of
milk/day, and this supply is used to make
Cheddar cheese in 2 X 2,000 gallon vats
(Wincanton Engineering Ltd.). The
process itself is entirely traditional, except
that the final stage(s) is completed in a
Wincanton Block Former. The finished
blocks are then stored at lOoC for
maturation prior to grading within the
Farmhouse Scheme ..

The practice of employing two vats in
parallel made it an ideal venue for the trial,
in that while one vat was being inoculated
with the usual liquid bulk starter, an ICF
culture could be added to the other. It was
possible, therefore, to monitor the
performance of the ICF cultures under
normal routine conditions, and these
observations occupied an eight-week
period during May and June.

Dairy Industries International

During each week, an ICF culture was
employed on at least two occasions, and in
order to monitor their comparability, two
multiple-strain starters (Code No. S II and
5(2) were used alternately, Thé Ilrst two
',weeks provided, in addition, an oppor-
tunity to standardise certain process
parameters, and the cheesemaking
times/acidities recorded over this period

i) An inoculation rate above that
recommended for Cheddar cheese, ie,

Table I Some making times and acidities recorded during themanu/actureo/CheddarCh~ese
employing thefreeze-dried ICF starters/rom Eurozyme; the control times are typlcalofthose
recorded in thepresence % liquid bulk starter. The standardprocedure provides an indication
of the times that could be anticipated on a typical process day.

Process Control Trial with ICF Cultures Proposed
Standard

_ Process
(ICF

Cultures)

Vat No. (1)

.Culture

Rate of Inoculation
(unitsllOO litres)
Ripening temperature

Ripening time

Rennet to cut

Liquid
bulk
starter SI I

2% 4.9

30°C 32°C

20-30 min 25 min

30min 4Smin

(2) (3) (4)

SI2 S11 SI2 SIl or SI2

5.5
32°C

45 min

SO min

5.5
33°C

SO min

40min

5.5 4.5-5.0
33°C

SO min

3Smin

33-34°C

30min

40min

Rennet to 'heat-en'
(apprax) Ih 00 min SOmin Ih 00 min 45 min SOmin Ih lO min

Rennettoscald(max) Ih40min Ih30min Ih40min Ih2Smin Ih30min IhSOmin'

Rennet to whey
drainage (start) 2h IS min 2h 30 min 2h 4Qmin 2h 25 min 2h 30 min 2h SO min

Rennet to whey
drainage (finish) 3h IS min 3h 30 min 3h 35 min 3h IS min 3h 25 min 3h 30 min

Rennet to mill 4h 30 min 4h SOmin Sh 20 min 4h 45 min 4h 40 min Sh 00 min

Inoculation to press Sh 30 min Sh 45 min 6h 35 min 6h OS min 6h 00 min 6h 00 min

Expected
Acidities
(% lactic

Acidities (% lactic acid) . acid)

at cutting 0.15 0.13 0.13 0.13 0.13 0.12-0.13

at max. scald 0.14 0.14 0.13 0.15 0.13-0.14

at wbey drainage
0.23(finish) 0.36 0.21 0.26 0.31 0.23-0.26

at milling 0.65 0.55 0.64 0.61 0.64 0.56-0.60

Stellenbosch University http://scholar.sun.ac.za



"

Trial with leF Caltures

'(I) , (2) (3) (4)

SIl SI2 sn SI2

5.3 5.3 5.3 5.3

33°C 33°C 33°C 33°C

30min 30min 30min 30min

4Smin 50 min 4Smin 3S min

Ib IS min Ib 20 min Ib IS min IhOS min

.Freeze·dried at.rter concentrate. part 2

5 units/loo I of milk, did not reduce
tbc making time;

Ii)' Elevating the ripening temperature to
33/34°e markedly increased the rate
of resuscitation of the bacteria in tbc
freeze-dried starters, but extend In;
tbc ripening time beyond 30 minutes
bad no demonstratabie effect;

iii) Tbis "encouiageme'nt.' of the starter
towards maximum pbysiological
activity was further enhanced by
stirring tbc vats, Cor at least 25
minutes, after cutting, at 33°C prior to
beating to tbc required scalding
temperature;

Iv) The initial rate of acid pro-
duction was slower witb the ICF '
cultures tban witb tbc active bulk
starter, and this difference was
reflected in longer "rennet to cut"
times; commercial rennets, including
tbc microbial rennet - M.arzyme II-
employed in tbis trial, are sensitive to
small cbanges in acidity. However, the
acidities of the curds at milling were
entirely comparable;

v)' Although the average rennet to mill
time associated witb the ICF cultures
was somewbat longer than the typical
'control', tbc overall process time
(inoculation to press) of 6 bours
would be widely acceptable in
commercial practice.

On the basis of this preliminary work it
was possible to draw-up a tentative
'making schedule' (see Table I), and these
times provided the background against
wbicb the remaining six w~eks of the trial
were planned. Tbc necessary flexibility of
the cheese making process, in tbc light of
variations in mille quality andlor other
conditions, was accommodated in the
normal way, and it became rapidly evident
that the ICF cultures from Eurozyme
could form an effective alternative to tbc
traditional liquid bulle starter. Final
confirmation of this assessment came
when tbc cheeses were preseáted to tbc
Official Grading Scheme at twelve weeks.
Tbus there was, at this time, no discernible
difference at all between cheeses made witb
ICF cultures and those .made witb tbc
normal starter - a clear indication that
multiple.strain starters can produce
excellent cheese, irrespective of whetber
the Inoculum is liquid (Limsowtin et aI,
1977) or in a freeze-dried Corm. Indeed .0
promising was the behaviour of the ICF
cwturcs. tbat a neighbouring producer of
Farmbouse Cbeddar cheese undertook to
cstablish a similar ,programme of
comparative assessments.

Tbc performance of the ICF starters
during tbls seeend trial was, in aU essential
respects, similar to that recorded during
tbc final six weeks of tbc earlier run, and
tbc data shown in Table II confirm the
extent to which the cultures can perform
with predictable efficiency under an
entirely different regime of cheesemalcin,.
It is also relevant tbat the two creameries

Table 11The making times recorded over a two week period ofur the 'standa;d process'lor
employing leF ëilltures Md bunïntroduced into a second éreamery. Although the total
process times w,ere,as,antlcipattd, slightly longer tha,;normal,lheconslstentbehaviourolthe'
starters was Imprtssivt. '

Process

Vat No.
Culture' ,

Rate of Inoculation (units/IOO IIIres)
RJpenID, temperature

RJpeDin, time

Rennet to cut

Rennet to 'beat·on' (approx)
Rennet to scald (max)
Rennet to wbey drallli,e (start)
ReDllet to wb.eydraInage (f'1JIisJI) ,

Rennet to mlll

Inoculation to press

lh5Smin 2hoomin IhSSmin Ib4Smin'

2h 5S min 3h 00 min 2b SS min 2h 4S min

4h OS min 3h 4S min 3h 4S min 3h SS min

Sh 00 min 4b 5S min Sh 00 min 5h 00 min

6b 00 min Sh SS min 6h 00 min 6b 00 min

(

'And bow these 'new arrivals' on the
,'starter scene' Wl11 Care under this intense
scrutiny remains to be seen. Tbc ability of
the cultures to produce textured cheeses
other than Cheddar will also be'
questioned, but whatever tbc (mal
outcome, there can be no doubt that these
Dew ,tirters Cr~m Eurozyme represent a
Cascinating advance in starter technology.

Acknowltdgement
·TII~ Illllilor 'WoIlId lib 10' tluvlk Miss H~/~It'

CMP,"OIt lor II","ost ,~It~rollS tUSislaltt:e In '''~
p"parlllioft ol IhU pa~r, altd lor ,"akin,
QYollllbl, tlt~ results 0/.11I~ prtHbtctiOIf Iralis
co"(~d olilln SO,""#I,

involved with these field trials arc served
by entirely different collection ,a.reas in
respect of their bulle milk supplies', and
hence that the balance óf strains within the
ICF cultures does 'enable them to cope with
milks of different origin andlor cbemic.&l
,composition.

Prospects for the Future
It was suggested earlier that the

potential of direct-ta-vat freeze-dried
starters could only be assessed in the light
of their performance in a commercial.
environment, and it 'must be conceded that
the ICF cultures from Eurozyme bave met
this requirement witb comparative ease.
Thus once the process conditions bad been
stabilised for a given plant, tbc making
times were olily marginally longer than
those recorded employing a traditional
liquid inoculum. Equally important is tbc
Cact that the quality of the finished cheeses
was consistently bigh, and benee the
}>rediction of Llmsowtin tt al (1977) that
she 'multiple·strain' concept would, on
refinement, provide the basis for a direct-
ta-vat starter has been amply vindicated.
If two further features are added to tbc

credit side, namely that these ICF cultures
are both inexpensive and available for use
without any prior preparation, then ir is
clear that all sectors of the cheese industry
are gain, to examine them witb
considerable interest>

'Tbc small producer who may welcome
their sheer convenience; ,
Tbe medium·siud operator who may hê
saved the necessity of rest-day working for
~tarter preparation;
The major manufacturer Caced not only
witb the ever increasing costs of bulk
starter production, but also perhaps, witb
the need to replace a starter facility of
declining efficiency;
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IYOGHURT .
R. K. Robinson, University of Reading, UK

Yoghurt and similar fermented milks have been pro-
duced in the warmer regions around the Mediter-
ranean for centuries, but the more widespread popu-
larity of the product throughout Europe,- North
America and elsewhere is comparatively recent.
These latter markets are dominated by two types of
retail product. One variant has a firm, gel-like struc-
ture together witha clean, mildly acidic and slightly
aromatic flavour - natural set yoghurt, while the
other has the consistency of 'double cream', and the
background flavour of yoghurt is usually modified
by the addition of fruit/flavours and sugar (sucrose) -
stirred yoghurt. Nevertheless, despite the apparently
contrasting nature of the end products, the manufac-
turing procedures for both variants have much in
common.

Method of manufacture

The raw material for yoghurt production is usually
fresh cow's milk, although the milk from other mam-
mals, such as the sheep, camel or buffalo, is equally
amenable to fermentation. Goat's milk can also be
employed, but, due to the low level of cxsl-casein, the
coagulum formed during the fermentation stage is
soft and the end product may lack the attractive
'mouth feel' of normal yoghurt. Although the con-
tent of milk fat in yoghurt can range from 0.1-4.5%
according to taste and/or market demand, the critical
feature of the milk, in the present context, is the level
of solids-non-fat (SNF). In cow's milk, the level is
8.5-9.0%, of which around 4.5% is lactose, 3.3%
protein (2.6% casein and 0.7% whey proteins) and
0.7% mineral salts. Each of these components is vital
for the production of a satisfactory yoghurt, in that
while the lactose provides an energy source for the
starter bacteria (see later), the protein, together with
minerals like calcium and phosphorus, gives rise to
the basic structure of the gel. However, the levels of
protein present in liquid milk are not sufficient to
produce a satisfactory end product, and hence the
first step in manufacture is to raise the SNF content
(see Table 1). \ .

Once the desi;ed level of SNF has been achieved,

EFM: ENCYClOl'lD<A OF FOOO "':00810<.00" - ARNOLD

Table 1 Outline of the important stages in the manufacture of
natural set or stirred fruit yoghurt

Processes Materials Comments

Standardization of Full-cream or Sucrose (7-10%)
fat, addition of skimmed milk at and stabilizers
skim-milk powder 14-16% Solids- may be added to
or Non-Fat, and milk the base lor
vacuum/membrane lat (0.1-4.5%) stirred, lruit
concentration yoghurt

Homogenization at Process milk Reduces fat
13.79 MPa and globules to
50-55°C <2.0"'m and

improves texture
of end product

Heat treatment at Process milk Reduces bacterial
8CHl5°C for load and oxygen
30 min. or 9G- content of milk;
95°C for 5- denatures whey
10min. proteins which

interact with k-
casein and
improve texture of
end product

Cooling to 30°C or inoculated milk Set yoghurt yiil! be
42°C and packaged at this
inoculation with point
culture (see text)

Incubation lor 16 h Milk coagulated by Incubation rooms
at 27-30°C or lactic acid, and lor set yoghurt or
3.5-4.5 h at 42°C flavour/texture in-tank incubation

compounds for stirred yoghurt
released by
culture

Cooling to 2-4°C Fruit purée (1G- The coagulum must
for set yoghurt in 15% addition rate) be handled
cartons, 15-20°C or fruit flavours for carefully to avoid
for stirred yoghurt stirred varieties '-lo damage to the
in tanks warm gel

Packaging ol Retail products - 12G-150 g
stirred, Iruit natural set individual cartons
yoghurt and yoghurt and or 500 g family
cooling to 2-4°C stirred, fruit packs are normal

yoghurt

the milk will be homogenized, often regarded as an
optional step, and heat treated. This latter stage, at
temperatures well above normal pasteurization,
involves passing the milk through a plate heat-
exchanger with a holding tube of sufficient capacity
to raise the temperature to 90-95°C for 5-10 min.,

24·03-97 14:30:35 REV12." .,MSSSOOI.
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2 YOGHURT

by convention or by law, only be labelled as
'yoghurt' if Lb. bulgaricus has been used for the fer-
mentation. Terms such as 'Mild Yoghurt' or 'Bio-
yoghurt' are permitted in some countries to describe
a product that is 'yoghurt-like' in texture, but the
prefix implies that the culture may be different from
normal yoghurt.

Stro thermophilus is a Gram-positive bacterium
with sphericaVovoid cells of 0.7-0.9 urn diameter
(Seealso: Streptococcus) and (Seealso: Structure of
Bacteria), and it is a natural inhabitant of raw milk
in many parts of the world. It occurs in milk in long
chains of 10-20 cells, and ferments lactose hornofer-
menratively (See siso: Metabolism of Bacteria) to
give L(+) lactic acid as the principal product; glucose,
fructose and mannose can also be metabolized, but
the fermentation of galactose, maltose and sucrose is
strain specific. Thus, although the taxonomic charac-
tc;ristics of both Stro thermopbilus and Lb. bulgaricus
Ire well established, numerous mains of é~ch species
have evolved, or been selected in the laboratory, and
hence the loss or gain of alleles for specific aspects
of metabolic performance is not uncommon.
The principal sugar in the yoghurt base, lactose, is

actively transported across the cell membrane of Stro
thermophllus through the mediation of a membrane-
located enzyme, galactoside permease, and once
inside the cell, the enzyme, J3-galactosidase, hydro-
lyses the sugar to glucose and galactose. The glucose
is metabolized to pyruvate via the Embden Meyerhof
Pathway (EMP), and lactic dehydrogenase. converts
the pyruvate to lactic acid. In most strains of Stro
thermophilus, the galactose and lactic acid leave the
cell and accumulate in the medium, but some strains
possess a galacrckinase that converts the galactose to
galactose-l-P, and thence via the Leloir pathway to
glucose-l-P which is metabolized in the usual man-
ner. Other strains have the ability to form galactose-
6·P which may then be transformed via the tagatose-
6-P pathway to glyceraldehyde-3-P and Onto pyruv-
ate; the evidence for this latter cpathway in Stro
thermophilus is disputed by some authorities. How-
ever, the accumulation of galactose in yoghurt sug-
gests that pathways other than EMP are suppressed
in the presence of glucose derived from the hydroly-
sis of lactose. This latter view is supported by the
fact that the uptake of galactose, involving a specific
galactose permease, and its subsequent metabolism
can only be induced under conditions of lactose
deficiency. Indeed, lactose is always the preferred
substrate, and even glucose or fructose are absorbed
slowly in comparison.

Despite its protein-rich habitat, Stro thermophilus
displays limited proteolytic ability, and hence its
source of nitrogen is, at least initially, free amino

o~ heating t.he ~lk in a process vessel to 80-85°C
~4th a holding time of 30 min. The choice of treat-
ment is simply a reflection of the sophistication of
the available plant, but the step is essential to give a
yoghurt with the desired textural properties. In parti-
cular, heatinglholding alters the physicochemical
properties of the caseins and denatures the whey pro-
teins. As a result, f3-lactoglobulin may become
attached to the k-casein, so improving the texture
(set y~~hurt) or viscosity (stirred yoghurt) of the 6nal
product, while a partial breakdown of other whey
proteins gives rise to products that stimulate the
activity of the starter culture.

lO

Microbiology of the process

Once the heat treatment has been completed, the
milk is' cooled to 42°C prior to inoculation with a
culture composed of equal numbers of Streptococcus
t~_hilus aod...lé!ctobacillu£delbru;ckii ssp. bur:
g:zri:!J (usually kl'\.2..wnas Lb. bul8E!icus). A pro-
10~eriod_oUncuhatio.n._~-27-3QoC can be
employed if an overnight f~mentation is preferred
~esophilic contaminants can grow readily at
the same tempe~ture, most companie~~
The technology for handling the cultures can vary
(See also: Starter Cultures) but, whatever the means
of inoculation, it is essential that both species are
present (see Figure 1); indeed, retail cartons should,

Fig. 1 Ascanning electton micrograph' of natural yoghurt show-
Ing the long chains of COCCi (Str. thermophilus) alongside shorter
chains of rods (Lb. tiulgaricus). The matrix of coagulated milk
proteins Is also ctell{fy visible. (Courtesy of 8ottazzi-BiallChi,
Institute of Microbiology, UCSC, Piacenza, Italy.)
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YOGHURT 3

acids occurring naturally in the milk or released dur-
ing: the heat treatment. However, particular free
amino acids, such as glutamic acid, histidine, cyst-
eine, methionine, valine or leucine, are not present
in milk at levels sufficient to support extensive
growth of Stro thermophilus, so that the maximum
increase in cell numbers is only possible through the
absorption of short-chain peptides released by Lb.
bulgaricus and the hydrolysis of these to the constitu-
ent amino acids.

Even though its optimum temperature for growth
is 37°C, it can be important that certain metabolic
pathways found in Stro thermopbilus, such as poly-
saccharide production or the synthesis of acetalde-
hyde, may operate at different optima. Growth of
Stro thermophilus ceases at lOOC.

Lb. bulgaricus is also Gram-positive, but occurs in
milk as chains of 3-4 short rods with rounded ends,
0.5-0.8 x 2.0-9.0 urn. .Its basic metabolism is again
homofermentative to give 0(-) lactic acid to a level
of 1.7-2.1% in milk; this acid tolerance contrasts
with that of Stro thermophilus which is normally
inhibited above 1.0% lactic acid (in the range of pH
4.3-4.5). Lb. bulgaricus can, like Stro thermophilus,
utilize lactose, fructose, glucose and, in some strains,
galactose but, unlike Stro thermophilus, Lb. bulgat-
icus can hydrolyse casein, especially ~·casein, by
means of a wall-bound proteinase to release polypep-
tides. However, the peptidase activity of Lb. bulgar-
icus is limited and, as Stro tbermophilus can readily
hydrolyse the peptides to free amino acids, it is poss-
ible that some of the latter may be used by Lb. bul-
garicus. The optimum growth temperature for Lb.
bulgaricus is 45°C, and hence the value of 42°C
selected for commercial production is an effective
compromise between the growth optima of the two
species.
If the yoghurt milk is examined microscopically

immediately after inoculation, the balance between
the two genera is usually 1 chain of Stro thermo-
philus: 1 chain of Lb. bulgaricus, but a differential
colony count shows that Stro thermopbilus accounts
for some 75-85% of the colony-forming units (cfu).
This contrast reflects the difference in chain length,
and it implies that the initial stages of the fermen-

. ration are dominated by Stro thermophilus.
In part, the use of these two organisms is historical

in origin, in that they have frequently been isolated
from natural yoghurt made by the indigenous tribes
of the Middle East where the high ambient tempera-
ture has lead to the selection of thermophilic
microfloras in fermented dairy products. Neverthe-
less, there are good reasons for continuing with the
tradition, for wnen growing in milk, the two organ-

EFM: ENCYCL,,"CM 00 '000 MIQIOelOl.ocY • ARNOLD

isms interact synergistically. This proto-cooperation
is based upon the fact that:

(1) Stro thermophilus grows more rapidly than Lb.
bulgaricus, and releases lactic acid, carbon
dioxide from the breakdown of urea in the milk
by urease and, usually, formic acid (up to
40 ~g ml-t), all of which stimulate the growth
and metabolism of Lb. bulgaricus; and

(2) Lb. bulgaricus hydrolyses some of the casein,
and peptidase activity, predominantly origiaat-
ing from Stro thermopbilus, makes available
amino acids that are essential for further devel-
opment of both species.

The end result of this proto-cooperation is that:

(1) both species actively metabolize lactose to lactic
acid, so that the fermentation. is complete
within 3-4 h (the same number of cells of one
species along might take 12-16 h to produce

r the same level of acidity); - -'
(2) the metabolites liberated by the two species give

yoghurt a flavour that is distinctly different
from any other fermented milk. Acetaldehyde
at levels up to 40 mg kg-t is the main compo-
nent of the flavour profile, and the major path-
way for production by Lb. bulgaricus, and to a
lesser extent Stro thermopbilus, is the conver-
sion of threonine to glycine by threonine aldola-
se.
In the absence of alcohol dehydrogenase in either
Stro thermophilus or Lb. bulgaricus, the acet-
aldehyde accumulates to a lever dependent upon
the strains involved; other metabolic pathways,
such as the transformation of pyruvate by a-car-
boxylase, may also be involved with a build-up
of acetaldehyde. The rate of formation by Stro
thermopbilus is temperature dependent, and the
activity of threonine aldolase decreases signifi-
cantly as the temperature of incubation is raised
above 30°C. The comparable enzyme in Lb. bul-
garicus is unaffected by temperature, and hence
this latter organism is probably the main source
of acetaldehyde in commercial yoghurt. Other
compounds of starter origin, such as free fatty
acids, amino acids, acetone, diacetyl and
keto/hydroxy acids, contribute to the final flav-
our, but the importance of such materials with
respect to perceived taste and aroma is poorly
understood; and

(3) some strains of the two species can produce
appreciable levels of extracellular, polysacchar-
ide materials, such as glucans or polymers
involving glucose, galactose and rhamnose as
the constituent sugars. The presence of these
metabolites enhances considerably the viscosity!

25'
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4 YOGHURT

CH)-CHOH-CH-NHrCOOH - CH-NHrCOOH + CH)-CH=O
Threonine Glycine Acetaldehyde

consumer appeal of the end product, because
while some of the polysaccharide forms a layer
over the bacterial cells, the remainder forms a
network that binds the cells and the casein
together as a viscous mass; commercial starter
manufacturers have available a range of cul-
tures that differ with respect to polysaccharide
synthesis. Thus, strains differ with respect to
both the type of polysaccharide formed and its
quantity and, in the example shown in Figure 2,
Lb. bulgaricus synthesizes a 'gum-like' material
whilst Stro thermophilus produces a 'slimy',
'glucan-like' polymer. The result is that blend-
ing the Lb. bulgaricus with a nonpolysacchar-
ide-producing yoghurt culture (A) increases the
viscosity of the yoghurt in line with rate of
addition. By contrast, the low-viscosity polysac-
charide from Stro thermophllus enhances the
viscosity of the yoghurt at low levels but, as the
level increases along with the raised inoculation
rate (1:1 ratio), the 'fluid' nature of the material
means that no improvement in the viscosity of

the product is manifest. In addition, other
strains of Stro thermopbilus possess a glycohyd-
relase capable of hydrolysing polysaccharides,
and such activity can also influence the impact
of a given culture on viscosity.

Once the milk has been inoculated, it will follow one
of the. two routes illustrated in Figure 3 and, as the
fermentation begins, the population of Stro thermo-
phi/us develops rapidly until it accounts for over
90% of the bacterial cells present. However, over the
next two hours the synergistic influence of the strep-
tococci encourages more rapid growth and metab-
olism in Lb. bulgaricus and, after 4 h, the balance
between the populations will be restored to that
foynd in the freshly inoculated milk. A t~ngency that
is strengthened by the fact that the growth of Stro
thermophilus is progressively inhibited by the
accumulation of lactic acid, while the same con-
ditions stimulate the activity of Lb. bulgaricus. The
end result of these interactions is that when the fer-
mentation is complete, i.e, the acidity of the milk has
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Flg.2 The effect on the viscosity of
yoghurt of adding Increasing volumes of
either (a) Lb. bulgaricvs ('gum' producer)
or (b) Stro thermophilus ('slime' producer)
to a standard, nonpolysaccharide-
producing starter culture.
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• Stirred .yoghurt
coagulates in tanks and is
cooled before packaging

Bulk

~ Incubation tank
Cooler Packaging machine

Bulk

- • ~::g~~a~~U~d is cooled in _}frJ rlr~r{]]the packages after ·packaging c:J :'WI : \WI :
. ...... <1:1> •

• • • •Pretreated milk _.. : I :. ~ 1.! ,",

Packaging machine Incubation room Cooling room

Flg.3 The principal stages involved in the manufacture of yoghurt.

risen to 1.2-1.4% lactic acid (around pH 4.2-4.3),
the populations of each starter organism may well
exceed 20 x 106 cells ml-I.

At an acidity of 1.2-1.4% lactic acid, which is
probably the level preferred by most consumers, the
milk proteins will have coagulated to form a firm
gel, and the product must be cooled to avoid over-
acidification. If this control is not exercised, then (1)
the product may develop an excessively sharp sour
taste, and (2) the protein gel may begin to shrink
and cause whey to separate as a discrete layer on the
surface of the yoghurt. This free whey can, of course,
be stirred back into the body of the product, but in
set yoghurts, at least, its presence must be regarded
as a fault.

Inhibitors of starter activity

The production and/or employment of starter cul-
tures in a yoghurt factory can lead to the microbio-
logical problems detailed below.

Contamination Contamination of the starter cul-
ture by adventitious bacteria, yeasts or moulds or,
possibly, bacteriophage. Problems from these sources
should be containable with proper attention to
hygiene (See also: HACCP) but, because the risk is
always present, many yoghurt manufacturers are
turning to direct-to-vat cultures (See also: Starter
Cultures). These concentrated cultures are, of course,
added direct to the process milk, and hence the
routes for possible contamination are reduced to a
minimum; in addition, although phage have been iso-
lated for both Stro thermophilus and Lb. bulgaricus,
their presence is not as serious as with- mesophilic
fermentations. This contrast appears to stem from
the facts that: (1) cheese milk is stirred continuously
during acidification; and hence any phage released
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by lysis of bacterial cells are distributed throughout
the vat; and .(2) the undisturbed yoghurt milk coagu-
lites quite rapidly, so that any proliferation of phage
remains localized.

Changes in culture activity The activity of the cul-
ture may change, e.g. rate of acid production or level
of aroma/flavour compounds secreted, as a conse-
quence of routine sub-culturing. Exactly why these
latter changes arise is not clear, for whereas the loss
of plasmids encoded for characteristics of technologi-
cal importance, e.g. proteolytic activity, antibiotic
resistance or the secretion of glycoproteins, is well
documented for the cultivation of Lactococcus spp.,
neither Lb. bulgaricus nor Stro thermophilus appear
to possess any plasmids of metabolic significance.

Jo.
J97

Presence of antibiotics and other inhibitory sub-
stances in the milk Stro thermopbllus is especially
sensitive to antibiotics such as penicillin, strepto-
mycin, neomycin and ampicillin which are widely
used to control mastitis and, when grown alone, con-
tamination as low as 0.004 International Units (lU)
of penicillin can inhibit cell wall dev~lopment; strains
of Lb. bulgaricus tend to be a little more tolerant
(0.02 JU of penicillin). However, even when the two
organisms are growing together under optimum con-
ditions, 0.01 IU of penicillin can delay fermentation.
Sanitizing agents employed to clean a plant, such as
chlorine (100 mg 1-1) or iodophors (60 mg 1-1), can
cause inhibition of the mixed cultures, and hence the
screening of bulk milk for microbiocidal agents is
essential.

4"
4'2

Strain incompatibility Incompatibility between
strains of Lb. bulgaricus and Stro thermophilus can
result in an almost complete absence of proto-
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contamination was either a 'dirty' plant or unpasteu-
rized fruit; in the absence of severe temperature
abuse, e~g. storing the yoghurt at 10-1SoC, casual
air-borne yeasts rarely proliferate sufficiently to
cause problems. In natural yoghurt, lactose is the
principal sugar available and, as few yeasts can fer-
ment lactose, the major concern is species like Kluy-
ueromyces marxianus vsr.laais or K. marxianus var.
marxianus. Both of these lactose-utilizing species
grow readily on poorly-cleaned surfaces in a dairy
plant, and hence high standards of hygiene are essen-
tial if Ilost-heat treatment contamination is' not to
occur.

In cold Northern climates, cases of yeast spoilage
should be infrequent but, even so, it is generally rec-
ommended that yoghurt for the retail market should
have a yeast count of <10 cfu g-1 (See also: Colony
Counts). The same figure would apply also for
moulds, for genera such as Mucor, Rhizopus, Penial-
lifm or Aspergillus can grow readily at the
yoghurt/air interface of an undisturbed carton. Equ-
ally important is the fact that, unlike the situation
with yeasts, just one spore of a fungus can spoil a
carton by growing over the surface of the product,
and hence protection of a filling-line from air-borne
contamination is essential.

In warmer regions where active spoilage might be
expected, the solution is either to reduce the 'sell-by'
date of the product from 2-3 weeks (typical of the
UK) to 4-S days, or if regulations permit, add sorbic
'acid (usually as potassium sorbate) at a level up to
300 mg kg-1• This preservative is extremely effective
against yeasts, but has little effect on Lb. bulgaricus
or Stro thermophilus. This latter point is important,
as yoghurt, by definition, must contain an 'abundant
population of viable bacteria of starter origin'; if any
processing technique interferes with this population,
then the consumer has the right to be informed on
the packaging; for example, yoghurt that has been
subject to heat treatment after fermentation must be
designated as 'heat treated' or 'pastgurized' yoghurt.

Excessive acidity, as a result of continued starter
activity during prolonged storage above SoC, for
example, can also be a problem, because the acid-
tolerant Lb. bulgaricus has the ability to generate lac-
tic acid to levels of 1.7% or even above - depending
upon the strain. Such a level is too harsh for the pal-
ates of most consumers, and it is this POSt-
production acidification that, in general, tends to
determine the shelf-life of commercial yoghurt. Some
protection against the increase in lactic acid can be
obtained by lowering the level of Lb. bulgaricus in
the original inoculum but, as this practice can reduce
the degree of synergism, such products tend to lack
the characteristic flavour of 'yoghurt'.

cooperation between the species, with the result that
coagulation times are increased by several hours and
rhe'organolepne quality of the end product may be
extremely poor. In practice, the manufacturers of
starter cultures take great care to select and blend
only compatible strains, but an attempt by a
yoghurt-maker to mix cultures from different sources
could lead to poor performance.

Final processIng

For yoghurt coagulated in retail cartons, cooling can
be achieved by blowing cold air through the incu- .
barion room, while in-tank cooling of the base for
stirred yoghurt requires the circulation of chilled
water (2°C) through the jacketlin-tank cooling sys-
tem of the vessel, or pumping the warm yoghurt
(42°C) through a plate or tubular cooler; in the latter
case, great care is necessary to avoid physical damage
to the coagulum.

Once the yoghu'rt has been cooled to around 20°C,
the metabolic activity of the culture almost ceases,
and the product can be handled as described in
Table 1.

... Considerations of microbiological quality

The severe heat treatment received by process milk,
together with the low pH of the final product, make
yoghurt extremely safe in respect to public health,
because none of the recognized pathogens can sur-
vive or grow below pH 4.3. For example, the spores
of Bacillus cereus will not germinate at low pH,
while organisms of concern in soft cheeses, e.g. Lis-
teria monocytogenes, will be inactivated long before
the yoghurt reaches the consumer. In addition, there
is good evidence that metabolites from the yoghurt
organisms can actively depress the viability of many
enteric pathogens, such as Campylobacter, Escher-
ichia or Salmonella spp. Hydrogen peroxide is one
such metabolite released by Lb. bulgaricus, and some
strains of the same organism are reported to secrete
an antibiotic called bulgarican; Stro thermophilus
may also release a low-molecular-weight compound
with bacteriocidal properties. However, the activity
of these bacteriocins is strictly limited and, in reality,
they do little more than reinforce the effect of acidity.

Spoilage, however, can OCCurthrough the activities
of acid-tolerant yeasts, or occasionally moulds, and
widely distributed yeasts, like Candida or Saccharo-
myces spp., can be associated with gas formation
andlor carton 'doming' of fruit yoghum. In this situ-
ation, the natural fruit sugars provide an abundance
of substrates for fermentation but, as 'doming' indi-
cates a yeast count in the region of 10 x lO· du g-l
of yoghurt, it is Ji~ely that the source of the original

...

.,
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Table 2 Some typical water-soluble vitamin contents ol skim-
milk and low-fat yoghurt; variations between the two products
tend to result from synthesis or utilization by the starter culture

Vitamin Milk Yoghurt

Thiamin (B,) 42 40
Riboflavin (~) 180 200
Pyridoxine (Ba) 42 46
Cobalamin (B,21 0.4 0.2
Folic acid 0.3 4.1
Nicotinic acid 480 125
Pantothenic acid 370 380
Biotin 1.6 2.6
Choline;(mg) 4.8 0.6
Unitsas !Lg 100 {ft except as Indicated.

Nutritional considerations

The increase in SNF will, of course, improve the
compositional analysis -of yoghurt versus milk, e.g.
5.0% total protein versus 3.4% in milk or
180 mg ml-lof calcium versus 120mg ml-I in milk
and, in addition, the availability of these nutrients is
enhanced as a result of the fermentation. For
example, the digestion of the milk protein is much'
more rapid than when the same quantity is consumed
in liquid milk, while the acid nature of the product
also alters the bioavailability of minerals like calcium
and zinc. Some changes in the levels of water-soluble
vitamins have been recorded following fermentation
(see T ~ble 2), but the extent of any increase or
decrease is rather variable; a partem that reflects dif-
ferences between the strains of Lb. bulgaricus and
Stro thermophilus comprising the starter cultures
available on the market.

As mentioned earlier, all yoghurts should contain
high counts of starter bacteria, and most authorities
believe that their presence is beneficial to the con-
sumer. The fact that no strains of Stro thermopbilus
are able to survive the low pH of the stomach
(around pH 2.0), or the action of bile salts in the
small intestine, is well known, and few strains of Lb.
bulgaricus fare any better. Nevertheless, as these
stresses cause the starter bacteria to autolyse, so lac-
tase (l3-galactosidase) is released into the lumen of
the intestine, with the result that most of the residual
lactose from the yoghurt is hydrolysed before the
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intestinal contents reach the colon. This action
enables lactose maldigestors (adults who cannot
drink milk because the illeum has lost the facility to
secrete lactase) to consume yoghurt with ease,
whereas the same quantity of milk would give rise
to severe abdominal discomfort as the bacteria in the
colon ferment the lactose with the release of carbon
dioxide. In addition, there is evidence that the reg-
ular ingestion of yoghurt starter bacteria assists with
_the maintenance of healthy populations of lactobac-
illi in the distal region of the small intestine and
bifidobacreria in the colon. The precise mechanism
for this stimulation is not clear, but it seems likely
that vitamins or other growth factors released from
the degenerating cells of the starter culture have this
desirable impact.

It is relevant also that Stro thermophilus produces
the L(+) isomer of lactic acid, for this form is com-
pletely metabolized by the body with the release of
energy. Ingestion of the D(-) isomer secr~tc;d by Lb.
bJlgaricus can, especially in young children, give rise
to metabolic disturbances but, as early acidification
is dominated by the activity of Stro thermophilus, the
lactic acid in normal yoghurt is mainly the L(+) iso-
mer.

61S
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_'_ SUMMARY. Some media available' for the isolation and enumeration of starter
cultures employed for the manufacture of cheese, yogurt and bio-yogurt were
examined. Reddy's medium or a modification of Elliker's medium was found to be
most satisfactory for Laetoeoecue spp., while trypticase phytone yeast (TPY) agar
with a mixture of antibiotics proved suitable for the discrete enumeration of
Bifidobacterium spp. The inclusion of Prussian blue (PB) in reinforced clostridial
medium or tryptone proteose peptone yeast extract (TPPY) agar gave excellent
differential counts for the starter bacteria in yogurt even when the culture was.
imbalanced, while rr:PPY (PB) agar allowed the visible separation of all four of the
organisms that might be found in a typical bio-yogurt, namely Lactobacillus
delbrueckii subsp. bulgaricus, Streptococcus thermophilus, a Bifidobacterium sp. and Lb. '
acidophilus. Itwas noted that variation among different strains of any given species
could change the expected reactions, so for quality control purposes the suggested
media may needto be modified to cope with the specific cultures in use ..

Many dairy-related projects include an assessment of the survival of starter
cultures in a retail product. Yogurt or cheese cultures are the most widely used in the
dairy industry, but Bifidobacterium spp.' and Lactobacillus acidophilus are increasingly
to be found in bio-yogurt and similar products. The essential interest of a programme
may be the total colony count of bifidobacteria or Lb. acidophilus with respect to
achiéving a 'therapeutic minimum' (Robinson, 1989) or, where it is considered that
product quality may be affected by an imbalance between the constituent organisms,
the relative proportions of individual groups could be the priority. The approach to
such evaluations tends to involve (a) the selective isolation of just one genus, e.g.
during the enumeration of bifidobacteria in a dairy product, (b) the selective
isolation of one genus, e.g. Lactococcus, but with differentiation between species or
subspecies of that same genus or (c) selective isolation and differentiation of
disparate genera, e.g. during the examination of a yogurt or bio-yogurt.
, The final choice of method may have to be modified to take account of the

foodstuff, the species or strains of the organisms to be isolated and the nature of any
competing genera, and hence it is not surprising that many different options have
been developed. Nevertheless, the growing trend of blending a number of genera into
one starterculture, e.g. bifidobacteria and other yogurt culture genera, has raised
serious problems in routine quality control. Procedures that necessitate the
enumeration of three or four different microorganisms on separate media involve
much time and expense, but complete differentiation of the expected cultures on a
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single medium may often prove unattainable, particularly if the product includes
casual contaminants as well.

However, a protocol using two media at anyone time might be realistic, and
hence it was decided to examine the difficulties in separating, isolating and
enumerating from test samples of fermented milk '(a) a yogurt starter culture of
Streptococcus thermopbilus and Lactobacillus delbrueclcii subsp. lntlgaricus (Lb.
bulgáricus) present alone or in association with a Bifidobacterium sp, and Lb.
acidophilu8, (b) a standard cheese culture containing Laetoeoecue laetis subsp. lactis
(Lc. lactja) and Le, laai» subsp. 'cremona (Le, cre'TTWris)alone or in the presence of a
Bifidobacterium sp. and (c) a Bifidobacterium sp. alone or in the presence of a starter
culture for yogurt or cheese.

Oultures
Individual freeze-dried cultures were obtained from the National Coll~ction of

Food Bacteria (NOFB (formerly known as. the National Collection of Dairy
Organisms, NODO), Institute of Food Research, Reading Laboratory, Reading
RG6 6BZ) and the National Oollections of Industrial and Marine Bacteria (NCIMB,
Aberdeen AB2 1RY).

The specific strains examined were Stro thermophilus NODO 1469, Lb. bulgaricus
NOFB 1489, Lb. acidophilm NCDO 1693, u. lacti« NODO 763, 1007 and 276, Lc.
eremoris NODO 607 and NCIMB 8662, Bifid. bifidum NOFB 2715 and Bifid.
adolescenti« NOFB 2204. A standard, freeze-dried starter culture for yogurt (CH1,
Chr. Hansen's Laboratory, Reading RG2 OQL) was also examined. Eaoh culture was
propagated in sterilized (121°C for 2 min) reconstituted skim milk (120 g total
solids/l). Mter incubation at the .optimum temperatures for -the organisms (see
Tables 1 and 2) until the pH values had fallen to ,..,5'0, an inoculum (50 mIjl) from
each culture was transferred to freshly prepared skim milk and inoubated to
coagulation point. The cultures were then stored at 5 °C and suboultured each week.

Enumeration of the test cultures growing in milk
Enumeration of Stro thermophilus and Lb. bulgarious. Culture media for the

enumeration of starter bacteria in yogurt can be divided into three: (a) general media
that will give an overall total colony count without differentiating between Stro
thermophilus and Lb. bulqaricus, e.g. Elliker's medium (Elliker et al. 1956), (b) media
formulated to isolate selectively either Stro thermophilus or Lb. bulgaricus, e.g.
acidified MRS medium (De Man et al. 1960) for isolating Lb. bulgaricus, or M17
(Terzaghi & Sandine, 19ï5; Shankar & Davies, 1977) for Stro thermophilus and (c)
differentiating media that permit the enumeration of. Stro thermopbilu« and Lb.
bulgaricus as separate, and visually identifiable, colonies on the same plate.

This last approach offers a laboratory a number of advantages, so we examined
the performance of five differentiating media: Lee's medium (Lee el al. 1974),' L-S
differential agar (Eloy & Lacrosse, 1976), tryptose proteose peptone yeast
extract-eriochrome (TPPY) agar (Bracquart, 1981), modified lactic agar (Matalon &
Sandine, 1986) and reinforced clostridial Prussian blue (ROPB) agar (Onggo & Fleet,
1993). In adêlition, M17 and acidified !Vms. as reoommënded by International Dairy
Federation ('1988), were used as ~ further check on the. numbers of streptococci and
laotobacilli present in the rele ..rant dilutions. Elliker's agar was included to give an
overall. total, count ..The .conditions of. incubation are given .in.Table 1, ·bllt .aerobic
inoubation., of....all , media· at .42.°0:, wes. inoluded .for,..comparison ... If -complete
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differentiation of Stro thermophilus and Lb. bulqaricus were possible under aerobic
conditions, then the medium might well allow the isolation of yogurt bacteria in the
presence of anaerobic bifidobacteria.

For evaluation of the selected media, culture CHl (10 ml) was added asepblcally
. to sterile peptone (90 ml, 1 gil), and serial dilutions (1 ml into 9 ml of diluent) were
prepared down to 10-5-10-7• The same .proeédure was applied to the individual
cultures of Stro thermophilus andLb. bulgarieUs,which were then plated separately on
to all the differential media so that recovery could be compared against M17 and
acidified MRS. This also allowed confirmation of the expected reactions.

Before plating out the selected dilutions, the sterilized media were poured in:to
.~petri dishes, and the surfaces of the solidified agars were dried under a laminar flow
1hood for,..., 30 min. Portions (0·1ml of the appropriate dilutions (10-5':"10-7) were
then pipetted on to duplicate plates at each dilution and spread using a sterile bent
glass rod. Incubation was carried out at the recommended temperature and under
aerobic or anaerobic conditions (see Table 1). Anaerobic conditions were obtained
using polycarbonate jars enclosing a gas generating kit (Oxoid Ltd, Basingstoke
RG240PW) capable of liberating v- 1'81 hydrogen and 350 ml carbon dioxide.

Apart from the assurance provided by the examination of the individual cultures
of Stro thermophilus and Lb. bulqaricus on the selective agars, a random sample of
colonies from the yogurt culture was checked, following differentiation, for the
presence of cocci or rods using an Olympus KRC light microscope (Olympus Optical,
London ECl Y OTX). The Gram staining procedure described in Harrigan & McCance
(1976) was used.

Enumeration ofLc.lactis and Le. cremoris. The culture media for Laetoeoecue spp.
can be divided into two: general and differential. As the relative proportions of the
two subspecies of Le. laetis can be importantin cheesemaking, selective enumeration
on Turner's medium {Turner et al.1963} or Reddy's medium (Reddy et al. 1969) is
often preferred. The performance of these two media was therefore-examined in
detail, as was their ability to select against bifidobacteria.

For enumeration of the cheese starter bacteria, batches of Turner's medium and
Reddy's medium were poured into petri dishes, and spread plates were prepared from
serial dilutions of two composite cultures consisting of equal volumes of (a) Le. laetis
NCDO 1007 andLe. cremoris NCDO 607 and (b)Le.laetis NCnO 276 andLe. eretnoris
NCIMB 8662. The temperatures of incubation were 30 "C for Turner's medium and
32°C for Reddy's medium, and anaerobic conditions were maintained as for the
yogurt cultures (see above).

In order to confirm the differentiation recorded on the media, a random selection
of colonies from each group was tested for sugar fermentation and arginine
hydrolysis. Only Le. laetis can ferment ribose, maltose, trehalose and aesculin
(Thompson & Collins, 1989), and it also produces ammonia from arginine in M011er's
decarboxylase medium (Meller, 1955).

Differences in the fermentation profiles of Le. laetis and Le. cremoris were
monitored by adding a filter-sterilized solution (5 ml, 100 gIl) of lactose, maltose,
ribose, trehalose or aesculin to 100 ml Elliker's agar (excluding any carbohydrate
and sterilized at 121°e for 15min). Bromocresol purple (2 ml, 1 gIl) was added
aseptically, and the complete medium (10 ml portions) was dispensed into screw cap
tubes. Once the agar had solidified, 0'1 ml of a suspension of Le. laetis or Le. eretnoris
in )!17 broth was stabbed into the surface of each slope. These tubes were incubated
at 30°C. and compared with the controls devoid of sugar. The production of a yellow
zone around the inoculum within 48 h was taken as a positive result.
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.Enumeration of Bifidobacterium spp. The choice of medium for. enumerating
bifidobacteria depends on the type of product under investigation. If the material
contains bifidobacteria alone, then a nutrient-rich, non-selective medium, such as
blood liver agar (Mitauoka el al. 1965), modified Rogosa agar (Shimada et al.. 1977)
or trypticase phytone yeast (TPY) agar (Scardovi, 1986) can be used. However, in
the case. óf products containing bifig9bac~eria, ,together, with yogurt or cheese
starters, a selective medium becomes essential (Rsêié, 1990). To this end, various
antimicrobial substances have been added to media to prevent the growth of all
-Iectlc acid bacteria except bifidobacteria, and ,sodi':lm propionate and lithium
chloride h~ve ~en.proposed (Lapierreer al. 1992). The selective action or-several
types of á.ntihiotic, alone or in mixtures, such as paramomycin sulphate, neomycin
sulphate and nalidixic acid, has been reported by many workers (Oehi et al. 1964;
Mitsuoka et al. 1965; Shimada el al. 1977; Teraguchi et al. 1978).

On the basis of the published information (Samona & Robinson, 1991), blood liver
agar, modified Rogosa agar and TPY agar were examined, together with the
following solutions of antibiotic mixtures. These contained (mgfl) NPNL: neomycin
sulphate 100, paramomycin sulphate 200, nalidixic acid 15, lithium chloride 3000;
PPNL: neomycin sulphate 200, paramomycin sulphate 50, sodium propionate
15000, lithium chloride 3000; LP: lithium chloride 2000, sodium propionate 3000.
Each composite solution was added to the basic medium at a rate of 50 mlfl except
for one trial with NPNL at 20 ml/I.

Pure cultures of Bifid. bifidum and Bifid. adolescentis were surface-plated on to
blood liver agar, modified Rogosa agar and TPY agar as 0'1 ml volumes of 10-5-10-7
dilutions (duplicate plates at each dilution). The same dilutions were used on the
selective media (see Table 2), but in these cases 0·1ml from a dilution (10-2-10-4) of
either the yogurt culture (CHl) or a 50: 50 mixture of Le. lac tis and Le. cremona was
added at the same time. Modified Chalmer's agar [Vanos & Cox, 1986), which was
reported to be -seleotive for all lactic acid bacteria except bifidobacteria, was
employed as directed by the authors. Plates inoculated with bifidobacteria alone, or
in combination with the yogurt culture, were incubated at 37 oe for 72 h, while plates
co-inoculated with the cheese culture were held at 30 oe for 48 h. Anaerobic
conditions were applied throughout.

Each of the media employed wasprepared in the laboratory from the individual
ingredients.

RESULTS AND DISCUSSION

Differentiation of yogurt culture
As can be seen from Table 1, Lee's medium gave excellent recovery and

differentiation (Str. thermophilua, yellow colonies; Lb. bulqaricus, white colonies) with
both combined and pure cultures. However, in a parallel trial with commercially
produced yogurt in which the strains of. starter bacteria were not known, the
performance of the medium tended to be erratic. Lee et al. (1974) acknowledged this
problem, and suggested that varying activity of Lb. bulqaricus, with respect to rates
of release of lactic acid, was responsible. It was decided therefore that TPPY agar
(Str. thermophilus round white-violet colonies; Lb. bulqaricus, irregular clear colonies)
or RCPB agar (Str. thermophilus, small pale blue colonies with a. thin light blue zone
in the medium; Lb. bulgaricus, large pale blue colonies with wide royal blue zone in
the medium) may be better for the routine enumeration of the yogurt bacteria. On
both of these media, recovery and differentiation (confirmed hy Gram staining of
selected colonies) were as good as on Lee's medium.
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Table 1. Relative performance oj some media employed to enumerate the species in a standard yogurt culture, togetlter witlt single
strain, individual cultures of Lactobacillus delbrueckii subsp, bulgaricus (NOFB 1489) and Strêptococcus thermophilus'
(NCnD 1469)t r~
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--, No growth WI\S observed n.t dilutinnK used (10-'-10-8). ~

t g,lch eulturn WIl8 examined (duplicate plates) on n.11the medin.; the values n.ro overn.II means from two separate trials with tho culturesgrown undor identical condit.lons. ~
J,'or clcl~lil!l, IWO text, There were no significllnt diffcrcnc:1l11bctwccn trials.
t Irur full namea of und refereuees to tho medin., sec text.
§ VnluclI in parentheaea indicate t.hat no different.in.t.ion WIlS observed.
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Modified lactic agar and L-S differential agar both failed to provide reliable
differentiation, and microscopic examination was needed to confirm the identity of
a_nygiven colony. The reason(s} for this poor performance were not determined. None
of the selected media gave good recovery or differentiation when the temperature
was raised to 42°C and the conditions rendered aerobic, so that this combination
could not be used to select against bifidobacteria. Acidified MRS agar, M17 agar and
Elliker's medium performed as expected (see Table 1), and the results served to
confirm that the recoveries on the differential media were of the correct order of
magnitude. . .

However, in order to check whether'blfldobecteria could be counted on any of the
media alongside the yogurt culture, equal volumes (10-&-10-7 dilutions) of the yogurt
cultures and either Bifid. bifidum or Bifid. adolescenti« were mixed. Portions (0-1ml)
were then plated out as before and on RCPB agar Bifid. bifidum and Bifid.
adole8centi8 appeared as white colonies, while Lb. lntlgarieu8 and Sir. thermophilus
emerged as pale blue colonies surrounded by wide royal blue or thin light blue. zones
respectively. Therefore, in the mixed cultures of yogurt bacteria and Bifid. bifidum
or Bifid. adoleecenii«, the three genera could be easily distinguished.

The addition of Pruss ian blue to TPPY agar (TPPYPB) gave even more clear-cut
results than those obtained with RCPB agar and, when the inoculum was modified
to include the yogurt culture, bifidobacteria and a similar cell count of Lb. acidophilus,
all four organisms could be enumerated on the one medium. Colonies of
Bifidobaéterium sp. and Sir. thermophilus appeared the same as on RCPB agar, Lb.
bulgaricus produced small shiny white colonies surrounded by a.wide royal blue zone,
and Lb. aeidophilus produced large pale blue colonies surrounded by a wide royal blue
zone. Differences between strains might prove relevant, but if a range of commercial
cultures performed similarly TPPYJ;>B agar could provide a convenient medium for
the routine examination of bio-yogurt fermented with mixed cultures of •health-
promoting' and other bacteria. . .

Differentiation of Lc. laetis and Le. cremoris
Although the recovery of Ladecoccus spp. on both Reddy's medium and Turner's

medium was equally good in terms oftotal colony counts, the expected differentiation
of Le. laetis (red colonies) and Le. 'êremori8 (cream colonies) on Turner's medium
proved extremely difficult to interpret. On Reddy's medium, the separation of the
colonies was as expected (Le. laetis. white colonies; Le. cremoris, yellow colonies) but,
although the performance of the medium could not be faulted, it had the
disadvantage of being extremely time consuming to prepare.

Consequently, an alternative approach based upon that employed by Lee et al.
(1974) for yogurt bacteria was examined. In this case, modified Elliker's medium
(excluding the yeast extract and sugars) was used as the base, and the differentiating
sugars were lactose (1 gIl) and maltose (5 gIl). Bromocresolpurple was employed as
the indicator, and the expectation was that Le. laetis would be able to ferment both
sugars but Le. cremoris would be able to' utilize only lactose. Thus it was expected
that Le. lactis would produce sufficient acid to give rise to colonies with a distinct
yellow colouration, while those of Le ..cremoris would appear white. In practice, good
recovery and differentiation were achieved on this' modified medium and, given the
ease of preparation, it would appear to offer an acceptable alternative to Reddy's
medium. However, like Reddv's medium. it was not selective against bifidobacteria,
and hence it could not be employed to monitor starter activity in a cheese containing
a probiotic culture as well (Tamime et al. 1995).
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able 2. Total colony counts of the organisms indicated on a range oj general and selective

media that have been recommended JOT the enumeration of bifidobacteriat
(Values are given as cfu (x 1O-')/ml culture)

Inoculum dilutions .•. 10-'-10-1 10-2-10-4

Bifid· --- .' _'~. Bifid· Yogurt Cheese
Medium Supplementf bifidum adolucenlis culture culture

Blood liver agar None 510 850 Not tested
NPNL. 280 0 .0 0
PPNL 0 0 0 0

. :\Ioc1ifiedRogosa agar None 202 .720· .Not tested
NP~L 180 0 0 0., PPl'.'L 0 0 0 0

TPYagar None 250 790 Not tested
~TJ>NL 340 0 0 0
PP~L 0 0 0 0
NPNL§ 190 680 0 0
LP 630 1140 > lO' > 104

t Each culture was examined (duplicate plates) on all the media; the values are overall means from two
separate trials with the cultures grown under identical conditions. Plates were incubated anaerobically at 37°C

. for 72 h for bifidobacteria alone or with yogurt culture, or at 30 °eror 48 h for cheese culture. For details, see
text. There were no significant differences between trials.

t Supplements contained (mg/l) NPl\"L: neomycin sulphate 100, paramomycin sulphate 200, nalidb::icacid
15.lithium chloride 3000; PPNL: neomycin sulphate 200, paramomycin sulphate 50, sodium propionate 15000,
lithium chloride 3000; LP: lithium chloride 2000, sodium propionate 3000. Each composite solution was added
to the basal medium at 50 mlfl except §, 20 mlfl. .

Differentiation of Bifidobacterium spp.
As expected, the bifidobacteria grew well on all the media without selective

agents (Table 2), but on blood liver agar supplemented with :t-.TPNLonly Bifid.
bifidum gave acceptable growth. The same contrast was observed ~n modified
Rogosa agar with added NPNL; in that the mixture of antibiotics at 50 mIll
inhibited the yogurt and cheese cultures as well as Bifid. adolescentis. Modified
Rogosa agar made selective with PPNL was inhibitory for both species of
Bifidobacterium. The same pattern was repeated with the selected versions (:l\'"PNL
and PPNL) ofTPY agar. Successful growth of both species ofBifidobacterium in the
presence of LP was masked by the growth of the starter bacteria.

Since better recovery of Bifid. bifidum was observed with :i\"'PNL, the use of lower
concentrations of NPNL (10-40 mlfl) in TPY agar was tested. Itwas found that at
20mIll NPNL gave good recovery for both Bifid. bifidum and Bifid. adolescentis while
at the same time the growth of cheese and yogurt cultures was inhibited (Table 2).
However, when Le, laetis NCDO 763 was substituted for Le, laetis NCDO 276 in a
further trial, the cheese culture grew well in the presence of 20 ml NPNL/I. Clearly
the concentration of antibiotic will have to be carefully adjusted to suit the precise
strains being employed for any given product. Both species of bifidobacteria grev,·
readily on modified Chalmer's agar, but the reason(s) for the contrast with the
expected results (Vanes & Cox, 1986) was not examined.

HBG is grateful to the Ministry of Culture and Higher Education of the Islamic
Republic of Iran for financial support.
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., THE MILK INDUSTRY

R. K. Robinson. A. Y. Tamime and l.W. Chubb-

Acetaldehyde as an indicator of flavour
intensity in yogurt

IN assessing the flavour of a
. foodstuff, the most obvious
approach is the organoleptic one.
However, although the consumer
palate will always remain the ulti-
mate judge. meaningful sensory
analysis fin an expertmental basis
can prove difficult and, on a routine
basis, often impossible. There is,
therefore, everv incentive to im-
prove the rOle of instrumental
analysis in quality control proce-
dures associated with flavour, and
one such approach involves the
monitoring of a key component of
the relevant chemical profile. It
was this latter approach that was
selected in relation to yogurt, with
"acetaldehyde" acting as the indi-
cator of quality.
Thus, a number of workers have

indicated an apparent correlation
between the level of acetaldehyde
in natural yogurt and intensity of
the characteristic flavour (Lindsay
& Day, 1965; Bills et al., 1972; Pette
e: Lolkema, 1950), but there ap-
pears to be little conviction that \
the association could be of practi-
cal value. The reasons for this.
reticence can prohubly be sum-
marised as folluws:
(a) a feeling that flavour compon-

ents of natural yogurt need not
include acetaldehyde (Schulz
& Hingst. W!i4);

(b) the absence of any definite
evidence linking consumer pre-
ference with levels of acetalde-
hyde:

(c) the absence of a simple, re-
liable method of analysing
yogurt for acetaldehyde. (Ver-
inga & Schriver - Davelaar.
1970). .

The first point is obviously in-
capable of resolution, because it
is quite possible that a fortuitous
comblnatton , of starter organlsrns
could produce-an acceptable y.ogurt

. with Ijt~e acetaldehyde. However,
such a SItuation would probably be
atypical, and hence it was hoped

·Present addresses:
R. K. Robinson and A. v. Tamime;

Department or Food Science, Univer-
sity nr HI·adin!:.Berkshire, F.ngl;!nd.

1.. W. Chuhh; Faculty or M:ricul-
lure and Food, An:alvtic:lI Service,
UniveT"3ityor Reading. Berkshire, Eng-
land.

that the employment of commer-
cially available starters would
largely nullify this criticism.

It was decided, therefore, to
produce a number of yogurts using
different starters, with the restric-
tion that they should contain solely
Streptoc.:c~ thermophilus and Lac-
tobacillus bulgaricus, This restric-
tion was employed because manv
commercial starters are of thrs
type, and also because the lnterac-
tion between the two organisms is
reported to enhance the production
of acetaldehyde (Hamdan et al.,
1971). .
The different samples were then

subjected to concurrent organolep-
tic appraisal and analysis for
acetaldehyde. This latter aspect
presented something of a problem,
for while the C.L.C. method has the
advantage of accuracy (Lees &
Jago, 1969), its practical· applica-
tion is likely to he limited: On the
other hand, colorimetric methods
can cause problems over reliability,
and hence a method of accurately
detecting levels of acetaldehyde in
.natural yogurt for use on a routine
basis was developed by the Faculty
of Agriculture and Food Analytical
Service. The desire for relative
ease of operation implied the use
of the minimum of sophisticated
equipment, and reliance on readily
available reagents. Thus, the tech-
nique of Roach and Creavan (1968)
was used to prepare the samples
for analysis, while a colorimetric
estimation modified from Koneca
and Dokladalova (1970) provided
the method for determining the
levels of acetaldehyde.

Material and method
After some preliminary trials,

three starters were chosen on the
basis of perceived differences in
flavour imparted to natural yogurt.
These starters were all available in
freeze-dried form, and were coded:
"CH-l" and "Boll 3" (Chris Han-
sen's Laboratory, Denmark) and
"RR" from !'IIZO, Holland (courtesy
of Dr The. Galesloot). The working
cultures were maintained in recon-
stituted skim milk (9 per cent total
solids) and, after an initial incuba-
tion at <lrc to around 0·85 per

cent lactic acid, were held at +S"C
before use. The ratio of Strepto-
coccus : Lactobacillus was kept in
the region of 3: 1 (cell: cell basis),
and monitored using a modified
Breed smear method (Robinson &
Tamime, 19i6). .

In order to standardise the ex-
perimental yogurts, full cream
spray-dried milk powder was used,
reconstituted to give 16 per cent
total solids in the final mix. The
milk was then heat-treated at 8S"C
for 30 minutes and, after cooling to
42· C, r(3S inoculated with an ap-
propriate starter at a rate of 2 per
cent vIv. The mix was then dls-
pensed into standard plastic cups
(5 oz) and, after capping, the cups
were Incubated at 42"C for 3!
hours. At this stage coagulation
was well advanced, and the car-
tons of -yogurt_wer~.transferIed to
a refrigerator at +S·C. After 24
hours, tests indicated a totally
cohesive coagulum, and an acidity
of around 1·0 per cent lactic -acld:
the desired level for consumer
acceptability (Crawford, 1962;
Davis, 1!>73). If these initial tests
were satisfactory, the remaining
cartons were employed immediate-
ly for organoleptic appraisal or
chemical analysis.
The taste panel for these expert-

merits consisted of a group 0: 2.5
students with Middle Enstem 0:-
Mediterranean backgrounds. This
group was selected on the basis of
their known familiarity with
natural, unsweetened yogurt, so
that f1avo!Jr preference would to
some desree reflect intensity as
[udged a~ainst an "in·built" men-
tal °stand~rd; in warmer climates,
yogurt tends to have a much shar-
per and more aromatic flavour. The
method of assessment of the three
types-of yogurt was that óf Pearce
& Heap (1974), and every tas~er
received the samples in a prescrlb •
ed order (Fisher & Yates, 1974)
and under conditions designed to
eradicate bias.

A parallel series of yogurt from
the same batch was analysed for
acetaldehyde content, and the pro-
cedure was as follows. A sample
(50 g) of yogurt was wei_ghcdi~~O
a 500 ml beaker, and mixed wlth
around 100 ml of distilled water.
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The mixture WIlS then transferred.
with careful rinsing, to a 2:;0 ml
volumetric flnsk, and thoroughly
-shaken. Twenty ml of 5 per cent
zinc sulphate solution was then
added. ïouowed by 20 ml of 0'3M
barium hydroxide. These latter
solutions had the eITect of cl3rify-
ing the sample so that, after

• further agltntlon and adjustment of
the volume to 250 ml, suitable
aliquots could be centrifuged
(around 3000 rpm for five minutes)
to obtain a clear extract.

The colour reagents consisted of:
· (a> 0'04 'per cent magenta (hasie

fuchsiri-B.D.H./No. 26120)" in
2 per cent sulphuric acid;

.:' (b) anhydrous sodium sulphite
(0,354 g) dissolved in an ali-
quot of a solution of 2'72 per
cent mercuric chloride and 1'17
per cent sodium chloride; once
the sodium sulphite had dis-
solved, the aliquot was made
up to 100 ml with more of
the mercuric chloride/sodium
chloride solution.

The "acetaldehyde" level In the
· clear extract Willi determined by
adding 1 ml of the magenta solu-
tion to a suitable aliquot and
shaking. One ml of the mercuric
chlorideisodium sulphite solution
was then added. and the mixture
allowed to stand. In the dark. for
25 minutes. The colour Intensity
was then measured at 560 nm
agalnst known acetaldehyde stand-
ards. However. once the basic
procedure had been tested. an auto-
rnared sysrern was devised on the
lines shown In Figu-re I. This sys-
tem was foun~ to he capable of
handling .cO samples an hour, and
was especlally sultabte for acetal-
dehyde levels of 0·25 I~g/ml In the
tinal solution (see table),

·Tho u!m of p.ru~onllinc: l'l nil InnKer
acceptable, CIS the cumpuunoJ ho:c been
rated a, a "suspected can:lnogcn"

.\

20 (..,.'

15

Cfl
\ a::

w
I-
Cfl 10l(
I-

u,
0 :

c::
1:.1
C
:l: 5
;:)

Z

< CH-I ) (SOll3)

TYPE OF STARTER CULTURE
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Results and discussion
The tasters were asked to score

each yogUrt as a ~eparate entity,
and the means or the overall rat-
ings were employed to lndlcate
sample preference; the weighting
employed in the scheme means that
overall preference can be broadly
equated with flavour preference.
The results of the appr:1isal are
shown in Figure 2. and It is clear
that the yOJ,:urt (CH.I) Is the pre-
(erred sample, with yogurts (Boll-

3) and (RR) faring rather poorly.
This scoring lmplles, of course, no
criticism of the less flavcured
starters which are highly rated in
respect of Imparting consistency,
but the traditlonal aromatic flavour
of natural set yogurt was clearly
best attalned. in the view of the
tasters, with starter (CH·l).
The results of the acetllldehyde

analysis nrc shown in the table
and lhl! correlation with the organ-
oleptic appraisul shown in Figure
2 Is quite distinct.
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, Code
Bo11-3

6

Detected

Starter culture:
Acetaldehyde

(ppm)

CH-l

3i·5 == 2'3

Obviously this approach to the
estimation of acetaldehyde, like
other (Schiff type) colorimetric
methods, can be criticised in belnz
non-specific for acetaldehyde. Ho~
ever, it is relevant in the present
context that it does provide a
rapid, simple determination of
those constltucnts, mainly aldchv-
die or ketonic in property, thát
appear to he major contributors to
the flavour of yogurt, .
If this view is accepted, then the

implications of these results are
really two-fold, in that:
(a) with relatively experienced

.tasters, a clear relationship can
~ be established héfween the

level . of "acetaldehvde" in
natural yogurt and the inten-
sity (and acceptability) of per-
ceived flavour;' .

(b) the reliabilitv of the method
devised to rncasure "aceralde-
hyde" levels sUI!~ests that it
could be employed as a routine
method for quality control.

The reason that this latter ap-
proach could prove valuable, is
that natural set yogurt is probably

RR
27·6 == 1'3 10'4 == 0'3
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Summary
It is a widely held view that

carbonyl compounds play a
major role in producing the char-
acteristic aroma and flavour of
yogurt. A key component in this
system Is acetaldehyde, and a
new method of determining the
level of acetaldehyde in yogurt
has been devised. Like some
other colorimetric systems, it is
not specific for acetaldehyde,
but the simplicity and reproduci-
bility of the method suggests
that it could playa' role in
routine quality control. This pro-
posal is supported by a close
correlation that was observed
between acetaldehyde levels in
natural" set-y~ua, and _"con-
surner" preference as recorded
by a taste panel.

consumed by a more discerning
section of the market as compared
with the fruit/flavoured varietles.
The implication of this trend is
that a discrete yogurt flavour be-
comes of paramount importance,
and a routine method for assessing
that a given yogurt starter Is
behaving correctly in this context
could prove .attractive.
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Household food consumption October-December 1976

Averaged over the fourth quar-
ter, consumption of liquid milk was
almost the same as in the corre-
sponding period of the previous
year. at 4'6ï pints /person/weck.
The price increase of Ip a pint in
September seems to have resulted
temporarily in a slightly reduced
level of consumption, but there
were signs of recoverv towards the
end of the fourth quarter, Recorded
average weekly purchases of con-
densed milk were unusuallv low at
0'12 pints (liquid equivalent). Aver-
ag~ consumption of cheese, while
higher than in the previous year,
declined slightly from 3'79 oz in
the previous quarter to 3'71 oz:
most of the decline occurring to-
wards tho ,!-=ntl·()rthe quarter when-
the average price rose in real
terms, • "'

Although consumption of butter,
margarine, cooking fats and cook-
ing oils all increased compared
with the previous quarter, in total
th~ average of 11'4 oz person /week
was nearly 3 per cent lower than
in the fourth quarter aC 1975. The
displacement of butter by margar-

ine throughout 1976 resulted in
household purchases of soft mar-
garine moving ahead of those of
other margarines •.the averages for
each lype in the fourth quarter of
1976 being respectively 1·80oz and
1'48 oz compared with 1'21 oz and
1·69 oz a year previously.
The continued weakening in

demand for eggs, together with an
increase of 7 per cent in their
average price, led to a fall in con-
sumption from 4·03 eggs per per-
son per week in July-September, to
3·R8 in October-December,
National Food Survey, Ministry of
Agriculture.

The National Food Survey, con-
ducted nn br-half or the Ministry of
A~riclllturo:is a conrlnunus snmpling
enquiry into the tlom"slic flunl con-
sumprion, ~·xpeOllilllreand nutrition
of private households in Grear
Britain. By obtaining information
slmultaneously about the quantities,
cost anti varieties of fnod purchased
by a random sample nr housewives,
the Survey enables comparbrons to
be made of dietary and foud ex-
penditure patterns and of average
prices actually paid for lood, not

only in Great Britain as a whole but
by different kinds' of household. DE'-
tailed reports are published annually.
The latest volume, published on 2
July 1976, gave Information on
household food consumption and
expenditure in 1974.

"Stilton" cheese copyright
The annual meeting of the Stil-

ton Cheese Makers' Association
held in March re-elected for a fur-
ther term of office Mr R. Watson,
chairman, Mr J, Stockdale, vice-
chairman, Mr J. Crasher, treasurer
and Mr G. Allaway, secretary.

The Association states that over
the past six months a number of
cases have come to its notice of
the unauthorised use .of the regis-
tered trade name "Stilton", The
copyright is vested in the SI llton
Cheese Makurs' Assnclatiou. The

. name "Stilton" can, in law, only
be' applied to cheese. made in. the
approved and officially reco~ntsed
manner in the three counties of
Leiccstershire, Nouinghamshire
and Derbyshire and nowhere else
in the world. A consistently high
standard of manufactur~ is strictly
maintained by this means.
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Cultures foryogurt
- their selection
anduse

Although the addition of fruit and/or other does indicate that while some yogurts will
ingredients tends to mask some of the have a delicate gel structure after incuba-
faults in retail yogurts, there is no doubt tien, others will have a more coarse struc-
that consumers are well aware of differ- ture that is better suited for the incorpora-
ences in overall quality. Variations in tex- tion of fruit. This difference is a reflection of
ture or consistency are one obvious source the fact that the bacteria in the latter cul-
of potential dissatisfaction, but the abs- tures secrete demonstrable levels of ex-
ence of a background flavour of yogurt or tracellular polysaccharides, while ~ the for-
an inappropriate level of acidity can also ~~~~~ ~~~~~~~~~jj~~
provide causes for complaint. I! ~

The precise reason {or the appearance of
lese faults will obviously vary, but in many

cases, the problem can be traced back to a
lack of attention to the starter culture.

On some occasions, this may simply in-
volve the employment of the wrong type of
starter for a particular product/process, but
on others, it may be that the essential re-
quirements of the constituent bacteria have
been overlooked, or just blatantly ignored.

Thus the culture used is absolutely central
for success - not only because a poor starter
will invariably give rise to a poor product-
but because, conversely, the correct culture,
handled in a manner that exploits its poten-
tial to the full, can ensure that the end-
product has just the right features for its
chosen market. L-.:....:...._...:.;.;;..;;.;__.;.:;.;=;;.;_.:....:...._;_~.:.....:..:..:..;=:..:..:.:.=

In some respects, this statement is an
elaboration of the obvious, but even so, all
too often the desire for some alleged im-
provement in a processing schedule can lead
to a total dereliction of fundamental princi-
ples. Such neglect is, of course, highly
undesirable, because under such conditions,
ae metabolism desired of the bacteria is
unlikely to be manifest, and as a consequ-
ence, the consumer will be supplied with an
indifferent product. .

If carried to extremes, then it is the
producer who will suffer not only through a
loss of custom but perhaps through total
failures in the vat due to phage or other
factors.

Concern over the selection and use of
starter cultures is, therefore, in the interest
of producers and consumers alike.

The aim of this present study was to:
(i) emphasise the veey real differences

that exist between the various starter-
cultures on the market; -
(ii) examine the extent to which these
differences can be exploited;
(iii) demonstrate the impact of cultural
conditions on the behaviour of some
typical starters.

Selection of starter cultures
It is widely accepted that cultures for

yogurt can usually be allocated to one of two
groups, ie those suitable for set yogurt and
'those for stirred.

In practice, these categories are not al-
ways observed too strictly, but the division
Dairy Industries International 1988, 53 (7)

starters. Obviously, the cultures were
selected in the anticipation that the discerni-
ble features of the resultant yogurts would
be markedly distinctive, but this deliberate
bias does not detract from the validity of the
overall concept.

Three types of natural yogurt were pro-
duced employing the standard procedure
shown in figure 1, and after holding over-
night at 4°C, individual canons of each
yogurt were given to a panel often assessors;
a selection of commercial products were also
made available.

The aim of this initial examination was to
construct a vocabulary of attributes which
could be used to compare the test samples,
and the outcome of the debate was as
follows:-

Showing syneresis
Smooth
Irregular
Intense
'Cheese-like
Acidic
Creamy
Sweet
Intense
Smooth
Viscous
Slimy
Dey
Sour
Dey

This list of attributes was incorporated
into a profiling sheet and each assessor was
then asked, on an individual basis, to analy-
se each of the three types of yogurt. An
assessor scores the attribute by marking a
vertical line on the scale in relation to what
they perceive as being the magnitude of the
attribute, and the distance of these marks
from 'none' is recorded in millinietres. Each
assessor was required to examine the three
types of yogurt for all sixteen attributes at a
single session, and one week later the assess-
ment was repeated with freshly prepared
samples.

Analysis of the results' indicated that ten
of the attributes were appropriate for discri-
minating between samples, and the relevant
data were recorded on the 'star diagram'
shown in figure 3. It must be emphasised, of
course, that the panel was too small for the
conclusions to be totally reliable, but the
comparison between the diagrams is,
nonetheless, instructive.

Thus, the culture designated as being for
set natural yogurt CHI gave a strong profile
in respect of flavour/acidity and coagulum
irregularity (to beexpected as the protein gel
breaks-up on stirring) while RR produced a
smooth, somewhat slimy yogurt with a mild
flavour. The profile for B3 revealed its suita-

15

Appearance
(of broken
coagulum)
Aroma

Taste· .

Mouthfeel
mer case, the structure of the coagulum is
derived almost entirely from the gel foemed
by the milk proteins.

It is important, of course, that this con-
trast is most relevant at the extremes, and
many cultures with intermediate properties,
in terms of their ability to impart structure,
can be discerned.

The precise type of structure similarly
varies with the strains of bacteria present, so
that while some stirred yogurts have a
smooth, semi-fluid consistency, others have
a markedly gelatinous structure.

What these differences mean in teems of
levels of, or chemical natures of, the relevant
metabolites is not dear, but the implications
are that the manufacturer may well be able
to select a culture that will provide just the
characteristics that are being sought for the
product. Equally, it may be possible to
match the culture to the process, for the
degree of 'set-back', for example, that can
be achieved by a coagulum after stirring and
cooling can be influenced considerably by
the starter employed.
This relationship between the type of

starter and the nature of the end-product is,
to a degree, self-evident but even so, h is
probable that many selections are still made
on an almost arbitrary basis. Yet in reality
the activity of the starter can influence the
entire spectrum of characteristics of the
. finished yogurt.

In order to emphasise this point, a study
was made of the organoleptic properties of
three yogurts made with three different

After-taste
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Figure 2. Some examples of sec yo,ures produced
ac elevated tempera cures of incubation: (Ide)
4S'Cj (righe) SO·C. Note: ehe whey is mined
purely to provide contrsst,

the end of this time, the contents of each
flask were mixed thoroughly, and two ali-
quots (lO ml) were withdrawn from each
flask for determination of titratable acidity
(I). Tbe results are shown in table I,
together with those observed with pure cul-
tures of Scr. thermophilus and Lsc. buIpr-
kus from THY 27.
The precise levels of addity do, of course,

merely reflect the experimental conditions
applied, but it is of note that culture THY
27 did show a fairly definite optimum at
45°C. The reaction of THY 98 was however,
much less pronounced and as expected, the
single species behaved independently; the
superior activity of Scr. chermophiJus at
42'C was clearly evident. Nevertheless, the
superficial conclusion from these results
eould be that a temperature higher than the
conventional 42"C would be advantageous.
There is, however, more to yogurt pro-

duction than the mere generation of acidity,
and the attainment of an acceptable con-
sistency is an essential target for any re-
sponsible manufacturer. The incorporation
of stabilisers can, of course, remove some of
the pressure for success in this area, but
even so, the essential characteristics of a
yogurt have to be provided by. the ~ilk
proteins, and hence the effect of incubation
temperature on the coagulation of these

components is a consideration of some lm-
perrance.

Nature of the coagulum
The initial examination was carried OUton

set yogurts using a standard 'penetrometer' .
(2), and the influence of incubation temper-
ature on the relative strengths of the resul-
tant gels is shown in table II.
In each case, the incubation times were

adjusted to give a standard pH of 4.4-4.5 at
the onset of cooling, and all readings were
carried out after the samples had been sub-
ject to overnight refrigeration.
In a test of this type, the penetrometer is

measuring the resistance of the protein net-
work to a weight under gravity, and hence
the data provide information as to the degree
of bonding within the network.
What is evident, therefore, is that the two

cultures are influencing their respective gels
in different ways. Thus, the coagulum pro-
duced by THY 98 decreases in strength as
the temperature of incubation is raised,
while in the presence oiTHY 27, the nature
of the gel does not alter signilicandy until
the upper range of temperatures. This latter
point is borne OUtby the typical samples
shown in figure 2, which confirm incidently
that, irrespective of any other benefits,
temperatures of 45=C or over cannot .be
employed to manufacture an acceptable set
yogurt using a standard culture.
The same conclusion appears equally re-

levant for 'viscous' cultures, although in the
latter case, the reasons are somewhat diffe-
rent. Thus, the pattern observed In the
presence of THY 27 suggests that the firm-
ness of the coagulum is dependent on
protein-pretein interactions, whereas in the
viscous yogurt (THY 98), the extra-cellular
polysaccharides would appear to be a major
influence. This impact can be deduced from
the fact that as microbial activity increases
with temperature, and hence, presumably,
polysaccharide production as well, so coagu-
lum strength declines. The implications of
this decrease are, in the present context,
that: .

(i) that the carbohydrate material was
reducing the level of protein interactions,
a view supported by the work ofTamime
et .1 (3) and .
(ii) that the texture of the yogurt derived
from culture (THY 98) was heavily de-
pendent upon the properties of the poly-
saccharide.
The possible validity of this latter point

was investigated by examining the effect of
incubation temperature on the viscosity of
the same yogurts.

Consistency of stirred yogurt.s
The basic procedure for making the sam-

pies was followed, the only deviation being
that the inoculated milks were incubated as
500 ml batches in covered beakers. At the

July 1988

bility for stirred yogurt, in that it showed
the ability both to produce a discernible.
yogurt flavour and a smooth, viscous eon-
sistency. It was also evident that BJ gave rise
to a more gelatinous coagulum (irregular
appearance) than RR, and this difference
may indicate that the cultures ace secreting
different forms of polysaccharide.
The overall conclusion that may be drawn

from this exercise is that such profiles can be
extremely informative about the properties
that a culture can impart to an end-product.
It is probable, of course, that the technique r---:-:::-:..,.-....,...,::::--.-:;:-::;-:-:--;::------::----,
and/or vocabulary could be refined further,
but even in its present form, the application
of this approach could provide information
that would:

(a) simplify the process of selecting a
culture for a given product;
(b) assist culture manufacturers in the
selection of new strains capable of pro-
ducing more precisely defined character-
istics in a yogurt;
(c) allow the enhancement, perhaps, of
one specific feature of a yogurt through
the use of a standard culture together
with a spec.ial strain of Streptococcus r

chermophilusor Lsctobscillus debrueck- .; .:",.
il sub-sp bulgaricus(ue. bulprieus), or L_ _..:..:_....:;......::..:....:..:=~ __;~.--J

indeed a different species entirely.
However, it must be emphasised that

even if the process of culture selection could
be refined in this way, the anticipated
advantages would not be realised unless
manufacturers come to accept the dramatic
impact that process conditions can have on
the performance of any given culture.
Obviously, many producers do take this
matter very seriously, and as will be shown
subsequently, their attention to detail is not
misplaced .'

Factors influencing culture behaviour
In commercial practice, the design of the

plant will to some degree dictate the operat-
ing conditions, and clearly these pre-
determined constraints may well effect the
quality of the end-product.

Many other factors can be controlled by
the manufacturer, and one such factor is the
~mperature of incubation. However, this

..asic parameter, which is absolutely central
to the growth and metabolism of the starter
culture, often receives scant auention.
In some cases, mechanical difficulties

make accurate temperature control some-
thing of a problem, but in other instances,
manufacturers appear to assume that any
temperature between 40 and 47°C will prove
acceptable. In reality, this latter approach
inevitably leads to all manner of problems
and the object of the following investigation
was to indicate just why 42°C is usually
recommended as the optimum.

Rate of acid development
The procedure employed for making the

yogurt was outlined in figure 1, except that
on this occasion, the cultures employed were
THY 27 and THY 98 supplied by Miles
Laboratories Ltd, Slough (UK). The former
is one of the group normally recommended
for set yogurt, while the latter gives rise to
the more viscous coagulum associated with
stirred, fruit yogurt.

The temperatures selected for this ex-
amination ranged from 30-S00C, and 'It each
temperature, duplicate samples (l00 ml) of
inoculated milk were incubated for 4 hrs. At
16
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desired pH, the individual batches were
cooled overnight to 4-5°C.

Next morning, each sample was stirred
manually to a smooth, even consistency, and
the viscosities of the cool yogurts were mea-
sured with a Brookfield Viscometer and
helical-path attachment. The results are
shown in table III.

\,('hat is noticeable about these data is that
the viscosities recorded for the coagula pro-
duced by THY 27 were, except for the
abnormal gel produced at SO°C, higher than
those recorded in the presence of THy 98.'

The most likely explanation of this phe-
nomenon revolves around. the effect of
shearing on the disparate coagula, and the
basic hypothesis is shown diagrammatically
in figure 4. The behaviour of the less viscous
coag~lu~ (Tl-!Y 98) is represented by (a),
and It IS envisaged that the final yogurt

Table III. Mean viscosities (in cantipoises x
10,000) of stirred yogurts incubated at diffe-
rent temperatures and with the cultures
indicated.

Temperature
(0G)
35
40
42
45
50

Culture
THY 27 THY 98

279 113
292 133
339 146
306 206
239 253

consists of 'large' fragments of protein gel
surrounded by a matrix of water/
polysaccharide. However; the same shear
force might well cause the gel of THY 27 to
disintegrate into a virtually homogeneous
system (c); an intermediate situation is
shown in (b).
If this view is acceptable, then the lower

viscosity recorded for the yogurt based on
THY 98 can be explained by the fact that
the rotating spindle of the viscometer is, in
reality, measuring primarily the resistance
of the water/polysaccharide mixture.

In the other yogurt (THY 27), the resist-
ance is supplied in equal measure by the
mall' gel pieces and the surrounding fluid,

and as a result, the apparent viscosity of the
product is higher. Unfortunately, systems of
this latter type are highly shear dependent,
and the enhanced viscosity recorded in this
test would not be sustained during any
normal manufacturing procedure.

Although the protein gel of the stirred
yogurt makes an essential contribution to
the organoleptic character of the product, it
would appear that the observed viscosity is
supplied mainly by the secreted polysac-
charide. These same materials offer, in addi-
tion, some protection to the gel fragments
against further breakdownj , so that the
coagulum becomes resistant to- the stresses
of mechanical agitation. ,

The role of certain stabilisers would also
be accommodated by the same scenario, for
if the concentration of polysaccharide in the
aqueous phase is raised, so the viscosity of
the yogurt might be expected to increase as
well.

This conclusion does, of course, open a
further avenue for the exploitation of starter
cultures, for a system that could enhance
viscosity without introducing a 'slimy' tex-
ture could prove attractive to consumer and
producers alike.

Dairy Industries International
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Figure 3. Attribute profiles ofnatural yogurts made with three different cultures RR:-j
B3:"'j CHI: ••

Footnote: Culture RR was made available through the courtesy of NIZO, Holland and cultures of CH I
and B3 were provided by Chr. Hansen's Laboratory, Reading, Berks.

T;bi~IJ:'M~~tf~iscositi~s (in centipgi~es ;i
10,(06)01 siirred yogurts inoculsted. witb;
the 'culuires inéfJcstedj temperature :'pf; .in-.
cubiitio~ - ~2;~\: . ;-tii!:;{~;

."~:'>,·:Culti.tre/Radio of addition;'
:..". ';~:A':~:::.AIBAlB NC :cNC<

r-: ;; (. ·~~~j;:U(3:1)(1:1) (3:1r'(1:1t
>146~:186 345 259 .';}234 ~

',.~ .~", ~.~.~{~;~~:;i:·.;. :.' ._:.-';:tr :"'./{:.~
Code ~r:~UtturesrA 'i7Miied cUt~ - THY 98 .'i'.,','.~"~.~~~~l;~:~r:.·!:~;:;usj~~~~

Figure 4. A diagrammatic representation of
the possible effects of shear on the coagula of
set yogurts made with different rypes of
starter culture.

The behaviour of the yogurts incorpor-
aing LBF3 would appear to confirm the
view that selectively enhancing the level of
secreted polysaccharide would have a be-
neficial effect on viscosity, and that the
nature of the stirred coagulum (THY 98)
may well be as portrayed in figure 4.
It is equally evident that the nature of the

polysaccharide is critical, for although the
material secreted by SCF 1 may well alter
the organoleptic character of the end-
product, its impact on viscosity per se is
somewhat marginal. Obviously, any conclu-
sions concerning the nature of the polysac-
charide must be speculative, but the
observed differences between the final pro-
ducts does serve to emphasise further that

The feasibility of the idea was examined
by producing yogurt employing the stan-
dard procedure, except that the inoculum
included an additional strain of either Lac.
bulgaricus (LBF3) - known to secrete co-
pious amounts of extra-cellular polysacchar-
ide, or a similarly active strain of Scr. ther-
mophilus. The viscosities of the test yogurts
were recorded in the normal manner, and
the results are shown in table IV.
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culture selection deserves special attention.
This brief examination of the influence of

temperature on the physic:al properties of
yogurt also provides a clear indication as to
why 4rc should be regarded as the opti-
mum for production. Thus, in the case of
the set yogurt, the damage caused by a too
rapid rate of acidification is clearly visible,
but even for stirred yogurt, it could be
argued that 42°C represents the point at
which the coagulum demonstrates an opti-
mum blend of elasticity and viscosity.
The impact of these two components on

consumer appeal cannot, in the absence of a
detailed appraisal, be judged with any de-
gree of accuracy, but certainly a decision to
employ a temperature higher than 42143°C
must be viewed with suspicica.

Further considerations
It is clear from the above discussion that,

although a temperature of 42°C or below is
essential for the manufacture of set yogurt,
an increase to 4S-46°C might just be toler-
'lble for producing a stirred yogurt.

However, the emphasis must be on the
word 'might', and in practice, it is probably
that 4rC remains the ideal compromise for
all yogurt production by the 'short-set'
method. This conclusion can be justified by
the facts that:

(i) the optimum base consistency for a
stirred yogurt may well be achieved when
the imparted structure represents a ba-
lance between the natural bonding of the
milk proteins and the viscosity of the
polysaccharides secreted by the culture.
A tentative analysis of the above data
suggests that this balance is most likely to
tie achieved with an incubation tempera-
ture of 42°C; and
(ii) the employment of a temperature of
4S·C or over clearly places considerable
stress on the streptococcal component of
any normal culture, and the implications
of this situatlon could be serious.
Thus, during normal production, the

stress imposed on Scr. chermophilus by an
elevated temperature may, for example, re-
Jult in:

(i) some loss of typical, yogurt flavour in
the end-product (4); and
(ii) a reduction in the number of viable
cells of Scr. thetmophilu« in the retail
yogurt,

but neither of these faults need, of course,
be causes for immediate concern.

However, any stress applied to a popula-
tion of bacteria tends to render the indi-
viduals more susceptible to other inhibitory
factors, so that growing a yogurt culture at

,

the inimic:al temperature of 45°C may well
increase the risk of failure. Inhibitory subst-
ances in the milk, for example, might be
expected to have a more dramatic impact at
4S·C than at 42°C, but of even greater
significance could be the possible rela-
tionship between sensitivity to phage and
. temperature of exposure.

It must be admitted, of course, that re-
ported incidents of bacteriophage activity
against Scr. lhermophilus have, as far as the
U~ is concerned, been minimal, but the
precise reasons for this fortunate situation
are far from dear.
The combination of high standards of

hygie.neand the severe heat-treatment of the
yogurt milk is usually seen as the most
plausible explanation, and certainly a high-
temperature-holding process, eg 8SoC for 30
minutes, offers adequate assurance that
phage particles will not be carried-over into
the vat. .
This confidence must be tempered,

however, in the light of findings that many
isolated bacteriophages of Scr. lhermophilus
have a narrow host range (S) so that, in
reality, many incidents of phage attack may
remain undiagnosed, ie the manufacturer
simply avoids the impending problem by
changing to a different culture.
This solution is, of course, perfectly

reasonable, so long as:
(i) the standard of hygiene in the plant in
question is high enough to prevent the
rampant proliferation of alternative
phage types; and
(ii) the susceptibility of the introduced
scrain of Scr. lhermophilu$ to phages
does not increase.
It is this latter point that could be relevant

in the present context, because certainly
with mesophilic cultures, there is evidence
that the application of heat-stress to a host
will render it susceptible to typeS of phage to
which il was previously resistant (6).

Similarly, the rate of proliferation of cer-
tain phages can increase under temperature
conditions that disadvantage the host, and it
is possible that this situation is analogous to
the incubation of Scr. lhermophilus at 4SoC.
If this surmise is valid. then a further

reason for the absence, to date, of major
phage problems in the yogurt industry could
be the willingness of manufacturers to
adhere to the conventional practice of fer-
mentation at 42°C. Obviously it is not possi-
ble to state categorically that the employ-
ment of 4S·C for yogurt-making increases
the likelihood of infection by phage, but
even so, the possibility cannot be dis-
counted.

Condusion
Although the number of cultures ex-

amined during this study has been limited, .
the work has served to emphasise the advan-
tages of selecting the correct culture for the
product in question.

It has confirmed also that incubation'
temperature can have a considerable influ-
ence on the activity of a typic:al. mixed
yogurt starter, and furthermore, that 42°C
does represent the optimum, and indeed
acceptable maximum; temperature for the
synergistic growth and, metabolism of the
constituent species ..
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(CunllUunIr®§ ~ anunéBlllnUy
Mouthfeel is increasingly used by consumers as a criterion for evaluating

stirred yogurts. The University of Reading's Richard Robinson looks at the role played
here by cultures and coagulants

There are many varieties of
yogurts and bio yogurts, and
individual decisions to purchase

will be governed by many factors.
Range of flavours, convenience and
price are often quoted as the decisive
factors. But, as access to supermarkets
improves, sensory quality increasingly
determines final selection.
In practice, distinguishing brands of

stirred yogurt on the basis of fruit
flavour is not easy for the non special-
ist, and quality is more likely to be
recognised in terms of attributes like
viscosity and perceived mouthfeel.
Consumers will always differ in terms
of their expectations, but we might
assume that the majority prefers a
spoonable product with a smooth,
creamy feel on the palate. The role of
cultures and coagulants here is crucial.
Selection of cultures
For set yogurts, non polysaccharide-

producing cultures provide the best
option, because the presence of poly-
mers tends to disrupt the establish-
ment of protein-protein bonds and
gives rise to a weaker gel. However,
the situation is different with stirred
yogurts - where imparted viscosity is
probably more important than coagu-
lum strength.
The ability of selected strains of

Streptococcus thermophilus (1, 2, 3)
and Lactobacillus delbrueckii subsp
bulgaricus (4, 5) to secrete extra-celhi-
lar polysaccharides has long been
exploited by yogurt manufacturers
seeking more attractive stirred prod-
ucts (6, 7, 8). Similarly, the fact that
some strains produce capsular poly-
saccharides (8, 9) and that others
release ropy materials like glucans (1)
has received some attention.
In practical terms, this contrast

means that a culture may: (a) impart a
slightly gummy texture to the product;
(b) give a gel that is fairly resistant to
applied stress; and (c) encourage a
degree of viscosity recovery in the
carton. Alternatively it might: (a) give
a yogurt with a somewhat slimy
mouthfeel; and (b) produce a coagu-
lum with lower structural stability in
terms of applied stress.
These differences appear to reflect

the contrasted natures of the polysac-
charides in that, while both types will
increase the viscosity of the aqueous
phase of a stirred yogurt, the capsular
types are not damaged by the stresses
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Figure 2, Effect of incubation temperature
on the viscosity of stirred, natural yogurts
(16% total solids), with (maroon) and
without (blue) exposure of the yogurt to a
holding period at 2S'C for three hours at
the end of incubation

of stirring or pumping. Consequently,
any viscosity imparted to the product
is retained during processing - and
may even be enhanced on subsequent
standing. However, the so-called ropy
polysaccharides are prone to structural
damage during processing and, as the
chemical bonds do not reform, the loss
of viscosity is permanent (9).
The potential for manipulating the

properties of yogurt which arise from
these disparate patterns of behaviour
has yet to be fully exploited (10).
Indeed, it may not be possible to refine
the use of polysaccharide-producing
strains until the structures of the

polysaccharides themselves are more
clearly defined.
For example, there is general agree-

ment that glucose and galactose are
the important components of the
polysaccharides secreted by S ther-
mophilus and L delbrueckii subsp bul-
garicus. But, as is evident from Table
1, the relevance of other sugars is far
from clear. The extent of branching is
also subject to debate (1), yet this topic
of structure could be extremely impor-
tant if extra-cellular polysaccharides
are to be exploited to generate the
product consistency consumers desire.
Handling of the coagulum
Before considering the polysaccha-

ride option in more detail, it must be
emphasised that yogurt makers have a
pivotal role in maximising the poten-
tial of the cultures on offer. For ex-
ample, success with a chosen culture
depends: (a) on inoculation of the milk
so that the balance between the con-
stituent species is correct; (b) on the
selection of the correct incubation
temperature; and (c) on finding the
best way to handle the coagulum.
However, there appear to be few

definitive studies of the conditions
necessary to achieve a specified set of
characteristics in a retail yogurt.
_Temperature of incubation is crit-
ical. An experiment, the results of
which are shown in Figure 1, sug-
gested that more rapid acidification of
the milk at the higher temperature has
a beneficial impact on gel strength/
viscosity, probably because more pro-
tein-protein bonds are formed, which
leads to a firmer gel.
It is also relevant that the culture of

L delbrueckii subsp bulgaricus
employed in the tests was one that
synthesised a capsular polysaccharide,
and hence viscosity related to the
number of cells present and not to the
volume of polysaccharide secreted (6).
The conclusions of the experiment

are highlighted in Figure 2, which
shows the viscosities of yogurts made
with a ropy culture and with incuba-
tion at the temperatures indicated.
In total, two series of trials were
completed. In Series 1 (blueblocks),the
yogurtswereincubatedto pH 4.3and then
chilled.Theyogurtsin Series2wereheldat
25°Cfor three hours between the end of
incubation and the onset of chilling.
The evidence would seem to

indicate that, for this specific culture,
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Table I. Sugars reported present in polysaccharides secreted by StreptOCOCCl.lS
thermophilus and Lactobacillus delbrued<ii subsp bulgoricus

polysaccharide secretion is not
improved by raising the temperature of
incubation. But - provided that the
culture has been grown at its optimum
temperature to generate high cell num-
bers - a resting period at 25°C or there-
abouts encourages the synthesis of
polysaccharides and the generation of
additional product viscosity (6). This
is, perhaps, a culture characteristic
which could be exrloited further.
The handling 0 the coagulum after

incubation will, of course, affect the
consistency of the retail item as well,
and it is interesting that the Danish
Research Institute (11) has recom-
mended severe agita-
tion of the coagulum
immediately after the
cessation of incubation.
Provided that there are
enough total solids, Culture
that the selected sta-
biliser is appropriate Strep
and, perhaps, that the thermophilus
culture produces 0 cap-
sular polysaccharide,
then the end-product
remains smooth and
stable throughout its Loc delbtvedói
shelf life. subsp bulgaricus
Unfortunately the

procedure destroys the
coagulum, so that -
unless a technique
becomes available for
re-establishment of a
gel structure - a spoonable product
will not be achieved. If a ropy
culture is preferred, then more gentle
handling of the coagulum at tempera-
tures of 15-20°C is regarded as
the more desirable option. Generally
it is agreed that, once the protein-
protein/carbohydrate-carbohydrate/
protein-carbohydrate bonds within the
gel are broken. they cannot be reformed.
Clearly, this approach may prove

impossible in a large factory with
yogurt flowtng through a myriad of
pipes and pumps. As such, if yogurts
of mediocre quality are to be avoided,
then alternative strategies must be
sought.

neul symposium

established. In the absence of such
Information, an alternative approach
would be the production of cultures
capable of generating polysaccharides
with already well-defined characteris-
tics. In this way, the behaviour of the
material could be predicted.
For example, if the genes for xan-

than gum formation in Xanthomonos
eampestris could be transferred into a
strain of S thermophilus, then a
detailed dossier covering the perfor-
mance of the polysaccharide could be
provided along with the culture (13).
Similarly, the genetic sequence
responsible for the production of

spoonabIe consistency. If this scenario
became reality, then consumers would
benefit from the availability of more
attractive retail products, while
manufacturers would gain from the
flexibility to handle yogurt gel in ways
that currently cause unacceptable
damage.
Whether such options would be per-

missible under current legislation is a
matter for conjecture. It appears, at
present, that gene transfers are only
permitted between strains of starter
culture 'Generally Recognised A3 Safe'
(GRAS). For example, it would seem
that an allele for maltose fermentation

can be transferred -
so long as any mark-
ers are inert - from a
strain of Lactoeoecus
laetis to a strain of
Laetococeus eremoris
(14).
Whether or not the

authorities will allow
this practice to be
extended to inter-
generic situations
remains to be seen
and, similarly, the
boundaries of GRAS
will need to be
explored in more
depth.
An additional

dimension will be
provided by the

reaction of the public since, as yet,
little media attention has been paid to
the possibility that genetically modi-
fied bacteria could be present in
cheese or yogurt. •
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Future prospects
If it is assumed that manufacturers

are going to continue to economise on
levels of casein, that the coagulum will
always be damaged during fruit blend-
ing and that the cost of the best sta-
bilisers will conUnue to rise, then the
remaining option for improving the
quality of stirred frult yogurts lies with
the starter cultures.
For example, it will soon be possible

to transfer the genets) for polysaccha-
ride production from one starter organ-
ism to another (12), or to replicate the
genes within a strain to increase the
level of material secreted.
But, as mentioned previously, the

chemistry of these microbial poly-
saccharides does not appear to be well
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gollan gum in Sphingomonas elodea
might be amenable to transfer and,
once again, the behaviour of the
polysaccharide would be entirely
predictable.
Furthermore, if the properties of the

polysaa:h.ari.desecreted by a given culture
were well defined, then the exploitation of
carbohydrate-carbohydrate or carbo-
hydrate-protein interactions becomes a
distinct possibility.
Thus, if a culture capable of secret-

ing xanthan gum was used to produce
the yogurt base and the fruit purée was
stabilised with guar gum, then mixing
the fruit into the white base would
generate a viscosity dependent on
polysaccharide-polysaccharide inter-
actions alone.
Synergistic behaviour is observed

also between xanthan gum and locust
bean gum, and again the interaction
produces a beneficial increase in the
viscosity of the aqueous phase. If a
strain of S thermophilus could pro-
duce xanthan gum and L delbrueckii
subsp bulgarieus secreted gellan gum,
then additional modifications of the
end product might be feasible.
More specifically, it might be relev-

ant that both the xanthan gum/locust
bean gum and xanthan gum/gellan
gum combinations bave a tendency to
gel (13) so that, while these materials
are essentially thickeners of the
aqueous phase, the proposed inter-
actions might give rise to yogurt with a
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product wnh Dr
Richard Robinson eJtpIains
what is involved when

formulating bio-yoghurts and
fermented milks.

Certain aspects of the 'recipe' for
making yoghurt or any similar
fermented milk cannot be

altered, either because there are stipu-
lations in National Food Regulations
that cover specific compositional fea-
tures, or because the organoleptic
properties expected by consumers of
set or stirred products can only be met
using a traditional formulation.
For example, it is always assumed

that yoghurt will be manufactured
from the milk of one or more available
mammals, eg. cows, sheep, goats or
buffalos, and most countries lay-down
precise compositional standards with
respect to levels of butterfat and milk-
solids-not-fat (MSNF) that must be
present in natural yoghurt. Similarly,
the anticipated consistency of a set
yoghurt or viscosity of a stirred
yoghurt can best be achieved by
exploiting the gellation properties of
casein when exposed to the action of
lactic acid released by selected starter
cultures which, incidently, must be
detectable as 'abundant and viable' in
the retail product. However, despite
the apparent constraints of this essen-

tial framework, scope for innovation
still exists.

Chemical Composition
Fat: The level of fat in yoghurt reflects,
to a large extent, the proposed market,
and the minimum value needed to pro-
vide a desirable 'mouthfeel' in, for
example, a stirred fruit yoghurt is 1.2 -
1.5 per cent; 'very low fat' yoghurts, ie.
< 0.5 per cent butterfat, can be rela-
tively insipid and uninspiring. The
incorporation of fat replacers, like
Simplese _ 100 (NutraSweet Europe,
France) which is manufactured from
whey protein to give a material with a
particle size similar to milk fat glob-
ules, can compensate for a reduction in
fat, but the use of vegetable oils to pro-
vide 'mouthfeel' has yet to be exploit-
ed in fermented milks, mainly because
the flavour of even refined oils is diffi-
cult to mask, as is the slightly 'oily'
texture. It may be relevant though that
concentrated yoghurts - 23 per cent
total solids - are invariably served with
olive oil, so there could be a market for
a 'yoghurt-dip' in which the butterfat
is replaced with an oil.

Protein: Raising the protein levels
above the normal 3.3 - 3.5 per cent
found in cows' milk is essential in any-
thing other than a fermented milk
drink, for it is the coagulation of the
casein that provides the basic gel upon
which the structure of all yoghurt-like
products depends.
Financial considerations usually

mean that elevation of the protein is
achieved by: (i) the evaporation of
water from liquid milk under vacuum;
or (ii) the removal of water from liq-
uid milk by ultra-filtration, but fortifi-
cation of base milk with skim-milk
powder (36 per cent protein), sodium
caseinate (87 per cent) or a high-pro-
tein skim-milk powder (55-75 per cent
protein) can be equally effective.
Although these latter powders are

excellent for improving the gel strength
of set yoghurt or the viscosity of stirred
yoghurts, they are expensive options.
'Diluting' high-casein powders with
demineralised whey powder can reduce
costs, but the functional properties
imparted to yoghurt by whey proteins
are always inferior to those arising
from casein.
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PRODUCT DESIGN

ficial. Whether other oligosaccharides
isolated from plants or derived from
fermentation processes will have simi-
lar {unctions remains to be established,
but their role as ingredients of fer-
mented milks could become important.

Carbohydrates and stabilisers
Polysaccharides: Except in natural
yoghurts where authenticity is protect-
ed by regulations, thickening of a prod-
uct with a water-absorbing plant gum
or polysaccharide - addition rate of 0.5
- 0.75 per cent - is extremely popular
and cost effective. Thus, guar gum,
locust-bean gum, as well as the ear-
rageenans and cellulose derivatives, are
long-chain polysaccharides composed
of regular arrangements of monosac-
charide units, and it is this structure
that gives them the ability to bind
water and nullify any loss of viscosity
attributable to a low protein content.
The use of such 'stabilisers' is

widespread for both 'spoonable' and
drinking fermented milks, and starch-
es/modified starches that can mimic, to
a large extent, the properties of these
gums are also available; a significant
price differential is ensuring that
starches are extremely competitive
alternatives. Apart from providing a
satisfying 'mouthfeel' and viscosity to

stirred fermented milks, polysaccha-
rides ean also act to stabilise the struc-
ture, and hence are valuable in pre-
venting the leakage (syneresis) of whey
onto the surface of set or stirred prod-
ucts during transport or storage.

Oligosaccharides: The use of polysac-
charide molecules smaller than starch -
often referred to as oligosaccharides -
is still being explored, for a material
like inulin has some useful properties.
In the first place, it can enhance the
viscosity of a stirred product, although
to a lesser extent than a polysaccharide
but, equally important, it can act as a
stimulant to the microflora of the large
intestine. Tbus, while inulin is not
hydrolysed by enzymes secreted by the
human digestive tract, it can be
metabolised by the Bifidobacterium
spp. that inhabit tbe walls of the colon.
As these same bacteria are essential

for the healthy functioning of the
colon, their possible stimulation by the
ingestion of inulin is regarded as bene-

MonolDisaccharides: As most ferment-
ed milks contain milk solids at levels
above those in normal milk, the lactose
concent of the retail product will be 5 -
6%, with the exact figure depending
upon the degree of fortification and the
extent to which the lactose will have
fermented into lactic acid. However,
the residual lactose does not alter the
sweetness of a product, and hence
sucrose at levels of 5 - 6 per cent has ra
be added to the types of fruit yoghurt
favoured in industrialised countries.
Invert sugars with up to 90 per cent

of sucrose converted to glucose and
fructose offer a sweetening power
equivalent to sucrose and, with some
high fructose syrups, the imparted
sweetness can be much higher than
sucrose. Artificial sweeteners like sac-
charin and cyclamate can be used to
provide intense sweetness without the
calories associated with sugars, but it
should be noted that: (a) with ferment-
ed milks, sugars offer the advantage of
giving extra body to the product; and
(b) despite regulatory approval, some
consumers can suffer adverse
reactions following the intake of artifi-
cial sweeteners.

Technological Considerations
Whatever the precise formulations,
blending of the above ingredients
will give base milks with 15 - 16 per
cent MSNF for tbe manufacture of a
natural set yoghurt, or 12 - 14 per
cent MSNF - along with sugar and
stabilisers - for the production of a
stirred fruit product. These base
milks will then have to be
homogenised to stabilise the milk fat
and incorporate any dry ingredients,
and be heat treated at 90 - 95°C with
a holding time of between two and
seven minutes.
The latter step is essential to modify

the structure of the milk proteins so
that the gel formed during
fermentation is soft in nature rather
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than granular, but it serves also to kill
any vegetative micro-organisms that
might be present and de-aerate the
milk; these latter points assist the
growth of the starter culture.
The milk is then cooled to 42De for

inoculation with the thermophilic
starter cultures used for yoghurt and
similar products (see Table 1), or
300e for those mesophilic cultures
that include species of Lactococcus.
Incubation will take place in retail
cartons for set products, or in bulk
tanks for milks that are going to be
stirred, with 'or without the addition
of fruit, prior to filling into cartons.
After 4 - 5 hours, a typical yoghurt

fermentation will be complete, ie. the
acidity of the milk will have risen to
1.2 - 1.4 per cent lactic acid (around
pH 4.2 - 4.3), and the total bacterial
population of starter origin may well
exceed 2.0 x 108 cells ml-I. At this
acidity, which is probably the level
preferred by most consumers, the
milk proteins will have coagulated to
form a firm gel. The product must be
cooled if over-acidification is to be
avoided. For buttermilk or kefir, a
slightly lower acidity could be
expected following overnight incuba-
tion at 30De.

Cultures for fermented milks
The cultures used most widely in the
manufacture of fermented milks are
shown in Table 1 and, currently, the
most popular routes for their addition
are: (a) production of a liquid 'bulk
starter' using reconstituted skim-milk
powder and a freeze-dried or frozen
culture purchased from a supplier; the
process milk will receive a two per cent
v/v inoculation of pre-fermented bulk
starter (pH around 5.0); or (b) the pur-
chase of a concentrated frozen or
freeze-dried culture that can be added
direct to the process milk. For sheer
convenience, the latter route is becom-
ing more popular, and it is essential for
the production of 'bio-yoghurts' where
the balance between, and total number
of, the various species is critical.
The mesophilic group of bacteria,

mainly lactococci, give rise to products
with a distinctive 'buttery' flavour that
arises from the high levels of diacetyl

TABLE 1. THE PRINCiPAL CULTURES EMPLOYED IN THE PRODUcnON Of fERMENTED DAIRY""
PRODUCTS . .~

~
~:

Main metabolite(s) ~
t'~
~,~~.
r.,
>

Traditional Products

Bacteria of Starter Origin

Buttermilk, lactococcus lactis sub-sp Jactis lactic acid

Cultured cream
h,

Lactococcus lactis sub-sp.lactis diacetyl
biovar diacetylactis acetoin
Lactococcus lactis. sub-sp cremoris. extra-cellular proteins

(some cultures) .,;s

Leuconostoc mesenteroides sub-sp. --cremoris
'\

• }treptococêus thermophil us an actieacid ~
lactobacillus delbrueckii / aldehydes '
sub-sp. bulgaricus_ ketones, extra-cellular

polysaccharides

Lactococcus spp., lactobacillus spp., lactic acid

Acetobacter spp. and various yeasts, acetic acid
inc Candida kefir alcohol

-=

Kefir

Koumiss

More recent Health-promoting Products

Drinks

Acidophilus Milk Lactobacillus acidophilus lactic acid
alcohol , ''-"i_

lactic acid
_.

Yakult Lactobacillus casei sub-sp. shirota

Future products lactobacillus rhamnosus bacteriocins
lactobacillus reuteri are secreted by
Lactobacillus casei some species

Yoghurt-like Products

'Bio-yoghurts' lactobacillus acidophilus lactic acid
Bifidobacteriurn spp. acetic acid
Streptococcus thermophilus and, extra-cellular
sometimes, Lactobacillus delbrueckii polysaccharides
sub-sp. bulgaricus.

footnote: (i) The species of Bifidobacterium may be selected from Bifidobacterium bidium,
Bifidobacterium longum, Bifidobacterium adolescentis and Bifidobacterium infantis, all of which
occur naturally in the intestines of humans. The use of Bifidobacterium animalis (non-human origin)
is permitted in some cóuntries.Iii) Kefir and koumiss have long been regarded in Eastern Europe as
having special therapeutic or prophylactic properties.

released by some components in the
cultures. Kefir and Koumiss also share
some of the same flavour notes, but the
mixture of micro-organisms that pro-
duce these acidic, mildly alcoholic (0.3
- 0.8 per cent alcohol) drinks gives rise
to wide variations in flavour.
However, most fermented milks are

produced with cultures consisting of
bacterial species with temperature
optima of 37 - 45De. Yoghurt is the
most popular product made with ther-
mophilic cultures, and one or both of

the same two species (see Table 1) are
often to be found in the so-called
'health-promoting' products as well.
In the 'bio-yoghurts', for example, the
traditional yoghurt bacteria acidify
the milk rapidly and provide the
flavour and physical characteristics
expected by the consumer of a
yoghurt-like product, while the other
species are included to provide the
alleged 'health benefits'.
This latter concept arises because

the distal end of the small intestine
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with chiUed water (rC) or
pumping through a plate or
tubular cooler is practiced
for stirred/drinking ferment-
ed products and, as most
£luid products are further
processed, the initial cooling
is usually to 15 - 20°C. In-
tank mixing of the fruit or
other flavouring mixture (10
- 15 per cent v/v) can be
used, or the yoghurt base
and the fruit can be fed
through a blending device
directly into cartons which
are then chilled to 2 - 4°C.
The physical form of the

in ion QMlysis.
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Yoghurt is the most popular product made
with thermophilic cultures, and one or

both of the same two species are often to
be found in the so-called 'health-
promoting' products as well as

in bio-yoghurts

Dr Richard Robinson lectures on dairy microbiology at the
Department of Food Science & Technology at the
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and the colon of the adult
human contains millions of
bacteria g-1 of content or
cm-2 of wall surface and,
while some of the inhabi-
tants like Lactobacillus aci-
dophilus and ifidobacteriurn
spp. are beneficial. other
constituent species produce
a range of phenolic com-
pounds, such as sketol and
indole, which could damage
living tissue.
Indeed, there is concern

over their possible involve-
ment in the initiation of can-
cer in the lower intestine.

Any process that tends to
suppress the production of
such compounds could,
therefore, be advantageous,
and it is widely believed that
the regular ingestion of high
numbers of Lactobacillus
spp. and Bifidobacrerium
spp. of human origin helps
to establish a more desirable
microflora in the intestine.

Final processing
For set yoghurt coagulated
in the retail cartons, cooLing
can be achieved by blowing
cold air through the incuba-
tion room, or by carefully
transferring groups of car-
tons in their retail trays to a
chill room at 2 - 4°C. In-
tank cooling of the base

fruit is usually frozen or
heat-treated, and while the
final choice may be based
on price and/or perceived
quality, it is essential that
the materials are £ree from
yeasts and moulds. Thus,
fermented milks of the cor-
rect pH should be almost
free from bacteria of non-
starter origin, and hence
microbial spoilage within
the anticipated shelf-Life of
the product is likely to
involve fungi. Consumer
complaints about excessive
acidity are usually indica-
tive of post-production
acidification by starter bac-
teria following temperature
abuse of the product some-
where in the chill chain.
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YOGHURT
·MANUFACTURE

some considerations ofquality
.TH E production or yoghurt is essentially a
blological process, and hence subject to the
degree or variability associated with any
'living system'. Thus, the quality of the
end-product can' he influenced by such.
factors as the chernicul composition of the
raw milk, the nature or any additives, as
well as the conditions selected for manu-
lucrure. while lastly, of course, the entire
process is dependent on the correct activity
or living bacteria. It is hardly surprising,
therefore, that the: process can, at times,
prove temperamental, particularly as
ultimate control of the manufacturing
schedule rests in the hands of yet another
blologleut component, man.
-Nevertheless; while the more obvious

deficiencies are both predictable and easily
rectlfied with proper process control, some
of the more irritating variations in product
quality appear to arise with alarming
spontaneity. One such fault is the occur-
renee-in stirred yoghurt of non-dispersabte
.particles referred to as 'nodulation' or
'lumpiness' [I) or 'graininess' (2). The
exact cause of this fault has long been the
subject or speculation, and it is the aim of
this paper to consider whether current
knowledge or. the nature and origins of
nodulation can be employed to help a
manufacturer to avoid tliis most tedious of
problems.

The nature of the problem
Although the presence or nodules does

not affect the nutritional value or organo-
leptic quality or yoghurt, the 'white specks'
showing up against. the coloured back-
ground of a fruit/flavoured product can
give the retail material II most unsightly
appearance.

large nodules can usually be dispersed
by applying a shearing force, as in pump-
ing or stirring, or alternatively, coarse
filtration can be employed to remove the
lumps without too much loss of product
viscosity, Smaller particles are, of course,
more of a problem, be~ause the force re-
quired to bring about-their disintegration
would destroy the yoghurt coagulum' as
w~II. This latter point implies that the
nodules have a definite structure. a view
supported by Cooper ti al (3) who showed
that the nodules have a higher protein and
total solids content than the surrounding
yoghurt. It is also of interest that the same
authors could find no evidence of aggre-
gates of bacteria within the nodules, so
that the proposal that Lactobaclllus bul-
gurlcus and Streptococcus thermophllus

Dairy Industries International

act :IS 'nuclei' during nodule: formation
cannot be substuntiuted,

A number of other workers have also
examined the nuture and/or origin -of
nodules, and their results can be sum-
murised as Iollowst- ,

. l'
Suggested causes of nodulation:
i) We:ak starter activity;
ii) Poor dispersal of culture;
iii) Variations in incubation temperature;
iv) Inhibitory substances in the milk; .
v) Disturbance of the coagulum before it

has cooled;
vi) Variable: composition of the raw

materials, coinciding with seasonal
variations in the number of observed
faults in yoghurt.

After- Ap_aricio [4], Casalis [5], Davis [IJ,
Kalab ti al, (6) ..

The only COriclusion that can 'be drawn
from this assortment of ideas is that
confusion is still rife, but two distinct
threads can, nevertheless; be discerned,
namely:
a) that the quality of the raw materials

may be important; and
b) that deficiencies in process control

could be equally responsible for causing
the defect.' .

It was decided, therefore, that these two
proposals merited more detailed examina-
tion, and hence the aim of this present
study was to: .

"') examine further the nature of the
nodules, with the particular' view of
confirming that rogue activity of the

sturter culture was not stimulating their
formution:

ii) investiaute the extent to which varia-
tions i~ process conditions could lead to
th~ production of an uneven coagulum.

The structure of the nodules

A number of samples of yoghurt showing
nodulation were collected, together with
some: experimental materials (see later),
and a random batch of individual particles
was extracted from each carton. One
characteristic feature of these nodules
was the ease' with which, they could
be washed out from the yoghurt by diluting
it with distilled water, so confirming their
identity as discrete entities. Even quite
large 'lumps' rapidly disintegrated to
expose a hard, central origin, and the
impression emerged that the formation of
the central core was the phenomenon of'
real concern, It was, therefore, these
regions that were examined in more detail, .
for it was hoped that such an appraisal
might confirm some of the data presented-
by Cooper ti al (3).
The examination was carried out under

a scanning electron" microscope, and pre-
paration of the materials involved:
I) selecting an isolated, washed nodule;
2) mounting it on a brass 'stud' for inser-

tion into the microscope;
3) freeze-drying the material;
4) fracturing one surface of the nodule to

reveal the internal structure;
5) coating the surfaces with platinum;
6) examination of the outer surface and

the fracture face at magnifications up to
X 3000. .
The view of the entire 'nodule (Figure I)

confirms the earlier impression that the
granules have a definite compact structure
that is congruous with their existence as
discrete particles within the yoghurt coagu-
lum, "1lnd the "Sr11o~ttrconvolutions-of the
outer surface: of the nodules (Figure 2) also
emphasises the lack of connection between
the casein of the granules and the micelles

. of the suspending medium. The failure of
normal processing techniques to disrupt
the intruding particles is also understand-
able, because ready disintegration would
imply a fragility of structure that clearly.
does not exist. This point was also borne
. out by examlnaticn of the fracture faces,
because although the basic arrangement of·
the' caseln micelles is -similar to that in
normal yoghurt, the organisation appears
to have become more dense (Figure 3).
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Such u conclusion would be: in keeping
with the lindin!! thut the: solids-not-fut
(SNJ-') content of the nodules is higher
than thut of normal yoghurt. und it is ulso
notir ..:ellhle thut the: exurninution produced
nil evidence or uny agglomerations of
bucteriu.

Obviously the 'number or nodules that
wus investigated in this wuy was severely
limited. hut present evidence does suggest
thllt then: is nu reuson to suspect abnormal
starter uctivity us being u likely cause of
nudulution. If this view is correct. then it
becomes necessary to seek other explana-
tions for the: occurrence of these irregular
uggrcgutlons of the: cusein.

Variations In raw material composition

The majority of manufacturers probably
employ the system whereby liquid skim-
milk is fortllie:d with milk powder to pro-
vide the: desired level of total solids in the
process milk, und both materials are, with-
in limits. subject to changes in composi-

tion. The extent to which skim-milk
powders vary from plum to plant. or with
season und/or geographical locution. is a
muller for conjecture. but us liquid skim-
milk is the: major component. it is probable
that vuriutions in this Iruction would be ihe
most relevant.

The information uvalluble on changes in
tho: SN F content of raw milk suggests thut.
uftcr a luw ofll.6% in Murch.the level rises
to around 1I.11i- in June. and then broadly
stabilises until Octol'>c:r (7). The existence
of these: trends is now widely accepted. but

in the present context, two puirus are per-
h:lrs relevant:

II) the ovërall chunges are small.tand sub:
jcet to .variutien within the suggested
limits: und .

h) according to ïhc data of Cooper tt al
(/llc dl) the incidence or nodulation
reaches II maximum during Murch und
Apri], Calis <luring the: sU,mmer months,
und then 'peaks' uguin around October.

In other words. even if the ligures for SNF
ure uccepted ut their face value. heavy
nodulutlon wus lirst observed when the
SNF level wus ut its lowest, and then again
during the 'peuk time' for SNF. This
absence of uny obvious eerrelurien be-
tween SNF values .urid the presence or
absence or nodules would tend to discredit
the proposed ussociu'tion, but for the fact
that: Cj
a) the unalyses of chemical composition

dnd the evidence of nodulation come
from entirely different sources, and it is

Frequency
or,ranules

CH, aeu,

Fi.~ur(·I. :A Iyp{ral'grallult' or 'noduit'
extracted from yoghurl: Iht campac!
/loulrI'oflht slrllclurtfr r/tart)' t vident,
(X Jj} •

Figure }. Surfact vit ..•..010 nodule Ihol
tll/pha.riu.r th« lark of connection bnwem
th» porlir/ts and tht sllsptnding roogulum
(X ljO}: this extrem« compactton may not,
ho...·t ver, ht l.I'pirol.

Treatment

Incubation It 3SoC

Incubation at 42°C

Incubationat4S0C +++

Incubation at SO°C +++ ++

Stirring at 42°C +++ +

Stirring at 20°C ++

Disturbance or coagulum + + +

Slow acid development +

Code: (
+++-abundant
++ - frequent

+ - occasional
-- no~ detectable

Tabl« I. Eflm of prortsSing conditions
On Iht occurrence of nodulation.

sheer speculation that the yoghurt milk
monitored by Cooper and his col-
leagues had a 'typical'level orSNF;

bl the: ligures for SNF make no allowance
for changes in the level or individual
components, Thus, the calcium content
or milk is reported to be: higher in
winter than in summe:r (8). and if peak
levels occurred in March and October,
then it is not inconceivable that the nor-
mal acid 'couguluiion or the casein
could be: disturbed: .

c) finally, of course, the whole concept or
'typicu!' values ror SNF muy be in ques-
tion. because while a low level in March
und n high one in October may be the
normal pattern. Jack et al (9) found
quite: a different position in milk
samples taken in California during
19~9. In this latter case, the spring
lind autumn values were IIImost iden-

M:m:h 19111
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tically high. so that if high levels of
SNF were associated with the onset of
nodulation. then the data from Califor-
nia would provide valuable support.

Overall. therefore. the conclusion must
he th ut even if the occurrence of 'lumpi-
ness' is seasonal. there is no real indicution
of w hich other vu riuble might be linked
w ith the unset of the problem. This rather
neg utivc conclusion will not. of course. end
the spcculutlon, but it is worth mentioning
that. in many instances, nodulation occurs
on un entirely 'occasional' basis through-
out the year. This random incidence sug-
gests u more prosaic cause. and it was
decided. therefore. toexamine the extent
.to which nodulation could be induced by
altering process conditions.

Some causes of nodulation

Spray-dried skim-milk (medium heat)
was reconstituted to provide a standard raw
material at 16% total solids, and the con-
trol yoghurt was made by the procedure
outlined in Figure 4.
, The end-product had a smooth, even
consistency, but providing an objective
record of this state proved to be something
of a problem. The most reasonable solu-
tion was simply to spread the yoghurt over
a black tile, and then to photograph the
dispersed coagulum (see 'Figure S). Despite
the limitations of this technique, it did
provide a means of comparing the con-
sistency of different yoghurts, and of
assessing, where applicable, the extent of
nodulation.

Once it had been established that the
standard procedure could give rise to an
acceptable yoghurt, it was possible to
determine whether changes in process con-
ditions could cause yoghurt coagulum to
become granular, and the following factors
were selected for examination:
i) Incubation temperature
This examination involved producing
yoghurt employing the standard proce-
dure. but with 35°C, 42°C, 4SoC and SO°C
as the incubation temperatures. In each
case. the duration of the fermentation was
adjusted to give a' final acidity or
0.9b-O.98% lactic acid prior to cooling.
ii) Stirring at 20°C or above
In this case. yoghurt was made in the
normal manner. but was then gently stirred
either immediately after incubation
(42°C). or after cooling to 20°C. The
stirred products weteihen dispensed into
the retail containers for final cooling.
iii) Disturbance during incubation
Although care was taken to avoid any
visible 'breaks' appearing in the coagulum.
the fermentution vessel was shaken at
hourly intervals during incubation.
iv) Choke of starter culture
Each series or experlments was carried out
employing-
il) a culture designated CH I (Chr. Hail-

sen's Ltd) and

Dairy Industries International

Preparation of mix
~

Reconstitute at 50°-55°C'

~
Leave milk undisturbed for 10 min.

for the froth to settle

~
Heat treatment at 90°-95°C for 10 min.

~
Cool at 45°C under running water•Add 2% starter and mix for 5 min.•fill 2-litre containers and cover with

lids .

~
Incubate at 42°C:l:.l °C for 2t to 3 hours•Refrigerate at 5°-7° for 24 hours•, Stir and dispense into retail cartons•Malntaln at 50-7°C

Figure 4. Flow diagram of the standard
proredure for the production of yoghurt.

Figure 5. Natural yoghurt spread over the
surface of a black tile to rental the even
nature of the coagulum.for method of
production.see Figure4.b) a culture designated Boll) (Chr.

Hansen's Ltd).
In each case. the inoculum was a liquid

culture containing Str thermophilus and
Lor bulgorleus in the ratio of I:I. The
inoculation rate was standardised at 29'0
v[v, except in one trial. when a 0.5% rate
was used to assess the effect of slow acid
development on the coagulum.

The results of the various trials are sum-
murised in Table I. and it is clear that it is
cornpurutively easy to induce formation of
granules. What is equally evident is that
the: changes from the' standard procedure
are not dramatic. Thus. a slight elevation

of the temperature (Figure 6) or stirring
priur to complete cooling (Figure 7) intro-
duced a totally unacceptable level of
nodulation. and furthermore. the magni-
tude: of some of these alterations in process
conditions suggests that the) could easily
be duplicated at plant level,

What is encourazlnz. however. from the
data in Table I is ihai a chunse in starter
culture can ameliorate the siiuation con-
siderably. although there was absolutely no
evidence to suggest that the bacteria i~ ~he
'susceptible' yoghurt milk (ie containing
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I

culture CH.) were in any way responsible
for initiating granule formation. Indeed, it
is possible (as shown in Figure 8) to cause
granule formation in process milk simply
by the addition or lactic acid, and hence
uny criticism or the: bacterial cultures per
sr cannot be sustained.

What seems more likely is that the: in.
creased firmness imparted to the yoghurt
by the so-culled 'viscous cultures' (cg
Bollj), renders the coagulum resistant to
thermal or physical 'shocks' which the
marc delicate gel formed by CHI cannot
withstand. If this view is correct, it would
imply that a munufucturer or a stirred.
fruh yoghurt prone to nodulation might do
well to consider u 'change of culture.
Obviously such u move should run concur.
rently with improvements in process con.
trol, but unless the delicate flavour
associated with CH.·type cultures is essen-
tial, cf for natural yoghurt, then the switch
to II more 'viscous culrure' may at least
serve to mask uny imperfections of
manufacture.
It would be irresponsible on the basis of

this brief examination of the problem or
nodulation in yoghurt to be too dogmatic
about its cause, but certain tentative con.
elusions might bear repetition, narnely.-
i) evidence that nodulation occurs mainly

at certain times of the year is extremely
scant, and indeed a chemical or phys-
icochemical basis for the proposed
seasonality has yet to be defined;

ii) the granules, which appear to be com.
pressed aggregates or casein, can be
readily induced. on an experimental
basis. by deviation from the conditions
normally employed for yoghurt pro.
duction. and it is likely that similar
alterations at plant level could be res-
ponsible for the formation of nodules
in commercial products;

iii) although the starter bacteria have been
exonerated as casual agents, the rragile
coagulum produced by some strains
does appear more prone to faults than
the product or the so-called 'viscous'
strains. In practical terms, this differ-
enee means that a manufacturer may
be able to minimize the risk of a faulty
product by selection of a more appro-
priate starter culture.
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F7gure6 (a) Natural yoghurt prepared by
Ihestandard procedure bUI wilh the
Incubation temperature eleváled lo 4joe
(bj ilbove righl: As above. bill with
temperature al jO°C,

Figure 7. (al Natural yoghurt prepared by
th« standard procedure, bill with the
coagulum being sttrred / dispensed
Immedialel)' after lncubatlon. ie around
40°C, (bJ As above. bill wllh yoghurt
cooled 10 lOoe prior 10 agltation.

Figur« IJ. (/696 TS) acidified 10
around /% lactic acid by Ihe direct
addttion of lactic acid: noIe granule
formalion in the absence of starter
bacteria.
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.YOGHURT·

SCIENCE AND TECHNOLOGY
»->:

Second edition

A.Y.Tamime and R.K.Robinson .

Yoghurt: science and technology is a standard work in its field for both industry professionals
and those involved in applied research. Because manufacture is still, essentially a natural
biological process, it remains difficult to control the quality of the final product. Such control
depends on a thorough understanding of the nature of yoghurt and both the biochemical

. changes and process technologies involved in production. Yoghurt: science and technology
provides just such an understanding.

Since the last edition the industry has been transformed by the introduction of mild-tasting
'bio-yoghurts', changing both consumer markets and manufacturing practices. The new
edition has been comprehensively revised and expanded to take on board this and other major
changes in the industry, for example the production of strained yoghurt by ultrafiltration and
the latest advances in mechanisation and automation.

Contents in detail

1. Historical background

2. Background to manufacturing practice

2.1 Introduction; 2.2 Preliminary treatment of the milk base; 2.3 Standardisation of fat
content in milk; 2.4 Standardisation of the solids-not-fat (SNF) content in milk; 2.5 Addition
of stabilisers/emulsiflers; 2.6 Addition of sweetening agents; 2.7 Addition of miscellaneous
compounds; 2.8 Homogenisation; 2.9 Heat treatment; 2.10 Fermentation process; 2.11
Cooling; 2.12 Addition of flavouring/colouring ingredients; 2.13 Packaging;
2.14 Refrigerated cold storage, transport and distribution; 2.15 Conclusion; 2.16 References

3. Processing plants and equipment (details to come)

4. Plant cleaning, hygiene and effluent treatment

Cleaning aspects 4.1 Primary objectives; 4.2 Principles of cleaning process; 4.3 Factors
involved in the selection and performance of a detergent; 4.4 Cleaning methods; 4.5 Factors
influencing the efficiency of cleaning; Sterilisation aspects 4.6 Fundamentals of the
sterilisation process; 4.7 Methods of sterilisation and/or sanitation; 4.8 Kinetics and
mechanisms óf microbial destruction; 4.9 Means of assessing the sanitary condition of a
processing plant; Effluent treatment 4.10 Background; 4.11 Nature of pollution; 4.12
Methods of effluent treatment; 4.13 References
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6. Microbiology of yoghurt and 'bio' starte~ cultures

6.1 Introduction; 6.2 Characteristics of growth; 6.3 Factors affecting slow growth of
starter cultures; 6.4 Conclusion; 6.5 References.

5. Traditional and recent developments in yoghurt production and related products

5.1 Introduction; 5.2 Standard commercial yoghurt; 5.3 .Yoghurt made from different
manimalian milks; 5.4 PasteurisedlUHTflong-life yoghurt; 5.5 Drinking yoghurt; 5.6 Lactose
hydrolysed yoghurt; 5.7 Concentrated/strained yoghurt; 5.8 Frozen yoghurt; 5.9 Dried
yoghurt; 5.10 Bio-yoghurt; 5.11 Fat-substitutes yoghurt; 5.12 Vegetable oil yoghurt; 5.13
Chemically-acidified yoghurt; 5.14 Soy mIlk-yoghurt; 5.15 Miscellaneous yoghurt products;
5.16 Future developments and' conclusion; 5.17 References

9.1 Introduction; 9.2 Carbohydrates; 9.3 Protein; 9.4 Lipids; 9.5 Vitamins and minerals;
9.6 Yoghurt and health; 9.7 Conclusion; 9.8 References

10. Quality control in yoghurt manufacture

I
I
I
I
I
I
I
I
I
I

7. Biochemistry of fermentation

7.1 Carbohydrate metabolism; 7.2 Protein metabolism; 7.3 Lipid metabolism; 7.4
Vitamin and mineral metabolism; 7.5 References

8. The preservation and production of starter cultures

8.1 Introduction; 8.2 Methods of starter cultures preservation; 8.3 Technology of cell
biomass production; 8.4 Production systems for starter cultures; 8.5 Conclusion; 8.6
References

9. The nutritional value of yoghurt

Publication details

10.1 Introduction; 10.2 Principles of HACCP; 10.3 Monitoring of process plant; 10.4
Examination of raw materials; 10.5 Quality appraisal of retail products; 10.6 Conclusion;
10.7 References

Length: 640 pages (est) Format: 244 x 172mm Price: £125 Publication: June 1999
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Abington Hall, Abington
Cambridge CBI 6AH, England
Tel: +44 (0)1223 891358
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Dairy products
. - the real risks

Reports of poisoning or infection from dairy products are impressively low, at least for
developed countries. But dangers still exist, and Turkan Keceli and Richard KRobinson
from the Department of Food Science and Technology, University of Reading, highlight

some of the recent product/pathogen associations

Itis inevitable that milk from any
domestic animal should be prone
to contamination by pathogenic

bacteria (11). It is important, therefore,
that consumers should be aware of the
risks involved. It is assumed that herds
supplying such milk will be free from
Mycobacterium or Brucella but, unfor-
tunately, the cost of monitoring herds
means that lapses could occur (32).
Similarly, there is evidence that

Campylobacter jejuni and Coxiella
burnetii can be excreted direct into the
milk of apparently healthy dairy cows
(50) so that, even if a milking parlour
is immaculate, the transmission of
pathogens can still occur. Faecal cont-
amination remains, of course, the most
blatant risk, and the many studies of
the microflora of raw milk (19,1,9,14)
have always reached the same conclu-
sions: (a) do not drink raw milk; and
(b) do not use milk in food products
unless it receives a preliminary heat
treatment.
It is generally agreed - despite some

queries concerning Listeria monocyte-
genes - that the pasteurisation of milk
at 71.7·C for 15 seconds (or an equiva-
lent treatment) will eradicate all non-
sporing bacterial pathogens from milk;
the presence of protozoans like
Cryptosporidium does, of course,
necessitate a more severe treatment.
However, despite the confidence that
the system inspires, many of the milk-
associated cases of salmonellosis
reported in the UK between 1950 and
1980 could be traced to the consump-
tion of defectively pasteurised cow's
milk, or milk that had been contami-
nated after pasteurisation (19); more
recently, significant disease outbreaks
resulting from pasteurised milk conta-
minated with Salmonella typhimuri-
um, Salmonella braenderup and
Campylobacter jejuni have been
reported (33,29).
L monocytogenes is also an occa-

sional contaminant of pasteurised milk
within the EEC (13,55). Similarly in
the USA, pasteurised milk has acted as
a carrier for S typhimurium and L

!II'April 1997

monocytogenes (18). Yersinia entero-
colitica can be transmitted through
pasteurised milk as well (24). and
problems with recovery (23) suggest
that the true level of occurrence could
be underestimated.
An additional concern is the grow-

ing exposure of cattle to antibiotics.
Thus, a study in Mexico (16) found
that 67% of retail samples of pas-
teurised milk contained faecal col-
iforms with multiple drug-resistance,
while penicillin-resistant strains of
Salmonella and Staphylococcus
aureus were also detected. A similar
picture emerged in Trinidad during a
study of raw milk (3) and, while these
organisms should not be present in
retail milk anyway, the ease with
which this pool of drug-resistant
organisms is entering the food-chain
would appear to merit further
attention.
All these cases have been linked

with (a) poor plant design, ie no 'fail
safe' system in the event of operator
error; (b) poor maintenance that has
failed to detect 'pin holes' allowing
raw milk to contaminate heat treated
product; and (c) inadequate quality
assurance procedures. While Hazard
Analysis of Critical Control Points may

reduce the risk of a problem arising, an
examination of a representative sam-
ple of retail items remains essential.
This view is confirmed, to some
extent, by the data in Table 2, which
indicate that even the examination of
random (unofficial) samples can be
extremely successful in detecting
faults in market milk.
It has been proposed that pas-

teurised milk should have a total
colony count of less than 100,000
colony-forming units (efu) ml' after 5
days at 6'C starting from an initial
count of <30,000 cfu ml! (49). The
reality of these standards was estab-
lished in a survey of UK market milk
which showed that 4% of samples had
total counts < 1,000 cfu ml'. 85% in
the range 1,000-100,000 cfu rnl' and
only 11% were above the ceiling of
100,000 cfu ml". More recently, it was
found that the quality of pasteurised
milk tended to improve with scale of
operation, suggesting, perhaps, that
quality control in some small to
medium-sized factories is in need of
improvement (13).

Non-fermented milk products
Cream is just as susceptible to

spoilage as the milk from which it was

Table I. Some of the important outbreaks of food-born disease in
which cheese was implicated as the cause

Cheese Organism Country Year

Camembert Salmonella bareilly USA 1953
Camembert Escherichia coli USA 1971

(enteropathogenic)
Brie Escherichia coli USA 1971

(enteropathogenic)
St. Marcellin Shigella sonnei France 1964
Fresh White Cheese Brucella abortus Italy 1972
Queso Blanco Listeria monocytogenes USA 1985
Cheddar Staphylococcus aureus USA 1968
Cheddar Staphylococcus aureus UK 1960
Cheddar Staphylococcus typhimurium Canada 1984
Cheddar Staphylococcus heidelberg USA 1976

29
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separated, and the process of separa-
tion can often lead to a concentration
of spores into the fat layer. During fur-
ther heat treatments, the fat can, to a
degree, insulate the bacterial cells. and
this fact is recognised in the USA
where dairy products with more than
10% fat have to be pasteurised at
74.4·C for 15 seconds. The protective
effect of fat could explain the high
counts sometimes recorded for double
cream (49), although the temptation to
over-pasteurise could be equally
important. Thus, heat-treatments
above 72-74'C for 15 seconds offer
little advantage (12), as the heat-shock
applied to the spores leads to more
rapid germination and spoilage: a
point relevant also with respect to
pathogens, because the flora of spoiled
cream is often dominated by strains of
Bacillus cereus.

Butter should be a 'safe' product (or
the consumer, in that: (a) the majority
of bacteria will be removed with the
buttermilk: and (b) in well-made but-
ter, the majority of tbe water droplets

loodsa/ety

drying chamber.
The source of most problems linked

with milk powders have been found to
have a focus around the packaging
area. and various species of
Salmonella are the most serious
pathogens likely to be associated with
milk powders. S newbrunswick was
responsible for an outbreak of salmo-
nellosis in the USA (15), where a
faulty sanitising plant led to the conta-
mination. Sagona and S typhymurium
have also been implicated with inci-
dents in the USA, and hence it is not
surprising that major dairy countries
like Australia insist 00 end-product
analysis of all milk powders for salmo-
nellae. The expected standard is
'absent in 200g' although 'absent in
500g' is often employed as an opera-
tional target (20).

The contamination of milk powders
witb coagulase-positive strains of
Staph aureus have led to a number of
reported incidents of food-poisoning,
so tbat the normal standard is now
'absent in 25g' of powder; ~e same

Table 2. A record of 'official' and 'informal' samples of milk and milk
products examined by enforcement officers in the UK during 1995;
the figures in brackets indicate the number of incidents that lead to
prosecution.

Product Off,c,al Samples

- --------

Informal Samples

Total Unsmsfactory Total Uns.ltIsfactory

MJr~et Molk 7.777 1.277 (2) 16.740 2.961
Cheese 976 126 (0) 1.188 228
BillIe. 121 10 (0) 54 6
Orh,',\ 1.533 202 (3) 3.631 516
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should be below 10 urn in diameter, so
providing neither spaco nor nutrients
for bacterial growth. Even the moulds
often associated with the spoilage of
butter, eg Alternaria or Cladosporium,
are not known to produce mycotoxins,
'and hence only gross contamination
from contact surfaces during rework-
ing or packing is likely to cause seri-
ous problems.

With milk powders, spray-drying
involves the almost instantaneous dry-
ing of droplets of milk and tbeir
agglomeration into small granules.
Once (armed, any bacteria trapped in
the granule are protected from the hot
air within the chamber, so that even
outlet temperatures over 100'C may
bave little effect on either vegetative
cells or endospores. For example, both
S typhimurium and Salmonella
thompson have beeo shown to survive
normal spray-drying and storage (39).
However, because th.e milk will hove
been heat-treated prior to evaporation
and drying, non-spore-forming
pathogens should not be present in tbo
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standard is applied to faecal coliforrns.
Lovell (41) reports that Yersinia ente-
roeolitica, as weU as various species of
Enterococcus, have been linked with
disease outbreaks associated with
foods that incorporated milk powder.
Although there was, in those cases, no
evidence that the milk powders were
directly involved, it reinforces tbo
need for powder manufacturers to
operate to strict standards of hygiene -
if only to avoid being open to
criticism.
The presence of any of these vegeta-

tive pathogens implies post-pasteurisa-
tion contamination. but spore-formers
are more likely to enter with the raw
milk. The spores of B cereus were
found in dried milks in Egypt in num-
bers ranging between 10 and 10 x
106/g (27), and the use of such pow-
ders could lead to incidents of food-
poisoning. Clostridium perfringens is
another pathogenic spore former that
has been found in milk powders, par-
ticularly wben the powder has been
packed under vacuum or in tightly

sealed, polythene bags. However, it
bas been recommended that the poly-
thene liners of bags for SMP sbould
have 'pin-holes' to allow for ease of
stacking (17). and this sbould ensure
that bags are sufficiently aerobic to
encourage a decline in numbers of
clostridia.

The bigb total solids of most ice
cream mixes - typically 10% fat, 10%
milk solids-nan-fat, 14% sugar and
0.5% stabiliser - means that the pas-
teurisation temperature/time regime is
changed to 71.1·C for at least 10 min-
utes (or equivalent) to ensure the elim-
ination of vegetative pathogens. In
addition, National Regulations will
usually stipulate maximum holding
temperatures and times before and
after heat treatment, so that contami-
nants sbould bave little opportunity
for growth. Given the application of
Good Manufacturing Practice, it
sbould be possible to meet the targets
suggested in (20) of total colony count:
<50,000 cfu/g, coliforms <10 cfu/g,
faecal coliforms and Staph aureus
'absent in 1 g' and salmonellae 'absent
in 25g' with 'absent in lOOg' as a desir-
able target.

Large-scale manufacturers can usual-
ly achieve these specifications. but
two sectors merit close attention. The
first is occupied by small manufactur-
ers in Asia, the Middle East and else-
wbere, for there are reports from Egypt
(46), India (59), lran (54) and Turkey
(7) of locally-made ice creams that
were totally unacceptable. Probably a
combination of low-grade ingredients,
poor hygiene and process control con-
tributed to the low microbiological
quality and, although coagulase-posi-
tive staphylococci and E coli were the
only pathogens identified in any of the
samples, the potential dangers for the
consumer are self-evident. In addition,
pathogens can survive al appreciable
levels in ice cream (4). In Europe,
small producers can encounter prob-
lems with ingredients as well, and an
outbreak of Salmonella enteritidis PT4
infection was linked with the use of
raw eggs in an exotic recipe (48).

Retailing is the other sector tbat
deserves further scrutiny. Tbus, the
praclice of 'scooping' ice cream from a
carton and serving it on 8 cone can
lead to problems from poor hygiene,
and the microbial quality of the so-
called 'soft serve' ice creams can be
equally suspect (56). Of over 800 sam-
ples of ice cream tested in Louisiana,
nearly 40~o had total counts in excess
of 50,000 cfu/g, and over 50% bad col-
iform counts >10 duig.

Fermented milk products
Yogurt ancl similar fermented milks

should be entirely safe for the con-
sumer because, with a pH in the range
of 3.8-4.2, vegetative pathogens like L
monocytogenes, E coli. Klebsiella
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pneumoniae, Y enterocolitica and
Salmonella will be killed even before
the retail product leaves the factory
(5,22). However, poor process control
or low starter activity can change the
picture dramatically, and yogurt was
the source of an outbreak of E coli
(VTEC) 0157 infection in the UK (47).
A similar problem could arise with

products manufactured with probiotic
cultures, for the pH of 'bio-yogurts' is
deliberately held around 4.6. This fig-
ure is chosen because (a) many con-
sumers enjoy the milk flavour; and (b)
certain strains of the desired organ-
isms, such as Lactobacillus aci-
dophilus, are acid-sensitive, and will
decline below the therapeutic mini-
mum count of 1 x 106 cfu/g of product
on prolonged exposure to acidic con-
ditions. However, pathogens like
Staph auteus can survive under condi-
tions of medium acidity, and hence
high standards of plant hygiene are
essential. Itmay be helpful that a num-
ber of lactic acid bacteria release bacte-
riostatic/bactericidal metabolites (57)
but, with the exception of nisin, there
appears to be some doubt as to how
effective such materials are in food
systems.

Cheese risks
In considering the potential risks

posed by the consumption of cheese,
the important division between soft,
fresh cheeses (moisture content >60%)
and hard, grating cheeses like
Parmesan (moisture content <35%) is
obviously going to be crucial with
respect to microbial activity, and the
available data bear this distinction out;
Italian cheeses of the Romano-type, for
example, never appear to have been
cited as causes of a disease outbreak.
Consequently, it is the unripened,

high moisture cheeses, such as queso
blanco or cottage cheese (31), or the
externally mould-ripened like Brie or
Camembert (30) that tend to give most
cause for concern with regard to
Listeria or other pathogens (see Table
1). The tendency for small manufactur-
ers to use raw milk is the source of
many problems, and an outbreak of
infections by Salmonella dublin fol-
lowing consumption of a soft cheese is
a case in point (43); a disease outbreak
arising from Salmonella enteritica
serotype paratyphi B in France had a
similar origin (53).
L monocytogenes has been isolated

also from soft, unripened cheeses
(55,25), and counts in a few samples
exceeded 1,000 duig; it is relevant
that growth of Listeria during transfers
of cheese within the retail chain have
been reported (45). This growth poten-
tial suggest that standards of 'absent in
25g' should be set for soft cheeses (5
samples/batch), with a more lenient
count for hard cheeses; Pether et al
(51) suggest 'absent in 25g' for hard
cheese made from pasteurised milk,
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with the proviso that one of the five
samples may fall outside this limit. A
further suggestion is that a figure of
<20 duig would be acceptable for
Cheddar cheese at the end of manufac-
ture, on the grounds that the numbers
will decline during storage; counts
around this level should not cause
infection; and the specifications for
other ready-to-eat foods have been set
at <100 duig (42). However, such
guidelines should acknowledge that
all isolates of L monocytogenes are
potentially pathogenic, because the
absence of a hospital record citing a
specific serotype does not imply that it
cannot cause infection.
White brined cheeses tend to har-

bour rather low counts of Listeria spp
(21) but other pathogens, such as S
typhimurium and Staph aureus, tend
to die out rapidly (2,44). In queso fres-
co, the growth of E coli 0157 was
inhibited below 10'C (37), but Little
and Knochel showed that Y enteroliti-
ca could grow on Brie at 4'C (40).
The situation with hard and semi-

hard cheeses is less straightforward
for, while there have been some major
incidents associated with hard
cheeses, it has been shown (8) that
when Aeromonas hydrophila, C jejuni,
E coli, Pseudomonas aeruginosa, S
typhimurium, Staph aureus and Y
enterocolitica were added to the milks
for making test hard cheeses
(Emmental and Gruyere) and semi-
hard cheese (Tilsit and Appenzeller),
only L monocytogenes survived a nor-
mal ripening period of 45-55 days.
However, no growth of Listeria was
found, and no staphylococcal toxins
were detected either.
It has been noted that the microbio-

logical quality of many American
hard/semi-hard cheeses has improved
over the last twenty years (10,60). The
almost universal use in the USA of a
heat-treatment capable of eliminating
pathogens from cheese milk may be
important in this context, for in Spain
51 % of samples of Cebrero cheese
(raw milk) contained high counts of E
coli and 20% had excessive levels of
Staph aureus (52).
Such problems with hard cheeses

made from raw milk are probably com-
mon than the literature suggests, but
factors other than pasteurisation may
be contributing to the rising standards
observed in the USA, namely:
• Improved standards of hygiene:
thus, while the milks for Bafut and
Tulum cheeses are pasteurised, sam-
ples of these semi-hard cheeses have
been found from Cameroon and
Turkey that would pose a considerable
risk to human health (36,38). In both
cases, poor process control was
considered the likely source of con-
tamination.
• Improved control of starter cultures:
Jervis (33) established that both salmo-
nellae and staphylococci will grow in

fresh Cheddar cheese curd at pH 5.6,
while no growth, followed by a
decline during maturation, is observed
with normal curds at pH 5.0. This con-
clusion implies that the reported inci-
dents of Salmonella contamination of
Cheddar cheese could be directly
attributed to starter failure. Over the
last ten years, such failures have been
almost eliminated through: (i) the
introduction of culture rotation to
avoid problems with phage; (ii) anti-
biotic testing of all process milks to
avoid starter inhibition; (iii) the use of
concentrated direct-ta-vat cultures
with guaranteed levels of activity; and
(iv) improved control over the stages
of manufacture, such as salting, that
can adversely affect the level of acid
production achieved at the time of
pressing.
In addition, specific characteristics

of hard cheeses may be important in
controlling pathogens, for example: (a)
a number of sub-optimal conditions
with respect to the growth of certain
pathogens may limit their develop-
ment (44); and (b) chemical compo-
nents in the cheese may be having an
antimicrobial effect. Thus, aside from
bacteriocins that may be released by
the starter culture, the hard/semi-hard
varieties of cheese will contain both
short-chain free fatty acids, such as
butyric, caprylic and capric, as well as
medium-chain acids like linolenic and
linoleic. These acids, along with vari-
ous monoglycerides, are inhibitory, to
varying degrees, to bacteria and, given
that their concentrations will build-up
during maturation as a result of lipo-
lysis of milk fat, they could well
contribute to the safety of matured
cheese (58,35).

Conclusions
There appears to be an encouraging

trend with respect of the safety of
dairy products, in that major incidents
of milk-borne disease with origins in
large-scale factories are becoming less
frequent. Conversely, it is clear that
the careless handling of milk, together
with the irrational desire to use raw
milk, remains a serious threat to con-
sumers, for as shown in Table 2, the
number of microbiologically unsatis-
factory samples of dairy produce dis-
covered in the UK during 1995 is not
encouraging. Clearly a policy of 'zero
tolerance' for even trivial faults has
much to commend it, and it is to be
hoped that more small dairy com-
panies will move in this direction. •

For a copy of the references given in this
article, please contact Alison Levick, 011
Editorial, Wilmington House, Church Hill,
Wilmington, Oartford, Kent DA I I 7RN,
UK. Tel: (+44) 1322 277788. Fax: (+44)
1322 276474.
E-mail: 106111.47@compuserve.com
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PAPER

The direct enumeration"of
Listeria monocytogenes in a
food with a low background
microflora

·,···v.s.Gohil,* M.A. Ahmed," R. Davies" and
R.K. Robinson t+

Concentrated yoghurt (labneh) with an inherently low count of non-lactic acid
bacteria was inoculated with various levels of Listeria monocytogenes, and direct
plating onto Listeria Selective Agar or PALCAM Agar proved effective for
monitoring high counts. At levels of < 10 cfulg, an MPN count using UVM
IIFraser Broth was more reliable,. and a 'presumptive' count, taking the colour
change in Fraser Broth from yellow to black as being 'positive', had a failure rate
of < 2%. Given that such low counts are below the likely infective dose for
humans, it is suggested that the direct Af PN count could be employed for routine
quality control examinations.

Keywords: labneh, Listeria. enumeration

INTRODUCfION

It has been suggested that ready-to-eat foods should be
sold against a specification of 'absent in 25 g' covering
L. monocytagenes (Lund, 1993), and this proposal
raises the question as to how samples of a retail product
should be examined, on a routine basis, for low levels
of contamination. Obviously the standard methods
recommended by the FDA (Lovett et al., 1987), USDA
(McLain and Lee, 1989) and lOF (1990) are well
established, but these procedures can be demanding for
a small laboratory . In particular, each method involves
selective enrichment for 48 hours, followed by plating
onto selective agar and incubation for a further 48
hours; where necessary, confirmatory tests for the
presence of L. monocytagenes may be needed as well.

• Food Control Laboratory, Dubai, United Arab Emirates.
t Department of Food Science and Technology. The Universi-
ty of Reading. Whiteknights, Reading RG6 6AP, UK. :To
whom correspondence should be addressed.

More rapid methods are available, e.g. the ELISA
reaction (Anon, 1991) and similar approaches
(Roberts, 1994), for the detection of Listeria sp., or
API strips (Anon, 1994a) for identification of the
species, but the cost of such techniques can prove
daunting in a routine quality control situation.

The rationale behind the standard methods is the
detection of Listeria against a complex background of
other genera but, if the background count is low and/or
restricted with respect to the types of contaminant - a
situation that might well arise with respect to end-
product examination in a factory, then a simplified
approach might become a feasible option. In the Un-
ited Arab Emirates, one product that should meet
these criteria is labneh. a concentrated yoghurt fer-
mented with a starter culture consisting of Lactobacil-
lus delbrueckii sub-sp. bulgorleus and StreptocOCclIs
thermophllus. The conditions of manufacture on a
commercial scale ensure that bacterial contamination is
kept to a minimum (Robinson and Tamime, 1993), and
hence the range of genera competing on the media
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Table 1 Results or the microbiological and chemical analyses or the
labneh used for 'spiking' with L. monocytogtnts

Microbiological Analysis Chemical Analysis

Test
Aerobic plate count < 1001g
Colifcrms < HYg
Faecal ccliforms Not detected in 1 g
Staph. aurtus < HYg
Yeasts and moulds c;: HYg
Lis/tria sp. , .' Not detected in 2S g

Test
Fat 10%
Totalsolids 27,..
p~ 3.8

employed for the selective enumeration of Listeria
should be mainly limited to those of starter origin.
Consequently. it was decided to:

(i) obtain commercial batches of labneh from one
source;

(ii) inoculate different portions with estimated counts
of L.monocytagenes ranging from < 10 to > 1000
colony-forming units (du)/g of labneh;

(iii) enumerate L. monocytagenes in the product by a
standard plate count technique using Listeria
Selective Agar (Oxford Formulation) and PAL-
CAM Agar (Anon. 1994b); and

(iv) compare the recovery of Listeria on the above
media with counts estimated by a Most Probable
Number (MPN) procedure using UVM IIFraser
Broth (Fraser and Sperber. 1988) and Listeria
Enrichment Broth (Anon. 1994b).

MATERiALS AND 'METHODS

Bulk samples of chilled. unsalted labneh collected from
a local dairy on the day of production in suitable sterile
containers and. with the temperature maintained below
4°C. were delivered to the laboratory for immediate
analysis. At the laboratory. representative sub-samples
were subjected to chemical analyses for pH, fat and
moisture employing methods based on those described
by Egan et ai .• (1981).

In addition. the samples were examined for total
bacterial load - non-lactic acid bacteria (aerobic plate
count on Plate Count Agar at 35°C for 48 hours);
coliform count (Violet Red Bile Agar at 35°C for 24
hours. followed by confirmation in Brilliant Green Bile
Broth at 35°C for 24-48 hours); presence of faecal
coliforms (MacConkey Broth at 35°C for 24-48 hours.
followed by confirmation in Brilliant Green Bile Broth
at 44.soC in a water bath for 24-48 hours); Staphylocac-
cus al/reus (Baird Parker Medium at 35°C for 48 hours.
followed by conflrmatlon óf black colonies with or
without an opaque zone by the coagulase test) (Anon.
1994b; Richardson, 1985).

A specific examination for any naturally occurring
Listeria involved weighing 25 g of labneh into a sterile
Stomacher bag. and adding 225 ml of Listeria Enrich-
ment Broth (LEB) (Lovett et al., 1987). The contents
of the bag were blended in a Stomacher (Type 400) for
30 seconds. and incubated at 35°C for 48 hours. A
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loopfut was then streaked onto Listeria Selective Agar
(LSA) and incubated at 35°C for 48 hours (Curtis et al.,
1989).
The results of the chemical and microbiological

analyses are shown in Table 1and. although the level of
total solids was above average for labneh. the quality of
the experimental material was broadly similar to brands
available elsewhere (Robinson and Tamime, 1993). It
was evident also that the numbers of contaminant
micro-organisms were at levels too low to have any
.decisive influence on the behaviour of the 'Listeria to be
inoculated later. .

THE TEST ORGANISM

The organism chosen for the tests was L. monocy-
togmes NCTC 10888, and the stock culture was main-
tained.on Tryptone Soya Yeast Extract Agar (TSYEA)
slants incubated at 35°C for 24 hours and stored at 4°C
for up to 5 days. At the start of the programme,
identification to genus and species level was confirmed(':
using the procedures described below, and the same .
tests were applied to a random selection of typical .
colonies isolated during the examination of the inocu-
lated labneh.

CONFIRMATION TO GENERIC LEVEL

Reaction to Gram's Stain

A smear of the organism was prepared by placing two
drops of sterile distilled water onto a clean slide, an~
adding a small amount of material from a colony
isolated on TSYEA. The smear was heat-fixed and
stained in the conventional manner (Harrigan and
McCance. 1976). Listeria sp. appear as Gram-positive,
short bacilli - often blue to violet in colour (Seeliger
and Jones. 1986).

Motllity Test

Typical colonies on TSYEA were inoculated into tubes
of Brain Heart Infusion Broth (BHI). and the tubes
were incubated overnight at ambient temperature (20-
25·C). Motility was observed under the light micro-
scope by the Hanging Drop Method (Harrigan and
McCance, 1976). All Listeria appear motile when incu-
bated at ambient temperature, and show a characteris-
tic tumbling or rotating motility.

Catalase Reaction

Drops of H~02 (3%) were placed onto clean slides and.
with a wire loop. portions of the same colonies used for
the above tests were picked from the TSYEA agar and
stirred into individual drops of hydrogen peroxide. The
test was considered positive when immediate bubble
formation or effervescence was produced. All Listeria
are catalase-positive.
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Once any given colony had been confirmed as a
probable Listeria, the following tests were then carried
out for identification of the species.

(i) Haemolysis. The isolate was streaked onto Col-
umbia Agar plus Horse Blood (5%) and incubated
at 35°C for 24-48 hours. The plates were examined
for haernolysis by holding the plate at an angle of
90° and viewing from the base. L. monocytogenes
produces the narrow zone of beta-haemolysis.

(i~) The CAMP Test. Beta-haemolytic strains of
Staphylococcus aureus (NCTC 7428) and Rhodo-
coccus equi (NCTC 1621) were streaked as two
separate lines onto Nutrient Agar overlayed with
Nutrient Agar plus Sheep's Blood (5%). An iso-
late of Listeria was streaked at right angles be-
tween the two lines without quite touching them.
After 24 and 48 hours incubation at 35°C the
plates were examined for haemolysis in the 'zone
of influence' between the competing cultures.
Haemolysis by L. monocytagenes is enhanced only
in the vicinity of Staph. aureus.

(iii) Identification of Species by API-Listeria. In addi-
tion to the above tests, biochemical identification
was carried out using API. Listeria Strips (biornér-
ieux UK Limited, Basingstoke, Hampshire RG22
6HY). The reactions produced during the incuba-
tion period were revealed either through spon-
taneous colour reactions, or following the addition
of reagents. After incubation for 18-24 hours at
37°C, the reactions were recorded and.. using a
chart provided by the manufacturer, the identifica-
tion was obtained using a profile list.

PREPARATION OFTHE INOCULUM

A loopful of L. monocytogenes from the TSYEA slant
was suspended in 0.1% peptone water, and ten-fold
serial dilutions were prepared up to 10-8• Duplicate
pour plates were prepared from each dilution using
TSYEA agar and when the agar had solidified, the
plates were inverted and incubated for 48 hours at
35°C. All the dilutions were stored at 4°C.

At the end of incubation period, the mean counts on
TSYEA plates with 30-300 colonies were employed to
calculate the number of colony-forming units of L.
monocytogeneslml of the suspension in question. The
volume of any given suspension required to give a
specified cell count in labneh could then be calculated;
growth of the Listeria in the peptone water during
storage was assumed to. be negligible.

PROCEDURE FOR INOCULATION

Twenty-five grams of labneh were weighed into each of
the Stomacher Bags, and 1 ml of the dilution required
to give < 10lg was added to each bag; blending in a
Stomacher for 60 seconds was established as the mini-
mum time that ensured an even distribution of the
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inoculum. This procedure was repeated a further four
times, so that a range of anticipated cell counts was
attained, namely < 10lg (estimated count of7 cfulg), <
100lg (estimated counts of 66 and 89 cfulg), < 1 Ooolg
(estimated count of 304 duig) and> 1 ooOlg (estimated
.count of 2 880 duig). The level of < 100 cfulg was
repeated twice because, as a food with a count in this
range might be considered 'suspect' (Lund, 1993), it
seemed desirable to check the efficiency of .enurnera-
tion at this level of contamination.

ENUMERATION OF L. MONOCYTOGENES
INLABNEH

Spread Plate Method

Once a given sample of labneh had been inoculated, a
first dilution (1:10) was prepared by adding 225 ml of
0.1 % peptone to a portion of the labneh (25 g), and
blending in a Stomacher for 30 seconds; additional
ten-fold dilutions were prepared by adding 11 ml of the
previous dilution to 99/ml of sterile diluent (Richard-
son, 1985). Aliquots of 0.1 ml from the two lowest
dilutions were transferred onto plates of LSA and
PALCAM Agar in duplicate and, after spreading the
inoculum with a sterile bent glass rod, the plates were
incubated for 48 hours at 35°C.

After incubation, typical colonies on LSA, i.e. those
with a sunken centre and surrounded by a black halo,
were counted and recorded, -and on F-ALCAM- Agar,
typical colonies were taken as those that showed a
sunken centre with a black zone around the colony
against a cherry red background; confirrnation of typi- :-
cal colonies to generic level involved Gram staining,'
the Motility Test and the Catalase reaction.

The number of cfu per gram of labneh was calculated
from the mean of a duplicate plate count multiplied by
ten times the dilution factor, and the overall means for
five samples at each estimated level inoculation are
shown in Table 2.

Most Probable Number (MPN) Method

The dilutions prepared above were used, and the three
lowest dilutions, namely 10-1, 10-2 and 10-3, were
employed when the estimated duig was less than 1 000;
a fourth dilution was included when the addition ex-
ceeded 1 000 duig. For each level of anticipated cell
count, 1 ml of the three (four) dilutions was transferred
into three test-tubes each containing 10 ml of LEB or
UVM I, and the tubes were incubated for 48 and 24
hours at 35°C, respectively. After 24 hours, 0.1 ml was
transferred from each tube of UVM I to a tube
"containing 10 ml of Fraser Broth; a further period of
incubation for 24 hours at 35°C was completed.

After incubation, all the tubes of LEB and Fraser
"Broth were streaked onto LSA. The tubes were consi-
dered 'positive' if typical colonies grew on the selective
medium. The MPN count was determined using the
tables cited in Harrigan and McCance (1976), and the
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Table 2 Re~ve?, or.L. m~noeytogcnts by two methods - spread plates ODPALCAM Agar aDd Listeria Selec:tiveAgar (LSA) and an MPN
proc:edureusm, Listeria EDnc:hmentBroth (LEB) and UVM/Fraser Broth; all counts as colony-Ierming units (du)/, or labneb and means or (h'e
replicates

Level of Inoculum Spread plates MPN Counts
(Estimated count) PALCAM (du/a) LSA LEB (du/g) UVM I-FB

7 du/g Noc:ount No count 5:t3 16 ± 6
66 duig < 100 < 100 57 :t 39 57 ± 39
89 duig < 100 < 100 138 ± 105 57 ± 39
~ du/g 278 ± 2 300 ± 60 246 ± 92 258 ± 83
2880 du/g 2728 ± 281 2300 ± 355 4242 ± 2 305 s m ± 3052

most probable number of Listeria per gram of labneh
was obtained by calculation. The results are shown in
Table 2.

RESULTS AND DISCUSSION

Since 0.1 ml of the first dilution represented the highest
concentration of cells spread onto the agar plates, the
minimum number of colony-forming units per gram
required to record a meaningful count by this technique
was > 100 duig; for this reason, the spread plate
technique did not yield any colonies on the selective
agars when the level of 'spiking' was < 10 cfulg. When
the anticipated counts were > 10 but < 100 cfulg, a
mean count of one colony from the duplicate plates was
recorded in Table 2 as an estimated count of < 100
cfulg (Richardson, 1985).

When the samples were 'spiked' with an estimated
304 duig, all the results on PALCAM Agar fell in the
range of 250-300 duig, while on LSA, the range of
counts was 200-350 cfulg. Given that the 95% confi-
dence limit for these counts was calculated as ± 73
(Harrigan and ~cCance, 1976), it might be concluded
that, so long as the likely numbers are in excess of 100
cfu/g, either medium could be employed for the direct
enumeration of Listeria.

This view was confirmed, to some extent, by the
results with product 'spiked' with > 1 000 cfulg of L.
monocytogenes (see Table 2). Thus, recovery from
samples 'spiked' with around 2 900 cfulg gave figures
on PALCAM Agar between 2600 and 2900 cfulg, and
on LSA between 2 000 and 2 900 cfulg. Even though
some of these counts, especially on LSA, fell outside
the limits of 95% confidence by quite a margin, the
overall mean on PALCAM was in sufficient agreement
with the estimated count as to confirm that direct
plating is a reasonable proposition for foods containing
high numbers of Listeria, but few competing genera.

With the MPN procedure, the pattern of accuracy of
'recovery' was reversed in that, when the sample was
'spiked' with less than 10 cfulg, the results with either
medium were in the range of 4-23 cfulg; these results
were within the range of the '95% confidence limit
described in the MPN Tables. However, when 'spiked'
with> 10 but < 100 cfulg, wider variations about the
mean began to appear and, above 1 000 duig, even the
means became poor indicators of the anticipated
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values. The main reason for this deviation from the
expected result was the extreme variability between
replicates but, as the intended application of the MPN
technique was with low-count products, no attempt was
made to identify the precise cause of the poor repeat-
ability when the counts were above 1 000 eCulg.

Overall, it was evident that the MPN method worked
better at very low levels of contamination « 10 cfulg),
whereas the spread plate technique was more precise .; "
for enumerating higher counts. Both solid media per- .
formed well, but the spread of counts seemed lower on
PALCAM Agar. In addition, since this study was
restricted to examining a food in which the competing
microflora was limited, the relative selectivity of the
two media was not tested.

Although the broths employed for the MPN Method
gave comparable results, the UVMlFraser Broth route
was found to have one distinct advantage, in that the
Fraser Broth changed in colour from yellow to black
when il 'positive' was recovered. This change meant
that presumptive counts could be recorded at the end of :.
48 hours, as against 96 hours following growth in LEB .
and plating onto LSA. To confirm the validity of the
technique, all colour changes in Fraser Broth were
noted before all the presumptive positive/negative
tubes were streaked onto LSA for isolation and con-
firmation of typical colonies of L. monocytagenes. The
results showed that every tube of Fraser Broth that
showed black colouration was confirmed as 'positive',
and only in one case - anticipated count < 10 duig -
was a presumptive 'negative' tube found to 'positive' on
streaking. This figure represented a failure rate of less
than 1.7%, and hence it could be that the MPN Method
using UVM IIFraser Broth could be recommended as a
presumptive test for Listeria in foods with limited
microbial loads.

The frequency of 'false' positives, caused by other
genera able to hydrolyse aesculin into products that will
complex with ferric ammonium citrate, would need to
be evaluated for any given food, as would the possible
occurrence of aesculin-negative strains of Listeria.
Nevertheless, the ease of operation suggests that the
MPN technique employing UVM IIFraser Broth merits
serious consideration for the routine quality control of
processed foods. The more so, perhaps, if it can be
established that 'failures' are only observed when the
counts for Listeria are so low as to pose little risk to
consumers (Gilbert, 1992).
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Growth and survival of Listeria
monocytogenes in two traditional foods,

from the United Arab Emirates

V. S. Gohil" M. A. Ahmed" R. Davies" and R. K.Roblnsonê"

The survival of Listeria monocytogenes in two foods of Arabic origin, namely labneh and
houmos, was studied. Counts ofL. monocytogenes in excess of 10 000 cfu g-1 from labneh
(pH 3·8) were reduced to zero within 72 hat 4 and 1OOC,but increased survival was noted at
pH 4·5, especially in unsalted lebneh; at 3OOC,no organisms could be detected 24 h after
inoculation. From a starting count of 27 000 cfu g-1, L. monocytogenes was able to survive
on houmos throughout the anticipated shelf life (3 days); when houmos was stored at 4 and
100Cunder olive oil, the numbers ofListeria declined slowly over 3 days. It was concluded
that care should be taken to avoid the contamination of houmos with Listeria during
preparation in the kitchen. © 1996 Academic Press Limited

Introduction

Although a recent survey of retail foods from
the United Arab Emirates (UAE) revealed
that the incidence of Listeria was low (Gohil
et al. 1995), the range of products did not
.nclude base materials that might be further
modified in the kitchen. Thus, uncooked foods
into which fresh herbs, spices or other
ingredients are blended manually in the
home are very popular among the national
and expatriate populations of the UAE, and
careless handling could present an obvious
risk. The high ambient temperatures of the
Gulf also fuel concerns about the possibility
that a home-made dish could become suspect
following cross-contamination with Listeria;
the often fatal consequences of infection
for unborn or neonatal infants has given
listeriosis a higher profile than is, perhaps,
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merited by the number of recorded
incidents.

Consequently, the survival of L. monocy-
togenes in two foods, chosen on the basis of
their widespread popularity, was followed
over their anticipated shelf lives. The selec-
ted products were labneh, a milk-based fer-
mented food made by concentrating yoghurt,
and hournos, a thick gruel made from chick
peas and tahina (sesame) paste. In both
cases, the products are often subject to exten-
sive manipulation before serving.

Nature of the products

Labneh is prepared both at home, as well as
commercially in the UAE, and the basic
yoghurt is produced with a starter culture
consisting of Lactobacillus delbrueckii sub-
sp. bulgaricus and Streptococcus thermo-
philus; after incubation at 42°C to the desired
acidity, some manufacturers blend in a quan-
tity of salt. This yoghurt is then poured into
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muslin bags and hung for 48 h at 1-4°C.
Gentle mixing to obtain a smooth consistency
follows, and the finished labneh is placed in
suitable containers. The composition of a
typical commercial brand from the UAE: 27%
total solids; 10% fat; 9·0% protein; 1·0% salt
and pH 3·8 is about average for the product
in question (Robinson and Tamime 1993~; the
anticipated shelflife is 15 days. Obviously
the low pH of commercial labneh should be
bacteriocidal to Listeria but, as batches made
in the home are often less acidic, it was felt
that the examination was justified.

Houmos is a popular choice as a cold
starter for a meal, and is included almost
daily in the Arabic diet. It is made from
mashed chick peas and sesame paste, to
which salt, garlic, lemon and chopped green
pepper are added, along with a little olive oil
on the top. Different ratios of mashed chick
peas and sesame paste are employed to suit
individual tastes, but a -typical composition
might be: 29·4% total solids; 5·0% fat; 5·2%
protein; 1·7% ash and pH 5·5. Unlike labneh,
the shelf life for fresh houmos is only 1 day,
and it is generally not used after 24 h from
the time of preparation; houmos stored under
olive oil may be held for 2-3 days before con-
sumption.

Materials and Methods

Preparation of the inoculum

L. monocytogenes NCTC 10888 was cultured
for 24 h at 35°C on slants of trypticase soya
yeast extract agar (TS-YEA) (Anon. 1994)
and, after making an initial suspension, 10-
fold serial dilutions to 10"" were prepared in
peptone water (9 ml). Duplicate aliquots
(1 ml) from each of the three highest dilutions
(lO", 10-', 10"") were transferred to sterile
Petri dishes, and TS-YEA (12-15 ml) tem-
pered at 45-48°C was added to each plate
and mixed with the inoculum. When the agar
had solidified, the plates were inverted and
incubated for 24 h at 85°C. The original
dilutions were stored at 4°C. After incu-
bation, plates with 25-250 colonies were
counted, and an estimated count per milli-
litre of the relevant dilution was established.

/

.
Although it was anticipated that limited

growth of the culture would occur at 4°C, it
was assumed that the figures obtained from
the plate counts would be sufficiently accu-
rate to calculate the numbers of colony-for-
ming units (cfu) in inocula prepared from the
stored dilutions.

Preparation of the samples: labneh

Bulk samples of freshly-prepared labneh
(one with 1·0% salt and one without) were
collected from a local dairy on the day of pro-
duction in sterile containers and delivered to
the laboratory in a refrigerated van.

Two batches of salted and two batches of' -
unsalted labneh-each of c. 3·2 kg-were
weighed into sterile, stainless-steel buckets
(lO 1). One batch of salted labneh was then
subjected to continuous blending with a slow-
speed, electric egg-beater, and the acidity
adjusted to pH 4·5 by the stepwise addition of
10% NaOH solution. After each addition of
alkali, the labneh was mixed gently for 5 min,
and the pH was then recorded with a Kent
ElL 7020 Meter and combination electrode;
the process was repeated until the desired
end-point had been achieved. The second
batch of salted labneh was used at its original
pH of 8·8. Two similar batches of unsalted
labneh were prepared at the same time. .

From the original dilution ofL. monocytd-
genes that gave an estimate count of 8·8x10'
cfu ml", 1 ml was added to 9 ml peptone
water and, after agitation on whirl-mix, the."
entire culture (10 ml) was added to one ofthe\'
four batches of labneh; this volume gave an
estimated count of 11 800 cfu 8'"1 Iabneh. The
container of labneh was then placed in a
laminar-flow cabinet, and the inoculum care-
fully mixed throughout the product with the
electric egg beater. The same procedure was
repeated with the three remaining batches to
give a final pattern of inoculated products
(8·2 kg) of: unsalted pH 8·8, unsalted pH 4·5,
salted pH 8·8 and salted pH 4·5.

Because the removal of samples from the
bulk material could have lead to 'puddles' of
whey forming in the labneh. sub-samples
(150-200 g) of each batch were distributed
into 18 sterile, screw-cap containers. This
allocation allowed for pairs of containers to
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be examined for L. monocytogenes for 3 suc-
cessive days after inoculation, and then on
alternate days for a typical shelf life (15
days). All the containers were placed in a
refrigerator maintained at 4°C until
analysed.

On the following 3 days, the entire pro-
cedure from collecting the labneh through to
setting-up the duplicate sub-samples was
repeated, but with the sets of 18 containers
being stored at 10, 20 and 30°C.

Enumeration ofL. monocytogenes

On each occasion, two screw-cap containers
(150-200 g) were selected at random from
each temperature regimen, and duplicate
samples (25 g) of labneh were weighed from
each container into sterile Stomacher bags.
Sterile peptone water (225 ml, 0·1%) was
added to prepare the first dilution (lO-I), and
the second dilution (l0-2) was prepared by
adding 1 ml of the first dilution to 99 ml ster-
ile diluent. Aliquots (0·1 ml) of each dilution
were spread onto each of two plates of listeria
selective agar (LSA) (Anon. 1994). Typical
colonies of L. monocytogenes, i.e. colonies
with a sunken centre and black colouration of
the medium, were counted after 48 h incu-
bation at 35°C. The number of L. monocyiog-
enes per gram of labneh was calculated from
the average of the four counts (duplicate
plates for two samples).

Preparation of the samples: houmos

It emerged during some initial trials that
houmos is an excellent growth medium for
bacteria, for a survey of freshly-prepared
houmos from restaurants included an exam-
ination for total bacterial load (aerobic plate
count on plate count agar at 35°C for 48 h);
coliform count (violet red bile agar at 35°C for
24 h, followed by confirmation in brilliant
green bile broth at 35°C for 24-48 h); pres-
ence of faecal califarms (MacConkey broth at
35°C for 24-48 h, followed by confirmation in
brilliant green bile broth at 44·5°C in a
water-bath for 24-48 h); Staphylococcus
aureus (Baird-Parker 'medium at 35°C for
48 h, followed by, confirmation of black
colonies with or without an opaque zone by

.r
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the coagulase test); and Salmonella (lactose
broth at 35°C for 1~24 h followed by selenite
broth at 35°C for 24 h; loopfuls of the latter
broth were streaked onto Hektoen enteric
agar for preliminary identification of genus
(Anon. 1994, Richardson 1985).

A specific examination of any naturally-
occurring Listeria involved weighing 25· g
houmes into a sterile Stomacher bag, and
adding 225 ml listeria enrichment broth
(LEB) (Lovett et al. 1987). The contents of the
bag were blended in a Stomacher (Type 400)
for 30 s, and incubated at 35°C for 48 h. A
loopful was then streaked onto LSA and incu-
bated at 35°C for 48 h (Curtis et al. 1989).

Faecal coliforms were isolated from all 22
samples examined, S. aureus from 13
(50-1400 cfu g-l) and Salmonella sp. from one
sample. The aerobic plate counts (l7 000-3·4
x106 cfu g-l) and coliform counts (95-22 000
cfu g-l) were also unacceptable; no Listeria
spp. were isolated during the survey. The
pHs of the samples ranged between 4·7-5·6
and, although no direct correlation emerged,
it is likely that the higher values had encour-
aged microbial development.

It was concluded from this pattern of con-
tamination that: (1) pathogenic bacteria,
including perhaps Listeria spp., could grow
and survive in houmos; and (2) the direct
enumeration of L. monocytogenes from
'spiked' samples onto LSA could result in con-
taminants outnumbering the Listeria. Conse-
quently, it was decided to use canned houmos
as the test material, even though it contained
citric acid along with the usual basic ingredi-
ents (mashed chick peas and sesame paste).
The inclusion of citric acid in the formulation
could have rendered the product marginally
bacteriocidal vis-a-vis fresh hournos, but it
was decided that: (1) the risk of low rates of
survival of Listeria in the canned houmos
could be moderated, for experimental
purposes, by raising the inoculation rate
from 11 000 cfu g-l (labneh) to around
30 000 cfu g-l; and (2) if the organism did sur-
vive well in the canned houmos, then it could
be assumed that its longevity in freshly-pre-
pared houmos would be extended even more.

One brand was selected on the basis of the
ingredient specification and, after wiping the
lids of the cans with cotton wool soaked with
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70% alcohol and flaming, the· cans were
opened under sterile conditions; the contents
were then transferred to a sterile, stainless
steel vessel. The experimental houmos was
prepared as directed on the labels of the cans,
and this stage involved: (1) washing green
chillies, peeled garlic and lemon thoroughly
in tap water; (2) grinding these ingredients
and a teaspoon of salt into a paste; and (3)
mixing the paste into the houmos; a portion
was collected for chemical analysis.

Inoculation of the houmos

The preparation of the inoculum was similar
to the procedure described for labneh. The
APC of the selected dilution was 8·28xl0' cfu
ml-I, so that when 1·0 ml in peptone water
(9 ml) was added to 3·0kg houmos, the antici-
pated count of L. monocytagenes was 27 600
cfu g"l houmos. The inoculated material was
blended with the slow-speed egg beater to
ensure uniform distribution, and three
further batches of houmos was prepared in
the same manner. The four batches of'spiked'
houmos were then distributed (150-200 g)
into 40 sterile, screw-cap containers. A layer
of olive oil (2·5 cm) was poured onto the
houmos in 20 of the containers, while the
others were left with the surfaces exposed to
the air. Five containers from each treatment
were then placed in a refrigerator maintained
at 4°C, while similar groups were allocated to
incubators at lO, 20 and 30°C.This allocation
allowed for one container of each treatment
to be examined for L. monocytogenes at 8, 16,
24, 48 and 72 h after distribution, and the
enumeration procedure was the same as that
described for labneh.

The number of L. monocytogenes per gram
of any given sample ofhoumos was calculated
from the average of the four counts (duplicate
plates for two samples from each container).

The data were analysed using the General
Linear Models procedure of SAS (1987), and
differences between treatments were tested
using Duncan's multiple range test.

Results and Discussion,
After allowing for the slight variations in
weight of the labneh, the estimated counts

were: 11 800 cfu g-l of salted labneh (pH 3·8
and 4·5); 11 700 cfu g-l of unsalted labneh
(pH 3·8) and 11 600 cfu g-l of unsalted labneh
(pH4·5).

After holding the individual containers
overnight to reach the required tempera-
tures, analyses of the different. samples
showed that the numbers of L. monocytogenes
had been reduced bye. 75% (see Table 1). In
most cases, this dramatic rate of cell loss con-
tinued and, irrespective of the salt content, L.
monocytogenes did not survive more than 1
day at 4°C or 10°C at pH 3·8. At pH 4·5, some
cells survived for 7 days at 4°C and for 5 days
at lODe in unsalted labneh but, in the salted
variety, the organism only survived until th~ "
fifth day of incubation at 4°C. .

Clearly, survival was influenced princi-
pally by pH (P<0·05), with salt (P<0·05) and
temperature applying additional stresses. In
particular, one of the reasons for the poor
survival of L. monocytogenes at the higher
temperatures may have been an increasing
level of lactic acid generated by the starter
bacteria (Tamime 1990). In addition, as it is
the undissociated form of lactic acid that is
inhibitory to Listeria (Hunter and Seigel
1973), the higher temperatures may have
encouraged more rapid diffusion into the
cells. :

It may be relevant also that L. monocyte-
genes is known to be inhibited by the lactic
acid bacteria found in starter cultures
(Schaak and Marth 1988). In particular, the
species of bacterium used in th.~ preparatio~ .
of labneh, namely L. delbrueckii sub-sp. bul>
garieus and S. thermophilus were shown to
be inhibitory to L. monocytogenes in skim-
milk and yoghurt mix. The same workers
found that L. delbrueckii sub-sp. bulgorleus
was more inhibitory than S. thermophilus,
and that the degree of inhibition was affected
by both the level of starter addition and the
temperature of incubation. It is possible,
therefore, that the destruction of L. monocy-
togenes in the present study was the result of
the combined action of pH, salt and an inhibi-
tory effect from the starter culture.

Similar studies (Conner et al. 1986, Sor-
rels et al. 1989) concluded that the inhibition
of growth and/or survival of L. monocytogenes
is a function of acidity and incubation tem-
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Table 1. Recovery of L. monocytogenes (mean cfu g-l) on Listeria selective agar from different
samples of labneh inoculated with estimated counts (see text) in excess of 11 000 cfu g-l and held at the
temperatures indicated

Temperature Time from inoculation (days)

1 2 3 5 7
4°e Salted/pH 3·8 1550 125 0 0 0

Salted/pH 4·5 3000 1875 675 275 0
Unsalted/pH 3·8 3250 200 0 0 0
Unsalted/pH 4·5 3150 2800 1325 275 25

ro-c Salted/pH 3·8 1500 150 0 0 0
Salted/pH 4·5 3000 475 0 0 0
Unsalted/pH 3·8 3250 275 0 0 0
Unsalted/pH 4·5 3150 2100 475 250 0

200e Salted/pH 3·8 1550 0 0 0 0
Salted/pH 4·5 3000 25 0 0 0
Unsalted/pH 3·8 3250 25 0 0 0
Unsalted/pH 4·5 3150 550 0 0 0

300e Salted/pH 3·8 1550 0 0 0 0
Salted/pH 4·5 3000 0 0 0 0
Unsalted/pH 3·8 3250 0 0 0 0
Unsalted/pH 4·5 3150 0 0 0 0

Table 2. Recovery of L. monocytogenes (mean cru g-l) on Listeria selective agar from samples of
houmos inoculated with estimated counts of27 000 cfu g-l and held at the temperatures indicated; 50%
of the samples were covered with olive oil immediately after inoculation

Teinperature Time (h)

0 8 16 24 48 72

4°e With oil 27000' 23000be 24000h 19400d 21500< 19 ico-
Without oil 27000< 29000b 22000d 27000< 27500b< 32500'

to-e With oil 27000' 23500b 24000h 13900< ia ioo- 12 roo-
Without oil 27000ab 25500b 25000b 26000b 28000ab 30 ODD·

200e With oil 27000' 26000' 22500b 15500< 10 DOOd 9000d
Without oil 27000' 27500' 28000' 22000b 8000< 9000<

300e With oil 27000b 30000' 21500< 9850d 7000· 8000d•
Without oil 27000b 30 000' 21000< l2000d 8500· 8000·

·Means within a row lacking a common superscript differ, significance P<0·05.

perature, and Parish and Higgins (1989)
showed that there was a decline in numbers
of L. monocytogenes at pH<4.5. Conse-
quently, it is not surprising that Listeria can-
not survive long inlabneh, or that the prod-
uct has a good record with respect to

consumer safety. Nevertheless, more than
1000 cfu g-l did survive for 3 days in unsalted
labneh at pH 4·5, and hence gross contami-
nation in the home could pose a marginal risk
to susceptible individuals.

The results of the analyses of the houmos
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are shown in Table 2, and it is noticeable
that, in houmos stored without olive oil, the
cell counts showed a slight increase in num-
ber at 4°e over the 72 h period of incubation. References
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Comparison of techniques for measuring the
rheological properties of labneh (concentrated yogurt)

BARBAROS H OZER, RICHARD K ROBINSON*, ALISTAIR S GRANDISON AND
ALAN E BELL
The University of Reading, Department of Food Science and Technology, Whiteknights,
Reading RG6 6AP, UK

The effectiveness of conventional rheological techniques (destructive) and the oscillatory dynamic
test (non-destructive) for the study of the physical properties of concentrated yogurt (labneh)
was studied. Six different types of labneh (control (cloth bag method), ultrafiltrated (UF)-after
and -before fermentation, reverse osmosis (RO l-after and -before fermentation and direct
reconstitution from whole milk powder) were examined. Dynamic rheological studies revealed
that labneh is a viscoelastic system in which its elastic characteristic is more dominant than its
viscous properties. The elastic and viscous attributes of the controllabneh were significantly
different from the rest of the test samples. In general, the samples with low protein content (RO-
after and -before fermentation and direct reconstitution labneh) produced weaker gel structures
than their UF counterparts. The penetrometer and viscometer (destructive techniques) failed to
reveal expected differences between the samples, and the results did not correlate with the
oscillatory dynamic tests. In the light of these results, it could be suggested that dynamic studies
are much more reliable than the destructive rheological techniques for the study of the physical
properties of labneh.

Original paper.
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INTRODUCTION

The yogurt gel is a heat induced acid casein
gel, and consists of a permanent network
composed mainly of non-covalent protein
bonds (eg, hydrophobic and electrostatic
binding) as well as covalent thiol-disulphide
bonds. There are many factors which affect
the physical properties of yogurt, such as the
type and number of the protein interactions,
the size and shape of the protein network and
the distribution of whey proteins and caseins
in the aqueous phase. All these factors are
affected by the technical applications, such as
heat treatment, incubation temperature and
pH, type of starter culture, methods of man-
ufacture, as well as type of milk. i

Because this combination of factors plays a
determinative role in the rheology of the
resulting gel, the method which is selected to
study the physical properties of yogurt
should, ideally, be sensitive enough to mea-
sure the viscoelastic properties of the test
samples without disturbing the nature of the
gel forming components.

Over the last two decades, conventional
techniques, such as the Plummet device," the
Posthumus funnel.' the falling ball,4 the
Namatre vibrator' and the Rheornat," have
been almost universally accepted for the mea-
surement of the physical properties of set or
stirred yogurts, and rotational viscometers,
such as the Haake? and the Brookfield' have
become widely used as well.

For set yogurt, different types of pen-
etrorneter/consistometer, such as the curd
tension-meter," Instron testing machine, iO
Stevens Texture Analyseril and the SUR-
penetrometer PNRi2 have been widely used to
assess the firmness of the body/gel.

However, traditional techniques (1) mea-
sure the physical properties of residues of the
gel after mechanical agitation, (2) give single
point measurements (fixed rate, strain or
both) which do not mirror the actual rheo-
logical characteristics of yogurt and (3) can-
not provide sufficient data to calculate the
exact shear rate/strain for stirred yogurt."

Consequently, a great deal of research has
investigated the rheology of normal, set- and
stirred-yogurts with the non-destructive
dynamic rheometer.l,i4-20 In particular, the
weak viscoelastic nature of yogurt gel is well
established i,i4 and the rheological properties
of yogurt can be explained by measuring its
viscous and elastic moduli. The most widely
employed viscoelastic tests are creep, stress
relaxation and dynamic oscillatory testing. is
However, while the stress relaxation and the
creep tests are mostly used to measure the
rheological characteristics of stationary gel
networks, such as cheese, the dynamic oscilla-
tory tests are more suitable for monitoring
the gel properties of time dependent gel sys-
tems. Nevertheless, the gel properties of con-
centrated yogurt have not been subjected to
dynamic oscillatory tests. Thus, the aim of the
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present work was to study the efTect of
increasing total solids by various techniques
on the rheology of concentrated yogurt.
Additionally, the comparability of traditional
techniques and the dynamic oscillatory test
for the study of the rheology of concentrated
yogurt was investigated.

MATERIALS AND METHODS

Materials
Full fat milk powder supplied from Adams
Food Ingredient Ltd (StafTordshire, UK) was
used in the production of tbe test samples.
The powder was stored at 4°C until used.

A freeze dried yogurt culture (coded CH-I)
from ChI' Hansen's Laboratory (Reading,
UK) was used in the manufacture of yogurt.
The starter was a blend of Streptococcus ther-
mophilus and Lactobacillus delbrueckii subsp
bulgorleus in equal portions.

Methods
Six difTerent labnehs were analysed. Labneh
made by the traditional cloth bag method, ie,
hanging yogurt having 16% total solids in a
double layer cbeese cloth bag for about 18-20
hours at 4°C until the final product reached
23%, was chosen as tbe control.

Ultrafiltration was employed either before
or after fermentation, and the products are
referred to as UF-before fermentation labneh
and UF-after fermentation labneh, respective-
ly. The UF cartridge consisted of a bundle of
tubular membranes. surface area 0.8 ml: type
ES 625, Patterson Candy, Whitchurch,
Hants, UK, polyether sulpbone; nominal
molecular weight cut-off 25 000 daltons.

Reverse osmosis was applied either before
or after incubation, and the products arc
referred to as RO-before fermentation labneh
and RO-after fermentation labneh, respec-
tively. The specifications of the RO mem-
brane were: surface area 1.2 m2; type ZF 99,
Patterson Candy, membrane composed of
polyetber sulpbone.

During the application of membrane
processes (botb UF and RO) the temperatures
of milk and yogurt were maintained at 50°C
and 45°C, respectively. The inlet and outlet
pressures for the UF plant were 4 and 2 bar,
respectively: the RO plant was operated at 20

TABLE I
a.e.IcaI cClGlpCllidoil ol die tesllllllples; an ,.._ as 11100 I ol ~

Total Total
s-rp1f!J .wlids Protein Lactose Fat mineral

Control 23.31 8.0 5.16 9.18 0.79
UF-berore 22.44 11.25 5.21 8.20 0.78
UF-af\er 22.64 8.13 5.50 8.45 0.86
RO-berore 23.22 6.82 8.98 6.25 1.08
RO-aner 22.22 6.38 8.84 6.60 1.00
Direct
reconstitution 22.50 6.38 8.72 6.10 1.30
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bar for yogurt and 25 bar for milk systems.
The last treatment was produced by recon-

stituting the required amount of full cream
milk powder in softened water at 40°C (direct
recon titution labneh).

The yogurt making procedure proposed by
Tamime and Robinson! was followed. Tbe
initial total solids level of the milks and
yogurts was 16%, and after concentration
23% total solids: the standard heat treatment
was at 85°C for 20 minutes. Acidification was
achieved by inoculation with the starter cul-
ture (2% v/v) at 43°C. Incubation was halted
when the pH dropped to 4.3 for samples con-
centrated postincubation, and 4.0 for previ-
ously concentrated samples; the final pH of
all samples was 4.0.

Determination of the gel firmness was by
means of a Stevens Texture Analyser (C
Stevens and Son Ltd, Herefordshire, UK), fit-
ted with a chart recorder model BS 271. A
cylindrical probe (1.2 em in diameter and 4.5
cm in height) was used. The speed of the
probe, penetration depth and chart speed
were 0.5 mm S-I, 15 mm and 30 mm min-I at
200 mV, respectively.

The apparent viscosity was measured
with a Brookfield rotational viscometer
(Brookfield Engineering Laboratories, Inc,
Massachusets, USA), model LVT. with a heli-
path stand. Approximately 350 mj of yogurt
sample was analysed at low rotation speed, ie,
0.6 rpm with T-bar spindles.

The dynamic rheological studies were car-
ried out using a stress-controlled rheometer
(Rheotech International, UK). The rheometer
was set up with a parallel-plate (10 mm radius
and I mm gap setting). The temperature of
the samples was maintained at 25°C using a
circulating water system.

Statistical evaluations were completed
using the Excel software program, and statis-
tically significant groups were determined by
the Duncan test.

RESULTS AND DISCUSSION

Preliminary studies indicated that labneh
(concentrated yogurt) is a typical weak vis-
coelastic gel system in which the elastic modu-
lus (G') is greater than the loss modulus (Gif).

Variations in the viscoelastic components
of the test samples over the range of ampli-
tudes applied are presented in Figs. I and 2.
Strikingly, none of the treatments produced
the same gel properties as the control sample,
in spite of the fact that UF-before and -after
fermentation labnehs bad similar chemical
composition to the control (see Table I). This
significant difference between tbe control and
the rest of the test samples may result from
the compact structure of the control sample
resulting from gravity drainage. UF-before
and -after fermentation labnebs to some
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Fig. 1. Typical storage modulus pattern of labnehs after overnight storage. Results are the average of eight separate
runs (standard errors less than symbol dimensions). Test conditions are: amplitude range 0.015-0.15 mNm,
frequency 0.25 Hz, parallel-plate (lO mm radius and I mm gap setting), 25°C measuring temperature. Direct
Rec. = direct reconstitution.
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Fig. 2. Typical loss modulus pattern of labnehs after overnight storage. Results are the average of eight separate runs
(standard errors less than symbol dimensions). Test conditions are: amplitude range 0.015-0.15 mNm, fre-
quency 0.25 Hz, parallel-plate (lO mm radius and I mm gap setting), 25°C measuring temperature.
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Fig. 3. Variation in loss tangent values of the samples as a function of amplitude. Arrows indicate the breaking point
of structure of each sample.

extent kept their structural integrities against
increasing shear. However, the rest of the
samples broke down at some point within the
range of amplitude applied. After the gel

structure broke down, the viscous character
of the samples became dominant. This effect
is better seen in Fig. 3, which shows the vari-
ation in loss tangent values (tan 8 = G"/G') as
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a function of amplitude. Reefs" suggested
that the tan S value is related to the nature of
the bonds forming the prolein network and
Ihe relative importance of the different types
of bond ralher than to the spatial distribution
of protein junction points. As the type of pro-
tein and the gelation conditions were identical
in each system, it is reasonable to deduce that
the different treatments for increasing total
solids led to the differences in the levels of
protein and hence relative dominance of the
bonds forming the protein network.

In terms of the elastic and loss moduli,
UF-before and -after fermentation labnehs
were similar. The direct reconstitution and
RO-before fermentation labnehs had very
similar gel properties, but were weaker than
the control and UF samples. The destructive
effect of excess mechanical force (20 bar pres-
sure) on the gel structure of the RO-afler
fermentation labneh was remarkable. This
sample had a very weak and sponge-like
structure, giving il an atypical appearance
for labneh.

The firmness of the samples examined by
the Stevens Texture Analyser is illustrated in

100
eo
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~ 70

I 80
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~ 40Ic:;

~ 30
20
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0

III/emU//OI/ol Journal of Dairy Technology

Fig. 4. The results indicated that there was a
clear difference bel ween the control and the
rest of the test samples. but Ihe penetrometer
failed 10 reveal possible differences between
the other samples. Thus the elastic moduli of
UF treated samples (Fig. I), for example,
were some 4-5 times higher than that of RO-
after fermentation labneh. but the gel
strengths of these samples were not signifi-
cantly different (p > .05).

The control and the UF-before fermenta-
lion labnehs had more viscous characteristics
than the others (Fig. 5), but little correlation
between the penetrometer and viscometer
measurements was found. This lack of corre-
lation corroborates the theory that destruc-
tive techniques cannot mirror the actual
rheology of yogurt, which has a viscoelastic
nature. In other words, each penetration into
or rotalion in a gel network causes a break-
down in the elastically effective bonds, and
the procedure thus fails to measure the
actual physical characteristics of the gel.
Additionally. as compared to literature data
on model casein gels and microstructural
finding on yogurt. II the results imply that

Control UF after RO after UF b.fore RO b.fore Dlr.ct rec.

Sampl••

Fig. 4. Oei firmness of test samples measured by Stevens Texture Analyser. Results are the average of three separate
runs.
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Fig. S. Viscosity values of the test samples after overnight storage at 4°C. Results arc the average of three separate
runs.
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yogurt is a heterogeneous particulate gel.
Therefore, single point measurements are
insufficient to represent ·the rheology of the
entire gel.

CONCLUSIONS

_ Dynamic rheological tests (oscillatory tests)
are more suitable for the study of the rheology
of concentrated yogurt than traditional tech-
niques. The key point is to preserve the natur-
al form of the gel as long as possible. Once the
gel structure is disturbed, it is rarely possible to
re-form the gel structure in the same way
again, because yogurt is a metastable gel and
any change in its enthalpie/entropie nature cre-
ates irreversible deformation. Thus, any kind
of destructive effect may lead to atypical phys-
ical properties in the yogurt, and provide erro-
neous results.

BOzer thanks the Turkish Higher Educational
Council (YOK) and Harrun University
(Turkey) for financial support.
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Consumer interest in
yogurts with health
promoting properties is
.slow to arise in the UK.
R K Robinson examines
the therapeutic and/or
prophylactic values of
these 'special' cultured
products

According to most reports, the market
for yogurt in the UK is buoyant,
indeed still expanding and it is of note
that at least part of this expansion has
centred around the introduction of
new lines.

The growth in demand for 'Greek style',
natural yogurts or the 'rich and creamy'
fruit yogurts provides examples of this
trend and yet British consumer interest in
one group of new products remains

. steadfastly dormant.
This latter group consists ofyogurts that

contain cultures with alleged health-
promoting properties, or new lines that are
fermented with similar cultures, but ones
that do not include Lactobacillus delbrueckii
sub-sp bulgaricus (L. bulgaricus); thus, the
retail items are not 'yogurts' sensu strictu
(1).

In Germany, recently introduced regu-
lations permit these latter products to be
referred to as 'mild yogurts' (2), for while
they lack the precise microflora associated
with the traditional material, they are in
most other respects, indistinguishable
from a 'low-acid' yogurt. However, what-
ever the preferred designation, selling the
concept of 'health benefits' can, in the UK,
be a curiously daunting task (3).

Elsewhere in the world, the situation is
markedly different. In France, for example,
'mild yogurts' account for around 10%of
the total yogurt market (4), while in
Germany, yogurts containing thera-
peutically desirable species of bacteria are
readily available.

In the Far East, sales of the fermented
milk, Yakult, testify to the growing interest
in 'healthy eating' and the same concern is
shown in the United States, where
products containing Lactobacillus acido-
philus have long enjoyed a niche in the
market place.
In respect to the UK, however, sales of

these 'special' yogurts are of marginal
importance, but for reasons that are not
altogether clear. Certainly neither the
resistance of some multiple stores to
'health-promoting' lines nor, on occasions,
a substantial price differential in favour of
standard yogurts have helped. The failure
of manufacturers to provide a full-range of
fruit flavours, even though there is no
evidence that natural flavours, such as
Addrat
Department of Food Science and Technolot!Y,
Univenity of RCIding, Whitekniahu, PO Box
226, Reading RG6 UP. Tel: (0734) 875123.

Dairy Industries International 1989, 54 (7)

Special yogurts
the potential health benefits

Loseley BA Live was introduced last year.

strawberry, would affect the viability of
the special starter cultures (5), may also
have proved a disincentive for some
potential buyers. Finally, of course, there
is a lack of conviction in certain quarters
that the added bacteria have any therapeu-
tic or prophylactic value (6).

Comment on the marketing of these
products is beyond the intended scope of
this paper and hence discussion will be

• •

Figure 1. Typical appearance of cells of (a) Lacto-
bacillus acidophilus and (b) Bifidobac-
terium bifidum taken from cultures growing in
skim-milk. (Courtesy of Mrs Debbie Wapshott
andMrG. W. Varnals).

limited to attempting to counter the last
criticism. In particular, attention is paid to
summarising the potential benefits that
may accrue from the regular consump-tion
of these 'special' cultured products.

The important species

Although Lactobacillus casei isemployed
for its therapeutic properties in the
production ofYakult, the major interest in
Europe centres on Lactobacillus acidophilus
and two species ofBifidobacterium, namely
bifidum and Iongum. Strains of these three
species occur as natural components of the
intestinal microflora of humans and it is
their possible activity within this habitat
that is of especial interest.

Both genera are capable of producing
lactic acid from lactose and! or other sugars
and they appear under the microscope as
Gram-positive rods (figure 1). The mor-
phology of the cells does alter with
habitat/medium, but the examples shown
are fairly typical of their appearance in
cultured milks.
L. oeidophilus and the two species of

Bifidobacterium are frequently grown alone
in milk (see table 1), but they can also be
present along with a normal yogurt culture
ofLactobacillus bulgaricus and Streptococcus
thermophilus. The main advantage of this
approach is that the fermentation process
is much faster than when the special
species are employed alone, but there is
also evidence that the yogurt culture
encourages the desired activity of L.
acidophilus and the bitidobacteria within
the intestine (7).

,
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flora by yeasts or E. coli consequent upon
illness or certain types of therapy (15).

- One of the long-term effects of
maintaining bifidobacteria as the dominant
organisms in the large intestine is the
prevention of colonisation by the so-called
putrefactive bacteria. These larter or-
ganisms are capable of breaking-down
food residues to give waste products that
are toxic to the human body; any
mechanism that restricts or nullifies this
activity therefore could prove beneficial.
The degradation of nitrosamines by the
biftdobacteria is a case in point, for these
compounds are amongst those reported to
be carcinogenic (13, 15).

It is reported also that the regular
consumption of 'live' yogurt can stimulate
the immune system of humans and the
presence of L. acidophilus or Bifido-
bacterium spp might well encourage this
development (14 l.Obviously, the response
of any given population to the consumption
of one of the special yogurts cannot be
predicted accurately.

Nevertheless, more and more incidents
of 'improved health' following consump-
tion of these products are being reported
and it is bard to justify the current
scepticism about their value as health-
promoting, dietary adjuncts. Whether
consumers in the UK will begin to follow
their counterparts in continental Europe
and demand the option of selecting
yogurts or 'mild yogurts' with special
microfloras remains to be seen, but there
seems to be little doubt that it is a trend
that should be encouraged. 0

Table 1. Some examples of yogurts and 'mild yogurts' (see text) that
contain cultures with alleged health-promoting properties (2, 4, 16)r---------------------------------------------------------Brand name Species of bacterium present

lalobarillus I~ri.um Stftplococ:cus
acldophilus bulp.ricus bif'tdumIIonpm thcrmophiIus

A-B Yogun • .. • •
B-Active ..
BA-live ..
BA-naru~ .. .. +

Biogarde ..
Bifighun ..
Bioghun .. ..
Culrura + +
Real Active + +

Employing this latter approach, it is
important, however, that both L. acido-
philus and the species of Bifidohacterium
are susceptible to prolonged exposure to
low pH. For this reason, either the pH of
the end-product has to be controlled to
remain above 4.6-4.7, or the initial
numbers of the special species have to be
utIiciently high that, even after storage at

pH 4.1-4.2 for two/three weeks, the
product will still contain a minimum of 10
x 105 viable cella/ml (8). Counts of this
order are usually referred to as the
'therapeutic minimum' and it is essential
that products sold under the 'health pro-
moting' banner meet this criterion (9).

Obviously, the brands mentioned in
table 1 have achieved considerable popu-
larity as natural, 'mild yogurts', but for
fruit or fruit flavoured variants, it may be
that the optimum approach will be to
produce a yogurt that contains either L.
acidophilus or Bifidobacterium spp in addi-
tion to the normal starter. If such products
were to make an appearance on the
supermarket shelves in the UK and at a
price equivalent to normal yogurt, then the
question arises - could a consumer expect
to derive a health benefit from the regular
consumption of this type of product?

Some likely properties of the special
yogurts
It must be admitted at the outset that

the properties attributed to these special
yogurts have been established only on the
basis of limited clinical trials and some
physicians believe that a normal, healthy
adult will derive little benefit from the
intake of the 'live' cultures involved.

Nevertheless, so many papers have now
been published citing evidence of the
'health-promoting' properties of L. 00-
dophilus and Bifidobacterium spp that it is
difficult to dismiss the findings as chance
observations. Inmany cases, of course, it is
fair to point out that the test subjects are, in
a sense, 'abnormal' eg as patients suffering
from the after-effects of antibiotic therapy
or from viral or other infections, but the
benefits that they have derived from the
ingestion of these special products are,
nonetheless, real enough.

Some of the observed and/or potential
benefits are summarised below:

- Assuming that the base milk has been
fortified prior to manufacture, then the
Dairy Industries International

consumer will be receiving an enhanced
protein intake vis-a-vis normal milk and in
a form that is more rapidly digested (10,
11). It is also possible that some of the
mineral components, eg calcium, may be
more readily available.

- Although the lactose content of these
products is often similar to, or indeed
above, that of liquid milk, there is clear
evidence that 'lactose maldigestors' cao eat
yogurt with little adverse affect (12).

- It is widely accepted that the
consumption of normal yogurt on a
routine basis cao lead to a reduction in tbe
level of serum cholesterol in certain
individuals (10). The exact reasons for this
reduction are not clear, but it seems likely
that the inclusion of B. bifidum or L.
acidophilus in a product would enhance
this activity.

- A number of genera of food-borne
bacteria, such as Salmonella and Campylo-
baaer contain species which can cause
severe and distressing symptoms as a result
of activity within the gastro-intestinal
tract. The routine intake of yogurt
containing the special cultures could well
eliminate the consequences of ingesting
these undesirable bacteria, or at least
minimise their impact (13, 14). Some
reasons for proposing this effect are:

(a) a number of lactic acid bacteria,
including S. thermophilus and L. bul-
garicus, are reported to produce low levels
of antimicrobial compounds that are
effective against pathogens like Sal-
monella;

(b) these same species stimulate the
growth of bifidobacteria in the intestine
and hence their ingestion will help to
ensure that species of Blfidooaaerium;
whether naturally resident or ingested
concomitantly with the yogurt organisms,
will dominate the miereflora of the gut;

(c) the presence of large numbers of
resident bifidobacteria and, perhaps, lacto-
bacilli will provide active competition
against invading pathogens for both space,
eg sites for attachment to the intestinal
wall, and nutrients. In addition, the sphere
of influence of the desirable, resident
bacteria will include the secretion of lactic
acid, and in some cases, other metabolites
that will inhibit the activity of the
pathogenic organisms.

These same activities will also help
prevent the 'overgrowth' of the intestinal
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1. Introduction
Milk has held a valued place in the human diet for

thousands of years, and for the reason that it contains
more than 85 glkg solids-not-tat including >30 glkg
protein, 45 gl1<glactose and a variety of nutritionally im-
portant mineral salts. Around 35 glkg fat is also present
and, although the cholesterol content of milk is lower
than the level in other animal foods, the figures for some
manufactured products like cheese and butter are rela-
tively high (1). Some investigators believe that an ex-
cessive concentration of cholesterol in the diet should
be regarded as a high risk factor with respect to coro-
nary heart disease (2), and the emphasis today remains
in favour of low fatllow cholesterol foods (3), or on the
introduction of dietary changes that may lower serum
cholesterol. In humans, this latter approach usually in-
volves the ingestion of selected fermented milks, for a
number of lactic acid bacteria of intestinal origin have
the ability to assimilate cholesterol (4). Whether or not
Lactobacillus spp. have the same impact on cholesterol
in the intestines of other animals is not clear, but HAD-
DADIN et al. (5) and ABDULRAHIM et al. (6) showed
that stimulating the populations of lactobacilli in the in-
testines of chickens lead to a drop in the levels of cho-
lesterol in both the blood and the eggs of the test birds.
Little work appears to have been done on the feeding of
probiotic cultures to ruminants (7).

Nevertheless, milk production is a major facet of
farming and, given the interest in dietary levels of cho-
lesterol and the criticism of milk and milk products as
potennat sources, this project sought to follow the impact
of feeding L. acidophilus to ewes over a period of 120 d
with respect to: (i) yield of milk; (ii) serum cholesterol
levels; and (iii) concentration of cholesterol in the milk.

'.' ...•_;;:"'=-~:"'- .••• - ... - .:..

2. Materials and methods
2.1 Handling of the cultures

As no cultures of L. acidophilus from· sheep were
.available, 4 isolates were retrieved from the crop, the
duodenum, the small intestine and the caecum of wild
chickens, and an additional culture was obtained from
the faeces of a human infant; the 5 isolates were rnaln-'
tained by weekly transfers in MRS Broth and, after
growth at 37°C for 24 h, the cultures were held in the
refrigerator at 4 oe. The cultures were tested for identity
according to the morphological, physiological and bio-
chemical tests cited in Bergy's Manual of Determinative
Bacteriology (8). Once confirmed as strains of L. aei-
dophilus, each isolate was screened using the protocol
of HADDADIN et al. (9) for: (i) tolerance of bile salts (up
to 3 gil of Oxoid Bile Salts NO.3 in MRS Broth (Unipath
Ltd., Basingstake, RG24 8PW, UK); (ii) assimilation of
cholesterol from MRS Broth with sheep serum added to
give 0.4-0.6 gil of cholesterol; and (iii) an adhesion test
(10) which involved soaking (20 min at 37°G) slices
(100 g) from the small intestine of a sheep in MRS Broth
containing a suspension of L. acidophilus, washing the
slices 3 times in sterile water, and then recording the total
colony count of L. aeidophiluslg of homogenised tissue
for comparison with the count in the third wash water.

After screening, the ability of1he individualcultures to
grow in autoclaved (110°C for 10min) non-fat milk (170g/l
of skim-milk powder) and withstand freeze-drying for
use in the field was tested. Duplicate batches of each
culture were grown in skim-milk over a period of 16 h at
37°C and then freeze-dried (see below); total colony
counts/ml of each culture were recorded every 2 h dur-
ing incubation, and then/g of the dried powders. On
each occasion, duplicate sub-samples (0.1 ml) from

_Milchwissenschaft..54 (9) 1999
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dilutions 1Q-3-10-7were spread onto the dried surfaces
of pre-poured plates of MRS Agar, and the plates were
Incubated at 37°C In anaerobic jars with the atmos-
pheres maintained with gas packs from Oxold (Unlpath
Ltd., Baslngstoke, RG24 8PW, UK).

2.2 Culture for the feeding trial
Individual batches of reconstituted milk (500ml) were

Inoculated at a rate of 50 mill from 'feeder' cultures of
each Isolate grown In skim-milk (170g/l of skim-milk
powder) and, after Incubation at 37°C under a constant
stream of nitrogen for 16 h, the fermented milks were
dispensed Into sterile, round bottomed, freeze-drier
flasks (250 ml) under aseptic conditions; each flask was
placed In a deep-freeze at -30 °C prior to freeze drying.
Next day, the flasks were connected to the manifold of a
freeze drier (Edwards High Vacuum, Crawley, West
Sussex RH10 2LW, UK), and left with a vacuum of
0.007 MPa for 24 h. Each separate batch of freeze dried
powder was thenground using a sterile blender (Mouienlx,
Paris, France), and the total volume blended to give one
composite powder containing all 5 isolates of L aeido-
philus. This final blend was then packed manually, under
a Laminar FlowCabinet (MDH Ltd., Andover, SPl 0 SAA,
UK), into Size 0 (500 mg) enteric capsules (Cornelius,
Bishop's Stortford, CM23 5RG UK); these capsules were
selected as the coating Is resistant to acidic media, but
dissolves under alkaline conditions as might be found In
the lower intestine of sheep. The filled capsules were
kept in the freezer at -18°C, and duplicate capsules were
tested, as descnbed above, every 2 weeks to ensure that
the total viable ~ount of L. aeidophilus did not decline.

2.3 Field trial
The capsules required for feeding to the ewes were

removed from the deep-freeze and distributed into Petri
dishes to be hardened by spraying with formaldehyde
solution (50 gil) from a fine-droplet manual sprayer. Af-
ter 5 min, the capsules were collected and spread on a
clean plate for air-drying overnight at ambient tempera-
ture; on each occasion, 2 capsules were selected at
random to check that the treatment with formaldehyde
did not affect the total viable count of L. 8cidophilus.

The Awassi sheep and their lambs were housed at
the Agricultural Research Station In the Jordan Valley
between December, 1997 and April, 1998, and 30 Awassi
ewes were randomly divided, following lambing, Into 2
groups. Each group of 15 ewes was housed for a period
of 16weeks in a separate corral, and the suckling lambs
were with their respective mothers for 8 weeks. The
ewes In each group were offered a concentrate of bar-
ley, wheat bran, soybean meal and a vitamin and min-
eral mix at a level of 1.25 kg/d, along with 1.25 kg of
roughage consisting of 50% wheat straw and 50% al-
falfa hay/d. Every ewe In the experimental group was
given, through the oesophaqus, a dally dose of 2 cap-
sules containing a total of 1.0 xl 09 colony-forming units
of L. 8cidophilus. This supplementation was carried out
for 16 weeks after lambing, while the remaining ewes
were kept as a control group.

2.4 Analysis ofprogress
Samples of milk were collected weekly from all the

ewes for the first month of the experiment for choles-
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terol analysis, and then every 2 weeks for the following
3 months; at the end of weaning, all the ewes were
milked dally to record the total yields/ewe/week over a
period of 8 weeks. Blood samples from the jugular vein
of each ewe were collected weekly In the first month of
the experiment, and then every 2 weeks using heparin-
ized vacutainers (Becton Dickinson Vacutainer System,
Grenoble, France). The samples were centrifuged at .
5000 rpm for 10min to collect the serum. Measurements
of cholesterol In the blood samples were determined
using a colorimetric/enzymatic method (Diasystems
International, Hanover, Germany), while the cholesterol
content in the milk samples was determined according
to the procedure cited in the Boehringer Mannheim
Guide for Food Analysis (11).

2.5 Statisticalanalysis
The results were analysed using the General Unear

Model of Statistical Analysis Systems (12), and the
means were compared using the Least Significant Dif-
ference MethOd(LSD).

3. Results
All 5 isolates were found to be long, Gram-positive,

non-motile, non-sporulating, catalase-negative rods, and
pure cultures of each Isolate were then subjected to a
range of physiological and biochemical tests (8) (Ta-
ble 1). These tests confirmed that the isolates were
strains of L acidophllus and, although they were all of
animal origin, the cultures were examined for specific
characteristics that would suggest their suitability for a
feeding trial.

Table1: The physiological and biochemical reactions
of the S Isolates of L. acldophllus employed
In the feeding trial

Reactions of test cultures
Test 1 2 3 4 5 Expecteda

Growth al 1SoC - - - - - -
Growth al 4SoC + + + + + +
NH3 from arginine - - - - - -
Utilisation ol
Aesculin + + + + + +
Amb9dalin + + + + + +
Ara mose + + + + + +
Cellobiose + + + + + +
Fructose + + + + + +
Galactose + + + + + +
Glucose ~aCid) + + + + + +
Glucose gas) - - - - - -
Lactose + + + + + +
Maltose + + + + + +
Mannitol - - - - - -
Mannose + + + + + +
Melizitose - - - - - -
Melibiose + - - + + +/-
Raffinose - - + - + +/-
Rhamnose - - - - - -
Ribose - - - - - -
Salicin + + + + + +
Sorbitol - - - - - -
Sucrose + + + + + +
Trehalose + + + + + +
Xylose - - - - - -

aCata trom Rogosa(1974); + positive; - negativ,e;+1- variable
reaction.Origin ot Isolates: 1: crop ot chicken; 2 duodenum ol
chicken; 3: small Intestineol chicken; 4: caecum ol chicken; 5:
humanInlant laeces
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Table 2: Some specific attributes of the 5 Isolates of L. acldophflus used In the present trial

Reactionsof test cultures
Test 1 2 3 . 4 5 Control.
Tolerance of bile salts 15.0b 10.4C 5.4d 4.2d 19.4a 53.3(cfux 107/mlof L acidophilus after 24 h growthat 37"C in MRSbroth + 3 gil bile salts
Cholesterol assimilation _ -----

65d 85.1b 70.8c 81.6a 68.2<1(% reduction over 24 h following growthat 37"C In MRSbroth+ sheep serum -
Adhesion 2.5a 1.2d 1.5c 1.od 2.2b 0.5(cfux 10S/gof L acidophilus in Intestinalmacerate- control equals count in washingwater)
Growth In milk 2.0(cfux 10S/miof L ~cidophilus after 16 h growth~t 37"C in ski~milk) 1.64 1.32 1.47 1.70 -
Origin of isolates: 1:crop of chicken; 2: duodenum"of chicken;3: small intestineof chicken;4: caecumof chicken;5: humanjnfant faeées
Note: Meanswithin the same rowwith differentsuperscriptsaresignificantlydifferent(P <0.05) .

The screening of the 5 isolates of L. acidophilus
showed that each one could assimilate cholesterol from
MRS broth over a period of 24 h (Table 2), but variation
between the isolates was significant (p<0.05); the iso-
late from the duodenum removed the most cholesterol
(85.1%) and the isolate from the crop the least (65.0%).
Significant differences with respect to tolerance of bile
salts and degree of adhesion to the intestinal wall of the
sheep were revealed also, but there was no apparent
correlation between any of characteristics (13). As no
single strain showed overwhelming superiority, it was
decided to employ a combination culture that should,
based on their comparative growth rates in milk, include
approximately equal numbers of each isolate; facilities
were not available to confirm that this anticipated bal-
ance was achieved in practice.

3.1 Effect of treatment on milk yield

The yield of milk/ewe over the period of 60 dafter
weaning ranged between 27.0 and n.2 kg with an aver-
age of 42.9±4.2 kg for the treated group, compared
with a spread of 14.0 to 53.4 kg with an average 9f
34.7±3.4 kg for the control group. However, the varia-
tion between individual ewes meant that there was no
significant difference between the means, even ttiough
the overall yield of the treated group was - 20% above
that of the control group.

3.2 Effect of treatment on plasma and milk
cholesterol levels

The weeklylbiweekly group means for cholesterol in
100 ml blood plasma ranged between 46.1 and 52.7 mg
with an average of 48.7±0.53 mg for ewes in the
treated group compared to a range of 49.5 to 54.6 mg
with an average of 51.8±0.50 mg for ewes in the control
group. The overall patterns are shown in Fig. 1 and, in
both cases, there was a downward trend following
lambing. The difference between the group means was
not significant.

The group means for cholesterol levels per litre of
milk ranged between 87 and 161 mg with an average of
124±6.6 mg for ewes in the treated group compared to
a range of 149 to 182 mg with an average of 165±3.4 mg
in the control group. The contrast between the groups is
further highlighted in Fig. ?, and the overall mean level
of cholesterol in the milk from the treated ewes was sig-
nificantly (p < 0.05) lower than the figure recorded for
the control group.

56.00I
54.00

5~00 f
50.00 r
48.00 t
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Fig.1: The average cholesterol contents (mg!100 ml) of the
blood sera of ewes (15/group) fed 2 capsule sId con-
taining a total of 1.0 x 109 colony-forming units of
L. acidophilus (+ treated group) or no supplements'
(. control group
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The average cholesterol contents (mgll) of milk from
ewes (15/group) fed 2 capsulesId containing a total
of 1.0x1Q9 colony-forming units of L acidophilus (+
treated group) or no supplements (. control group)

4. Discussion
Although biological variation between strains of L.

acidophilus is not unusual, it was notable, in the present
study, that while the isolate from the intestine was the
most tolerant of bile salts, that from the crop showed the
greatest ability to adhere to the tissue of the sheep in-
testine. This pattern suggests that the isolates may

Fig.2:
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have been subject to an element of natural selection by
habitat, In that: (i) those surviving in the crop would
benefrt from the ability to adhere finn!y to the host tis-
sues; (iij those In the duodenum would be exposed to
the highest levels of dietary cholesterol; and Oii) those in
the Intestine would benefit from a high degree of toler-
ance to bile salts, but whether or not these apparent
assoclatlons have any further physiologicaVmorphologi-
cal bases was not examined.

The apparent Increase In milk yield as a result of
supplementatlol) was more dramatic than antlcipated
and, while it was not statistically significant, a stronger
response might have been achieved had not the aver-
age milk yield for both groups been much lower than
normal for the breed and location. Thus, the average for
the Station Is around 70 kg/ewe over 60 d and, given a
more liberal flow of milk, the Impact of supplementation
with L. acidophilus could be Interesting.

A decrease In serum cholesterol would be expected
If the isolates of L. acldophilus have the ability to as-
similate cholesterol In the lumen of the intestine but, In

. the present trial, no significant contrast with the control
group was recorded (see Fig. 1). Nevertheless, sup-
plementing the diet of milking ewes with L acidophilus
did result In a mean reduction of - 25% in the choles-
terol content of their milk compared with the ewes in
control group (see Fig. 2).

The dietary Implications for humans could be impor-
tant If the alleged link between dietary cholesterol and
serum cholesterol levels Is valid. Thus, most milk from
the Awassl sheep Is turned into Nabulsi cheese, which
has, on average, a fat content of 3QO-310glkg (14). If
the total cholesterol content of the milk passes into the
cheese, then cheese made from the control milk might
contain '0.78 g/kg of cheese, as compared to 0.59 glkg
for cheese made from milk from the treated flock. This
reduction could be Important In a country like Jordan
where Nabulsl cheese Is consumed in quantity with
bread, In salads or as a basis for desserts like kunafa. '.
Whether the cholesterol content of sheep milk could be
reduced In practice remains to be established, but-lt
would seem fair to conclude that the idea merits serleus
consideration.
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6. Summary
HADDADIN,M.S.Y., LUBBAOEH,W.,AL-TAMIMI, M.A.,

ROBINSON, R.K.: A prelimInary appraisal of the effect
on the cholesterol content of fresh ovlne milk of sup-
plementing the feed of Awassl ewes wIth Lactobacil-
lus Bcldophllus. Mllchwlssenschaft 54(9)502-505 (1999).
38 Ovlne milk (cholesterol content and feeding)

Although the cholesterol content of ovine milk is not
high, when the milk is made Into semi-hard, white brined
cheeses, the level may reach 0.7-O.8g1kg. In the Middle
East, these cheeses can provide a major source of dietary
cholesterol. Assuming that it is desirable for humans to
lower their cholesterol Intake, reducing the level in ovine
milk/cheesecould prove beneficial. This aim was achieved
by supplementing the feed of Awassl ewes with selected
strains of Lsctobacillus 8cidophllus, and the mean cho-
lesterol content in the milk was reduced by -'25%. If the
same effect could be achieved on a commercial scale, the
low cholesterol milk might both attract a premium price in
the market place and help to reduce the cholesterol intake
of local consumers.

HADDADIN,M.S.Y., LUBBAOEH,W.,AL-TAMIMI,M.A.,
ROBINSON, R.K.: Vorlauflge Bewertung der Wirkung
elnes Zusatzes von Lactobacillus Bcldophllus zur FOt-
terung von Awassl-Schafen auf den Cholsteringehalt
von frlscher SchafmIleh. Milchwlssenschaft 54 (9) 502-
505 (1999).
38 Schafmllch (Cholesteringehalt undFOtterung)
Obwohl der Cholsteringehalt von Schafmilch nicht hoch
ist, wenn die Milch zu gesalzenem weiBen Schnittkase
verarbeitet wird, kann er doch 0,7 bis 0,8 g1kgerreichen.
1mMittleren Osten kOnnendlese Kase daher fUr groBere
Mengen dletAtischenCholesterins sorgen. Nimmt man an,
daB es fOr Menschen wOnschenswert,lst, die Choleste-
rinaufnahme zu reduzieren, kOnnte slch ein Senken in
Milch/Kase als gOnstig erwelsen. Oleses Ziel wurde er-
reichI. Indemdem Futtervon Awassl-Schafenausgewahlte
Lactobacillus acidophilus-StAmme zugesetztwurden. Oer
durchschnlttliche Cholesteringehalt In Milch wurde um
-25% gesenkt. KOnntedleselbe Wirkung auf kommerziel-
Ier Basis erreicht werden, kOnnteMilch mit einem niedri-
gen Cholesteringehalt elnen hOheren Preis 1mVerkauf
erreichen und helfen, die Cholesterinaufnahme der Kon-
sumenten zu reduzIeren.
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ABSTRACT

The alleged 'health-promoting' properties of Lactobacillus acidophilus and Bifidobacterium bifidum
suggest that these species could be employed with advantage by the dairy industry, and the manu-
facture of two potentially suitable products is outlined, One - Acidophilus Yoghurt - contains L. eet-
dophilus together with a normal yoghurt culture, but the other - a commercial product. Cultura - is
fermented with selected strains of L. ecidophlius and B, bifidum, Survival of the desired species
throughout the expected shelf-lives of the products is assured,

Introduction

It has long been accepted that certain lactic acid bacteria
can survive passage through the human digestive system,
and, can become implanted on the walls of the ileum (Na-
haisi, 1986). In this position, it is believed that the bacteria
secrete lactic acid, and perhaps antibiotic compounds as
well, and in so doing. promote a healthy miereflora in the
large intestine. To what extent this change is beneficial is the
subject of some debate, but there is evidence that con-
sumers are becoming increasingly aware that fermented
milks may be more than "just pleasant to eat". In Japan, for
example, the sales figures for yakult are climbing rapidly,
and in part, because consumers have been convinced
about the health promoting attributes of the organism re-
sponslble for the fermentation - Lactobacillus casei (Lang,
,980).

In Europe and America, however, interest in L. cesei has
been muted by the fact that many strains secrete the
nutritionally suspect D( -) lactic acid in excess of the accept-
able L(+) isomer (Amer & Lammerding, 1983), and hence at-
tention has centred on two other organisms, namely Lacto-
bacillus acidophilus and Bifidobacterium bifidum. 80th
these organisms are claimed to possess health promoting
and/or therapeutic properties, and among the various re-
ports are included:

(i) suppression of certain types of tumour cells:
(ii) alleviation of habitual constipation, particularly in elderly

or bed-ridden patients:'
(iii) depression of serum blood cholesterol levels: and
(iv) restoration of a normal intestinal flora after antiebiotic

treatment,

and other effects have no doubt been recorded (Nahaisi,

5.Afr,J.DairySci (1987)Vol,19No,1

loc, cit; Rasic and Kurman, 1983), The importance of these
desparate claims, and their significance to any given indi-
vidual, aremattersfor furtherstudy, but equally relevant is the:
problem of providing potential consumers with:

(i) the minimum daily dosage of the desired species: and
(ii) a product that is both organoleptically acceptable, and

capable of maintaining the viability of the selected
organism throughout the anticipated shelf-life of the retail
item.

There are.ol course, a number of solutions that might prove -
appropriate, but it is the employment of fermented dairy pro-
ducts as vehicles for the bacteria that. forms the subject of
this present study,

Acldophilus Products

A number of snack foods, such as sweets and jellies, have
been proposed as carriers for L. acidophilus, but the viability
of the organism has usually left much to be desired (Speck,
1980). The direct incorporation of the bacterium into non-fer-
mented dairy products has proved more successful in
microbiological terms, and Speck (/oc,cit.) has indicated
that L. acidophilus added to pasteurised milk will remain
viable for 2-3 weeks at low temperature, A somewhat similar
suggestion has been put forward by Klupsch (1983), who
proposed that both L. acidophilus and B. bifidum could be
introduced into a diet using butter or ice cream as carriers:
no data are available concerning survival in these latter pro-
ducts,

Despite the obvious simplicity of the incorporation route, the
derivation of an attractive fermented product could offer sev-
eral advantages, such as:

25
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(i) exploitation of the metabolic capabilities of the organ-
Isms In respect of, for example, flavour comp<>unds;

(II) delivery to the consumer of organisms that are physio-
logically active, so Increasing, perhaps, the chances of
successful Inplantation; and

(iii) an opportunity to expand the range of fermented dairy
products on retail sale.

These aims are not, of course, in themselves novel, but in the
.past, the available strains of L. 8cldophilus and B. bifidum
were not readily amenable to commercial eperauons. How-
ever, the present generation of cultures are entirely predict-
able in their behaviour, and hence the only real obstacle to
exploitation Is their sensitivitY to acid conditIons. This
characteristic Is relevant In respect of their survival during
the storage and distribution of any retail product, because if
L. 8cidophllus, for example, is to have any therapeutic
Impact. It is usually suggested that the minimum level must
be 1 x 105 viable cells per g of retail product (Nahaisi,
loc.clt.). Attainment of such figures can be achieved either
by maintaining a low acidity In the product, or by having
such a high count initially that natural mortality stïnteaves the
product with the therapeutic minimum at "the end of its ex-
pected shelf-life. Either approach can achieve its desired
goal, and the two processes described below support the
validity of this conclusion.

Acidophilus Yoghurt

The widespread popularity of yoghurt would suggest that it
could be employed as a vehicle for other lactic acid bac-
teria, but some reports indicate that L. acidophilus cannot
survive in this medium (Gilliland Bo Speck. 1977). The overall
acidity may be one of the reasons for these failures. but it
has been suggested also that some strains of Lactobacillus
bulgaricus - one of the usual starter organisms in yoghurt
- can produce levels of hydrogen peroxide that are inhibit-
ory to a susceptible species of bacterium (Tamine and Ro-
binson, 1985).

In order to avoid these problems, the acidity ol the "yoghurt"
produced during this study was restrained at 0.6-0.7%
lactic acid, and although the overall rate ol inoculation was
2%, the yoghurt culture represented only 25% of the volume
employed. The procedure used to produce the acidophilus
yoghurt In this case a drinking variant, is shown in Figure t.
and it was noticeable that:

TABLE 1 Survival ol L. acidophilus in dillerent Acidophilus Yoghurt
drinks Incorporating 2% butterfat and stored al S'C.'

Storage Time Natural + 6". Sweetened
(days) Natural

sucrose and Flavoured

Ini:ial 95)( 10' 67 x 10' 77 x 10'
7 76 x 10' 49 x 10' 46 x 10'

14 40 x 10' 24 x 10' 26 x 10'

• M~ans ol duplicate samples - enumeration employing the tech-
nique ol Hull & Roberts (1984).
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Skim-milk Powder
(9% w/v)

Anhydrous Milk Fat,
orNe OtlOf 2,0% (w/v) --~
Soya Oil

Emulsification

. I _
Heat-treatment at SS'C lor 30 min .I .

T·
Cooling io 37'C

Inoculum ol ~
L. ac/dophilus (1,5% vN)
and a 1:1mixture ol
Str. thermophilus and
L. bu/garicus (0,5% v/v) Incubation ar37· for S-4 hours

(0,45-0.5% lactic acid)

I
Cooling to S'C...

Blending with sucrose (6%) and
navourfcolour

ot
Store atS'C

AGURE 1 A simpte procedure for the production of an Acidophilu:
- Yoghurt Drink (Nahaisi & Robin~. 1985).

(a) the mixed culture produced the desired acidity rapidi)
compared with the action of L. 8cidophilus alone, l.e. 3-l
hours as against 10-12 hours:

(b) the end-product was accepted as a refreshing drin~
when flavoured with orange or pineapple and 6%,-
sucrose: and

(c) the incorporation of the vegetable oils had no significan
effect on flavour, and no separation of the lipid fractlcns
was observed during storage at 5·C for 14 days.

Equally important was the fact that L. acidophi/us retained lts
viability during storage, and some typical results are showr'
in Table 1. Whether this survival is a renection of the 10'<\
numbers of L. bulgaricus employed, or of the inability of Ihe
strain involved to generate hydrogen peroxide is not clear
but either way, the yoghurt drink proved to be an excellen
carrier for L. 8cidophi/us.

'CuItura' - an AB-milk product

If it is desirable to include L. acidophilus (A) in a diet. ther
the concurrent introduction of Bifidobacterium bilidum(S;
could confer. perhaps, an additional benefit on the consumer
(Schuler·Mayloth et al., 1969). and the so-called Bioghurl
and Biogarde products see!< to exploit It'is po!enlial .(KlUPSCh
loc. cit.). However, the present disadvantage With these
products Is that separate bulk starters have to be pr~parec
for each organism, and hence there is considerable Interest
In Europe in the introduction of "Cultura".

S.AIr. J. Dairy Sci (1987) Vol. 19No. 1
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In essence, it is a product with the consistency and flavour of
a natural, stirred yoghurt, and indeed the method of manu-
facture is virtually identical with the standard yoghurt pro-
cess. However, there are some essential differences from
the procedure outlined for the production of Acidophilus
Yoghurt, and in particular:

(i) the anticipated cell counts of 2-4 x 108/ml (L. acidophi-
Ius) and 1-2 x 108/1"(11 (B. bifidum) in the final product are
achieved through the addition of cultures with high num-
bers of viable bacteria; .

(ii) the product reaction of pH 4;1-4.2 is lower than can be
accepted normally in an Acidophilus product, because
the inoculation rate is such that the decline in cell num-
bers is accommodated with ease; and

(iii) the concentrated cultures of 'A' and 'B' are offered for
Direc-to-Vat inoculation, so that the tedium of maintain-
ing these fastidious species is avoided entirely (Anon,
1985).

It is clear, therefore, that the advent of the 'AB' cultures has
-xtended the possible routes for incorporating desirable
bacteria into a diet. Obviously the debate concerning the al-
leged therapeutic value of L. acidophilus and B. bifidum will
continue, but if their consumption is deemed desirable, then
either Acidophilus Yoghurt or Cultura could prove to be at-
tractive vehicles. The advantage of the yoghurt process is
that it is more versatile in relation to the range of cultures that
could be explored, but it suffers from the major drawback
that the levels of acidity are so critical. It is probably for this
reason that Cultura has provoked a favourable reaction
(Hansen, 1985), for in addition to providing an additional organ-
ism of.potential therapeutic benefit. the procedure for manu-
facture is not only extremely straightforward, but also en-
sures that the product retains a high level of viable organ-
isms. The extent to which consumers will become willing to

buy products on the basis of a 'health-promoting' image re-
mains to be seen, but should the demand arise, at last pro-
duction is now a feasible proposition.
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INTRODUCTION AND HISTORICAL BACKGROUND

Ever since Metchnikoff (1910) first 'put forward the idea that the regular
consumption of fermented milks might offer certain benefits with respect to the
health of the consumer, the possible prophylactic.and/or therapeutic properties of
yogurt and related products have been the subject of much speculation. Certainly,
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the Russians have long advocated the administrafion of 'kefir and- koumiss to
patients with a:wide ~a~geof illnesses (Koroleva, 1991), but. the varying microbiology
of these 'products has made it difficult to confirm any theoretical basis for the claims.
In the USA, acidophllua milk ·-manufactured with Lactobacillus acidophilus was
promoted in much the same manner, and whilst the concept equating consumption
of! acidophilue" products with.' good health.' w~s regarded as entirely .credible, poor
quality control with respect to the microbiological and organoleptic properties of the
.retail items allowed the idea to Iall into disrepute.

At present, lactic acid bacteria (i.e. mesophilic and thermophilic organisms) are
widely used for the production of cheese and fermented milks including yogurt
(Marshall, 1987; 'Tamime & Robinson, 1988; Tamime, 1990). However, in recent
years new fermented dairy products have been developed and marketed in Europe,
North America and the Far East that:

include Lb. ocidophilue, Bijidob~terium 'spp., Lb. casei subsp:.:~ei biovar
shirota and Lactobacillus strain ·GG similar to Lb. casei subsp. rhamnoeus
(Dong et al. 1987) and/or combinations of these amongst, the bacteria in the
starter culture; . .
are expected to contain species/strains of bacteria that were isólated originally
from humans; .
and have > 105 viable cells of each culture ml-1 product at the time of
consumption.

The longstanding interest in the potential 'health-promoting' .properties of Lb ..
acidophilus is well documented (Gilliland, 1989; Gilliland & W alker, 1~90';'Sellars,
1991; Salji,: 1992, 1993), but 'possible rolels) of ingested bifidebacterie have been
subject to less intense scrutiny (Robinson & Samona, 1992). Nevertheless, the
importance of the bifidobacteria with respect to the healthy operation of the human
digestive system is not in doubt, and hence it is entirely appropriate to evaluate the
contention that the consumption of "bifidus '. products should be encouraged. In
particular', this review will : consider: (i) the characteristics of the genus
Bifidobacterium, (ii) the ecology of the genus within the human intestine and (iii) the
potential for manufacturing dairy products that will act as carriers for selected
species.

NO:'rENCLATURE AND CLASSIFlOATION

Awide range of microorganisms can colonize the human intestine where some are
beneficial and others are undesirable. By the turn of this 'century, one of the
'beneficial bacteria had been isolated and identified by Tissier (1900); it was
designated Bacillus bifidus. Between' then and the 1950s (Bergey's Manual of
Determinative Bacteriology, 7th edn), Tissier's designation was changed and other
generic names were proposed, but the generic name most commonly used was
Lactobacillus bifidu« (Poupard et al. 1973; RaSi6 & Kurmann, 198a).

Inthe 1970s only eleven bifidobacteria. were identified, and they were grouped in
the lp.quly Actinomycetaceae which in tum consists of five genera (Rogosa, 1974).
Recently, Scardovi (1986) and Biavati et al. (1992) grouped twenty-four different
species of Bijidobacterium separately as 'irregular. non-sporing and Gram-positive
rods'. These organisms were isolated from different sources such as: (i) the faeces of
humans (infants and adults), animals, birds and sewage, (ii) bees, (iii) the human
vagina and (iv) dental caries, the last being considered as pathogens. At present, only
five species of BiJidobacterium have attracted attention in the dairy industry for the
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Table 1. Current nom.enczature -of som~ Bifidobacterium spp. relevant/or the

. manufacture of ferynented milk products .
. -- _ ..~..- ;,----. . ._-' ._-~ .._-_ .

.; :.New--.. --. :-.~-.- ..... ~.~- - ·--:·Old····::·

.- . Bifid. adalucenli.s· . Bifid. adolucenli.s ..

. ...

BaciU1l&bijid1i3.communis . .
. B. bifid1l&·. .
. Bamroidu bifid~
Bcderium. bifidum
Ti.ssieriG bijida
N(X(Zroia bijida
Actinomycu bijid1l&
Actinobaclerium bifidum
Bifid. bijidum
Laclobacill1l& bifid1J.3 .
Lb. parabijid1J.3
Ooltni.streplolhrix bijid1l&
Ac#nomycu parabifid1J.3
: .

Bifid. paruuIorum
Bijid. liberorum
Bifid. laclenli.s

• Bifid. parabifidum
B(iid.lcngum Bifid.longv.m subsp. Gnimalis

Af~r Rogosa (1974). Ra.Sié& Kurmann (1983), Scardovi (1986) and Puha.n (1988).

B(iid. b.ifidum

B{iid. breve
B{iid. infanti.s

manufacture of therapeutic fermented milk products. In this review, only the
indigenous microflora of the human will be discussed, and the historical taxonomy of
.bifidobacteria, including the latest nomenclature is shown in .Table 1.

TAXONOMIC INFORMATION

According to Raêié & Kurmann (1983), Mitsuoka (1984, 1992), Scardovi (1986),
Medler et al. (1990a). Biavati et al.~(1992) and Ballongue (1993), the differentiating
characteristics of Bifid. bifidum, breve, longum, adolesceniis and infantis could be
summarized as follows.

:Morphology
The cell morphology of Bifidobacterium spp. grown anaerobically in stabs of

trypticase-phytone-yeast extract medium showed that some bifidobacteria had
distinctive cellular shapes and arrangements. These traits could be summarized as:

grouping .of C amphora-like' cells (Bifid. bifidum),
specific epithet, thinnest and shortest cell among bifidobacteria (Bifid. breve)
and .
very elongated, relatively thin cells with slightly irregular contours and rare
branching (Bifid. langum).

Bifid.\adolescentis and infántis have cellular morphology that is nonspecific and
similar' .tq that of many other species of bifidobacteria; Fig. 1 shows some examples
of cellular morphology in the genus Bifidobacterium.

Cell wall structure
A summary of the cell wall constituents of Bifid. adolesceniis, bifidum, breve,

infamia and lonqum is shown in Table 2, and the principal component is
peptidoglycan (murein). This complex material consists of linear' chains of a
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Fig. 1. Cellular morphology of five different species of Bifidobacterium: (a) Bifid. adoluunlÏ3 ATCC
15703, (b) Bifid. bifidum .ATCC29521. (c) Bifid. breve ATCC 15700. (d) Bifid. infanli3 ATCC 15697, (e)
Bifid. lcmgum ATCC 15jO;. Bar size. 2 pm. Culti,,-alion. MRS broth (Institute Rosell Inc .• Montreal,
Canada) supplemented ..nth (gIl): L-cysteine hydrochloride, 0-5; Tween 80. 1: filter-sterilized glucose,
20 was used to rehydrate the freeze-dried microorganisms and recovered strams were suboultured
twice. Aotive cultures ...ere inoubated at 37 °0 for 15 h In an anaerobic chamber (Forma Scientific,
~Iarietta. OH. lISA)....nh an atmosphere of (%): COt' 5; Ht. 10; Nt. 85. Scanning electron micr04WJ1!1.
Specimens of bifidobaeteria (3 ml suspensions) were deposited on & 0-22 pm filter and all subsequent .
steps were carried OUt ..nth a 5 ml syringe. Fixation was with glutaraldehyde (30 g/l~eodylate
(O-lll. pH 7'3) for 1'5 h at room tempe.rature and "'as followed by a 1 h rinse In cacodylate buffer.
Dehydration was carried out 'with graded ethanol series. Samples were critical point dried. covered
'rit,h gold and examined usmg a Nanolab LE2100 at li kV. (After D. Roy & D:ltIontpetit, pers.
comm.) Reproduced by C'Otll't.es~·of the Food Research and Development Center, Canada.

polysaccharide composed of molecules of N-acetvlmuramic acid and N-acetvl-
glu~osanllne alternating along the length of the ~hain (Ballongue, 1993). Th~se
chains are crosslinked by tetrapeptides consisting of alanine, glutamic acid and
ornithine or lysine. while links between adjacent tetrapeptides may consist of one or
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. _---.Table 2.:0ell wall 0077ipoSitiori;'ojsome selected species oj bifidobacteria

..•= ..•............•~.•....••...~~d~:~~__- é~.~,~~.;J.{;:;..J;.o~~u=r:::'::rid" Rh.mno~

Bifid. cidoksunlis :, -Lys or Om-n-Asp .: + . +
Bifid._bifidum Om or Lys-D:.ser-D:"~p" -... + - + +
Bifid. breve . Lys-Gly .-" .+ . + .+
Bifid· inJanJiS Om or Lys-Ser-Ala-Thr-Ala + ;.: +
Bifid. ~m .-.' _ _-()m or Lys-Ser-Ala-Tbr-Ala' .. _+ - +. + -

Compiled from RaSié &, KunnaI111 (l~~~),-Sc~rd()vi (1986) and Ballongue (1993).

Table 3. Carbohydrate fermentation characteristics for differentiating the species of
. - Bifidohacterium····

. fifidobciclerium spp. - -"
r .: -'

adole.!ctnlis bifidum breve infantis longv.m

Arabinose +. +-
Cellobiose + (+)
Fructose + + + + +
Galactose +- + +. + +

. Gluconate +
Inulin (+) (+) (+)
Lactose + -+ + + +
Maltose + + + +
Mannitol (+) (+)
Mannose _ (+) -+ (+) (+)
.Melezitose + -:- (+) +
Melibiose + (+) + + +
Raffinose + + + +
Ribose + + + +
Salicin + +
Sorbitol (+) (+)
Starch +
Sucrose + (+) + + +
Trehalose (+) ,- (+)
Xylose + (+) (+)

+', Positive reaction by 90% or more strains; -. negative reaction by 90% or more strains; (+), positive
reaction, but ferment slowly.

After Scardovi (1986) and Biavati el al. (1992).

more of the. amino acids glycine, serine, aspartic acid and threonine. The amino acid
composition of the basic tetrapeptides (see Table 2) can vary between species and/or
strains of the same species, as can their sequence in the chain. Strain differences can
arise also froin the substitution of ornithine by lysine, and the extent of crosslinkage
between chains, i.e. erosslinks may arise between one, two or three amino acids in
adjacent sequences (Ra.Sié& Kurmann, 1983).

Glucose, galactose and rhamnose are usual components of the cell wall structure,
with qualitative and quantitative differences being observed with respect to species,
strain a~q_growth medium (Table 2). The principal fatty acids are myristic, palmitic,
palmitoleic and oleic, but the precise composition varies considerably with growth
medium, the presence or absence of human milk and growth temperature (Biavati et
al. 1992). The phospholipids, such as phosphatidylglycerol and diphosphatidyl-
glycerol, are well represented (Habu et al. 1987), along with derivatives like
alanylphosphatidylglycerol which are specific to bifi.dobacteria (Rasié & Kurmann,
1983). Lipoteichoic acids, which appear to be essential for cell adhesion to the wall
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Table 4. Electrophoretic patte~ of enzymt.8 of 8om~ bifidobacte1-ia

Species

Bifid. adoluCClli.s
Bifid· bifidum
,Bifid. brtIJe
.Bifid. infanli.s
Bifid. longum

~,' 6-Phosphogluconio
Tra.nsaldolase .-:- dehydrogenase (NADP+)t~ . .
8 (;
7 7-{8)
6 " , (6}-6-6-7
(5~ .3+(5).

'(5}-6-8 , " 6-(6)

Fruct0.se-6-phosphate
phosphoketola.set

15
15

. 15
,.15
15

tNumbe~ 1-10 and 1-13 are given to Ï80zymes oftran.saldolue and 6PGD respectively in the order of
decreasing anodic mobility.
t Number hidicates the migration relative to that of Bifidobactmum globo.JUmc:: 10 (i.e. ecologically Ï8

'animal' type) and 15 Ï8 distinguiahed a.s of' human' origin: '
Numbe~ in parentheaes are isozymes found in < 10% of strains studied; numbers in bold represent the

~oeyme of the type strain.
After Scardovi (1986).

. . 'r ~ .4

of the intestine, form links with tlie polysaccharide chains but;' ~mceagain, the
precise nature of these acids is not constant.

Oarbohydrateutilization
The ability of microorganisms to metabolize different types of carbohydrates has

been used for identification purposes, and Table 3 illustrates the situation am0t;lg
Bifidobaclerium spp. It is evident that Bifid. adolescentis can utilize a wide range of
carbohydrates, followed by Bifid. breve, infantis and longum. However, Bifid. bifidum
can only utilize fructose, galactose and lactose. Nevertheless, all five species of
Bifid~bacterium can grow .in,milk because they are able to ferment lactose as their
'source of energy. .Recently, Roy ,& Ward (1990) 'have' proposed a rapid gas
chromatographic method forthe quantitative evaluation of carbohydrate utilization
(see also Roy et al. 1991a, b).

One of the key enzymes, which has been identified as typical of bifidobacterial
hexose metabolism, is fructose-6-phosphate phosphoketolase (F6PPK; EC 4.1.2.22).
This enzyme is present in cellular extracts, and the fermentation of carbohydrates
through this particular metabolic pathway is known as the •bifid shunt'. Although
F6PPK has been identified as the key enzyme, three types were detected by starch
gel electrophoresis, and Table 4 illustrates these differences.

There are, however, strain differences in carbohydrate utilization (Table 5), and
in one laboratory (SAC)we have found some discrepancies amongBifid.longum BFl
and Bifid. infamia NCFB 2205. For example, both organisms are able to ferment

, mannose when tested. using API 50 CH galleries. Furthermore, although inulin is
generally not utilized, there are reports (Yazawa et al. 1978; McKellar & ModIer, .
1989) that some intestinal species exhibit inulinase (EC 3.2.1.7) activity.

Ureaseactivity
Ur~ase (EO 3.5. 1. 5) a~tivity in •non-human' Bifidobacterium spp. is high, and

the strongest ureolytic activity has been detected inBifid. BUis (> 80% of strains
studie~) (Orociani & Matteuzzi, 1982). However, Bifid. bifidum is weakly ureolytic,
and only ~O% of strains of Bifid. breve and lcmgum studied have urease activity.

Deoxyribonucleic acid (DNA.) Ju:mw~ogy
The guanine plus cytosine molecular percentage of the DNA of the genus

.Bifolobacterium is 58 for the human strains based on the buoyant density. The rest
of the species have guanine plus cytosine ranging between 55 and 66% based on

Stellenbosch University http://scholar.sun.ac.za



, c-

Table 5. Oarbohydrate f~rmentation by certain species of bifldobacteria over 24 or 48 h
Carbohydrates

;

I..., ..
: ~
I I

i

.. Amygdalin Aesculin Fructose Galactose Gentibiose Glucose Lactose Maltose: '
",. ",. _- -

Bijidobacterittm spp. 24 48 24 48 24 48 24 48 24 48 24 48 24 48 24 ,48 '

adolelcentil 2204 NCFBt - + .... - - + .... + - - - + - + + +
bijidum 2715 NCFB .... + .... + ...., + - + - - + + + . +. + +

220:1 NCI1fl - - - - - - - - - - - + - - - -' I

XIIt ...., - + + - - - - - - .... - - ~ + +
Db12§ - - - - + + - - - - + + + + + + ~breve 2258 NCII'U - - - - - + ...., + - - .... + ...., + - + "-

in/anti, 2257 NC11B - - - - + + ...., .... - - + + + + - - ~
2205 NCl~n - - - - + + - - - - + + + + - - ~eb,
42011 .... + ...., - - - ,,- - - - + + .... - + + ~:

I011!Jum 27111NClm "- - - - ..,. - ...., - - - - + .... + - + eb

lWI" - .... + + ...., + - - - - .... + .... + - " +' ~.
~'

\ aCarbohydrates ....,.
'''<;' S.

Meliblosc Raffinose Ribose Saccharose 'I'rehalose 'I'urnnose n-xylose ' : ~
~

Bijidobacleri1l71l KJlI'. 24 48 24- 4R 24 4R 24- 48 24 4R 24 48 24. 48 0"
I

,~adolucentis 2204 NCJo'nt - + + + - - + + - - - - -, '- I
c·

bifidum 2715 NCFB + + + + - - + + ...:. - ..., -, 0'"-' - ~;

2203 NCIl'B - - - - - - - - - - - - - - ~'~
XH~ + + ..., - - ..., - - - - - ..., - - (b;

"i'
Bbl2§ - - - - - - + + - + - - - ~.

',' ~'

breve 2258 NCli'D ..., + ..., + - - - - - - - .... -
in/anlis 2257 NCli'D - - - - - - + +

22fl5 NClm - ....;. - - - - + + - - - - - -
42011 + + + + .... + + +

101J(JIlm 27111NC)I'n - + - + - - ...., + - - ',,-
'''''''_'''m~I'1 - + ...., + - - - +

-, Negative reaction; ..... positivo reaction (50%); -, positive reaction (Go-no %); +, positive reaction (100 %). "
Cultures were obtained from: t National Colleetien of Food Bacteria (formerly known o.s National Collection of Dairy Organisms, NCDO), tNew ZclÏln.ndDairy Research ' ,

Institute (mutant strain from Chr. Hansen's Laboratorium), §Chr. Hunsen's Laberatorium A/S, n Laboratorium, Visby Tonder aps and ~ RP Group Lacto-Labo, . ' ..... ,
i nol,'

Qt' :~;/:."After A. Y. 'l'amlme (unpublished reaultá). ...:J "

;'1 '
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, Table 6. 'DeoxyribcYn:uileic acid (DNA) homolOgy rélationships (%) among the human .'
, - -' -- .: -',- ,,- - -, strains of bijidobactena

-- --- - , - ' »>
,

B~umapp. ---, " -- -
.Microorganism adoluunli$ bifidum brtve in/ami.! langum

14 -- ..
6-iO -Bifid. a40luienlii ;0-102 ,22

Bifid· biftdum 0 100 ' 10-20 2(}-28 2
Bifid ..brt:Vl 25 100 40 40
Bifid. in/ami.! . 42 17-5Ó 74-101 S(}-79
Bifid. lqngum 0 40 12 S(}-76 75-101

Values in bold print represent m~t closely rela~d species.
After Scardovi (1986).

melting temperature. The relatedness of D~A .homology of human type bifido-
bacteria is shown in Table 6. The rtwo species that are closely t~lated are Bifid.
infantis and longum (Lauer &; Kandler, 1983; Soardovi, 1986; Imamura et ol: 1990;
Yaeshim~ et al. 1992) .

.J'yliscellaneous characteristics
Some characteristics that could be used for group differentiation of bifldobaoterie

include: (i) none of these organisms is capable of reducing nitrate, indole formation:
liquefaction of gelatin or fermentation of glycerol, (ii) to date plasmids have been
found in only four species (Bifid. lonqum, asteroides, globosum and indicum) and
possibly in Bifid. breve (Iwata & Morishita, 1989)and (iii) some antibiotics can inhibit
th~ growth of bifidobacteria, including the human strains (Miller & Finegold, 1967;
Scardovi, 1986; Khedkar et al, 1990 ;-Miyazaki et al. 1991; Lim ~t al. 1993).

Some enzyme activities (e.g. a-galactosidase (EC 3.2.1.22) and ec-glucosidese
(EC 3.2.1.20» present in bifidobacteria could be used for rapid differentiation and
identification (Chevalier et al. 1990). The same authors reported that two
bifidobacteria strains of the American Type Culture Colleotion (Bifid. adolescentie
ATCC, 11146, Bifid. bifidum ATCC 11147) and three Bifid. bifidum strains from
Biogardes products did not belong to the genus Bifidobacterium because the strains
were ex-glucosidase-negative, and F6PPK activity was not detected. Incidentally,
a-galactosidase activity has not been detected in any of the eight Lactobacillus strains
studied (see also Desjardins et al. 1990; Roy & Ward, 1992; Roy et al. 1992).

BIOOHElmSTRY AND PHYSIOLOGY OF BIFIDOBAOTERIA

Introd1.l.ction·
Bifidobacteria that are to be selected for milk fermentations have as their target

destination the 'normal' habitat of the large intestine and colon. The two
environments are different. but the bifi.dobacteria are versatile organisms and are
able to survive under different conditions of oxygen availability and to ferment a
wid(range of substrates, including lactose. In a healthy adult colon, bifi.dobaoteria
share ~ common habitat with other anaerobic bacteria such as the Bacteroides,
VeilIonellae and Eubacterium.

Anaerobic lactobacilli and bifidobacteria may be the dominant part of a faecal
flora of 1x 1010 cfu g-l. It may be noted, however. that bifidobacteria also share
some common characteristics of non-colonic types of lactobacilli and streptococci
with regard to their ability to tolerate oxygen and their sugar fermentation patterns.
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In_ap.environment of even temperature and complex ecosystem; the physiology and
.biochemistry óf this genus can be expected to be complex.The organisms do not grow
below 20°C and as a general rule-fhere is ..no thermoresistance above 46°C
(Ballongue, T993):Bifid. bifidurn_di~sat60 °C (RaSié& Kurmann, 1983).There is also
a narrow optimum pH range for growth: pH 6'5-7·0 withno growth at pH < 5·0or
.> 8:0 (Scardovi, 1986). Most species are unable-to initiate growth 'and develop in
chemically defined synthetic media (Petschow & Talbott, 1990, 1991). --' , '
. . . .' .

· Physiology'
Bifidobacteria 'are classed as anaerobic organisms, although some speciesare able

to tolerate oxygen. Generally, oxygen toxicity results from the effects of different
'activated' oxygen compounds such as superoxide and hydroxyl radicals and
hydrogen peroxide. Two enzymes, superoxide dismutase (EC 1.15.1.1) and catalase
(EC 1.11_.L~), are important in the defence against the toxic effects of superoxide
and hydrogen peroxide, but these are absent orpresent only as a very-low activity
in Bifid. infantis, breve, longum and adolesceniis. In addition, oxygen sensitivity in
these strains varies independently of the superoxide dismutase activity (Shimamura
et al. 1992). This would indicate the operation of other mechanisms. Oxygen
tolerance is related to oxygen utilization. Even in the absence of exogenous
carbohydrate, some strains utilize oxygen during metabolism of intracellular '-
substrates (Shimamura et al. 1990). This may be of significance for their ability to
maintain viability after fermentation and ingestion.

The degree of tolerance is influenced by the culture medium. De Vries &
Stouthamer (1969) studied the effects of oxygen on a mimber·ofstrains~ Some strains
grew in the presence of oxygen without accumulating hydrogen peroxide, while other
strains exhibited limited growth and accumulated hydrogen peroxide. One strain
appeared intolerant to oxygen and grew only when the redox potential was lowered:
the presence of oxygen prevented growth because of the difficulty of establishing a
suitable redox potential. .

NADH oxidase (EC 1.6.99.3) and NADH peroxidase (EC 1.11.1.1) are likely to
be the significant enzymes involved in oxygen utilization. These enzymes catalyse
the reactions

and
H202 +NADH +H+ -+ 2H20+NAD+.

A coupling of these two enzymes will result in growth without' accumulation of
hydrogen peroxide. Should the enzymes not be coupled, i.e. because of mismatched
activity or through lack of available NADH, the hydrogen peroxide cannot be
completely removed. Growth may then be impaired because of hydrogen peroxide
accumulation. The competition for NADH by these two enzymes and by lactate
dehydrogenase (EC 1.1.1. 2'Dwhich is balanced by the supply of the co-factor from
glucose degradation (see below) may explain the behaviour of these bacteria in
nutrient:),imiting environments.

Carbohydrate metabolism
Bifidobacteria were classified into a new genus setting them apart from the

LactobacillU8 spp. as a consequence of taking into account other criteria including
metabolic activity. In the genus Bifidobacterium hexoses are degraded by a fructose-
6-phosphate shunt rather than a glucose-6-phosphate shunt which is used by the
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heterolactic lactobacilli (Scardovi & Trovatelli, 1965; De Vries et al,·1967). This
alternative phosphoketolase pathway (Fig. 2) appears, to be specific to the genus .
lJifidobaeteritl-mand is characterized by the presence of F6PPK and, incommon with
the heterolactic . lactohácilli,' an "absence of fructose-l,6-bisphosphate aldolase
(EC 4.1.2.13), which would commit the sugar to homolaetie fermentation.

The fermentation of two moles of glucose leads to two moles of lactate and three
.moles 9,facetateif pyruvate is converted to lactate by ~n N~H-d~peIident lactate
dehydrogenase. Unlike the hexose moncphosphate shunt of the lactobacilli there is
no carbon dioxide production. .

There are, however, other fates for pyruvate: it may be split to yield acetate and
ethanol by a phosphoroclastic split or may be broken down to formate and ethanol.
There is no direct evidence, however, for the phosphoroclastic enzyme or for the
pyruvate-formate lyase pathway. Circumstantial evidence from observations of
actively growing cells, however, suggests that pyruvate must be directed to other
end-metabolites as the theoretical ratio offerinentation (i.e. 2 hexose'e-B acetate+2
lactate) could not be confirmed experimentally (Scardovi, 1986). In addition, a slight
increase in uric and formic acids (2pg g-l) was reported by Mahdi (1990) when cows'
and ewes' milks were fermented with Bifid. bijidum.

In the 1960s, Dutch workers (DeVries & Stouthamer. 1967, 1968,1969; De Vries
et al. 1967, 1970) reported the absence of glucose-6-phosphate dehydrogenase-
(EC 1.1.1.49) and aldolase, thus ruling out the glycolytic and monophosphaté
pathways. However, more recently, low but detectable levels of these enzymes have
been found in some Bifidobacterium spp. (Soardovi, 1986; Biavati et al. 1992)... . '. . .

, .
Many strains of bifidobacteria are able to use ammonium salts as a nitrogen

source (Hassinen et al. 1951), but others including Bifid. suis and Bifid. cunicul£
require some organic nitrogen (Ballongue, 1993). In vitro, Bifid. bifidum produces
alanine, valine, aspartate and threonine (Matteuzzi et al. 1978).

Some strains do not exhibit sufficient proteolytic activity for growth in milk. Milk
contains few free amino acids and peptides. For rapid growth, milk has to be
supplemented with casein hydrolysate (Klaver et al. 1993), a nutrient-rich broth
(Collins & HaU, 1984; Desjardins eial: 1990) or yeast extract (Roy et al. 1990).

While there has been considerable interest in developing these organisms for milk
fermentation, little work has been carried out on their proteinases and peptidases.
El-Soda et al. (19~2) have reported general caseolytic activity for Bifid. infantis and
lonqum, Exopeptidases are produced by several species (Minagawa et al. 1985), and
Cheng & Nagasawa (1985a, b) have purified an aminopeptidase (EO 3.4.11.11) and
a proline iminopeptidase (EC 3.4.11.5) from Bifid. breve; carboxypeptidase
(EC 3.4.17.1) activity has also been demonstra.ted (El-Soda et al. 1992).

It would appear that, for some strains, growth in milk is possible. However, there
are conflicting reports: Klayer etal. (1993) found some strains unable to grow in milk
while others (Desjardins eial, 1991) found that the same strains can grow in milk.
Becau~ of the inconsistency ingrowth in milk, mixed starters are often used for the
production of fermented milks. Studies on the associative growth between lactobacilli
and bifidobacteria in milk indicate a stimulation of the bifidobacteria due to
proteolytic enzymes and aminopeptidase of the lactobacilli (Cheng & Nagasawa.
1983).

Nitrogen metabolism

Stellenbosch University http://scholar.sun.ac.za



.... :-:;..... '

- _. _.'_.-
__ ---- -----, --_---------- ------ -- - ----- ..------ -- .. --_ .. - ..-------- - -- --- ..-. _.--_.- - - ---- -_. _. - -- - ...._- _.--_._.,

I

T
I

Milks fermented with bifidobacteria 161

, . _.2_~I~uco~e'~ATP:
..--- _.. - _ .

.. ...: . __ . 2ADP

2 Glucose-6-phosphate

+', ,.' '+.' "
Fruct_o~e-~pl-iosPhate fructose76-tt=S$ate

.. ,t--···· . ··t'
Erythrose-4-phosphate rtyJ ~~~sPhate

Heptose phosphate + triose phosphat,e ... ,. ~ ~TP
(sugar p!Ïdsphata Acetic acid
rearrange~entsl _ Ó, '

2 Acetyl ~p.hosp:a:DF:2 GIYcera~JdehYd:_~;;OSPhate.

. 2ATP 4ATP. . 2NAD
2NADH

2 Acetic acid
2 Pyruvic acid,r ~NADH

,~2NAD

2 Lactic acid

Fig. 2. Metabolic pathway of glucose fermentation by Bifidobadmum spp. (After Stanier et al. 1987.)
Reproduced by courtesy of Macmillan Press Ltd .

._
Fat metabolism

No data are available on fat metabolism by the genus Bifid.obacterium. However,
when Greek-style yogurt was made by ultrafiltration using cows' and ewes' milks
fermented with Bifid. bifidum, the increase in total fatty acid contents was marginal:
0'39 and 0'33 mmol KOR kg"? respectively (Mahdi, 1990). It is possible that the
bifidobacteria do not possess any lipase activity.

Growth factors
The efforts made to study bifidobacteria in vitro and to develop a milk containing

large numbers of cells has resulted in the description of many growth promoting
factors (Hidaka et al. 1990; Salyers, 1990; Harju, 1993; Smart, 1993; Tamura et al.
1993; Medler, 1994). Recently, Kaneko et al. (1994) have identified a bi.fidogenic
growth .s\imulator for Bifid .. adolescentis 6003 which was present in the cell-free
filtrate of Propionibacterium freudenreichii 7025 and in the methanol extract fraction
of the cells; however, short-chain fatty acids (formate, acetate, propionate and
butyrate) also stimulated the growth of bifidobacteria.

Bifidus factor 1. This growth factor is a component of milk and colostrum.
Originally described by Gyërgy et al. (1954a), it can be separated into two factors by
isoeratic HPLC (Ashoor & Monte, 1983). It appears to consist of glycoproteins
where the 'glyco' moiety contains an N-acetylglucosamine. Native human casein or
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its trypsin derivarive ..(Bezkorovsiny el ~l. 1979) are effective promoters for BijuI.
bifi!lit:"!-'Trypsinhydrolysis of human ~-casein results in a .glycomacropeptida which
contains "sugarsvsuch as glucosemine and galactosamine, which are also active.
Azuma el eil. (19S!) found that theglycomacropeptide from chymotrypsin hydrolysis
of human x-casein was more effective than the native x-casein and promoted' the
growth of Bifid .. bifldum; These, authors also suggested that the sugar and .th~
polypeptide were important to the actinty 'of the bifidus factor: ." .
: Similar bifidus factors are found in mucus secreted by the salivary glands, the

small intestine and the colon (Allen, 1984). These too contain glycoproteins with
N-acetylgalactosamine. N-acetylglucosamine and sialic acid components.

Bifidue factor :!. Glycoproteins from milk and from whey seem to be generally
effective. However. 'bi:fidus factor 2' appears to be the non-glycosylated peptides of
casein after hydrolysis using proteinase (Gyorgy et al. 1954b),

QligC?saccharidu. Oligoaaccharides have also been studied extenslvely for their
growth 'promoting ability. Human milk' contains a variety of complex oligo-
saccharides which may be responsible for promoting the growth ofBifid. bifidum, the
species which predominates in the faecal flora of the breast-fed infant (Beerens et al.
1980). The ability of bifidobacterie in general to utilize oligosaccharides has fuelled
the search for oligosaccharides. natural and synthetic, that will not be utilized by
other intestinal bacteria but will. on reaching the large intestine and colon, promote
the growth of desirable bifidobacteria. -

The naturally occurring raffinose (a trisaccharide containing galactose) and
stachyose (a tetrasaccharide) are utilized by many species of bifidobacteria. The
doubling time of Bifid. infantis grown in media containing raffinose and stachyose
was .similar to "that.obtained with glucose and lactose. Bifid. bifidum; however, does .
not utilize raffinose Cf azawa et al. 1978),

Fructo-oligosaccbarides are polymers containing D-fructose terminating with an
cx(1~ 2) linked glucose. Oligosaccharides of three to five units are sometimes referred
to as 'neo-sugars " They occur naturally in the Jerusalem artichoke. Several species
óf bifidobacteria are able to utilize these sugars in laboratory media containing the
neosugar as the only carbohydrate source (McKellar & Medler t 1989; Yamazaki &
Matsumoto, 19941.

Synthetio oligosaccharides have also been investigated. The synthesis of
transgalactosylated oligosaccharide bas been patented (Japanese Patent, 1980; for
other patents see Smart, 1993). This tetrasaccharide can be utilized by a.number of
bifidobacteria and by some .lactobacilli and enterobacteria. (Tanaka et al. 1983).
Other synthetic oligosaccharides have also been studied for species specificity.
Galauorose.and lacrosucrose were utilized by the bifidobacteria. and by 62 and 41%
respectively of the 3i strains of enterobacteria tested. This compared with raffinose
which was utilized by 470/0 of the enterobacteria (Minami et al. 1983).This specificity
is not confined to the bifidobacteria.

Other higher molecular mass oligosaccharides may be useful. These are given the
general' term 'inulin'. 1tlany species of bifidobacteria demonstrate inulinase
actin.\y (Yazawa el al. 1978; McKellar & Medler, 1989).

Synthesis of vitamin»
Bijidobacterium strains of human origin seem to require thiamin (Bl)' pyridoxine

(B.), folic acid (B,. and cyanocobalamin (Bu), but the work of Deguchi et al. (1985)
indicated that the same organisms a.re also capable of synthesizing some B group
vitamins. Table i illustrates the production of such vitamins by Bifid. adolucentis,
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.. Table' 7;-Vitamin' synthesis by' arid requiTi~ent 'of some' species of bifidobaëteria

. "

- Vitamin: .- - - adolesunii3 . -- -bijidum breve infantf3

Thiamin, }lg nil-I 0'02 (+) 0-23 (+ ) 0·09 0-20 .
Folie acid, }lg ml-I . 0'01 '.0-058 . 0-008- . 0'040-
Pyridoxine, }lg ml-I . 0·043 (+ ) 0-046" 0·02 . 0'059'
Nicotinic acid, }lg ml'? 0:17 (+ ) - 1-04(+ ) 0'39 . 1'23
Cyanocobá.lamin, ng m_I-I 0'35 - 0-65" 0-49.' 0-39

. (+), 'Requirement for growth. . _ . . .
Values- were calculated from figures published by Deguchi el al. (1985).
After Deguchi et al. (1985) and Scardovi (1986).

lcmgum

0-09
0-02
.0-642
. 0'61
0'46

bifidum, breve, infanti.~ and longum and, for comparative' purposes, the vitamin
requirements for growth. 'r: - .' . . _."

Riboflavin was not synthesized by the strains studied (Deguchi et al1985), and
the vitamin was reported by Scardovi (1986) to be a growth factor. The synthesis of
ascorbic acid and biotin by Bifid. longum'and infamis respectivelywas reported by
Ballongue (1993), but no reference was quoted; the other organisms (Bifid. breve, .
bifidum and adolesoentin were also capable of producing these vitamins but at lower
concentrations.

The production of such vitamins by bifidobacteria may improve the nutritional
properties of the fermented milk product or the bioavailability of these vitamins in
the human gut. The latter aspect merits further study.

BIFIDOB.á.CTERIA IN THE HUMAN INTESTINAL TRACT

Avast literature exists on the intestinal microfloraofhuman beings, and a diverse
and complex ecosystem of bacterial populations is found. However, it is beyond the
scope of this publication to review this topic in detail. and comprehensive data in this
field have been published elsewhere (Savage, 19ïïa; Resnick & Levin, 1981a;
Mitsuoka, 1982; Drasar &. Barrow, 1985; Kim. 1988;Benno ~ Mitsuoka, 1986, 1991;
Mutai & Tanaka, 198;: Berrada et al. 1989; Mitsuoka, 1989. 1990; Reuter, 1989;
Reddy, 1990). At least .wo types of bacteria have been detected in the faeces of
humans (Tannock, 199~: Lichtenstein & Goldin, 1993),and Bifidobacterium spp. are
present in the colon ofthe intestinal tract. Finegold et al. (1974) have reported that
Bifid. adolescentis, imfantie and longum were among the 25 species of bacteria most
frequently isolated from the faeces of Americans.. .'

It iswidely agreed (.\Iitsuoka. 1982; Stevenson et al. 1985) that the digestive tract
of newly-born infants rapidly becomes colonized by bacteria as the result of oral
contamination from the vagina during birth (Orociani et al. 1973; Mikelsaar &
Mander, 1993). Initially. a wide range of genera colonize the large intestine, and
within 48 h of birth the stools of infants may contain up to 1'0X 1010cfug-l (Moreau
et al. 1986). In breast-fed infants, this mixed population becomesdominated over the
next fe,,!~ays by species ofBifidobacterium, with Bifid. bifidum being one of the most
frequently isolated species (Yuhara et al. 1983). However. this pattern is not
universal, and both Rose (1984) and Lundequist et al. (1985) observed that the
substitution of the adventitious population by bifidobacteria was not as rapid as
some reports would suggest. Given the complexity of the situation, these apparent
contrasts are not unexpected, and it is suggested that the observed differences could
arise fora number of reasons,
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.: -_ ~nyironment. It is likely that the standards of hygiene in the delivery area and/or
method of birth, e.g. natura:l as ag~~t C~.sar~an section, can alter both the speed
of colonization of the colon and the species composition of the miereflora.
- - Species .identification. As mentioned earlier, the morphological and biochemical
varlations displayed by the bifidobacteria can make identification to species level a
-difficult operation, and it is possible that some confusion has arisen from this soures.

_Ecology of the bifidob~êria., Although the majori,ty of bifidobacteria.ocoupy the
lumen of the 'colon, the walls of the colon provide a special ecological niche inwhich
members of the genus can proliferate at the expenseof other groups, For example,
strains of Bifid: bifidum and infantis are oapeble of metabolizing the oligosaccharides
found in the mucilage secreted by the wall cells of the colon, and hence the mucin
tends to have a selective influence on the miereflora (Croucher f}l ál. 1983; Hoskins -
et al. 1985).

With respect to the actual species involved, the polysaccharides secreted by some
strains of, .for example, Bifid. infanti~an initiate adhesion to the epltheliel cells of
the intestine, as can the lipoteichoic adds associated with the walls of Gram-positive
bacteria (Courtney et al. 1981; Sato et al. 1982; Fischer, 1987; Fischer el al. 1987).
Binding of the lipoteichoic acids of bifidobacteria to human epithelial cells appears,
in vitro, to depend upon both cell concentration and the length of contact time, and
hence there must always be a risk that cells of any given species will he voided from -:
the body prior to adhesion, a point that confirms the general thesis that the-
frequency of species in stools need not reflect the popula.tion balance on the intestinal
walls.
, The most likely sites for interaction between the 'epithelial cells and bifidoh"acteria. -
are proteins or glycoproteins capable of binding to the fatty acid -fractions -of -the
lipoteichoic acids (Op den Camp et al. 1985b), and Savage (1984) and Op den Camp'
et al. (1985a) suggest that the higher the level of fatty acids, the better the adhesion:
In some cases, it has been suggested that a membrane from the host cell may grow
around the bacterial cell- wholly or in part - to substantiate further the host--
bacterium relationship (Ouerina & Neutra, 1984). However, the significance of this
possible interaction would seem to merit further study. It is important also that the
ability of a host cell to accept a bacterial cell depends on both the age of the
individual cell and the overall age of the human in question. an effect that could
explain why the colonic miereflora of children is observed to change with age.

The impact of these natural factors on the composition of the intestinal
miereflora mav, of course, vary from host to host, and it is,likelv that this variation
is magnified ~hen comparisons are made between national groups. '

,Feeding regimen. A number of workers have confirmed the general trend that the
colons of breast-fed infants have higher levels of bifidobacteria than those of-bottle-
fed neonates (Mitsuoka, 1982; Yuhara et al. 1983; Moreau et al. 1986). 'Whether or not
the species frequency changes with typ~ of feed is not clear. for while some workers
have found Bifid. bifidum t9 be dominant following breast feeding, Biavati et al.
(1984) isolated mixed populations, namely Bifid. bifidum, infantis, longum and breve,
irrespective of the type of milk. In contrast again. Beerens et al. (1980) found that
Bifid. lQtigumwas the most frequently isolated species from the stools of formula-fed
infants. whilst Ballongue (1993) suggested that Bifid. adolescent is was likely to
become the dominant organism following bottle feeding. -

'It has been suggested that the absence of specific stimulatory factor(s) in
commercial feeds could be one factor involved in the apparent differences between
the resultant microfloras. However, it is known that the precise composition of
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human: milk varies from mother to mother and between national group~. Such
- differences-might further compÏfcate the picture. -- - - _ _ - - ._
- --Age: =A:t-~_-D?:bii~h~-~ld,-~_"the~-ë()lo1Ïic--j:riiëroflora'of -á. bottle-fed -infant may be
dominated by'bifidobaoteria to the extênt of 80%-or more, but this figure gradually
- decliries with age.Tn adults; bacteroides become the major group with bifidobaeteria
such as Bifid. ~()l~ce'JI.tis and longum forming, in numerical terms, the next most
important _population. Bifid. bifidum is another frequent inhabitant of the adult-
-colon-.However; the- relative abundance of the bifidobacteria vis-a.-vjs 'putrefactive'
genera such as 'Escherichia can have implications with respect to the- healthy

- . functioning of_the colon, for there _isconsiderable evidence that the bifidobacteria
have a: number of vital roles.

Natural functions of the bifidobacteria
At one time, it was assumed that the proximal end of the colon was dominated

by Gram-positive bacteria including bifidóbacteria, while the distal end contained a
predominantly 'putrefactive' flora of less desirable species. More recently, Croucher
et al. (1983) have suggested that the populations are much more dynamic, and hence
that the undesirable flora may be much more restricted. Anything that favours this
restriction could be of benefit .to the host, and the bifidobacteria operate in this
context in a number of ways.

The dominance ofbifidobacteria at the walls ofthe colon provides competition
for space and nutrients (Hill et al. 1986) at the expense ofless desirable genera.
The bifidobacteria secrete lactic acid and acetic acids which may show both
specific toxicity against certain species of yeasts or bact-eria (Robinson _&
Samona, 1992) or, by lowering the pH of the intestinal contents, 'inhibit the
growth of putrefactive organisms in general (Savage, 1977b). -
The presence of bifidobacteria on the walls of the colon may -induce cell-
mediated immunity against Esch, coli, for example (Yamazaki et al. 1982), so
preventing penetration of the epithelial layer by enteric bacteria, a protection
that may be boosted by the bifidobacteria acting as stimulants of the immune
system of the host. -
Catteau et al. (1971) showed that bifidobacteria could deconjugate bile salts
to free forms with more biocidai activity against adventitious bacteria.
Volatile fatty acids secreted by the bifidobacteria can act as peristaltic
stimulants (Faure ei al, 1982, 1984; Okamura et al. 1986), and this activity,
together with control over the abundance of mucin at the intestinal surface,
further assists in the-healthy functioning of the colon;
A number of intestinal bacteria are able to synthesize nitrosamines, a family
of compounds that are potentially carcinogenic. The degradation of these
compounds by the bifidobacteria could playa role in reducing the risk of
cancer of the colon. Whether or not this action is related to the alleged
antitumour activities of bifidobacteria is not clear (Takano et al. 1985), but it
remains ~ distinct possibility that a high population level of bifidobacteria in
the colon can provide some protection against certain forms of tumour.
The bifidobacteria can metabolize ammonium ions, and their removal from
the faeces may influence the movement of ammonia from the blood stream
into the colon (Scardovi, 1986), a point of potential importance for patients

. with cirrhosis of the liver (Kurmann &RaSié, 1991).

The available evidence suggests, therefore, that a high level of -bifidobacteria in
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the colo~' is a d~irable feature, a~d clinical studies on patients with t.his microflor
depleted by antibiotic treatment, chemotherapy or!a~a~!~n t4.e!~py_have tended .
confirm the importance of the above a.étivitiés(Kageyama et al. 1984; Botta et al.
1987; Mutai & Tanaka, 1987; AlDi',-1991).It is against this background that the idea
of dietary supplementation with dairy products containing bifidobacterie has gained
credibility. . '. .: .'. .: '.. '. . ". . .. '

Therapeutië aM prophylácti~ activities oj bifidobactena
Assuihlrig that itis desirable tha.t: the bifidoi;acté~i~' should b~ one of the major

groups represented in the colon. then the possible routes for encouraging this
situation are (i) feeding the subject with a diet that will stimulate his or her native
microflora, (ii) consumption of dairy products manufactured with cultures of
bifidobacteria (Fernandes &'Shahani, 1989. 1990; Hitchins &McDonough, 1989) and
(iii) .the use of a 'suppository containing ,viable cells of bifidob~cteria. The last
approach may not be pleasant, butps probably just as effective. Hówever, no results
have been reported on using this method of introducing bifidobacteria into the
human gut.

Although it is widely agreed that the colonic flora of infants can be influenced by
the type of milk being used (breast or bottle). the reaction of 'normal' adults to
dietary changes is still the subject of some controversy. Thus, whilst some authors
believe that the microflora of a 'healthy t adult is essentially stable (Stark & Lee,
1982), others have found that foods can' reduce (Mitsuoka, 1984) or stimulate
(Roberfroid, 1993) the populations of bifidobacteria. Certainly, in some subjects,
specific ingredients in a diet such as alcohol or garlic have been shown to have' an
adverse effect on the lactobacilli present at the distal end of .~he small intestine
(Sellars, 1991), and it could be that similar materials have an impact on the
microflora of the large intestine as well. The potential relevance of individual and/or
national differences provides an additional complication, but the overall impression
remains that changes in diet are likely to be important only in extreme situations.

However, the position with foods containing bifidobacteria may be different, and
in assessing the potential advanteges of consuming "bioactive ' milks or yogurts, it
has to be assumed that:

consumption will be on a regular basis, and at a level of some 40(}-500 g
product/week, .
the dairy product will contain a minimum of 1'0 x 105 cfu g-l of product
(Robinson, 1989) at the time of consumption and .
the species of Bijidobacterium employed in manufacture will be of human
origin, .and able to withstand transit through' 'the upper regions of the .
intestinal tract.

Given that these conditions can be met, then there is clinical evidence to support
the thesis that the ingested bacteria may (l) stimulate the existing population of
bifidobacteria, (ii) act in conjunction with the native flora or (iii) replace a microflora
that has been seriously depleted by infection and/or antibiotics (Hotta et al. 1987;
Mu€a1 & Tanaka, 1987; Kurmann & Ra.Sié, 1991).

The potential benefits for «healthy' subjects is more difficult to predict, for it has
to be assumed that such people will have a thriving healthy colonic miereflora
already, Nevertheless, adverse dietary changes could lead to a depletion of the
natural flora. and it is of note that Kaloud & Stëgmann (1969) demonstrated that the
regular intake of Bifid. bijidum by 'healthy' infants did provide a degree of
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..protection 'against enteric infections. The reality of this potential benefit is strongly
supported by the observations of Alm (1991). _

Inspiteofthis lack of dlrect.eVid.enc·e;itis worth recording that retail sales ofbio-
milks arid bio-yogurts are growingrapldly both in Europe and North America. In
the absence of any published surveys, it is not possible to predict the extent to which
expected health benefits have contributed to' this development, butit would seem

.. unlikelythat consumerswould have acquired this intense productïs) loyalty without.
a genuine beliefin it_s)4erapeutJc fin"9:/or prophylactic properties.

TECHNOLOGY OF l'tIANUFACTURE

The technology and biochemistry of fermentation, including the physicochemical
changes that may occur in milk during the manufacture of yogurt and other
fermented mi~ products, have been ext~p'sively investigated and reviewed bj many
research groups (Rasié & Kurmann, 1978, 1983; Tamime & Robinson.Têêë, 1988;
Rasié, 1986; Romond & Romond, 1990). Periodically the International Dairy
Federation publishes monographs updating the technological and scientific aspects
in the field of dairying and International Dairy Federation (1987, 1992a, b) review
recent technological developments for fermented milks, hygienic design of dairy
processing equipment and hygiene management in dairy plants. .

However, the principal stages of production of any type of fermented milk (i.e.
standardization of fat content, fortification of the milk 'solids. homogenization, de-
aeration (optional) and high heat treatment) have .much in co~mon. Thus, the
technical aspects, which will be considered in detail, include (i) the organisms that .
constitute the starter culture, (ii). temperature and period of incubation, (iii) the
inoculation rate and (iv) production of bulk starter. Over the years equipment
manufacturers have specifically developed and designed processes to meet the
technological requirements of fermented milk products; the processing plants are
more or less universal. For example', the use of de-aeration equipment in a. yogurt
production line may not be necessary, but it is highly desirable to de-aerate milk
required for fermentation by bifidobacteria. The presence of oxygen in the milk may
prolong the incubation period.

Over the past decade there has been a tremendous increase in the markets of
Europe, North America and many other countries for dairy products (fermented or
sweet) containing Bifidobacterium spp. originating from humans (Kurmann, 1983;
Larcia & Martin, 1990; Hughes & Hoover, 1991; O'Sullivanet al. 1992; Hawkins.
1993).Such fermented milk products are made using a single genus, or in combination
with other lactic acid bacteria as mixed starter cultures, arid some examples follow.

Fermented products
A list of some current fermented milk products containing Bifidobacterium spp.

available in different markets is shown inTable 8. It is evident that Bifid. bifidum and
longum are widely employed as mixed starter cultures in combination with Lb.
cu;idophilus. and yogurt organisms (Lb. delbrueckii subsp. bulqaricus and/or
Streptococcus salivarius subsp. ihermophilus (Str. ~hermophilus». In some instances,
Laetoeoecue spp. and Pediococcus acidilaetici are also used. Some of the products
shown inTable 8 are also marketed in The Netherlands (Driessen & de Boer: 1989),
·asare different fermented milks made with Lb. addophilus·andBifid. bifidum such as
Biocultura® (stirred and drinking type) and Bio-Natuur® (set and stirred). The
manufacture of some of these products is described below.
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Ta~~e8. Eermentedmilk« con~ining bifo.loba~eria·currently available'in different'
- . markets - .

Product or Country ;;--,,::_ .. ,
---'

trade name of origin . - ')1ic!o8o~ present Comments

'AB milk products Denmark : Ladobacill'IU a.Cidophil'IU Developed by Chr. Hansen',
Bifid: bifidum . Laboratorj

ÁcidophiJus'
. ' . -. .

Oe.rmany. LIJ. delbruu1cii enbsp. bUlgariCtU Developed in 1969 and now
bifidus yogw"b Strept~ Ih~~hi~'IU produced in many countries

Lb_ acidophil'IU
.- ... Bifid- bifidum or lcmgum

BAC France Bifid. kmgum Product is known as 'BitidU!
Yogurt culture Active'

Bitidus milk Germany Bifid. bifidum or lorigum Developed in 1948 as baby
food

Bitidus milk with UK' Bifid. ¥fidum. Im:agum or irifami4 Refer to .text_ .'
yogurt tlá:vour T _..\
Bitidus yogurt Many countries Bifid.' iJifid~m or ~m Refer to text

Y~gurt ~ulture
Production method is similar IBitighurt· Germany Bifid. kmgum CKL 1969 or DSM

2054 to Bifid •• yo"",,: DSM'O"I
Stro thtrmophil'IU is a slime-fcrmlng organism

Bi6lakt. or USSR LadOOocill'IU spp. Refer to text
Bifilact· Bifidobadmum epp.

IBiobest· Germany Similar to Bitidus yogurt Developed by Laboratorium
Bifidobacteria type BAT Visby and the product

contains "blogerm I grain

.1Biogarde- Germany Lb. GCidophil1U R~fer to text
Bifid. bifidum

I
Str, Ih~hillU

Bioghurt* Germany Similar to Biogarde* Cult.ure does not contain
bitidobacteria

IBiokys· Czechoslo~akia Bifid: bifidum Similar to the pharmaceutical
Lb. acidophillU product FernilactS
P.ediOCOCClUGCidilaclici

IBiomild$ Germany Lb. acidophil'IU Product is low in fat and
Bifidobactmum spp. without stabilizers or fruit

I
flavours

Cultura* Denmark Lb. acidophillU Related to AB product
Bifid. bifidum

IDiphilus milk* France .As above As above
Mil·Mi1* Jap~n Bifid. bifidum The product is sweetened with

IBifid. brl11! glucose and/or fructose and
Lb. acidÓphillU coloured 'with carrot juice

Ofilus· France Stro tMnMphillU Contain 36 or 100 g Catkg-1

ILb. acidophillU respectively
Bifid. bifidum or

I
Ladococcu.s lac.Ii4 subsp. eremori«
Lb. acidophil'IU

\ Bifid. bifidum
Pro~ Chile Le. lac.Ii4 biovar dic.utilac.lu Refer to text. ... Le. lac.Iu SUMp. CTnMr'Ï4

Lb. acidophillU
Bifid. bifidum

Sweet. acidophllus Japan Lb. acidophillU Milk is not fermented after
bifidus milk Bifid. kmgum addition of .tarter calture

Sweet Bifidu.smilk Japan Bijid.clJaclerium spp. A:s above.
Germany

After Schnler-l\Ialvoth el al. (1968), 1rIarahall el al. (1982). GUIT el al. (19M). Hansen (1985, 1989) and
Kunnann dal. (1992).
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.: Acidophilus bifidu« yogurt This is a fermented cows' milk product which is
manufactured in many countries and is similar to Bifidus yogurt. The homogenized
and heated milk (85°C for 30min or 90 ~Cfor 5 min) is cooled to 40-42 °C, inoculated
with separate cultures (yogurt, .Lb. acidophilus and Bifid. bifidum or longum),
packaged, incubated at 40-42 °C for 3-5 h, followed by cooling and storage (RaSié &
. Kurmann, 1978).- . . . . :.... ..

. The therapeutic organisms should be of human origin, and ·thë 'Viable cell count in
the fresh product averages 1-3 x 107 cfu tnl-1 for each of Lb. oeidophilus and
bifidobacteria; the .counts for the yogurt organisms are also high. Incidentally, the
viable counts are influenced by' (i) .rate of inoculation, (ii) pB tolerance of the
therapeutic strains and jill) the manufacturing stages; _

Bifidus milk. Standardized and fortified cows' milk. (150-200 g total solids kg-1)
is homogenized and heated to 80--120°C for 15 min. The milk is cooled to 37°C,
inoculated with starter culture (100 g l-lr.Bifid. bifidum or longum), and ~t pH", 4'5
the coagulum IS cooled. packaged and rnoved to the cold store (Schuler-Malyoth et al.
1968; Raáié & Kurmann. 1983; Kurmann et al. 1992). Bifidus milk has the following
characteristics: (i) it has a mild, acidic and slightly spicy taste, (ii) the molar ratio

. oflactic acid to acetic acid is 2: 3, (iii) set or stirred types can be produced with or
without added fruit flavourts) and (iv) the viable count of Bifid. bifidum is
108-109 cfu ml'? with a decline of two log cycles during the storage period. Personal
communications from starter culture suppliers and yogurt manufacturers in the UK
indicate that fermented milks containing bifidobacteria are becoming' more
popular because they are milder in taste when compared with yogurt. .

To improve the rate of acid development by the starter organism.rthë.bnlk statter
is prepared in sterilized skimmed milk fortified with 'yeast extract, pepsin hydrolysed
milk, corn extract or whey protein. The selection of more acid-tolerant strains is
highly recommended (Klaver et al. 1993). Alternatively, concentrated starter
cultures for direct-to-vat inoculation (DVI) can be used to avoid daily subculturing
in the laboratory.

A similar product "Wasdeveloped-in the UK using single strains of Bifid. bifidum
2203, longum 2259, infantis 2205 or adolescentis 2204 obtained from the National
Collection of Food Bacteria (NCFB), formerly known as National Collection of Dairy
Organisms (NCDO) (lrarshall et al. 1982). .Skimmed milk was fortified with
ultrafiltered (UF) Cheddar cheese whey (concentrated 8-fold) and UF skimmed milk
(concentrated 2-fold). The mixture {e.g. (g kg-1) total solids 150, lactose' '" 50,
protein 73, fat 130) was heated to 80°C for 30 min, cooled to 37 °C, fortified with
threonine (1 g kg'") and inoculated with starter culture (20 g 1-1). Incubation was at
37°C for 24 h, after which the fermented milk was stored at 4 °C for 20 h before being
assessed. The pH values after storage for 21 d ranged between 4'3 and 4'5, and the
products made with Bifid. bifidum, infantis and longum had coagula similar to
yogurt. The one made with Bifid. adolesceniis was unacceptable as the pfl was 5'1.
The fermented milks had a .·'walnutty' flavour and pleasant acidity, and the
acetaldehyde content was 20-35 pg g-l. The initial viable .counts of all the
bifidobaoteria were 109cfu g-l, but a drop was observed after the storage period (to
< 105 Bifid. infantis, 1(1°for Bifid. longum. 107 for Bifid. bifidum and 108 for Bifid.
adolescentis).

A commercial method for the production of bifidus milk in India was reported by
ilIisra & Kulla (1992). Skimmed ((g 1-1) fat 5, solids-nat-fat 87) and other types of
milks were heated to 90 "Cfor 30 min.icooled to 37 °C, inoculated.with Bjjid, bifidum
NDRI (100g 1-1, obtained from National Dairy Research Institute in India), and
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incubated for 1_9.h_.7'he products had a good storage life (i.e. a mjnhnWp of 3 weeks), .
·good taste and a microbial population of 10_8_c~ g-=~~7.'h_eantibacterial aotivity of the
·fermented :.-~ilkSagajpst -four Ï)á~)logerÏio organisms was -also studied, and it was
dependent on (i) type of milk used (skimmed, cow, buffalo or reconstituted baby
formula), (ii) degree of heating of milk, (iii) level of inoculum and (iv) concentration

.. of sugar. .' : _. . ~ -:--.-- .
· . Bifidus and/or acidophilus drinks .at;e becoming popular in certain markets, for'
·exa.mple in the USA. The culturele) (Viable~, supplied by Sanofi.Bio-Industries,
Waukesha, .WI -53187-1609~ USA). is thawed at 28-32 oe and added to cold
pasteurizedmilk, followed by packaging. The viable cell count is > 2 X 1015cfu ml'?
at the end of a 2 week shelf life, which complies with the statutory regulations in
California and Oregon (Anon. 1993a). A similar product containing Lb. acidophilU8 I
and Bifid. bifidum is also marketed in the USA by using a mixed sterter culture called
Nu-tri_sh4/B~ which is supplied ~Y.qhr..Hanse~'s Laboratories in t~e USA (Hoover I
& Hughes; 1991). Thus these products-are sweet ID taste and not fermented, but they
offer a way to provide an abundance of bifidobacteria to the consumer. I

BifldU8 yogurt. A mixed starter culture (Bifid. bifidum or lonqum, yogurt culture
with or without Lb. acidophilU8) is used at a rate of 50-100 g .1-1to ferment milk ~t
4{)-42oe for 3-5 h (RaSié, 1986·;:Kurmann et al. 1992). Normally, 'a DV! bifidus I
culture is used plus Stro thermophilus and Lb. delbrueckii subsp. bulgaricU8 at a level
of 1-10 g 1-1 for simultaneous fermentation. Alternatively, the different starter I
cultures are used to ferment the milks separately, followed by mixing before cooling
and packaging. I

Bifighur~. 'I'his fermented milk is similar in production to Bifidus milk or Bifidus
yogurt; but the starter culture consists exclusively .of Bifid. longum -OKL. -1-969or I
DSM 2054 (a slime-producer) and Stro thermophilus. The bifidobacterial count in the
product is lO' cfu ml-i, and practically only L( +) lactic acid (95%) is produced ..

Bifilaktqt} or Bifilact®. This is. an antacidic milk product developed for the I
treatment of gastrointestinal diseases in children. A mixture of lactose (30 g) and
maize starch (30 g) is dispersed in a small volume of water and added to every litre I
of boiled whole milk. The mixture is then sterilized, fortified by the addition of
lysozyme (0'05 g 1-1) in physiological saline, inoculated with 50 mll-1of each starter I
culture consisting of Bifidobacterium spp. and Lactobacillus spp., packaged in sterile
containers and incubated at 37 oe for 18-20 h (Dorofeichuk et al. 1983). The finished I
product is sweet in taste (i.e. pH 5'8-6'0), stable for a week at < 10 oe and the cell
count is 108_109cfu ml-I. The protein and fat contents of Bifilact® are 42'3 and
37 g kg-l .respectively. . I
. Biobe8~. This product .•a low-fat fermented milk which is produced in Germany

by using a mixed culture containing bifidobacteria type BAT (Laboratorium Visby, I
Tender, Denmark); is similar to Bifidus yogurt but with the addition of 'biogerm'
grains and fruits. The yogurt culture is used at a' very low inoculation rate I
(0'1-1 g 1-1) (RaSié & Kurmann, 1983).

Biogarde®. This fermente.d milk produot was developed in Germany by Schuler- I
iHalyoth et al. (1968), and a.t present it is manufactured in many countries under
licence.The standardized milk is homogenized. heated to 90 oe for 10min or 95 oe I
for 5 min, cooled and inoculated with mixed bulk starter culture (60 g 1-1)which
contains Lb. acidophilus (human origin), Bifid. bifidum (human origin) and Stro
thermophil~. The last organism is incorporated for fast acid development (Klupsch, I
1983, 1984; RaSié & Kurmann, 1983). The mixture is packaged, incubated for 3'5 h
at 42 -c until coagulation, and then cooled. I

Stellenbosch University http://scholar.sun.ac.za



._ .

:.._~----_!--- --~--- -------~---_-------------~----~-------------- --- ---------------------_._-------

--- --i - - - -- - -- -
t!
t

--- - - - .. -_. -- .. _. - - ---_ .... --_._- --

Milks fermented with bifidobacieria _. 171
-.,When this-product was originalljda.UIlch~AiIlthëj96.0~~ the hulk starter cultures

were produced as monocultures. and the rate of inoculum required was 100-200 g 1-1
in order to ensure sufficient bifidobacterja' (i.e-._l_0~..:--108ofuml ") in the milk and,
consequently.jslightly highercountainthe end product (Tamime & Robinson, 1988).
At present, the bulk starter culture is prepared as follows. Biogardeê culture nutrient
medium ('" 15 g 1-1) is dissolved-in 'water;' mixed with bulk starter milk, heated to
90,oC fot 10 min, cooled to 42°C' and' inoculated with a Iaboratory grown -liquid.
culture or DVI culture. The latter system is more widely practised in order to ensure
_a shorter production time and high numbers of viable cells (Tamime & Robinson,
1988).The milk is then incubated for a period of 4'5-6'5 h, cooled and stored at 8 °C
(Kurmann et al. 1992). .

Set or stirred type fermented milks are produced which could be flavoured with
fruits or other flavourings. The natural flavour Biogarde= has a mildly acidic taste,
and contains+mainly L(+) lactic acidj-{85-90%) -and about 107-108., and 106-

107 cfuml-10f Lb. acidophilus and Bifiêl. bifidum respectively, in addition to an
abundant count of Stro thermophilus, The total production figure of Biogardeê was
7000 tonnes in 1986 (Tamime & Robinson, 1988), but no figures are available for the
present date.

It is worthwhile pointing out th~t Bioghurt" is a product closely related to
Biogardeê, but the bifidobacteria are not included with Lb. acidophilus and Stro
thermophilus and/or a yogurt culture. However, formerly Le. laetis subsp. laetis
biovar taette was used instead of the streptococci (Kurmann et al. 1992). Similarly,
the Swiss sour milk (Bio-yogurt) is a synonym of a product made from organically
produced milk, and only a yogurt starter culture is used, i.e. one containing noLb.
aeidophilus or bifidobacteria.· - . . -- -

Biokys®. This is a Czechoslovakian fermented cows' milk «s kg-I) total solids 150,
fat 35) which has therapeutic properties similar to the pharmaceutical product
Femilactë. The milk is homogenized, heat treated, cooled to 30-31 °C and inoculated
with mixed starter culture (20-50 g 1-1. Bifid. bifidurn, Lb. aeidophilus and Pedo
aeidilactici in a ratio of 1:0'1: 1) (Hylmar, 1978). At the desired acidity, the coagulum
is stirred, cooled and packaged. However, in a study of a similar starter combination
with a ratio of 45: 10 :45, growth activity at 37°C was more than at 30 °C (Doleáélek
& Plocková, 1981). At present, Biokys® is produced with the following mixed
cultures: cream DL starter, Le. laetis subsp. eremotie (slime producing strain), Bifid.
longum, Bifid. bifidum and/or Lb. acidophilus (Husek et al. 1990).

Biomild®. This product is a German fermented milk made with Lb. oeidophilus
and bifidobacteria cultures, 'natural' in flavour and sold in 500 ti packs.

Oultura A_B®. There is a wide range of lactic starter cultures for the manufacture
of fermented milks, buttermilk, AB-yogurt and so on. These cultures were developed
by Chr. Hansen's Laboratory in Denmark (Rasié & Kurmann, 1983; Tamime &
Robinson, 1988). Protein-enriched whole milk is homogenized, heat treated, cooled·
to 37°C, inoculated with DVLfrozen concentrated culture (or bulk starter), and
incubated for 16 h followed by-cooling.

The set..,type product is normally produced in 150-500 ml containers. The shelf
life is '" 20 d. and the viable cell count when fresh is ~ 108 cfu ml"';l for both Lb.
acidophilus and Bifid. bifidum (Kurmann et al. 1992).

Ofilus~. This French fermented milk (set type) made from cows' milk was
launched in 198i. Two types of Ofilus® products are available, Ofilus® 'nature'
(36 g fat kg-I) made with mixed starter cultures consisting of Stro ihermophilus, Lb.
acidophilus and Bifid. bifidum and Ofilus® 'double douceur' (100 g fat ,kg-I), which is
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milder in taste because the lactic Streptococcu« is replac~d with, Le. :lactis subsp. '
cremoris (Kurmsnn el al. 1992). Clinical studies 'with 'Ofilus*, and including other
dairy products containing Lb. /aeidophilU8; -Bifid: : bifidum" and/or mesophilic
Iaotococoi, were carried, out by-Marteau et al. (1990). They observed that regular
consumption of fermented milk products containingviable cells (e.g. Bifid. b~fidum
strain Bl, 108,cfu ~r~)increases the actiyity of P-glucosidase (EC ~:2.1.21), whichis ,
implicated in the colonic fermentation of cellulose. However.-further studies have'
been suggested by' ~he', same" authors' 'to determine the mechanics of these
modifications and the fate of the organisms in the intestinal tx;act.

Progun*. This 'Chilean protein-enriched product ((g kg-1) protein 62, lactose
'" 30, fat> 50, ash 7) is made from cultured skimmed milk. and mixed with
buttermilk « 500 g kg-1) and cream (Schacht & Syrazynski, 1975). The skimmed
milk is heated to 95°C for a few seconds, cooled and inoculated with mesophilic
starter cultures (1{}-30g kg-1, Le. lac;is subsp. lacue biovar diacetilactis and Le. lacti«
subsp. eretnoris at a ratio of 1: 1). !titer 12":"'18h, the acidity reaclies 8-9 g lactic

, acid ,1-1,and the gel is heated to < 45°C to separate the whey (a process similar to
the traditional method for the manufacture ofymer (see Tamime & Robinson, 1988).
The partly concentrated coagulum is standardized with cream. homogenized, cooled
and packaged. For the manufacture of therapeutic Progurt", Lb. aeidophilus andlor
Bifid. bifidum are added at 5-10 g 1-1 to the concentrated and fermented skimmed
, milk before the homogenization stage. This product should not be classified as"
strained yogurt (see section below) because the total solids content is < 220 g kg-1.

It is evident from consideration of the above products that, a wide range of mixed
starter cultures is used in order to achieve high cell counts ofbifidobacteria at the end
, of shelf life. In the 1980s, Reuter (1990) conducted a survey-of fermented milk
products containing bifidobacteria in Germany, Jepan.end France. He found that
Bifid. longum is widely used in Germany, and the higher the addition rate of yogurt
and Lb. acidophilus starter cultures. the greater the variation of the bifidobacterial
counts. The most suitable combination is Bifid. longum with Stro ihermophilu», but
the manufacturing procedure is-very laborious. The recent trend towards products
containing high counts of bifidobacteria could possibly be due to (i) selection of
strains that are more acid-tolerant, for example, the substitution of Bifid. longum
with Bifid. animalis (this organism is not of human origin) and (ii) improvement in
the technology of production to provide better anaerobic conditions. However, Bifid.
longum, breve and infantis strains are found to tolerate oxygen better than the
sensitive Bifid. adolescenii« (Shimamura et al. 1992). He also found that Japanese
fermented milks contained sufficient viable counts of Bifid. longum (2 x lO' cfu g-l
when fresh and 4 x 105cfu g-l after 18 d storage), while the viability of Bifid. breve
and bifidum only decreased by 1'5 and 0'5log cycles in 20 d. Lastly, he found that the
numbers of bifidobacteria in French products averaged 1'7 x 107 cfu g-l, and the
main species were Bifid. longum and animalis; however, Bifid. animalis ma.y not
survive in the human intestine. Recently, a study by a French scientist reportedthat
one of the two bifldobacterial strains isolated from commercial bifidus milk survived
well (?>~lO' cfu g-l) in an in'vitro simulated gastrio transit, while a second strain was
much less resistant (Berrada et al. 1991).

In a recent survey of yogurt products containing bifidobacteria (Dibb et al. Hl91;
Anon. 1993b) the viable cell counts of these organisms ranged from 1 x 105 to
3 x lO' cfu g-l. These differences could be mainly attributed to the selection of
commercial strains that can have higher survival rates in acidic products (Sakai et al.
1987; Robinson, 1990; .Misra& Kulla, 1991a; Martin & Chou, 1992; Anon. 1993a).
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_ _ -Strained or_ G!_~~k_-~ty~eYogurt- -
-Ooncentrated yogurt is a fermented milk product manufactured from full fat and

unsweetened -,natural yogurt" by removing some of 'the whey. .Tlïê product is
manufactured in many countries and is known -as labneh, lebneh or labnieh (in the
eastern Mediterranean countries), laban zeer (in Egypt and Sudan), tan or toon (in -
Armenia), straqisto or.eakoulas (in Greece); kis, k~rut;_torba" "or tulum (in Turkey), -"-
mastou. or mast (in Iraq and Iran), basa, zimme, kiselo or mleko-slano (in the Balkan"
countries)" and Greek-~tyle (in the UK) (Tamime _&" Crawford, 1984; Tamime &
Robinson, 1988; Kurmann et al. 1992);-

In the Lebanon and Saudi Arabia, the compositional standards are typically
(g kg=') total solids 22(1-260, fat 90-100, salt (optional) 10. The processing methods
are (i) traditional, using a cloth bag to drain the whey, (ii) quarg centrifugal
separators. suitable for fermented skimmed or whole milk, (iii) UF of milk prior to
fermentation, '(iv) UF of warm yogurt and (v) product formulation. Details of these
processing methods, and in particular the UF of warm yogurt, have been reported by
Tamime et al. (1989a, b.1991a, b) and Tamime (1993). .

The quality of Greek-style yogurt made by UF using cows', ewes' and goats' milk
and fermenting the milk with Bifid. bifidum Bb-12 (concentrated and frozen DVI
culture obtained from Chr. Hansen's Laboratory in Denmark) was reported by
Mahdi (1990) and Mahdi et al. (1990). The viable cell count of the DVI starter culture
was 2'0-2'3 x 1011cfu g-l. and in the UF Greek-style product the bifidobacterial
counts ranged between 4·6 x 105and 4'1 x 107 cfu g-l depending on the type of milk
used. Predominantly the L(+) lactic acid isomer was produced by thestarter culture,
and the range of composit ions "of these products was (g kg-l) total solids 215-226, fat
85-106, protein 73-76. ash 7-9; the pH ranged between 4'25 and 4'54. The
organoleptic scores given by the taste panellists to the bifidus products (i.e. flavour
and aroma) were low compared with similar products made with Lb. oeidophilus or
a yogurt starter culture. because of the appreciable presence of acetic acid in the
product.

Frozen cultured ice-creams
Over the past decade. these products became popular among consumers simply

for the therapeutic properties of yogurt. The frozen products resemble ice-cream in
their physical state and they have the sharp acidic taste of fermented milks
combined with the coldness of ice-cream. Before freezing, the product is fortified with
sugar and stabilizers and emulsifiers which are required to maintain the air-bubble
structure during thefreezing process. Some technological aspects have been reported
by Rasié & Kurmann (1978), Tamime & Robinson (1985), Arbuckle (1986), Bielecka
et al. (1988), Martinou-Youlasiki & Zerfiridis (1990), Williams (1990), Opdahl & Baer
(1991) and Mashayekh & Brown (1992). .

Biogarde® ice-cream '(ras marketed in Germany in the mid 1980s (Anon. 1986),
but no technological aspects were reported. According to Kurmann et al. (1992),
Biogarde~""ice-cream c-ontained up to 108 cfu g-l viable cells of Lb. acidophilus,
107 cfu g-l of Bifid. bifidum. and an abundance of Stro thermophilus. The same
organisms have been used in laboratory studies in the USA for the manufacture of
hard and soft serve ice-cream (Holcomb et al. -1991;Larcia & Martin, 1991a; Hekmat
& McMahon, 1992). Different formulations and methods were used by these authors
to prepare the frozen products, and Fig. 3 illustrates one such example. The survival
rates of Lb. acidophilus and Bifid. bifidum after 17 weeks storage were very good, and
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, ' Prepare Ice-cream mix ' " '"
, ((g kg-1): fat 120, SNF 110,'stabilizer-emtilsifier 3·2,

, sugar 125, corn syrup solids 45)
__-----:I",' ,',',

__ ._:'~':7::.--'___ * ~_...- _.._..
Pasteurize at 79·4 oe for 288,

. ,'. " "' r: '
Homogerjize at 17·5MPa

, \

Cool and age overnight at 4 °C

't

-.

Heat to 82°C for 39 min
r
7' t.' - ,~.: ,~

Cool to 42°C and Inoculate with LsctobaciUus scldophilus (40 9 .1)
and Blfidobactsrlum bititium (40 9 .1) ,

t
Ferment for 5 h to pH -4-9

t
Cool to 6°C and adjust pH of three' batches
, to 5·0, 5·5 and 6·0 with unfermented '

but heated mix

Add strawberry flavour (100 g/l) and freeze

t
Harden 'st -29°C and store for 17weeks

Fig. 3. Flow diagram of the manufacturing atages of frozen cultured ice-cream. (Adapted from
Hekmat cS: Mc)lahon. 1992.)

at pH '5'5 the highest viable cell counts were observed (4 x lOs and 1 x 101cfu ml"?
respectively) which corresponded to a decrease of 2 and 1 log cycles respectively
when compared with freshly frozen products (Hekmat & :McMahon. 1992). Similar
results were also reported by Laroia & Martin ,(1991a). , ' ..

In' soft serve ice-cream, the numbers of Bifid. bifidum were roughly the same
before and after freezing (1'18 x lOa and 1·23 x lOa ofu ml-l) at pH 5'4-6'5, i.e. after
a 6 h holding period at - fj oe which simulates the processing conditions of the
frozen mix in the freezer compartment before discharge (Holcomb et al. 1991). For
no appa.rent reason. the viable cell count of Lb. acidophilU8 under the same processing
conditions increased. In the same study, both Bifid. bifidum and Lb. acidophilU8 were
exposed to 10 msr-Hfll for 2 h at 37 oe simulating the time required to pass through
the stomach. and to fortification of the de Mann- Rogosa-Sharpe (iURS) medium with
different concentrations of oxgall (1'H'5 g 1-1) to determine bile resistance. The acid
conditions reduced the microbial count of Bifid. bifidum but not Lb. acidophilU8, and
the presence of oxgall in the plating medium did not cause any significant difference
in the counts before or after freezing. '
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In an effort to increase the survival rate in frozen cultured ice-cream, a. Canadian
group evaluated~t)v9 mechanisms. Firstly, theygrew Bifid.longum in a demineralized
and deproteinized whey medium to obtain high counts (1'7 x 109-2'5 x 1011 cfu g-l in
a freeze-dried preparation) before-addition to the ice-cream mix prior to freezing.
Secondly, they mixed Bifid. lonqum: 'ATCC 15707, infantis ATCC 15697· and
adolescentis ATCC 15703 separately with two' types of bifidogenic factors, neosugars .
and. Jerusalem artichoke flour (Modleret al. 1990b; Modler& Villa~Gar~ia-",l993). In' .
both studies -the ice-cream was 'stored for -,..,i1 weeks and the results could be
summarized as follows. With the freeze-dried preparation of Bifid. longum, the
highest count was obtained when using a strain from Japan and, at pH 5'8, a decline
of only 1 log cycle in bacterial count was observed after 11 weeks storage.
Encapsulating the bifidobacteria in milk fat prior to freezing did not improve the
survival rate. At freezing, ,..,10% loss in viable counts occurred possibly due to the
Incorporation of air to achieve 100% overrun, andBifid. infantis (ATCC_15697)was
the least sensitive. The maximum declinein viable cell counts did not exceed 1 log
cycle. The use of Jerusalem artichoke flour imparted a flavour that was unacceptable
to the taste panellists. _-

Thus, it is evident from these limited trials that the choice of bifidobacterial
strains (i.e. tolerant to acidic conditions and insensitive to oxygen), and the use of
high bacterialcounts prior to freezing can ensure high survival rates in the product.

Fresh cheese
Very limited data are reported in the literature regarding the introduction of

bifidóbacteria into cheeses. However, Biobest® culture (Table 8)-has--J;>een---used
during the manufacture of Thermo Quarg (Klupsch, 1983; Raêié & Kurmann, 1983),
and Bifid. bifidum in Cottage cheese (Anon. 1993a). These cultures ,were most likely
added to the curd at the creaming stage before packaging.

Studies on the use of Bifid. bifidum in Tvaroh (a fresh cheese) were carried out in
Czechoslovakia (Lang & Lang, 1978a, b). The bifidobacteria were used in com-
bination with a cream starter culture, and the viable count of lactic acid bacteria in
the fresh product was >- 109 cfu g", of which 35% was Bifid. bifidum. After 3 d the
bifidobacteria count fell by 66%.as compared with 83% for the lactococci, and the
Bifid. bifidum became predominant in the product. The actual dessert is made with
(g kg-1) Tvaroh 200, whipped cream 500, sugar 150, pasteurized fruit pulp 150.

Bifidus milk powder
.A wide range of these products is on the market, and they have been developed

as formula feeds for infants. Although such products are not primarily considered
'pure' dairy products made by the industry, the dietary aspects take into account
(i) the need to modify cows' milk to resemble the chemical composition of human
milk, (ii) the addition of a 'bifidus' factor(s) to mimic that present naturally in-milk
(see section on growth factors) and (iii) the use of such products as vehicles for the
implanta~i~n of Bifidobacterium spp. in infants who are bottle-fed.

Rasié.&i,Kurmann (1983) reviewed some of these products which may contain
Bifid. bijidum alone or in combination with Lb. acidophilus and Pedo acidilactici. A
typical composition is (g kg-l) fat 220, protein 133. carbohydrates 600, minerals 29
plus vitamins A. D and C and iron. A daily intake of 107 cfu g-l of freeze-dried Bifid.
bijidum in the diet of bottle-fed babies ensures the implantation of the organism in
the gut after 2-3 d (Raáié & Kurmann, 1983). A similar; Czechoslovakian product
called Femilact® is manufactured as follows. Heat-treated cream {120 g fat kg-1) is
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fermented With-Bifid. bifoIv.~: ~b. acidophil1UJand Pedo acidil~ici (at a ratio of
1: 0·1:l) at-'30 °0; cooled and mixed with heated vegetable oil, lactose; whey protein

- --, -, -- -- '.. -'and vitamins. The mixture is homogenized ~n~ ~pray.:~~-~:J'jle "j-eëonstituted baby
_ -_, milk contains lactic acid (2·5ii-l) and has 8. viable cell count pf.-,lOs-109 cfu ml-:-l

with a decline by llog cycleafter storage for 2 months (Kurmannez al. 1992).
These products have been developed by industrial. organizations, and the

- :,available technical information is somewhat limited, Nevertheless, in the t~70sBifid,'
bifidum strams were grown satisfactorily in combination With Lb. aëidop"hilus and u;
laclis subsp. laetie biovar taeue for the enrichment of dried Infailt foods. A reduction
in the viable cell count, ofBifid. bifidum was observed asthe milk. total solids reached
300 g kg'? in the evaporator (Anon. 1974),but no exact count ofbifidobacteria in the
dried product was given. Recently, Nagawa et al. (1988) produced a bifidus milk
powder using malt extract and skimmed milk and four different strains of Bifid.
longu.m. Both the skimmed milk and malt extract were used in equal amounts in
solution ,(200g 1-1), sterilized at 14~00 for 3 s, cooled to 37 °0 an~.;,moculated with
Bifidobacterium spp. (30 g 1-1). At pH 5, the viable cell count was 6 x 109cfu ml-I,
and the fermented milk was frozen at -20 °0 followed by lyophilization at 20 oe for
24 h. .Adjustment of the fermented milk to pH 8-9 before freeze drying increased the
survival rate after storage for 30 d at 35 °0 by 20 times compared with non-adjusted
milk. The viable cell count of Bifid. lcmgum ATOO 15707 in. the alkaline milk was
> 109cfu g-l after the storage period.

A. Y. TAMIME AND OTHERS

Pharmaceutical products
Special dietary preparations containing viable cells of Bifidobacterium. spp., often

in combination with other therapeutic organisms, 'ar~ available in different markets '
as freeze-dried tablets, The primary objective of these products is to achieve
implantation of the bacteria in the gut during the treatment of various ailments and
diseases. Some examples are gastrointestinal disorders, after antibiotic therapy,
adjusting imbalances of the microflora in the gut, liver diseases. chronic constipation,
chronic duodenitis and peptic .ulcers in children, and after irradiation therapy.

Some examples of pharmaceutical products made from cows' milk and containing
viable counts of Bifid. bifidum or other Bifidobaclerium spp. are Bifidex4 (Japanese),
Bifidogene+ (French) and Liobif' (Yugoslavian). Two products developed in
Germany and containing high numbers of Bifidobacierium. spp. have the following
compositions (g kg-I). Eugalan Tëpfer Forte~ (milk protein 94, plant protein 7,
lactose 626, lactulose 59 plus 30 minerals) is a fat-free and gluten-free preparation.
Euga-Lein Tëpfer contains fat 18, protein 151, carbohydrates 711, minerals 31,
dietary fibre 48, vitamin 0 2, Omnifloraê, which is made in Germany, contains Lb.
acidophilus; Bifid. lcmUum and a saprophytic Escherichia coli (Kurmann et al. 1992).

Although it could be argued that the presence of such organisms in the human gut
is beneficial to the body, the efficacy of any claims relating to dietary preparations
merits proper medical investigation .

.M iSGellaneo1l.sapplications'
lIl' milk is used in the industry for the manufacture of certain cheese varieties

where mesophilic and thermophilic lactic acid bacteria are employed (Tamime &
Kirkegaard. 1991: Mistry & Maubois. 1993).The growth behaviour of Bifid. bifidum
ATCO15696 andBifid.longum ATCC15708was studied by Ventling & lYlistcy(1993)
in UF skimmed milk at different concentration factors between 2: 1 and 6: 1. Owing
to the buffering capacity of lJF milk, both cultures had counts of 10s-109 cfu ml",
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-~nd._-~l!~-.-<?bs~ITe.dpI.I..rênÏ~41e:clhigh (5·35-5·5).Growth of13ifol. Qifid~~ in skimmed -

- -milk (with or without UF) modified the bifurcated Y shape,_the microbial chain was
. ~.:shorl.er .and the _-~elf~'-became ova.l-m -sli~pe.--The same authors recommended a
- number of pótential dévelópments ófbifidobacteria in this area, which could include

- bulk starter and yogurt production from UF -milk. However, the possible use of
: bifidobáctéria Incheesémaking should not boeoverlooked. .-. - -...

The. utilization of .soya inilk for the manufacture of closely related products-
provides a good source of protei? ÏIl countries deficient in animal protem. Maslev et
_al. (1990) prepared a fermented soya product using Bifidobacterium spp. and, after
16 h incubation at 37 oe, the viable cell count ranged between 108and 109cfu ml-I

and the lactic acid reached", 50 g 1-1. In a separate study, Murti et al. (1993)
evaluated the quality of yogurt using cows' and soya milk. The culture combinations
used (yogur_t strains with or without Bifidobacterium spp.) were .isolated from
commercial- products in France. The results with soya yogurt were (i) the use of
bifidobacteria with yogurt cultures suppressed slightly the growth ofLb. êl~lbrueckii
subsp. bulqaricus, (ii) the ethanol content and quantities of other volatile compounds
were slightly higher in yogurts containing Bifidobacterium spp. and. (iii) n-hexanal
was absent in all the products.: ,

Thus, it is possible to suggest that 'soya milk could be used successfully for the
manufacture of a 'vegetarian' yogurt for the European and North American
markets. From the above studies, it is safe to conclude that a mixed culture of Stro
thermophilus and bifidobacteria could be an ideal combination.

ENUMERATION OF :BIFIDOBACTERU

The culture media that were originally devised for isolation and enumeration of
Bifidobacterium spp. from the intestinal tract or faeces of humans will not be
reviewed. However, some of these media have been slightly modified for the
enumeration of bifidóbacteria in fermented dairy products and pharmaceutical
preparations when a single culture is used. The difficulty arises in enumeration when
mixed cultures are used, such as Lb. delbrueckii subsp. bulqaricus, Lb. acidophilus, Stro
thermophilus and Ped. acidilactici in combination with Bijidobacterium spp. In order
to allow selective enumeration of bifidobacteria on an agar medium certain aspects
have been considered, such as provision of special growth factors, lowering the redox
potential, fortification of the medium with blood and addition of antimicrobial
substances that can inhibit the grov....th of lactic acid bacteria but not bifidobacteria ..

An extensive review of culture media for detection arid enumeration of
bifidobacteria in fermented milk products has recently been published by Raêié
(1990), and some examples are shown in Table 9. It is safe to assume that the medium
developed by Teraguchi et al. (1978) for the selective enumeration of bifidobacteria
has received the greatest attention, but the paper is published in .!apanese, -and a
translation has only recently appeared (Laroia & Martin. 1991b). The same authors
(Laroia & .n-tartin, 1991a) inadvertently omitted the blood component from the
formulation} a fact observed by Medler & Villa-Garcia (1993); such information is
important for researchers trying to prepare Teraguchi's medium in-house.

Acidified media such as MRS: Rogosa and others have been used successfully by
some research groups in this field for the enumeration of bifidobacteria in mixed
cultures (Robinson, 1990; Holcomb et al. 1991; Samona & Robinson, 1991), while
others reported their limited selectivity (Wijsman. et al. 1989; Knelfel &...Pacher,
1993). Nevertheless, it is evident that further development in media formulation is
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Table 9. Examples of some selectivemedia used ft?'"the enume~a~ionof
'.. Bifidobacterium spp. from fermented dairy products

Basal medium

Modified Columbian medium with the
'. addition of (g I-I): glucose ó; cysteine.
hydrochloride .5. agar 5. containing

- propionic acid (5 or 10 ml I-I) ana
adjusted to pH 5.

Trypticase-phytone-~'ea!t tTPY) medium
with the addition of dicloxacillin
(2 pg ml-I): this medium was more
suitable than Mann-Rogosa-Sharpe
.(~IRS)agar to select bifidobacteria.

Glucose-blood-Iiver (BLI allar with added
neomycin-paromom~'cin-nalidixic
acid-lithium chloride (XPXL),

Modified liver-oystine-Iactose (LCL) agar
(i.e. cystine was omitted and SaCI
concentration was reduced to 2 g I-I)
with added lithium chloride (2 g I-I) and
sodium propionate (3 ~ I-I): this formula
is ~O\\-n ~ LP agar ..

)Iodified VF-Bouillion &!lar with added
lithium chloride (0-5 mg I-I). sodium
lauryl sulphate (:20 pg mi-I). sodium
propionate (5 mg ml-I,. and neomycin
sulphate (10 }lg ml-I).

Transgalactosylated oligosaccharide
(TOS) agar medium supplemented with
:-,-P~n•.Milieu Selectif Bifidobacltn'um
spp. (~ISB) agar or Arabinose agar
(where I.-arabinose is substituted for
TOS).
Galactose agar with added lithium
chloride (0-4 g I-I) and @:alactose .
(10 g 1-1) as selective inhIbitory agents.

- ...
llRS ag~r \lith added neomycin sulphate
(100 mg I-I). nalidixic acid (15 mil I-I)
and lithium chloride (3 ~ I-I) (~~L)
solution. '

Comm~nt

. Selective medium against many groupe of
organisms includirig ~llu." spp.
and l;trtpt~ spp., and 19 ..
bifidobacteria strains showed improved
growtli: tbe correlation was ±0-410g
units for all strains except one.
Growth of lactobacilli and streptococci
was inhibited and human strains of
Bijidobacterlum spp. grew well; a study
"vas carried out on pure straina and com-
mercial products (e.g. OfiJus*, BA.,
Bi9.dus yogurt, Fromage bifidus etc).
It i~,considered to be tbe reference
medium for selective enumeration of
bifidobacteria found in fermented dairy
products: it is time consuming to -
prepare and some ingredients are heat-
sensitive and must be filter-sterilized.

Selective enumeration of bifidobacteria
from commercial samples of yogurt was
effective: nine strains of bifidobacteria
used in dairy products grew weU with
the exception of Bifid. 101lgum BU8: all
strains of lactobacilli. yogurt cultures
and laetoeceel were inhibited except one
Stro tlatrmophilu.t _YS4 and one'
Laaoeoccu» lacli.J subsp, eremoris Sc 15.
This medium is used with a triple-layer
diffusion technique to selectively
enumerate Bifid. bifidu71I and modified
Briggs a$ar with streptomyein sulphate
(1200 p.gml-I) to tnumerate Lb.
acidoplailu.t antibiotic-resistant strain:
application is for the determination of
viable cells of these organisms in
probiotic dried products or after
rehydrution.

All these media are selective for
enumeration of bifidobacteria from dairy
products: arabinose agar is only suitabl~
for bifidobacteria strains capable of
fermenting arsbinose. é.g. Bifid. lcmgum
and adole4cmtil (see'Table 8). .
Five bi6dobacteria strains were isolated
from eight commercial products made in
Europe: only one strain was classified as
Bifid. longum and the rest Bifid.
animali.J; tbe viable bitidobacteria
counts ranged between 10' and
10' efu ml-I.

This medium is selective for
bifidobacteria and by using the oxygen-
reducing membrane fraction (ORl\IF)
the plates could be incubated aeroblc .. l1~·
as a substitute for anaerobic jars: no
difference between the mean counts in
log(cfu ml-I) was observed where other
growth conditions were compared.
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Table 9. (contd.)

. .

Reinforced clostridial agar (RCA) fortified This is a selective medium. for Isolation
with a wide range of different inhibitory of Bifidobaclerium spp. of human origin
components; the medium is called BIM- from natural aquatic environments:
25. however. its application tor routine

examination of fermented milk merits
further investigation because the
inhibitory agents would prevent the
growth of yogurt and Lb. cuidophilU3
cultures.

Growth ~fLb. CZGidcPhilu.swas inhibited
but not Lb. casei subsp. casei when
enumerated with mixed cultures of Bifid.
breve and/or inJanl~.

Yogurt cultures and Bifid. bifidum could
be enumerated effectively by their
distinct colony morphologies.

This medium was used for enumeration of
bifidobacteria from aquatic sources
(see Mufioa &: Pares. 1988).

,"Bw) medium-

Rogosa medium with added 5-bromo-4-
chloro.:3-indol-P-D-glucopyranoside
(40 pgmJ-1)_; known as X-Glu agar.:

Modified Teragnchi el al. (1982) method
.also contains lithium chloride (3 mg 1-1);
the medium is known as l'rIGA.

Reinforced clostridial Prussian blue
(RCPB) agar.

YN-6 with added nalidixic acid
(80 pg ml-I). neomycin sulphate
(2'5 pg ml-I) and bromocresol green
(300 pg ml-I).

. . .
MRS agar with added dicloxacillin and
cystein chloridate.

179

Comment References

Kneifel &. Peeher
(1993)

·Non-sel~ctive for bifidobacteria and
yogurt cultures. but selective for Lb.
acidophilU3, and is recommended for the
enumeration of lactobacilli in fermented.

. milk products.
:Muiioa &. Pares
(1988)

_..'
.," .

Clieng &. Nagasawa
(1983)

Onggo &: Fleet
(1993)

Resnick &: Levin
(1981 b)

This is ii selective medium for
enumeration of bifidobacteria in
fermented milk products.

. Zacconi el al. (1990)

required for the selective enumeration of Bifidobacterium spp. from dairy products
(see Pacher & Kneifel, 1993), and that such development should take into account
easy and inexpensive preparation and the ability to achieve> 95% recovery of the
organisms.

Direct microscopic counting has been used to enumerate bifidobacteria in
fermented milk products (Murti et al. 1993). This technique might provide a 'quick'
test, for example, to check the ratio of different organisms in yogurt-type products,
but does not indicate the viable cell count of bifidobacteria. However, by using the.
direct epifiuorescent filter technique (DEFT), such microscopic tests can distinguish
between live and dead cells. . .

STARTER CULTURE TECHNOLOGY

The traditional scale-up system (stock culture-s-mother-s-feeder or inter-
mediate ~ bulk) of propagating starter cultures for the manufacture of fermented
milk products is currently being replaced by DVI of bulk starter or the process milk.
Bulk starter milk is prepared by reconstituting antibiotic-free. skimmed milk powder
(total solids 100-120 g I-i) and heating to 90-95 °Cfor 30 or 15min. This ensures (i)
destruction of microorganisms present in milk, (ii) inactivation of natural inhibitors;
(iii) partial modification of the proteins and (iv) a reduction in the content of
dissolved oxygen. All these factors help to provide the right growth conditions for
Bifidobacterium spp. However, as shown elsewhere, a growth stimulatoryfa-ctor(s) is
required by the bifidobacteria, and suitable materials can be added to the bulk
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starter milk or incorporated with the dry growth medium obtained from the culture .
suppliers. . . . ,. '. _.. . .. . .

. ., .:- No .results ..are ï~vailable 'on _bacteriophage' attack of BifidQbacterium spp., .or
starter failure during the production of the bulk starter or the produet on-site.
Nevertheless, the use of mechanically protected tanks is highly recommended for the
protection, of the-, culture from, bacteriophage at~ao~." Different' mechanically
protected 'systems have been developed, in the dairyindustry for the production of
starter cultures: and these syste~~ h~!~ been desoribed in detail by Heap &
Lawrence (1988). Tamime (1990) and Cogan & Hill (1993). Commercially produced,
,bifidobacteria starters give more consistent aotivity than the in-house produotion of
liquid cultures which, are subjeot to daily transfers; they also maintain the proper
balance of mixed cultures when used in combination with Lb. acidophilus, Stro
tbermopbilu» and/or Ped. acidilactici. The trend is to use DVl for the bulk starter or
process milk. ,.' _ .' .

DVl commercial cultures can be ~'btained'in the concentrated freeze-dried form,
or as concentrated cultures deep frozen at -196°C; the latter can be stored between
- 40°C and - 80 cC.The former type of culture can be stored at < 5 oe or at - 20°C,
and the latter temperature extends the shelf life of the culture. The aotivity of these
cultures is dependent on the survival rate. and the average count is ~ 1011cfu g-l.
To achieve such hizh counts. the bacterial cells are concentrated before preservation
and storage. Thes; highly concentrated bifidobacteria cultures can also be used as .
dietary adjuncts for direct consumption, e.g. as pharmaceutical tablets.

There are man, different methods that can be used for the concentration of cell-
biomass of lactic: acid .bacteria (Tamime, 1990)," and the' techniques used' for
concentrating B(ri,-!obacleriu1!1 spp. 'are mechanical separators {e-g. Sharples),
neutralization of growth media at - pH 6·0 using 10 ltI-~"1I40H or 2 r.x-NaOHand
UF or microfiltranon (Damjanovié & Radulovié. 1967; Collins & Hall, 1984';
Ishibashi et al. 19~.5:Staab & Ely. 1987: Taniguchi et al. 19~7a, b; Misra & Kuila,
1991b: Boyaval ft al. 1992: Corre et al. 1992: Gagné et al. 1993). The concentrated
cultures can be preserved successfully by freeze drying or freezing at low
temperatures ranging from -20 oe to -196 oe. Freezing and/or drying can damage
the bacterial cells. but the use of cryogenic compounds (e.g. sterile skimmed milk.
sucrose, lactose. gelatin. pectin. sodium caseinate, sodium alginate', glycerol and
sorbitol) have retained the activity of bifidobacteria. Table 10 illustrates some
compounds used for freeze drying different Bifidobacterium spp. Factors such as the
initial microbial count before preservation. moisture content in the freeze-dried
culture, the use of protective compounds, packaging under a controlled atmosphere
such as ~l and using oxygen-impermeable packaging material and the storage
temperature can also influence the survival rate of bifidobacteria. A detailed study
on the survival rate- of Bifid. infantis ATCe 27920 after freeze drying using different
methods of concentration of the microbial cells and cryogenic compounds has been
recently reported by Gagné et al. (1993). The same authors concluded that best
survival rate was. achieved by membrane concentration of the culture, and the
additj.Qp of skim milk (100'g 1':1) and sucrose (120 g 1-1) as cryogenio materials.

Awide range oi growth media was studied by Corre et al. (1992) for the production
of concentrated Bifid, bifidum TLR 100. A whey-based and low-cost medium was
found to be effective for the growth of the organism in a continuous process reactor
coupled to ~ UF unit. Good viability was reported for starters stored at 4, -20 or
-80 oe and lyophilized. Bacterial biomass productivity (2 x lOa cfu ml-1 h-1) in a
continuous process was 15-fold greater than with a batch process.
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Table--~O.Sele-ction of difie;e~t-~~~ge~ic- compou"w,;-e~pio;ecl during the Production
- -of freeze-drie~_~jfidoba9J;erium spp: ---

.. "'~ .. ---

Bifid.longum M-IOl, ML-3 -- Grow organism in nutrient culture - lOlo_lOu - Ishiba"shi el al. (1985. 1990)
Bifid. brev_eM-161 - broth: centrifuge andresuspend - __cfu g-l_ - - -- •
LaCtobacillU8acid?philus BR in cryoproteetlng medium

- containing sucrose, sodium
glutamate and gelatin: £ieeze dry

_ at -40 ac and 30 ac.
Skimmed milk (SNF, 100-120 g }-1) - 6·0X 108 Collins &: Hall (1984)
is fortified with: (a) modified cfu g-l

- )IRS (2 g-}-I) or (b) cysteine
(5 g 1-1) plus pyruvic acid
10-5g 1-1) or ascorbic acid
(2 g }-1); grow culturê, centrifuge.
resuspend in cryopz:okcting
medium (g }-1): SNF 50. sucrose
80. gelatin_15) and freeze di-y

- (-30 ac and 20 ac).
Several growth media were
studied: centrifuge cultured milk,
wash cellswith 0-1 sr-phcepbate
buffer and resuspend in sterilized
skim milk (S~7, 100 g)-I) plus
dimethyl sulphoxide (10 g }-1);
freeze dry at -30 ac and 20 ac.

The culture was grown in
commerciall\IRS medium
containing lactose (25 g }-1) at
constant pH 6·0 using 10 ltt-

XH~OH and temperature
maintained at 37 ac: after v- 12 h
fermentation. the cells were
harvested by centrifugation.
microfiltratien or ultrafiltration
and suspended in three
cryoprotective media containing
skim milk. sucrose and gelatin or
combination of these ingredients
plus ascorbic acid and freeze dried
at -40 ac and 30 ac for 12 h
followed by 4- h at 40 ac.

--
Microorganlsms - -

. _.. ...

Bifid. bifidum. ATCC 11146
-15696

Bifid. longum _
Bifid. inJanli.!

Bifid. bifidum (three strains)
Bifid. bifidum NCFBt 1452

1453
Bifid. bifidum NDRIt

Bifid_ in/ami.! ATCC 27920

Processing conditions
SurVival
"rate References

_- -'
.: ."

Misra &: Kuila (1991 b)

See text -. Gagné et al. (19~3)

t National Collection of Food Bacteria. l"K (formerly National Collection of Daily Organisms. NCDO).
t Nationa} Dairy Researea Institute. India.

The same group of researchers (Boyaval et al. 1992) used a two stage cell-recycle
bioreactor plant for the- continuous production of concentrated Lb. acidophilus TRI
101 and Bifid. bifidum TRL 100 without mixing the cultures. The growth medium
used was sweet cheese whey fortified with autolvsed yeast extract and ascorbic acid.
The cell productlvities of Lb. oeidophilus and Bifid. bifidum were 7·6x 107 and
3·2x lO' êfu ml-1 h-1 respectively ... ....

Ft:.'"TURE DEVELOP.MENTS

Current scientific research and the manufacture of dairy products as dietary
adjuncts is mainly centred in Japan and a few countries in Europe. Their future status
in the USA is dependent on some barriers being overcome, such as poor consumer
awareness of the possible health benefits of using bifidobacteria in dairy products,
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~~d the need for the addition of Bifidobact~ri":Lmspp ..to face US regulatory scrutiny
by .the Food and Drug Administration (Hoover & Hughes. 1991). Nevertheless. the
review by' Renner' (1~91,)::p:>,~ts-~u~' ,~hat: cultured dairyjproducts containing
Lactobacillus. ,Bijidobaclerium", Streptococcus and Pediococcus spp. and. in some
'instances. Enterococcus [aéeium. are beneficial for human health. In general, these
organisms ~ho~d A • ,- '" -, ,- ;,' , '.', • •

. originate froxri,'a human so'urc~ ~nd ,be' ho~~p~thogenic.
be capable of surviving and growing in the intestinal 'tract.

- have the 'ability to attach to gut epithelial cells or mucus.
be able to produce beneficial, effects in the gut and
be viable, active and 'abundant in the product before consumption ..

Taking these aspeots into account. possible future developments in this field may
include : ,: . . . , " - ~ " ~,~

r -~
selection of suitable strains capable of fermenting milk within an acceptable
period of time. ','
wider application of bifidobaoteria in the dairy industry,
genetic manipulation, if possible, to enhance their growth in milk, and to
reduce the high amounts of acetic acid produced, ,
since in vitro studies cannot be always related to in vivo trials, or the results
of animal experiments be applicable to human beings. improvements in the
design of experiments together with trials involving human volunteers,
. greater involvement of the medical profession in studying the beneficial
effects of therapeutic microorganisms, . ,:' ',', . . ;.,..
improved funding of bifidobacteria research and greater collaboration
between scientists, nutritionists and technologists 'in many countries, and
starter cultures 7 that depend on each other and inhibit the growth of
undesirable microorganisms .

..
SAC receives financial support from the Scottish Office of Agriculture and

Fisheries, Department.
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Morphological Variability in the Bifidobacteria
Aspasia Samona* and R K Robinson, University of Reading, England

With the increasing employment of bifidobacteria in dairy products, the ability to monitor viable cell counts
has become of major importance. However, checking isolated colonies to confirm identity has proved
difficult, because the morphology of the bifidobacteria can be extremely variable. Thus, an isolate of
Bifidobacterium bifidum from a commercial source was, on Rogosa's Modified Medum, morphologically
indistinquishable from Streptococcus sp. but, on plating dilutions of these colonies onto a Minimal Medium,
many of the resultant colonies contained bacteria with the typical branched structure. In other words, the
same strain of Bif. bifidum appeared either branched or coccoid depending upon the substrate ..
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SURVIVAL OF BIFIDOBACTERIUM BIFIDUM IN 'HEALTH-PROMOTING'
YOGHURTS

by

R. K. ROBINSON
Department of Food Science and Technology, University of Reading. UK -

ABSTRACT
If the 'health-promoting' reputaton of bifidus yoghurts/desserts is to be maintained. then it is essen-
tial that the products always contain the 'therapeutic minimum' number of viable cells of Bifidobac-

terium spp. at the time of consumption. In particular, the potentially adverse effect of certain types

of popular flavouring ingredient should be monitored. as should the possible influence of other starter
bacteria that may be present.

_'

Introduction

Over the last few years, the medical profession has be-
. come increasingly sympathetic to the view that the com-
position of the intestinal microflora can have a profound
influence on the health of an individual. In particular,
the important role of bifidobacteria has become widely
accepted, as has the function of diet in both the de-
struction. and replenishment of this essential compo-
nent. One conclusion that may be drawn from the
literature is that fermented dairy products. could play
a crucial role in the maintenance of the natural
microflora of the gut (Klupsch, 1985; Robinson, 1989).
This beneficial activity may involve either stimulation
of the growth/metabolism of the existing microflora, or
the establishment of the ingested bacteria, notably bi-
fidobacteria, if the indigenous population has been
reduced by antibiotic therapy or other inhibitory factor
(Hotta et aI, 1987). Whatever the ultimate interaction
between the indigenous and ingested bacteria, the be-
lief is growing that the regular consumption of a fer-
mented milk, e.g. one carton (150 g) of product
including Bifidobacterium bifidum or Bit. Iongum with
a minimum viable count of 10 x lOs/me, will be a
beneficial impact on the physiology of the consumer.

One eHect of this widespread acceptance is that sales
of yoghurts (including Mild Yoghurts - so designated
to indicate the absence of lactobacillus bulgaricus) con-
taining a 'health-promoting' culture now account for 20
% of the total market in some European countries.
Maintenance of this position does depend, of course,
on continuing consumer belief in the product, a belief
that will be severely strained if ineffective products ar-
rive on the market, i.e. yoghurts with few viable bac-
teria at starter origin. Nevertheiess, retail outiets wiii
continue to demand a greater range of products, and
most likely, in the area of health-promoting yoghurts
with added fruit/flavours - most existing brands are
natural. Some Mild Yoghurts with added fruit/flavour
are available, but the advantages of producing yoghurt

S. Afr;. J. Dairy Sci (1990) Vol. 22 NO.2, pp 43 - 45

per se are:
(i) Consumers are familiar with characteristics of the

standard, stirred fruit yoghurt, and will readily ac-
cept new varieties that are similar:

(ii) The manufacturing procedure need be little differ-
ent from that for normal yoghurt; and

(iii) The final acidity of the yoghurt will be around pH
4,0 - 4,1, and hence there should be no risk to
the public from listeria or other pathogens.

However, low pH does aHect adversely the survival of
many strains of bifidobacteria, and it is essential that
manufacturers' check that products do contain the
desired minimum number of viable bifidobacteria
throughout their predicted shelf-life.

The aim of the present work was to confirm this point,
and in particular, to study:

(i) the effect of a range of commercial fruit purées
and flavouring materials on the survival of Bit. bi-
tidum: and

(ii) whether the presence of a yoghurt culture con-
sisting of Streptococcus thermophilus and Lac.
bulgaricus would influence the survival of the bi-
fidobacteria.

Materials and Methods

Freeze-dried cultures of Bit. bifidum and a yoghurt cul-
ture (Type B3) were obtained from Chr. Hansen's
Laboratorium AlS, Denmark, and after resuscitation,
the working cultures were held in skim-milk (12 % to-
tal solids (TS) with weekly transfers.

The base for the bitidus dessert, i.e. no yoghurt cul-
_.ture.rwas reconstituted skim-milk powder (g % TS),
which after recombination with a high-shear mixer, was
heat treated at 85°C for 30 minutes. The milk was then
cooled to 37 °C and inoculated with a fresh culture of
Bit. bitidum at the rate ~f 2 % v/v. After thorough mix-
ing, the milk was incubated at 37°C for 19 hours to
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TABLE 1. Survival of Bif. bifidum in bitidus desserts
wIth the initial pHs indicated; all figures as
cfu/g of product

ROBINSON

achieve a pH 4,0. These two figures were selected as
representir:g a Mild Yogurt (pH 4,S) and a normal
yoghurt (pH 4,0-4,1), for although the optimum pH for
the survival of this strain In milk was found to be 5,0,
the product was too mild to merit serious considera-
tion. At the selected acidities, the two batches of
product were cooled overnight at 40C.

Each batch was then divided into seven lots of 1,5 litres,
and while one was he'ldas a control, three received ap-
proximately 150 g cf either Banana, Black Cherry or
Strawberry purée, and three were blended with 150 g
ot an equivalent sugar/starch base flavoured with
Chocolate, Mocha or ToHee. These fruits/flavouring
materials were standard commercial products obtained
from G.R. Spinks &Co., Devon (UK), and hence no at-
tempt was made to modify the composition. The. final
pHs ot the products were checked, however, and if
necessary adjusted with lactic acid or calcium hydrox-
ide to the desired figure.

The procedure employed to prepare the blfidus
yoghurts was Identical to that described above, except
that the inoculum consisted of 1,5 % Bif bifidum and
a,s % of yoghurt culture. The incubation times required
to obtain products with final pH values of 4,5 and 4,0
were three and five hours respectively, due in the main
to.the activity of the yoghurt culture. After cooling, the
bitidus yoghurts were blended with the same range of
fruits/flavours. At this point, the various lots of blfidus
dessert and yoghurt were dispensed into polypropylene
cartons (175 g) with push-on lids. Duplicate cartons of
each lot were sampled immediately in order to record
the total number of viable bifidobacteria, and the proce-
dure was repeated at seven, 14 and 21 days, along with
measurements of pH. Enumeration involved making di-
lution series In quarter-strength Ringer's solution, tol-
lowed by duplicate plating (pour plate method) onto
Tomato Juice Agar (Bif. blfidum alone) or Rogosa's
Selective Agar where suppression of the yoghurt bac-
teria was desired (Rasic & Kurmann, 1983). In both
cases, the plates were incubated anaerobically In an
atmosphere of hydrogen and carbon dioxide (95:5) at
37°C. After four days. the colonies were suHiciently
developed tor counting, and typical examples were
checked microscopically to ensure the absence of
yoghurt organisms. The results were recorded as mean
counts for each pair of cartons.

Results and Discussion

The pHs of the bitidus desserts were, as would be ex-
pected from previous work (Rasie & Kurmann, 1983),
comparatively stable throughout the period of storage,
and the final values for batches never fell below 3,9
(from 4,O) or 4,4 (trom 4,5). Nevertheless, even these
values are low In relation to the optimum preferred by
Bif. bifidum, and yet the figures tor survival shown In
Table 1 show remarkable stability. The impermeability

44

Days

Variety 0 21 0 21

(pH 4,0) (pH 4,5)

Natural 4.5 x 10' 3,5 X 109 4,8 x 10' 3.5)!ClO'
·Banana 3,9 x 10' 3,2 X 109 4,2 X 109 3.4 x lO'
Black Cherry 4.3 x 108 3.7 x lO' 4,1 X109 4,2 X 108

Strawberry 3.3·x 10' 3,5 x 10' 2,8 x 10' 3,8 x 109

Chocolate 3,2 x 10' 3,2 x lO' 4,3 x lO' 3,9 x 10'
Mocha 3,7 x 10' 3,2 X 109 4,lXl09 3,2 x lO'
Tollee 3.2 x 10' 2,9 X 109 4,9 X 109 3,8 X 109

of the cartons to oxygen may have encouraged the ob-
served ylablllty, but even so the strain does appear ex-
tremely tolerant of acid conditions. It Isof note also that
none of the frulVflavours adversely aHected the situta-
tion, and hence there would seem to be no reason why
bitidus desserts cannot be tailored to meet consumer
demand. Obviously, the actual figures at > 1 x 108 of
Bif. bid/dum would be too high for a commercial product
- at these levels, the presence ot acetic acid gives the .
product an unacceptable flavour - but the results do
suggest that desserts with 105 - .107 cell/g of product
(at the time ot consumption) could be manufactured
without too many problems over residual counts.

However, as mentioned earlier, a more attractive route
would be to produce a bifidus yoghurt. but as that data
in Table II indicate, the process conditions need to be:
selected with care. The inhibitory eHect ot the yoghurt
culture is evident, especially when the bitidobacteria
are stressed by low pHs. Thus, with an initial pH ot 4,0.
a value ot 3,8 was reached after only seven days -
as against 14 days for the batch at pH 4,5 - and these
contrasted degrees ot exposure appear to be reflect-
ed in the final counts for the natural product.

TABLE 2. Survival of Bif. bifidum in bitidus yoghurts
with the initial pHs indicated; all figures as
ctu/g ot product

Days

Variety 0 2t 0 21

(pH 4,0) (pH 4,5)

Natural 2.0 x t07 1.8 x 10' 1,9 X 107 9,7 x 106

Banana 2.0 x 107 1,7 x 10' 1.6 X 107 6.1 X 105

Black Cherry 1,8 x 107 6.5 x 105 5.2 x 107 1.0 X 107

Strawberry 1.7xl07 4,3 x 105 3,1 x 107 4,2 x lOS
Chocolate 2.3 x 107 <lOZ 2,4 x 107 9,0 X103

Mocha 1.7 x 107 2.3 x IOZ 1.1 x 107 2,0 x let'
Tollee 3.4 x 107 1.8xlet' 1.9 x 107 9.7 X 105
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SURVIVAL OF BIADOBACTERIUM IN YOGHURTS

Whether this adverse influence of the yoghurt culture
is due to the gen~ration of hydrogen peroxide (Ham-
man & Marth, 1984) is not clear, but certainly Bif. blti-
dum Is catalase negative. One solution to this problem
might be to lower the inoculation rate of the yoghurt
culture to < 0,1 %, for at this reduced level it should
be possible to gain the advantages of rapid acidifica-
tion during production without the deleterious eHect on
the bifidobacteria (Anon, 1985). The combined stress-
es of. low pH arid competition from the yoghurt culture
also revealed the need to monitor the potential in-
fluence of flavouring compounds. Thus, in both
batches, chocolate and mocha depressed the levels of
bifidobacteria well below the therapeutic minimum, and
with the low pH batch, the figures had fallen to 1 x 1Q4
within seven days. The impact of the fruits was of less
concern, and certainly with yoghurt produced to a pH
of 4,5, any of the three fruits could be employed. Other
fruits might, of course, give rise to a diHerent reaction,
but so long as a manufacturer is prepared to stan-
dardise the production procedure in terms of inoculum
size and final acidity, and monitor the situation with
regard to the survival of bifidobacteria, then stirred,
fruit, bifidus yoghurts could become a common sight
in the supermarket.

The potential advantages of incorporating bifidobac-
teria into already fermented yoghurt also deserves
appraisal, for although this route oHers, in theory, a
most attractive option, i.e. high counts, low cost and
little risk of oH-flavours, it will still be necessary for the
viability of the selected strain to be proven under normal
conditions of storage/distribution.
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ORIGINAL ARTICLE

Acid production by bifidobacteria and
yoghurt bacteria during fermentation

and storage of milk

A. Samona,' R. K. Hobinsorf and S. Marakis3*

Three species of bifidobacteria, namely Bifidobacterium bifidum, Bifidobacterium longum
and Bifidobacterium adolescentis were used in pure culture and in combination with
yoghurt bacteria (83 and S81 cultures) for the production of fermented milks. The number of
bacteria during fermentation and the level of acid produced during fermentation and
storage were assessed using Rogosa's modified selective agar and high performance liquid
chromatography (HPLC). It was found that during fermentation all bifidobacteria exhibited
growth uncoupled from acid production. Two of the species examined produced only low
levels of acids when grown individually and only B. adolescentis produced appreciable
amounts. In mixed cultures, the level of acid was a reflection of the combination of yoghurt
culture and species ofBifidobacterium, and this, observation suggests that there is a degree
of influence between the cultures. During storage, the acid concentration remained quite
stable in most samples. The prevention of post-production acidification that normally
occurs during storage of yoghurt can be attributed to the presence of bifidobacteria, and it
could be that acetic acid has a marginally inhibitory effect on the Lactobacillus and
Streptococcus spp. e 1996 Academic Press Limited

.ntroduction

Bifidobacterium species are one of the major
components of the intestinal flora of healthy
humans, and Tissier (1906) was the first to
promote the therapeutic use of the bifidobac-
teria for the relief of digestive disorders. He
believed that the bifidobacteria displaced the
putrefractive bacteria, which are responsible
for gastric upsets while, at the same time, re-
establishing themselves. as the dominant
intestinal organisms. This rationale is very
similar to the better known arguments
of Metchnikoff in his 'longevity' theory

·Corresponding author.

0740-O0201961040275+{)6$18.00/0

(Metchnikoff 1908). In order for bifidobac-
teria to exert their beneficial effect in the
host, they have to be alive in the product at
the time of consumption, and be capable of
reaching the intestine. When they have
established themselves, they can then multi-
ply and produce acids which: (1) lower the pH
of the colon; (2) inhibit the growth of the
undesirable organisms; and (3) increase
intestinal peristalsis, which helps to remove
any potential pathogens.

Although cultured milks containing
bifidobacteria possess many nutritional and
technological advantages, such as limited
post-production acidification, a mild taste,
the formation of the physiologically desirable
L(+)lactic acid, and the therapeutic benefits
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that follow the consumption of 'live' bifidobac-
teria, there are still many problems associ-
ated with the manufacture of such products.

One of the most important is slow acid pro-
duction, which results in a prolonged fermen-
tation time. The dairy industry faces this
problem by using combined cultures of bifid-.
obacteria and other lactic acid bacteria. Some
manufacturers employ Streptococcus thermo-
philus alongside the bifidobacteria, but a
number of 'bitidus' products are fermented
using Lactobacillus delbrueckii subsp. bul-
garicus and S. thermophilus.

The advantage of using a mixed culture
containing bifidobacteria and yoghurt bac-
teria is not only the reduction of the fermen-
tation time, but also the avoidance of other
defects that fermented products containing
only bifidobacteria may have, such as whey
separation, sandy or slimy texture, too mild
taste, yeasty or vinegary taste or too little
aroma (Rasie and Kurmann 1983). In
addition, the addition of yoghurt cultures to
'bi.fidus' products may improve their dietetic
value (Gilliland 1991).

However, Samona and Robinson (1994)
found that some strains of yoghurt bacteria
could have an adverse. effect (reduction of
growth) on some species of Bifidobacterium,
and Robinson (1988) found a similar inter-
action in flavoured yoghurt-like products.
The cause(s) and effect(s) of this interference
were not established, and hence the purpose
of this present work was to examine the
influence of certain yoghurt bacteria on the
metabolism of lactose by bifidobacteria dur-
ing fermentation and storage.

Materials and Methods

Organisms

The bifidobacteria were Bifi.dobacterium bit-
idum and Bifidobacterium longum supplied
in freeze-dried form by Chr. Hansen's
Laboratories Ltd., Reading, UK and Bifidob-
acterium adolescentis isolated from commer-
cial products. Identification to generic level
was confirmed by morphology and enzymic~ .tests, while the pattern of sugar fermen-

tations was employed to identify the species
(Samona and Robinson 1991).. -

The yoghurt culture designated B3, was
obtained from Chr. Hansen's Laboratories
Ltd., and culture SBI was supplied by Sanofi
Bio-Industries, Newbury, UK. The yoghurt
cultures were separated in the laboratory
into single species, .namely L. delbrueckii
subsp. bulgaricus and S. thermophilus, and
because of their origin, no further identifi-
cation steps were considered necessary. All
the yoghurt cultures were obtained in a
freeze-dried form.

Culture propagation and maintenance (

The freeze-dried cultures were activated in'
reconstituted skim-milk (12% total solids)
heat treated at 115°C for 1 min, and the
yoghurt cultures were then plated onto Lee's
Medium (Lee et al. 1974) to separate the indi-
vidual species. After this initial resuscitation
and separation, the cultures were maintained
in skim-milk at 4°C, and each week, an ali-
quot from each culture (c. 5% vlv) was trans-
ferred to freshly prepared milk. The inocu-
lated milk was then incubated at 37°C until
the pH had dropped to about 4·9-5·0, and the
fresh· cultures were stored· et 4°C until
required.

Inoculation of the test milks

The milk used in the experiments was recon-
stituted skim-milk (12% total solids) hea(
treated at 85°C for 30 min to simulate com-
mercial operation. The control milks were
inoculated with pure cultures ofBifidobacter-
ium, and an inoculum of 4% (v/v) was used.
However, for the experiments with the mixed
cultures, an inoculum of S%(1%of each of the
three species) was used, and Table 1 shows
the combinations of bacteria that were exam-
ined.

Design of the experiment

Batches of milk (500 ml) were inoculated
with the combinations of cultures shown in
Table 1, or the single cultures of blfidobac-
teria, and sub-samples (10 ml) were taken at
0, 6, 12, 24 and 48 h; with the mixed cultures,
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Table 1. Various combinations of starter
bacteria that were grown together during the
course of this work, alongside pure cultures of the
Bifidobaeterium spp.

Live culture of
Bifidobacterium

Starter bacteria

Bifidobacterium +B3 Str + B3 Lb
adolescentis
Bifidobacterium + SBI Str + SBI Lb
adolescentis
Bifidobacterium +B3 Str +B3 Lb
bifidum
Bifidobacterium + SBI Str +SBI Lb
bifidum
Bifidobacterium + B3 Str +B3 LQ
longurn
Bifidobacterium + SBI Str + SBI Lb
langum

Str, S. thermophilus; Lb, L. delbruekii subsp.
bulgaricus,

testing was halted at 24 h, because it was
anticipated that the continued development
of acidity by the yoghurt cultures would
inhibit any activity by the bifidobacteria. The
samples were used to determine the total col-
ony counts of bifi.dobacteria (cfu ml-I milk),
and for determination of the levels of lactic
acid, acetic acid and galactose present in the
fermented products. For the evaluation of
the organic acids during the storage trials,
the fermentation was stopped when the pH of
the product was 4·6 and samples were ana-
lysed after 0, 7, 14 and 21 days under
refrigeration.

Experimental procedures

Microbiological. For the enumeration of
bifidobacteria, samples (1 ml) were
withdrawn from the relevant sub-samples (10
ml), and serial dilutions to 10-8were made in
0·1% peptone diluent. Duplicate pour plates
were then set-up from the three highest
dilutions with Rogosa's modified selective
agar (RMSA) as the medium (Samona and
Robinson 1991). The plates were incubated
anaerobically at 37°C for 72 h, and the mean
total colony counts recorded as cfu ml-lof the
original milk; the dilution giving rise to
counts between 25-250 was selected for
counting.

Acid production of bifidobacteria and yoghurt bacteria 277

Analysis by high pressure liquid
chromatography HPLC. The liquid
chromatography system consisted of a
Spectra-Physics :a.PLC apparatus, an
Isochrom isoeratic pump, an Altex model 210
injector with a 50 JlI loop, a model 100 ultra
violet (UV) absorbance detector, an 8430
refractive index (RI) detector and an SP4400
dual-channel intergrator. The RI detector
was operated at a sensitivity of 0·020x10-3
units and a response time of 2·0 units. The
UV detector was operating at the 210 nm
wavelength, with a rise time of 1 s and a
sensitivity of 0·01 absorbance units (full
scale). The peak threshold value of the
intergrator was set at 50.

The UV detector was used for the
determination of the organic acids, and the
RI detector for the determination of
galactose. The separation of the compounds
was carried out on a Bio-Rad Aminex HPX
87H cation exchange column, with a cation
H· guard column. The mobile phase was
0·01 N H2S04, and the analyses were
performed at a flow rate 0·6 ml min-I and at a
temperature of 45°C.

Samples (1 ml) were withdrawn from the
relevant sub-samples (10 ml) of the
fermented milks, and were pipetted into 100
ml volumetric flasks. After dilution with
distilled water to 100 ml, each sample was
ultra-filtered, at refrigeration temperature,
using a membrane with a molecular weight
cut-off of 1000. The ultra-filtered samples
were" collected into 5 ml sterile containers
and stored in a freezer (-30°C). Duplicate
aliquots of each sample were injected into the
HPLC system, so that the results are means
of two runs.

Results and Discussion

The rates of growth and acid production by
the pure cultures of Bifidobacterium sp. are
shown in Tables 2, 3 and 4. The accumulation
of galactose in the medium suggests that,
although the species are galactose-positive,
the glucose portion of lactose was being
metabolised preferentially. B. adolescentis
produced 10 times more acid than the other
two species, and it was of note that lactic acid
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was the major metabolic product. The attrac-
tion of this extreme imbalance is that the risk
of a 'vinegar' taint in a product as a result of
the acid produced is unlikely to arise, and the
acetic acid may stili be secreted in sufficient
quantity in uiuo to have a beneficial effect
(antimicrobial effect, inhibition of the growth
of undesirable bacteria). Although an
appreciable quantity of lactic acid was pro-

duced by B. adolescentis during the maxi-
mum phase of growth (0-12 h), a high level of
acid was produced after the increase in cell
count had ceased (24-48 h); so enhancing the
idea that bifidobacteria can exhibit
uncoupled growth and acid production. B. bit-
idum and B. longuni produced very low levels
of the acid under the conditions employed,
and hence it is not surprising that these cul-

218 A. Samona et al.

Table 2. Total colony counts (cfuxlOS ml-I ofmilk) ofBifidobacterium adolescentis when grown alone
or in conjunction with the yoghurt cultures indicated.

Time
(h)

Bifidolxu:terlum adokscenti8 Bifidobacterlum culolesctntis+B3 Bifidobacterlum adolescentis+SBI

Count Acetic Lactic Galactose. Count Acetic Lactic Galactose Count Acetic Lactic Galactose
acid acid acid acid' acid acid

0 140 0·0 0·0 0·0 50 0·0 0·0 0·0 50 0·0 0·0 0·0
6 130 1·0 45·0 25·0 77 2·0 40·0 15·0 61 9·0 40·0 15·0
12 670 1·4 .135·0 65·0 37 1·4 80·0 40·0 75 5·0 . 85·0 - 25·0
24 370 1·4 180·0 85·0 43 1·4' ·160·0 60·0 71 4·0 95·0 25·0
48 410 1·4 290·0 140·0 n.d. n.d. n.d. n.d, n.d. n.d. n.d. n.d.
The levels of acetic acid, lactic acid and galactose (mmol l'") detected in the same milks after incubation
at 37°C for the times specified are shown as well.
n.d. not determined.

Table 3. Total colony counts (cfuxl08 ml-1of milk) ofBifidobacterium bifidun» when grown alone or
_in_c_o_n_~un__c_b_'o_n_vn_'_th__th_e_y_o_gh__urt__cul__ ture_s_in_di_·_ca_t_e_d (

Time Bifidobacterium bifidum Bifidobacterlumbifidum+B3 Bifidobacteriumbifidum+SBI
(h)

Count Acetic Lactic Galactose Count Acetic Lactic Galactose Count Acetic' Lactic: Galactose
acid acid acid acid acid acid

0 270 0·0 0·0 0·0 50 0·0 0·0 0·0 50 0·0 0·0 0·0
6 240 1·0 1·0 0·2 60 1·0 50·0 25·0 40 8·0 5·0 5·0
12 280 12·0 9·0 0·3 67 1·0 90·0 45·0 50 0·2 30·0 15·0
24 270 15·0 14·0 0·3 40 16·0 225·0 80·0 50 0·0 50·0 25·0
48 200 85·0 35·0 0·4 n.d, n.d. n.d. n.d. n.d. n.d. n.d. n.d.
The levels of acetic acid, lactic acid and galactose (mmol I") detected in the same milks after incubation
at 37°C for the times specified are shown as well.
n.d. not determined.

Table 4. Total colony counts (cfuxl06 ml-I ofmilk) ofBifidobacterium langum. when grown alone or in·
conjunction with the yoghurt cultures indicated

Time Bifidobacterlum langum Bifidobacterlum 101l8Um+BS Bifidobacteriumlongum+SBI
(h)

Count Acetic Lactic Galactose Count Acetic Lactic Galactose Count Acetic Lactic Galactose'
acid acid acid acid acid acid

0 600 0·0 0·0 0·0 50 0·0 0·0 0·0 50 0·0 0·0 0·0
6 430 1·0 1·2 0·4 48 5·0 65·0 40·0 20 5·0 20·0 9·0
12 330 9·0 9·0 04 39 9·0 160·0 85·0 30 8·0 20·0 8·0
24 430 12-0 12·0 ·0·4 20 9·0 210·0 98·0 40 8·0 65·0 20·0
48 450 25·0 25·0 0·4 n.d, n.d. n.d. n.d, n.d. n.d. n.d. n.d.

The levels of acetic acid, lactic acid and galactose (mmol l'") detected in the same milks after incubation
at 37°C for the times specified are shown as well.
n.d. not determined.
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Table 5. Levels of acetic and lactic acids and galactose (mmol I") detected during storage of milks at
4°C
nm. Bi/id<>I>ackrillm Bj/id<>l>acUrium BifiJoI>«t.rrWm B~t.rrium Bi/id<>I>ackrium B~m
(c!.aYl) crdol.l«lIli>+B3 crdol.~ntit+SBI bijidum+B3 bifidum+5B1 Ionpm+B3 lon,rwn+SBI

Galactooe kotic Lactic GalactoM kotic Lactic Galac:taae kotic Lactic Galactose Acetic Lactic Galactooe kotic Lactic GaIactooe kotic Lactic
acid acid acid .cld .cid acid _- - .cid acid acid acid acid acid

0 39-7 5·9 105-9 35·3 5·9 98·5 35·9 H 102·9 36·8 2·9 88-2 36-9 7-4 73-5 25-0 5-6 60·3
7 42-8 8-8 105·9 32-4 7-4 89·7 ad. n.d. ad. ad. Il.d. Il.d. 33-8 8-8 1(10·0 Il.d. Il.d. n.d.
14 45·6 8-8 102·9 38-2 5-9 94-1 36-8 7-4 85·3 50-0 8·8 119·1 "5·6 7-4 105-9 26-5 5·6 5404
21 44-1 11).3 107-4 39-7 - 4-4 95·6 38-2 8-9 105·9 52·9 8·8 122·1 48·5 8-8 105-9 _27·9 8-8 61-8

n.d. not determined.

tures are rarely employed alone in commer-
cial practice.

During the incubation of the mixed Bifid-
obacterium and yoghurt cultures, the total
acidity produced by the mixed cultures was,
with the exception of B. adolescentis, higher
than that released by the pure cultures of bif-
idobacteria.

All the mixed cultures produced, as
expected, more lactic than acetic acid, but
culture (SB!) did appear to stimulate the
release of acetic acid by B. adolescentis and
B. bifidum during the first 6 h. In all cases,
galactose tended to accumulate as the level of
lactic acid increased, so indicating that the
bacteria were using glucose for their
metabolism.

In the experiments with B. adolescentis
(Table 2), the rate of lactic acid production
slowed after 12 h ofincubation in the samples
containing the SBI culture, whereas it con-
tinued to increase in the samples with the Ba
culture; the major increase in the latter sam-
ple occurred between 12 and 24 h of
incubation.

With B. bifidum and B. longum, high
levels of acid were produced when the bac-
terium was combined with the Ba yoghurt
culture, whereas lower levels were recorded
with the SBI culture (Tables a and 4).

Comparing the counts ofB. bifidum and B.
longum, it is noticeable that, whereas B. bif-
idum was unaffected by the presence of the
yoghurt cultures, the numbers of B. Longurn
showed a tendency to decline. B. adolescentis
was similarly resistant to any influence from
the yoghurt cultures, but unlike the situation
with the pure culture (Table 2), there was no
detectable increase in cell count. This pattern
is broadly in line with that reported else-
where (Samona and Robinson 1994), in that
whilst bifidobacteria may not grow in the.,

presence of yoghurt cultures, only certain
combinations of strains lead to an actual
decline in cell counts.

This post-production stability was
revealed also by the levels of galactose, lactic
acid and acetic acid detected during the stor-
age of milks fermented with bifidobacteria
and yoghurt cultures (Table 5). Overall, the
storage of the fermented milks caused little
change in the acid levels. When the B3
yoghurt culture was used, there was some
increase in the lactic acid content only in the
sample that contained B. longum, whereas
with the SB! yoghurt culture, this increase
occurred when the B. bifidum was used. B.
adolescentis kept the amounts of acids pro-
duced quite stable with both yoghurt cul-
tures.

Conclusions

Two of the Bifidobocterium species examined
produced only low levels of lactic acid and
acetic acids during incubation alone at 37°C,
but B. adolescentis produced lactic acid in
appreciable amounts; this species resembled
the Biogarde species described by Chevalier
et al. (1990). All three species appeared to
have uncoupled growth and acid production.

In mixed yoghurt and Bifidobacterium cul-
tures, the levels of acid were a reflection of
the combination of yoghurt culture and spec-
ies of Bifidobacterium, and this observation
suggests that there is a degree of interference
between the cultures.

The nature of the interaction was not
established but, because the higher levels of
acid were obtained with yoghurt culture (B3)
and the lower with the SBI, it appears that
the main pattern of acid production is con-
trolled by the yoghurt bacteria. The low level
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of acid present in the samples that contained
the SBI culture could be attributed, perhaps,
to a selected incompatibility between the con-
stituent species of yoghurt bacteria, i.e.
chosen to give a mild yoghurt ana little post-
production acidification.

During storage, the acid concentration
remained quite stable in most samples (Table
5). This prevention of the late-acidification
that usually occurs during the storage óf
yoghurt could be attributed to the presence of
bifi.dobacteria, and it could be that the acetic
acid has a marginally inhibitory effect on the
lactobacilli and/or streptococci. If this effect is
widespread, then it could help to explain the
fact that a combination of bifi.dobacteria with
other lactic acid bacteria can give a mild
product with an extended shelf life.
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Enumeration of bifidobacteria in dairy products

ASPASIA SAMONA and R KROBINSON
Food Science and Technology Department, University of Reading, Whiteknights, Reading RG6 2AP

There is much interest in the potential role ofbifidobacteria as dietary inclusions, but their
lsolotionfrom dairy products, and subsequent identification, can causeproblems. A range
of selective and non-selective media were examined, and modified Rogosa agar wasfound
to give the best recovery from yogurt-like products. A morphological examination of
typical isolates suggested that only bifidobacteria had grown on the medium, but
confirmation by means of biochemical tests proved inconclusive, and it seems that the
genus/species definition merits further attention.

(

INTRODUCTION
Bifidobacteria were first observed byTissier(1899, 1900),
who named the organism Bacil/us bifidus, and they have
since been described by Norris et al (1950), Schuler et al
(1969), Sandine et al (1972), Poupard et al (1973) and
Kandler & Lauer (1974). They are Gram-positive,
anaerobic, non-spore forming rods of variable appear-
ance (Kurmann and Rasie, 1983) and, recently, the genus
has attracted a great deal of attention.

There is a considerable body of evidence to suggest that
the regular consumption of milks fermented with
bifidobacteria can be beneficial to human health
(Robinson, 1989). However, it is equally clear that, in
order for these advantages to become manifest, the
product has to meet certain clearly defined criteria and, in
particular:

(i) The strains of bifidobacteria must be of human
origin;

(ii) the strains should possess demonstrable resistance.
to the conditions encountered within the digestive tract,
eg, presence of bile salts; and ;_

(iii) the cells must remain viable throughout the
projected shelf-life of the product, so that the item will, at
tho! time of consumption, contain a minimum level of at
least 10 X 10' active cells/g.

The former requirements can be met without difficulty
by any reputable supplier of starter cultures, but the latter
aspect is clearly the responsibility of the manufacturer of
the retail product. In the past, this need to monitor the
survival of the starter organisms has been often neglected,
with the result that a number of product lines have
reached the market with few viable bacteria.· The
inevitable failure of such products to possess any
therapeutic properties has made many consumers totally
cynical about the entire concept, and only by the studious
avoidance of the sale of dubious products can
manufacturers hope to regain the confidence of potential
purchasers.

If the fermented milk contains bifidobacteria alone,
then enumeration onto a selective medium should not
pose too many problems (Kurmann & Rasie, 1983) but,
today, there is an increasing tendency to introduce other
desirable bacteria as well, such as Lactobacillus
acidophi/us and! or a yogurt culture composed of

Lactobacillus delbrueckii subsp bulgaricus (L bulgaricusï
and Streptococcus salivarius subsp thermophilus (S ther-
mophilusy There are a number of advantages in following
this trend, including both health benefits for the
consumer (Chandan, 1990), and ease of manufacture
(Robinson & Tamime, 1990), but monitoring the end
products for the presence of viable bifidobacteria
becomes a much more demanding procedure.

The problems arise because few media are truly
selective for bifidobacteria alone, and hence the aims of
this proj ect were: (i) to examine a range of possible media
to determine which could be employed, with or without
modification, to selectively enumerate bilidobacteria in
the presence of other lactic cultures; and (ii) to ascertain
whether the medium selected above would perform
equally well for the commercially important species of
bifldobacteria.

MATERIALS AND METHODS
Organisms
Species isolated from commercial products, as well as a
freeze-dried culture of Bifidobacterium bifidum provided
by Chr Hansen's Laboratories Ltd, 476 Basingstoke
Road, Reading, Berkshire, were used in the experiments.

After the initial isolation, the cultures were maintained
in sterile skimmed milk (12% total solids) at 4°C. Each
week an aliquot from each culture was transferred to fresh
milk (2% v/v) and incubated for 20-24 hours at 37°C. This
culture was then stored at 4°C prior to use and/or '
subculturing.

Media
The non-selective media examined were: (a) Tomato juice
agar (TJA), (b) Tomato casein peptone yeast autolysate
agar (Orla-Jensen, 1943), (c) BL-agar (glucose-blood-
liver agar) (Ochi et al, 1964, modified by Teraguchi et al,
1978), (d) Rogosa's modified agar (RM agar) (Shimada et
aI, 1977), (e) Tryptone phytone yeast extract agar (TPY
agar) (Scardovi, 1986) and (f) MRS (Oxoid).

The selective media examined were: (a) selective
modified Rogosa's agar (RMS agar) (Shimada et al,
1977), (b) TPY selective agar, (c) MRS selective agar, (d)
BL-selective agar (Shimada et al, 1977).

Details of the selective solutions added to each of the

Journal of the Society of Dairy Technology, Vol. 44. No.3. August 1991
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selective media are given in Table 1; the concentrations
were chosen on the basis of a number of preliminary
trials.

\ TABLE 1 '~
Amount and composition or the selective solutions used ror

tacb (selective) medium

M~dium Selectlv« AmOWlI of 3sl/00 ml
sotution (S3) of medium

Rogosa's agar
Tryptone phytone

ye.ast extraet-S agar

PPNL· 4.0 ml

NNLt S.Oml
• PPNL: sodium propionate 60% wlV; paromomycin sulphate 0.2% wlV;
neomycin sulphate 0.8% wlV; lithium chloride 12% wlv. .
tNNL: neomycin sulphate 0.2% w/v; nalidixic acid 0.03% w/V; lithium
chloride 6% w/v.

-_

Determination of microbial numbers
The number of viable micro-organisms in each sample
was determined by the pour plate method (Harrigan &
McCance, 1976). A laser counter (Spiral System
Instruments, model SOO-A) was used, and random visual
counts were made to ensure that there was no interference
from the media.

The plates were incubated anaerobically at 37°C for 3

.: .~/~~.~:~·:~~t;·
.....__

•
Examples of the characteristic morphology of Bifidobacrtrium spp.
Top: The trPicai branched structure. Bol/om: The rod form, witb some
rods shOWIng the bone like feature.

Journal of Ilrt Soc/tly of Da/ry Tt(lrnology. VoL 4./. No. J. Augusl 199/

days. Anaerobic conditions were achieved using the
Oxoid system, ie, a polycarbonatejar (3litre) enclosing a
gas generating kit capable of generating approximately'
1800 ml hydrogen and 350 ml carbon dioxide.

Morphological examination
Colonies selected at random for confirmatory purposes
were Gram stained and examined under a light
microscope. Photographs of some typical bifidobacteria
are shown in the Figure, and the characteristic
morphology was employed, in part, for purposes of.
identification. In addition, cells harvested from TPY
broth were disrupted using the Hughes press (Hughes,
1951),and the fructose-ë-pbospbate phosphoketolase test
was applied to the cellular extracts, according to the
instructions of Scardovi (1986).
Bifidobacterium is alleged to be the only genus of the

lactic acid bacteria that gives a positive reaction in this
test, since it is the only one that degrades glucose via the
fructose-é-phosphate shunt, in which fructose-é-phos-
phate phosphoketolase cleaves fructose-ê-phosphate to
give rise to the precursors of lactic and acetic acids.
However, there are species of bifidobacteria that do not
give a positive reaction in this test (Chevalier et al, 1990),
and further testing was needed to prove the genus. For
this reason the enzymic profiles of three species were
determined using the API ZYM test. According to the
results obtained by various researchers (Desjardins &
Roy, 1990), almost all bifidobacteria possess CIC- and
P -galactosidase and P-glucosidase activities. However,
there are some strains of bifidobacteria that give negative
results to both fructose-é-pbosphate phosphoketolase
and API ZYM tests (Roy & Ward, 1990).

Identification of the species was based on the
fermentation patterns of the various isolates using the
API 50CHL system.

RESULTS AND DISCUSSION
The culture from Chr Hansen's Laboratories was used to
choose the best medium for growth and enumeration, and
the final selection(s) was established by comparing the
recoveries in (a) the non-selective and (b) the selective
media .
It was found that, using the same pure culture of

Bifidobacterium bifidum and the same amount of
inoculum, the highest number of bifidobacteria was
recovered by Rogosa's modified agar (Table 2). The
appearance of the colonies varied in size and shape
throughout the medium. Surface colonies were mainly
convex, round and opaque, colonies below the surface

TABLE 2
Comparison of total c:oloo)' counts on oo"_seltctin media

Dilutton p/altd
Mtdium (agar) 10.7

Rogosa modifled"
Tomato juice·
Tryptone phytone
yellt extract· 14O±17 17:1:3

Blood livert S4±.S 7±2
Or1a-Jensent . 68±2 6±2
MRS! 49 S

162±1l
IIS±17

IS±1 2±1
12±4 1±1

4±2
O±O
O±O
1

·Figures are overall means (±SO) of four experiments .
t Figures are overall means (±SO) of two experiments.
tFigurcs of one experiment.

(See tut (or details of media).
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were lenticular and colonies at the bottom of the petri
dish were large and rounded, or irregular in shape. Under
the microscope, bifidobacteria appeared pleomorphic.
Curved or straight rods, with or without 'bulbous' ends
were numerous, but many organisms showed varying
degrees of branching. Many bifurcated Y and V forms
were observed, and occasionally branching was seen at
both ends. In some instances the branching was so
profound that any resemblance to rods was lost. --
For the selective isolation ofbifidobacteria, the agents

shown in Table 1 were added to Rogosa's modified agar
or TPY agar. The effectiveness· of these substances
depends mainly on the species, the number of bacteria,
the kind and concentration of the selective agent and the
growth medium (Kurmann & Rasie, 1983).

A comparison of the total counts of Bifidobacterium
bijidum on Rogosa's (selective) and TPY (selective) media
(see Table 3) and non-selective variants of the same media
(see Table 2) confirmed that the selective agents did not
depress the ability of the preferred media to support the
growth of bifidobacteria.

TABLE 3
Comparison of total colony counts on two selective media; all figures are
means (± standard deviations) from a minimum of four experiments

Tryptone phytone yeast
extract selectiveDilution Rogosa's selective

10 7

10 I

10 '

141±15
12±2
I±I

93±6
15±2
2±1

Bifidobacteria grown on a selective medium have more
irregular shapes than on the same non-selective medium,
and it may be that the presence of inhibitors (selective
agents) causes alterations in morphology, so giving rise to
more branched cells.

In order to check the selectivity of the media, a culture
of Bijidobacterium bifidum was mixed with a yogurt
culture (L bulgaricus:S thermophilus - 1:1) in the ratio of
B bijidum:yogurt culture - 1:1. The best selective medium
was that which gave the highest counts of B bifidum.
without any growth of lactobacilli or streptococci, and
that was Rogosa's modified selective medium (4.0. ml
PPNL/lOO ml medium). TPY medium also gave high
counts of B bifidum, and seems suitable for the selective
isolation and growth of bifidobacteria.

For the isolation of Bifidobacterium sp from com-
mercial products, Rogosa's modified selective agar was
used. The assignment of a strain of commercial origin to

TABLE 4
Fennenution patterns of species Isolated from commercial products

Isolate from samples Bifidobacterium

Sugar" 2 I 3 adolescentis longurn breve bifidum

Arabinose + + + +
Ribose + + + + +
Xylose + + d
Mannitol d d
Salicine + + +
Cellobiose + + d
Trehalose + d d
Melizitoze - '. d + d

d = Differential reaction according to strain.
·After Scardovi (1986).
Identiflcaticn:
Sample I - Bifidobacterium adolescentis

2 - Bifldobacterium Iongum
3 - Bifidobacterlum bifldum

the genus Bifidobacterium was based upon the detection
of fructose-6-phosphate phosphoketolase (F6PPK) acti-
vity. With this test, an isolate from sample 2 (see Table 4)
proved to belong to genus Bifidobacterium, whereas
isolates from samples 1 and 3 gave negative results.

Further testing, using the API ZYM system, was
carried out to confirm the above result for sample 2, and
to establish whether or not the isolates from samples 1
and 3, that gave a negative result in the F6PPK test,
belonged to the genus Bifidobacterium. Isolates from
sample 2 and sample 3 gave the expected results, ie,
positive to all three enzymes, whereas the isolate from
sample 1 did not, even though it had the morphology of a .
typical Bifidobacterium sp. It was interesting that
although the identity of the isolate seemed obvious, eg,
from the morphology or from the survival in certain
selective media, definite proof remained elusive.

After 'confirming' the genus, biochemical tests were
performed to establish the fermentation patterns of the
isolates. In particular, the utilization of L-arabinose, .
cellobiose and ribose was examined. The reason for
selecting these three sugars is that they give a clear
fermentation profile for the three/four species usually
employed in the production of fermented milks. For
example, a Bifidobacterium sp used in milk fermentation
that gives an arabinose (+ve), cellobiose (+ve) and ribose
(+ve) reaction, is mostprobably B adolescentis (Table 4).

From these results, it is likely that selective modified
Rogosa's agar could be employed to monitor the survival
of bifidobacteria in a range of dairy products, and in the
presence of other lactic acid bacteria.

AS is grateful to Sanofi Bio-Industries, Paris, France, for
the financial support that made it possible to complete
this work, and to Pateras scholarship foundation, Pireus,
Greece, for a most generous Postgraduate Scholarship.
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Some aspects of the production of a concentrated yoghurt
(labneh) popular ln the Middle East

ByA. Y. TAMIME and R. K. ROBINSON
West of Scotland Agricultural College, Auchincruive, Ayr, Scotland

Department of Food Science, University ol Reading ,

1. Introduction
The lactic acid fermentation is one of the' oldest methods

employed for the preservation of milk, but even these rela-
tively acidic products can still be' prone to spoilage. However,
a further improvement in keeping quality can sometimes be
achieved by concentration, and in some rural communities
of the Middle East, concentrated yoghurt, produced from the
surplus ol summer milk, is essential as a foodstuff for the
winter. There are various means by which fermented milks
can be concentrated, and Table 1 indicates some of the tradi-
tional methods ol processing, and the name by which the
various products are known in different countries of the
Middle East. '

These condensed yoghurts play a major role in the diet
of Middle Eastern communities, and "Labneh", for example,
is etten consumed, especially during the hot season, with
bread as the major part of a meal. In addition, other types of
condensed product can be manufactured from "Labneh"
(see Figure I), and hence impart a degree of variety to the
diet. The production of these various foodstuffs froms an
age-old tradition for many rural or nomadic groups, but,
with the spread ol urban development, attempts have been
inade to modify these traditional practices for factory-scale
production.

2. Objective
This trend has brought with it demands for product

uniformity, and sometimes a requirement that the
material should conform to legal compositional standards,
However, detailed knowledge of "Labneh" and its
production is scarce, and hence it was the objective of
this study to investigate on a laboratory-scale (using the
traditional cloth-bag method) the influence of certain
factors on the quality of concentrated yoghurt. The
level of total solids in the original milk was selected
as one feature of possible significance, while the
effect of using various strains of yoghurt starter was
also studied. The relationship between the level of
total solids in the milk for yoghurt production and the
rate of whey drainage during the process of concen-
tration was also examined, not only because it can
influcence the economics of the process, but also

Table 1: The terminology of condensed yoghurt as used In
the Middle East, and the means by which the original yoghurt
Is concentrated')
Traditional Country of Method of
Name Origin Concentration

Labneh or Lebneh Lebanon and some Cloth bag
Arab countries

Tan or Than Armenia Cloth bag
Torba and Kurut Turkey Cloth bag
Tulum Turkey Goat or Sheep's

Egyp(:
Skin bag

Leben Zeer Earthenware Vessel

After HEh'\"'EMANN (I), YONEZ (2), VAYGIN (3), and
MORCOS et al. (4).

') The milk used for the initial fermentation can be either
cow's, sheep's, goat's, buffalo's or a mixture. The concen-
tration can be achieved either by producing the yoghurt
in a hanging cloth bag so that the whey seeps out, or, to
increase the rate of whey drainage, by piling the bags on
top of each other to exert pressure.

Milchwissenschaft 33 (4) 1978

Fig. 1: The production of yoghurt and related prdducts
traditionally made In the Middle East

Preliminary Treatment of Milk
(heating to cause partial

concentration)
! '

Cooling to Incubation Temperature
!

Inoculation with starter

Starter (previous day yoghurt)

Set Yoghurt (Leben)
Pack in retail containers

!
Incubato to desired acidity

!
Cool

T
Dispatch

Stirred Yoghurt
Incubate in bulk to desired acidity

!
Cool
!

Stir

Condensed Yoghurt (labneh)
Separate whey from Yoghurt
by using sheepskin bags

or cloth bags

Smoked Yoghurt
Heat treatment in large vessels

over smoky fire
!

Pack in tass jars

Product covered with a layer
ololive oil or tallow

-,

labneh
Pack
!

Cool
!

Dispatch

Labneh-Anbaris
Shape into balls

!
Place in the sun
for partial drying

!
Pack in tass jars

Product covered with
olive oil

I) Pressent address: West of Scotland Agricultural College,
Auchincrulve, Ayr, Scotland
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KIshk
Rub yoghwt with
cracked wheat

fDry
1

Pack
1

Dispatch

Chankllch
lvtix with herbs lind

spices Ithym~}

Shape into balls lind dry (partially)
tt' ...."Dispatch Pack Into glass jars

1
Product covered with

olive 011 .

because it can substantially modify the consistency
of the concentrated product. It was also apparent that
objective criteria for assessing the qualitY of condens-
ed yoghurt were not well established, and hence it be-
came necessary, as an additional facet of the main
study, to establish certain characteristics of the product
and evaluate possible methods of appraisal.

3. Materials and Methods
Full cream spray-dried milk powder was used for

the production ot the natural yoghurt, and the concen-
trated yoghurt (Labneh) was derived from this. Tbe
laboratory process is illustrated in Figure 2.

FIg 2 Flow DIagram ol Laboratory Scale Production ol
Yoghurt and Concentrated Yoghurt

Preparation ofMix
1

Heat-Treatment: 85'C for 30 minutes
1

Cool to 45'C
1

Inoculate with Yoghurt Starter at a
rate of 2%

1 .
Incubate for 3'/2 hours

1
Refrige.rateover night

1
MIx rntly

Empty yoghurt into cloth bag')
1

Hang bag in refrigerator and collect whey
1

Analyse product lind drained whey

I) The cloth bag was made from a double layer of cheese
doth, and measured 33 x 38 an when spread. A draw-
string closure séiVed to suspend the bag in the refrigerator.

The yoghurt cultures used in this study were mainly
comrnerical starters, and consisted of the following
organisms: StreptocOCCf.l.!thermophllus and Lactobac11lus
bulgarJcus. The strainS: used were (CH-l) and (BoU-3)
from Chr. Hansen's Laboratorium, Denmark, and a
starter (coded RR) kindly supplied by Dr. Tb. Gales-
loot, NIZO, Holland. These starters were obtained in a
freeze-dried fonn, and the working stocks were main-
tained In sterile skim milk (9% TS), (5).

The routine appraisal of quality of the end product
was confined to measurements of titratable acidity
and consistency, but organoleptic considerations were,

Tamine, Soënê a.spects

as far as was possible, also taken into account, However,
the emergence of legal standards raises the additional
question of chemical composition, and an analysis for
total solids and fat was carried out for comparative
purposes. The fat content was obtained using the Ger-
ber method (6); for "Labneh", the method was modI-
fied slightly in that 5.15 g. of product were used, and
the result was adjusted accordingly.

The consistency of the products were measured
along the lines indicated by ROBINSON.and TAMIME
(7), as was the titratable acidity. However, with the
"Labneh" , the percentage lactic acid was determined
using a 5 g, sample mixed with 5 ml. of warm, distil-
led water; the titre (X2) gave the result as % lactic
acid in the orlvtnal material. The level of total solids
in the various samples was detennined gravimetrically
(British Standards, 8).

4, Results
In order to have some guidelines as to the nature

of the commercially available product, three different
brands of "Labneh" were transported from the Lebanon
by air in a refrigerated container. The analysis of these
samples is shown in Table 2, .

Table 2: Analysts ol some typical samples ol com-
mercial "l.abneh" !rom the Lebanon

Sampl. ,. Tot.! ~ '&t 'l'e UC1Ic hn.tro"'.IA"
SOUd.J ~:Id Re..c1lAg IZI

('f.. mo)

A 22.90 10.50 1.658 150
B 21.78 8.40 2.528 140
C 21.67 8.20 2.076 145

Standard 26.00 10.00

Although the Lebanese Standards (9) stipulate that
"Labneh" must contain a minimum of 26% total solids, .
the commercial samples were, according to our results;
rather below this figure. Nevertheless, when the samples
were assessed organoleptically by a taste panel familiar
with the product, acceptability was excellent, and
sample (A) (1.6% lactic acid) was, in .perticuler, rated
highly, It was decided, therefore, to produce concen-
trated yoghurt of 22-23% total solids, I. e. a product
giving a consistency reading of 140-150 with the pene-
trometer, and to use whole mUk ranging from 12-200/.
TS as the starting material.

Some preliminary studies suggested that when
natural yoghurt was assessed. organoleptically (10),
the highest score was attained by test samples with
16% TS. The transformation of this product into "Lab-
neh" (24% TS) necessitated the removal of 1300 ml.
of whey/3 kg. oJ original yoghurt, and this rate of ex-
traction was applied subsequently to all the batches of
yoghurt prepared (1. e. 12-20% TS). In this way, the
influence of dlfferent total solids levels in the "Labneh"
could be assessed, and also the effect of total solids
(original yoghurt) on both the extraction rate and com-
position of the whey. An additional reason for adopting
this procedure was that, if it Is desirable that natural
yoghurt should have 16% TS., then commercially it
would be attractive If the 'Labneh" could be made by
simply diverting a portion of the standard production
material.

The results of this experiment are shown in Table 3
and it can be seen that a natural yoghurt (16% T5)
gives rise to a concentrated product very similar to its

Mllchwissenschaft33 (4) 1978
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commercial counterpart, i. e. 1.7% lactic acid and
penetrometer reading - 140. It was also established
that, if the total solids in the "Labneh" fell below 20%,
then the product was undesirably thin and tasteless,
while above 25% TS, it was rather "gummy" and almost
bitter in taste. The initial total solids also exerted a
marked influence on the rate of whey drainage, and,
as can be seen from Figure 3, a starting figure of 16% TS
again gave the most desirable result Thus, a potential
drainage time of 14 hours means that concentration can
be carried out overnight, and hence to a large degree,

- fit in with the normal working hours of a dairy.

• Sterter used was (CH-l)
Only 1135ml extracted

Table 4 AnalysIs of "labneh" made from 16% TS yoghurt
mix and using three strains of starter culture
- Type cf Starter ~. er rs %TSIn % lactic Pe!letrometer

used In Whey "Lab".h" add R'i~ding In
11;mI:'l

___.___RR CH-1 8.21 23.44 1.768 140
sen-a 7.96 23.70 1.802 125
RR 7.27 23.97· 1.916 110

'''''''

;;

J

10 null 20

Fig.3: Rate ofwhey drainage from yoghurt made with the levels
of total solids indicated starter culture (CH-l)

''''''' --.,.~

10 12 14

Fig.4: Rate of whey drainage from yoghurt (16% TS) using
different starter cultures

It can be concluded, therefore, that, employing
the traditional method of concentrati,on, 16% total
solids represents the optimum starting mix for the
production of "Labneh" . Consequently, this level
of solids was selected for the series of experiments
designed to assesss the possible influence of the
various starter cultures. The results are shown in Table 4,
and, with the exception of consistency, the concen-
trated products were broadly similar. However, the
"Labneh" made with starter (RR)was much too viscous
for normal acceptability, while the whey extraction
time to reach around 24% TS was 47 hours (see
Figure 4), as against 14 hours for starter (CH-1). This

Milchwissenscha!t 33 (4) 1978

resistance to whey loss appears to stem from the se-
cretion, by the .constituent organisms of culture (RR),
of a colloidal material capable of water retention.
The .nature of this secretion was not known, but the
work of SHARPE et al (11) with other lactic add
bacteria suggested that it might be a carbohydrate
polymer. Consequently, whey, collected from yoghurt
made with starter (RR), was examined for the presence
of an hydrocolloidal polysaccharide. The technique
employed was a modification of the method of CLAR-
KE & STONE (12), with ethanol being employed as
the precipitant in place of ammonium sulphate (13).
After purification, the material, which was readily
soluble in warm water to give a viscous. solution,
was hydrolysed with N H2SO". The hydrolysate was then
neutralised and examined chromatographically (14, 15).
The only monosaccharide recovered was glucose,
and it was concluded that the polysaccharide secreted
by starter culture ( 6RR) could well bea "qlucan". Com-
parative analysis against a known sample of ~-glucan
confirmed this view. A more detailed chemical ex-
amination of the polysaccharide is obviously in order,
but the present infonnation provides an adequate
explanation both of the influence of starter (RR) on
the consistency of the "Labneh", and of the ability
of the original yoghurt coagulum to retain whey during
the process of extraction.

5. Discussion
The observed. preference for natural yoghurt with

a total solids level of 16% is not unexpected (16), but
it may be relevant that the same material fonns an
excellent starting point for the production of concen-
trated yoghurt (24% TS). Thus, when the traditional
process was employed, the "Labneh" was awarded
an extremely high score, and was comparable with
the best of the commercial brands. However, it was
curious that none of the acceptable test products was
able to meet the legal standard for concentrated yo-
ghurt laid down in the Lebanon. It was also apparent
that the standard could not be attained without a con-
siderable manipulation of the process (a view pre-
sumably shared by the commercial companies), and it
is pertinent to question whether, in fact, the specification
should not be reexamined.
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The fact that normal commercial starter cultures
can give rise to an acceptable concentrated product
is to be expected, but the behaviour of culture (RR)
deserves comment. Thus, the improvement in visco-
sity of both the natural yoghurt and the "Labneh"
brought about bythe presence of the "glucan" material
could be relevant in two contexts. In the fust place,
manufacturers of stirred, fruit yoghurts could find
that the polysaccharide could reduce the demand
for stabilisers, while secondly, it is possible that concen-
trated yoghurt of acceptable consistency could be
produced with lower levels of milk solids.' The legal
position is obviously relevant in this latter situation,
but the economic advantages to the manufacturer could
be important. This last point could be especially valid
as mechanical methods of whey extraction come -Into
operation (17), and closer control of the drainage
process becomes possible. Obviously consumer reaction
will need to be considered but the way is clearly open'
for some fundamental changes in the production of
concentrated yoghurt.
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7. Zusammen1assung
TAMll'viE,A. Y., ROBiNSON, R. 1<.: Elnlge Geslcht.spunkte der

Herstellung elnes 1m Mittleren Osten beUebten konzentrlerten
Jogburts (Labneh). Milchwissenschaft 33. (4) 209-212 (19;8).
61 Joghurt (konzentriert).

Konzentrlerter Joghurt hat viele Jahre in der Eml!hrung Im
Mittleren Osten elne RoUe gespielt. Ole Herstellung blieb Jedoch
auf den privaten Haushalt besehrlinkt. Nunmehr lst ein Produkt,
.Labneh., im Handel, dessen Herstellung und EIgenschaften in
dec vorliegenden Arbelt untersucht werden. .

Der angenehmste .tabneh. hatte elne Gesa.mttrockenmasse
von 22 bls 23% und elnen Sauregrad von 1,6-1,7% Mllchsaure.

Tomlne, Some aspects

Das optimale Ausgangsmaterlal war natfuUcher Joghurt von 16%
Trockenmasse und bel Verwendung des traditioneUen Herstel-
lungsverfahrellS konnten Abscheldungsgrad und Zusammenset-
zung der Molke standardisiert werden. Der EinfluB der Saure-
wecker erwles slch als wichtlg. Ein S!iurewecker war ungeelgnet,
da er belm Wachstum »Glucan« produzlerte, die Wirkupg diese.s
Polysaccharlds machte es fast unmoglich, den gewii.nschten Mol-
kenabflu.6grad zu errelchen.

Die EIgenschaften des konzentrierten Produktes werden auch
beziiglich rechtlicher Vorschriften und zukilnftiger Herstellungs_
verfahren diskutiert. Dok.-Ref.

TA.lvll\.lE,A. Y., ROBINSON, R. K.: Some aspects of the
production ol a concentrated yoghurt '[Labneb] .popular in
the ~Uddle East. Milchwlssenschaft 33. (4) 209-212 (1978).
ei Yoghurt (concentrated). .

'Q:>tientr!lted yoghurts have for many years played an
1mp'ortan~ role ~ the cUet of Middie Eastern Communities, but
production 'has álWlyS beenion a domestic-scale. However,
one product, Labneh:, is"noW'a"iillable commercially, and it
is the manufacture and nature of this material that fonns
the subject of·this study. •

In particular it WIlS shown that the most acceptable "~b-
neh" had a level of total solids (TS) of 22-23% -and' an
. acidity of 1.6-1.7". lactic acid. The optimum starting material
for the process WIlS natural yoghurt of 16% TS, and, using the
traditional method of production, both the rate of extraction
and the composition of the whey could be standardised. The
influence ol starter cultures WIlS also shown to be important,
and one starter was expedally unsuitable IlS It produced a
"glucan" material during growth; the effect of this polysaccha-
ride WIlS to make achievement of the desired degree ol
whey draInage almost impossible. .

The characterlstics of the concentrated product are also
discussed in relation to proposed legal standards, and pos-
sible future developments in processing are considered.

TA.\..fi:VIE,A. Y., ROBINSON, R. 1<.: Quelques aspects de
la production d'un [aourt concentré (l.abneh) populaire au
Moyen Orient. Milchwlssenschaft 33. (4) 209-212 (1978).
6~ Jaourt (concentré).

TA.'1N.E, A. Y., ROBINSON,· R. K.: Unos aspectos de la
prcducclén de un yogur concentrado (Labneh) popular en
elOrlente :Medlo.Mllchwlssenschaft 33. (4) 209-212 (1978).
61 Yogur (concentrado).
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A DAIRY PRODUCT FOR THE FUTURE - CONCENTRATED YOGHOURT.

by

RKROBINSON
Department of Food Science, University of Reading, England.

ABSTRACT

Concentrated yoghourts have for many years
played an important role in the diet of certain
populations, but production has always been on a
domestic scale. However, similar products are now
available commercially, and it is the manufacture
and nature of these materials that fonns the subject
of this study.

In particular it was shown that the most ac-
ceptable 'yoghourt' had a level of total solids (T.S)

of 22 - 23% and an acidity of 1.6 - 1.70/0lactic acid.
The optimum starting material for the process was
natural yoghourt of 16% TS, and, using the
traditional method of production, both the rate of
extraction and the composition of the whey could
be standardised.

The characteristics of the concentrated product
are also discussed in relation to proposed legal stan-
dards, and possible future developments in
processing are mentioned.

It was reported by Doidge (1975) that the Bantu
. peoples form a low-consumption group in respect to
cheese, and yet, in climatically similar areas in North
Africa, fermented dairy products figure prominently in
the diet. The reasons for this difference are obviously
complex, but one aspect may simply involve taste.
Thus, the bland flavour of products oriented towards
European markets is quite often unacceptable to other
groups, and the question arises as to whether the
manufacture of 'special brand' commodities may not
provide a means of ending the low level of consumer
interest.

The feasibility of this idea is clearly demonstrated in
relation to an 'amenable' product like yoghourt, and, in
the UK for example, natural set yoghourts produced to
an exceptionally high viscosity and acidity are rapidly
finding favour with certain ethnic groups. An alternative
approach to meeting this demand would be to produce
concentrated yoghourt, in which natural yoghourt is

..eared by removing some of the whey. The advantage
of this process is that the end-product is vastly superior,
in terms of flavour and consistency, to a normal
'yoghourt of equivalent total solids. The exact reasons
for this difference are not known, and even details of
the procedure for making condensed yoghourt are scar-
ce. Nevertheless, the concentration process does offer
the prospect of products with a distinctive consumer
appeal, and hence it was decided that an investigation,
on a laboratory-scale, of the influence of certain factors
on the quality of concentrated yoghourt might prove to
be of interest.

The relationship between the level of total solids in
the milk for yoghourt production and the rate of whey
drainage during the process of concentration was selec-
ted as one feature of possible significance, as was the
associated question of the optimum level of total solids
for the retail product. It was also apparent that objective
criteria for assessing the quality of condensed yoghourt
were not well established, and hence, it became
necessary, as an additional facet of the main study, to

S. AIr. J. DBiry Technol. (1977) Vol. 9, No.2

establish certain characteristics of the product and to
evaluate possible methods of appraisal.

Material and Methods

Full-cream spray-dried milk powder was used for
the production of natural yoghourt, and the con-
centrated yoghourt was derived from this. The
laboratory process is illustrated in Figure 1. The starter
culture employed in this study was of commercial origin

FIGURE1. Flow diagram of laboratory scale production of Yoghourt
and Concentrated Yoghourt

Preparation of mix

I
Heat-treatment: BSo for 30 minutes

I
Cool to 45°C

I
Inoculate with Yoghourt Starter at a

rateof2%

Incubate for 3 'Ii hours

I
Refrigerate overnight

I
Mix gently

I
Empty yoghourt into cloth bag-

I
Hang bag In refrigerator and collect whey

I
Analyse product and drained whey

- The doth bag was made from a double IByer of cheese doth, and
measured 33 x 38cm when spread. A draw·string closure served to
.suspend the bag in the refrigerBtor.
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prepared (i.e. 12-20% TS). In this way, the influence of
-different total solids levels in the concentrated material
could be assessed, and also the effect of total solids
(original yoghourt) on both the extraction rate and com-
position of the whey. An additional reasonfor adopting
this procedure was that, jf it is desirable that natural
yoghourt should have 16% TS., then commercially, it
would be attractive if condensed yoghourt could be
made by simply diverting é! portion of the standard
production material.

TABLE 1.Analysisof sometypIcalsamplesof commercially.venable concentrated
yoghourtfrom the Lebanon:

Sample %Total %Fat % lactIc acId Penetrometer
.olida RelJding (T/1Omm)

A 22.90 10.50 1.658 150
B 21.78 8.40 2.528 140
C 21.67 8.20 2.076 145

lebanese
Standard 26.00 10.00 .-

(CH-l, Chr. Hansen's Laboratorium, Denmark), and
consisted of a balanced mixture of Streptococcus ther-
mopbëus and tsctobectnus bulgarius. The original
culture was obtained In a freeze-dried form, and the
working stocks were maintained in sterile skim-milk
(9% TS), (Tamime & Robinson, 1976).

The routine appraisal of quality of the end product
was confined to measurements of titratabIe acidity and
consistency, but organoleptic considerations were, as
far as was possible, also taken into account. However,
the emergence of legal standards raises the additional
question of chemical composition, and an analysis for
total solids and fat was carried out for comparative pur-
poses. The fat content was obtained using the Gerber
method (Pearson, 1970) with the method modified
slightly in that 5.65 g of the concentrated product were
used, and the result adjusted accordingly.

The consistency of the products was measured
along the lines indicated by Robinson and Tamime
(1976), as was the titratabie acidity, except that the per-
centage lactic acid of the condensed yoghourt was
determined using a 5 g sample mixed with 6 ml of
warm, distilled water: the titre (x2) gave the result as %
lactic acid in the original material. The level of total
solids in the various samples was determined
gravimetrically (British Standards, 1963).

Results

In order to have some guidelines as to the nature of
the commercially available product, three different
brands of concentrated yoghourt were transported from
the lebanon by air in a refrigerated container. The
analysis of these samples is shown in Table 1.

Altho'Jgh the Lebanese Standards (1965) stipulate
that the product must contain a minimum of 26% total
solids, the commercial samples were, according to our
results, rather below this figure. Nevertheless,when the
samples were assessedorganoleptically by a taste panel
familiar with the product, acceptability was excellent,
and sample (A) (1.6% lactic acid) was, in particular,
rated h:ghly. It was decided, therefore, to produce con-
centrated yoghourt of 22-23% total solids, i.e. a product
giving a consistency reading of 140-150 with the
penetrometer, and to use whole milk ranging from 12-
20% TS as the starting material.

Some preliminary studies suggested that when
natural yoghourt was assessed organoleptically (Pearce
and Heap, 1974), the highest score was attained by test
samples with 16%', TS. The transformation of this
product into the condensed variety (assumed 24% TS)
necessitated the removal of 1300 ml of whey/3 kg of
original yoghourt, and this rate of extraction Vias ap-
plied subsequently to all the batches of yoghourt

The results of this experiment are shown in Table 2
and it can be seen that a natural yoghourt (16% TS)
gives rise to a concentrated product very similar to the
favoured commercial counterpart, i.e. 1.7% lactic acid
and penetrometer reading - 140. It was also
established that, if the total solids in the end-product
fell below 20%, then the material was undesirably 'thin
and tasteless', while above 25% TS., it was rather
'gummy' and almost bitter in taste. The initial total
solids also exerted a marked influence on the rate of
whey drainage, and, as can be seen from Figure 2. a
starting figure of 16% TS again gave the most desirable
result: Thus, a potential drainage time of 14 hours
means that concentration can be carried out overnight,

I

I
I

I
I

I1400

1200

1000

~J eoo-o
~ 600

400

200

o

2 144 6 10 128

Time in Houre
AGURE 2. R,te of whey loss from yoghourts made with !he level, or

totll solids indicated. fTamime: A.Y. 19n1
... 12%OI6%.ó.20%~ only 1135ml extracted in 63 hours.
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TABLE 2. Analysis of concentrsted yoghourt made from
Yoghourt with Different levels of Total Solids

0/0 TS In %TS In %TSln %lactic Penetrometer
Yoghourt Milk Whey Yoghourt Acid Reading (TfTOmm)

(Cone.)

12 5.72 17.66 1.446 277.5
14 6.97 20.88 1.644 197
16 8.21 23.44 1.768 140'
18 9.38· 25.13 1.982 117
20 10.63 28.29* 2.096 84

• Only 1135ml extracted

and hence to a large degree, fit in with the normal
working hours of a dairy.

It could be concluded, therefore, that employing
the traditional method of concentration, 16% total
solids represents the optimum starting mix for the
production of concentrated yoghourt, and that the end-
product from such a process could be comparable with
the best of the currently available commercial brands.
However, it was curious that none of the routine test
products would have been able to meet, without con-
siderable ingredient manipulation, the emerging legal
standards for condensed yoghourt, and it is clearly
possible that the specifications will have to be re-
examined.

Discussion
The observed preference for natural yoghourt with

a total solids level of 16% is not unexpected (Robinson
& Tamine, 1975), but it may be relevant that the same
material forms an excellent starting point for the
production of concentrated yoghourt (23% TS). The
creamy consistency of this latter product, together with
its sharp, aromatic flavour, identifies it asa material very
different from a normal yoghourt, and one which could
have considerable consumer appeal.

The entrenched preference of Europeansfor fruit/

flavoured yoghourts may well prove a limiting factor in
some markets, but, in other areas, the reaction could be
markedly different. It is clearly possible, therefore, that
concentrated yoghourt could be a product for future
development, particularly as the process of bulk con-
centration can now be carried out mechanically
(Norling, 1976).Consumer reaction will obviously be the
ultimate judge, but the way is now clearly open for
some fundamental changes in the nature of 'yoghourt:
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ABSTRACT

The effect of six techniquesfor the elevation of the total solids on the rheological
properties of labneh were investigated using controlled-stress dynamic rheometer.
All samples exhibited a weak viscoelastic gel structure with the storage modulus
(G') higher than the loss modulus (Gil) over all of the measured range. None
of the experimental materials produced the same overall gel strength as the con-
trol made by draining with traditional cloth-bags. The changes in the storage
modulus (G') as afunction of amplitude sweep were mirrored by changes in the
loss modulus (Gil). Considerable differences in the loss tangent (G"/G') values
of the various materials were observed at higher stress amplitudes. Rheological
differences in the overall gel strength at low amplitude and frequency suggest
that, although the type of protein interactions in each case may be similar, there
are differences in the degree of interactions. Subsequent breakdown at higher
amplitudes and frequencies suggests that the overall domains of the treated pro-
teins may have been reduced, and that different methods of manufacture may be
producing materials that have different space occupancy in the gel.

INTRODUCTION

Labneh (a concentrated fermented milk product) has increased in popularity
during recent years. Its increasing economic importance has been achieved as
a result of its perceived nutritional benefits and storage characteristics (Benezech

". ...
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and Maingonnat 1994). However, much of its consumer acceptability is depen-
dent on its sensory properties which, in turn, seem to be heavily dependent on
the method of processing of the material. It should be possibleto use rheological
.data to modify and control the process conditions to give a product with the quality
attributes desired by the consumer. Over the last 10-15 years, conventional
methods such as the Posthumus funnel (Postliumus 1954), the Plummet device
(Tamime and Robinson 1985) and the falling ball apparatus (Bottazi 1976) have
been almost universally accepted for the measurement of physical properties of
stirred yoghurt, and rotational viscometers, such as the Brookfield (Abrahamsen
and Holmen 1980) and the Haake (Parnell-Cluines et al. 1986) viscometers, have
also become widely used.
For set yoghurt, the firmness of the body/gel i's considered to be the-best

parameter to assess the physical quality of the system. The consistometer or
penetrometer apparatus have been widely used for this purpose. The penetrometer
test measures the force required to push a probe into a food or depth of penetra-

1

tion but, as a wide variety of probes, penetration depths and temperatures may
be used, it is almost impossible to compare results between laboratories. In order
to standardize the results and to improve the reproducibility of the data derived
from penetrometer-type measurements, a computerized Texture Profile Analyzer
(TPA) is usually employed to study the texture of set-type yoghurts (Benezech
and Maingonnat 1994). All of the techniques mentioned above have some advan-
tages and disadvantages. Yoghurt is defined as a weak gel system and weak gels
are unable to keep their structural integrities during high shear; even the lowest
possible shear may disturb the gel when traditional penetrometer or rotational
techniques are used. Dynamic oscillatory testing is a technique that is very ap-
propriate for investigating the structure of a viscoelastic material such as yoghurt
(Steventon et al. 1990; Xiong and Kinsella 1991).
Several studies have investigated the viscoelastic properties of yoghurt-type

materials; (1) the effect of starter culture (Rohm and Kovac 1994); (2) different
milk types (Biliaderis et al. 1992; Vlahapoulou and Bell 1993); (3) rheological
characteristics of stirred yoghurt (Skriver et al. 1993; Rohm 1992; Ramaswany
and Basak 1991, 1992). Horne (1993) found that these dynamic measurements
showed good correlation with certain rheological measurements of gel strength
(elastic modulus) in set yoghurts. In spite of the fact that rheological characteriza-
tion of normal set and stirred yoghurts have been investigated by dynamic testing,
there has been no study of the rheological properties of labneh. Labneh is tradi-
tionally manufactured using a cheese cloth bag for concentrating yoghurt after
overnight refrigeration. Because It needs a long processing time (2-3 days), is
labour-intensive and unhygienic, this method of manufacture is not suitable for
large scale processing (Tamime et al. 1989). During the last decade, mechanized
processes such as ultrafiltration (OF) and reverse osmosis (RO) have become wide-
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ly used in the production of labneh. Especially, the concentration of warm yoghurt
to the desired total solids level by UF after fermentation, is being currently prac-
tised intensively. So far, all mentioned manufacturing techniques have been studied
individually and because different rheological techniques have been used in each
study, it is difficult to reach a fair judgement about the physical qualities of the
labnehs. The present study was designed to compare different manufacturing
techniques in terms of physical characteristics of resulting products brought about
by application of those techniques.

EXPERIMENTAL
r -. .".

Materials

Full cream milk powder supplied from Adams Food Ingredients Ltd. (Staff.
UK) and stored at 4C was used. A freeze-dried commercial yoghurt culture (coded
CH-I) from Chr. Hansen's Laboratory (Reading, UK) was used to prepare the
yoghurt. The starter was a blend of Streptococcus thermophilus and Lactobacillus
delbruckii sub-sp bulgaricus in equal proportions. The labneh samples were stored
overnight at 4C before testing.

Methods

Yoghurt-making Process. Six different techniques for raising the level of total
solids were applied: (1) traditional cloth bag system (control)-drainage was
achieved by holding yoghurt (16% w/v solids) in bags of double layer cheese
cloth at 4C for 18-20 h, (2) direct reconstitution of full-cream milk powder to
23% (w/v) total solids (direct reconstitution labneh), (3) reverse osmosis (RO)
after and before fermentation, and (4) ultrafiltration (UF) after and before fermen-
tation. Pilot scale UF and RO plants were employed for the concentration of milk
and yoghurt to 23% total solids. The UF cartridge consisted of a bundle of tubular
membranes and the specifications of the UF membranes were: surface area 0.8
m", type ES 625 (Patterson Candy, Whitchurch, Hands., UK), membranes com-
posed of polyether sulphone, and nominal molecular weight cut-off 25,000 dalton;
and the RO membranes were: surface area 1.2 m-, type ZF 99 (Patterson Candy
International), membrane composed of polyether sulphone. For the membrane
processes, the temperatures of milk and yoghurt were 50C and 42C, respective-
ly; the RO plant was operated at 20 bar for yoghurt and 25 bar for milk systems.
For.all samples, a standard yoghurt making procedure proposed by Tamime and
Robinson (1985) was followed. The initial total solids content of the control, UF-
after fermentation and RO-after fermentation labnehs was 16% (w/v), and theo
final total solids content for all end products was - 23 %. The standard heat treat-

.. : .....
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ment was 85C for 20 min and, after cooling, the milks were inoculated with a
liquid starter culture (2% v/v) at 42C. Incubation was.halted when the pH drop-
ped to 4.3 for samples concentrated post-incubation, and 4.0 for previously con-
centrated samples; the final pH of all samples was 4.0. In the determination of
the effect of the level of protein on the gel properties of labneh, milks were con-
centrated with UF up to 10% protein level. Then, serial dilutions from 1 to 9%
protein contentwere made using the same permeate in order to keep the ionic
environment identical in each sample.

Chemical Analyses. Chemical analyses were done according to .the methods
outlined in the British Standard Institution as follows: protein, BSI Part 10:1
(Kjeldahl N X 6.38) (BSI 1988); fat, Gerber method BSI 696: Part 2 (BS! 1989)
and ash, BSI 1741: Part 9 (BSI 1988). .

RESULTS AND DISCUSSIONS

I

I

I
I

I

I

I

I

I

I

I

I

I

I

I

Dynamic Rheological Measurements. Dynamic rheological tests were per-
I

formed with a Rheotech International controlled-stress oscillator rheometer us-
ing parallel plate geometry (10 mm plate radius and 1mm gap setting). All samples
were stirred by means of a controlled-speed stirrer at low speed before
measurement in order to standardize between set and stirred labnehs. Each sam-
ple was loaded into the rheometer and allowed to relax and equilibrate to measuring
temperature (2 min, 25C) prior to testing. A strain sweep used angular frequen-
cy, w, from 10- 3 to lol Hz at 0.07 mNm torque and sweeping amplitude from
1.5 x 10- 2 to 1.5 X 10 - 1 mNm at 0.25 Hz. The rheometer was thermostatted
by a water ci~culator connected to a temperature controller (Haake, UK).
Measurements are the average of five replications and from each replication ten
readings were taken. Standard errors are less than ±8% of average values for
each sample.

~tli
~! Statistical Analyses. Differences between the samples were tested by single

factor variation analysis using the data analysis tool kit that is supplied with
Microsoft® Excel spreedsheet Version 5.0. Statistical differences between the
groups were determined by DUNCAN test.

Chemical composition of labnehs are illustrated in Table 1. in the RO and Direct
reconstitution labnehs, the protein and fat contents increased relatively less than
in the control and UF treated samples. The lactose concentration was reduced
to 4.53 to 4.16% in the control and UP samples, whereas in the RO and direct
reconstitution labnehs, this component increased with the concentration factor.
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TABLE 1.
CHEMICAL COMPOSITION OF LABNEHS TESTED

Samples Total solids Protein Lactose * Fat Ash
% % % % %

Control labneh 23.31 9.20 4.16 9.18 0.79

UF after fermentation 22.64 8.80 4.53 8.45 0.86
labneh
RO after fermentation 22.22 6.38 8.24 6.60 1.00
labneh
UF before fermentation 22.24 9.00 4.26 8.20 0.78
labneh
RO before fermentation 23.22 . 6.82 9.07 6.25 1.08
labneh r - .~-

Direct reconstitution 22.50 6.38 8.72 6.10 1.30
labneh.

C*) Lactose was determined by difference.

The rheological analyses showed the labneh was a typical weak viscoelastic
gel whose storage modulus (G') was greater than loss modulus (G '') over the
measured range and showing a frequency-dependence. None of the samples pro-
duced the same gel properties as the control sample, in spite of the fact that UF-
treated samples (after and before fermentation) had approximately the same
chemical composition as the control. A statistically significant difference was found
between the samples (P < 0.05). Overall, the control was the stiffest sample
followed by UF treated samples. RO and direct reconstitution applications created
weaker structures in the final gels than control and UF treated ones. A structural
breakdown was observed in all samples, with the exception of the control, at dif-
ferent point of frequency sweep (Fig. la and b). No slipping was observed in
the measuring system. In general both network moduli increased with frequency
in the linear region and higher protein content samples had higher storage and
loss moduli. These profiles are consistent with the behaviour of weak viscoelastic
gels (Ferry 1980; Benezech and Maingonnat 1994). Inhomogeneous particulate
gels are generally more frequency-dependent than their homogeneous counter-
parts (Stading 1993), i.e., the distribution of gel-forming components in the
aqueous phase influences the frequency dependency of the gel. In the present case,
a considerable frequency-dependency in all labnehs was evident. Therefore, it
is justified to assume that the labnehs have an inhomogeneous particulate struc-
ture. The increase of network moduli with frequency, w, indicates a relaxation
of protein bonds during the period of measurements. Storage modulus (G') is
determined by the number and/or strength of nonrelaxing protein bonds, whereas
loss' ~odulus is determin~d by rapidly relaxing bonds (Roefs 1986). In the pre-
sent case, until gel structure was broken down, the storage modulus was always
higher than the loss modulus in all samples indicating that nonrelaxing bonds

-. . ...•.... : .:
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FIG. I. STORAGE MODULUS OF SAMPLES CONCENTRATED (a) POST-
FERMENTATION, (b) PRIOR TO FERMENTATION AS A FUNCTION OF

ANGULAR FREQUENCY
Standard deviations are less than symbol dimensions. (.) control, (A) RO-after fermen-
tation labneh. (.) UF-after fermentation labneh. (6.) RO-before fermentation labneh,

. to) UF-before fermentation labneh, oo Direct reconstitution labneh.
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FIG. 2. STORAGE MODULUS OF SAMPLES CONCENTRATED (a) POST-
FERMENTATION, (b) PRIOR TO FERMENTATION AS A FUNCTION OF

AMPLITUDE SWEEP
Standard deviations are less than symbol dimensions. (t) control, (.A.) RO-after fermen-
tation labneh, (.) UF-after fermentation labneh, ~) RO-before fermentation labneh,
(0) UF-before fermentation labneh, (+) Direct reconstitution labneh. Points indicated

give the amplitude strain at that stress.

\
. "

. ·t·

Stellenbosch University http://scholar.sun.ac.za



74 B.H. OZER, A.E. BELL, A.S. GRANDISON and R.K. ROBINSON

1 •• __ .. '0 -",.". ',," 1 : ' ..~ ,' ,. .., •• ._....... •

dominated over rapidly breaking and reforming weak bonds, and this domina-
tion depends upon macromolecule (casein) concentration because the higher pro-
tein content samples had the higher storage moduli.

A linear viscoelastic region was evident for all samples. With the exception of
the traditional and Uf-before fermentation labnehs, a structural breakdown was
observed at some point of the amplitude applied. Data for comparison purposes
were also collected in the form of amplitude sweeps which were considered to
be another indicative parameter of the structure. The control, UF-before and,
to some extent, UF-after fermentation labnehs kept their structural integrities
against increasing shear (Fig. 2a and b). However, the rest of the samples broke
down at some point within the range of the amplitude applied. Corresponding
strain amplitude .data as a function of stressjamplitude applied are presented in
Table 2. The changes in the storage modulus (G') as a function of amplitude were
mirrored by changes in the loss modulus (G '') (Fig. 3a and b). This gave rise
to considerable differences in the phase angle (tan 0) values of the various
materials, especially at higher amplitudes (Fig. 4a and b).

Rheological properties of the control sample should be evaluated separately
from the others, because physical characteristics of this sample came into being
after fermentation was halted. However, in the other samples, rheological

TABLE 2.
STRAIN AMPLITUDE DATA OF LABNEHS AS A FUNCTION OF STRESS

Strain amplitude (Pascal)
Stress Control UF after RO after UF before RO before Direct

Amplitude labneh fer.labneh fer.labneh fer.labneh fer.labneh reconstitution
mNm labneh
0.015 0.006 0.015 0.055 0.010 0.021 0.021

0.022 0.007 0.019 0.101 0.013 0.027 0.027

0.032 0.009 0.025 0.571+ 0.017 0.039 0.040

0.047 0.012 0.029 1.302 0.021 0.702+ 0.054

0.070 0.016 0.037 3.251 0.024 1.053 1.194+

0.102 0.029 0.055 6.137 0.032 2.262 2.757

0.150 0.035 0.977+ 12.416 0.041 4.354 5.604
. ...

(I) Stars indicate the strain at the gel breaking point.
fer. : fermentation
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characteristics were determined during the fermentation stage. UF-after and RO-
aftérfermentation labnehs were produced after the fermentation stage had finished
but, because the samples were not cooled down after fermentation and membrane
techniques were applied at incubation temperature, it may be reasonable to assume

I
I
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,

that incubation continued during membrane applications. InUF-after fermenta-
tion labneh, along with the increase in the protein level, the distribution of the
protein particles may have been regulated by UF application. Mild pressure driven
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effect of UF may have led to a more homogeneous distribution of protein net-
work and, consequently, stress carrying strands over the continuous phase. It
is fair to believe that UF application to warm yoghurt at low pressure (4 bar)
may stimulate the increase in the number of smaller conglomerates and, therefore;
number of stress carrying effective bonds. On this application, protein-protein
bonds which are jammed in a large conglomerate, may be distributed homo-
geneously without disturbing the gel. Yet, RO application to warm yoghurt at
high pressure (20 bar) caused an unrecoverable damage in the gel structure of
RO-after fermentation labneh, giving in it an atypical appearance for labneh.
UF-before fermentation had significantly higher storage modulus (G') than direct

reconstitution and RO-before fermentation labnehs. This is probably due to the
variation in the protein contents (9% vs 6.38-6.82 %, respectivelyj.vAs a result
of more protein-protein interactions at higher protein levels, a much denser and
stronger gel structure canbe expected. This is seen in Fig. 5 showing the effect
of protein level on the network moduli. Protein levels were adjusted from 1 to
9% by diluting the UF-milk having 10% protein content with the same permeate
in order to keep the ionic strength relatively equal in each sample. An increase
in both moduli with the increase in protein level is seen. A critical protein level
had to be exceeded to form a gel (minimum 3% protein). In general, network
moduli in a gel are more related to the particle concentration, however, the phase
angle values are more dependent on the nature of bonds between these particles.
In the present case, in spite of the UF-before fermentation labneh had much higher
G' and G" values, insignificant differences were obtained between the same
samples (P > 0.05).
The differences in the overall gel strength at low amplitude suggests that,

although the type of protein-protein interactions (mainly whey protein! x-casein
interactions) in each case may be similar, there are differences in the degree of
interaction. Subsequent breakdown at higher amplitudes suggests that the overall
domains of the proteins may have been reduced and that there was a different
"space occupancy" of the proteins in the gel material. The breakdown as a func-
tion of amplitude persisted even during storage of the materials for up to 14 days,
suggesting that any changes produced during nontraditional methods of manufac-
ture were essentially permanent and nonreversible.

CONCLUSION

Lapneh is a typical weak viscoelastic gel whose properties are strongly affected
by the methods of manufacture. Different gel behaviour at lower and higher
amplitudes indicates that the type of the interactions that lead to the gel network
are similar, but degrees of both covalent (SH/S-S exchange) and noncovalent

.,
i
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(hydrophobic, electrostatic) interactions may be different as a result of the dif-
ference in protein level. The share of different gel-forming interaction forces in
the formation of labneh gels is being currently investigated. Preliminary results
indicate there are some differences between the samples regarding the level of
protein interactions, especially the level of thiol-disulfide exchange reactions be-
tween whey proteins and. z-casein. Overall, the results suggest that UF applica-
tions can be used as an alternative method to the traditional labneh-making pro-
cess (confirming the proposal of Tamime et al. 1989). The other production
methods did not give gel properties that were close to those of typical labneh
material.
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Effect of protein concentration on the properties and
structure of concentrated yogurts
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Concentrated yogurts were produced by traditional (control), direct reconstitution, ultrafiltration
and reverse osmosis techniques. The membrane techniques were applied either before or soon after
incubation. The physical properties of the samples. were monitored using a penetrometer (set
yogurt) and viscometer (stirred yogurt), and the results indicated that different manufacturing
techniques led to differences in the rheology of the concentrated yogurts. As expected, samples
with high protein contents had greater gel strengths. Also, the concentration techniques caused
large differences between the samples, even at the same protein level. The rheological properties
correlated well with the microstructure as monitored by confocal laser scanning microscopy. In
general, larger compartments in the network were associated with a weaker structure.
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10 1999 Society of
Dairy Technology

INTRODUCTION

Yogurt gels are particulate structures, mainly
composed of caseins. ITheir structure has been
studied widely, as have the effects of process-
ing conditions, such as heat treatment, type of
starter culture or level of total solids,' on the
rheology of both set and stirred yogurts.ê'" In
addition, the formation of yogurt gels has
been monitored using electron microscopy and
dynamic oscillatory rheometry.i" Depending
on the processing conditions, continuously
connected protein strands produce a heteroge-
neous three-dimensional gel network which
holds free water. Any factors which affect the
properties of the gel network by changing the
nature and number of protein interactions will
also affect the water holding capacity of the
gel. The gel structure is known to involve both
covalent (thiolJdisulfide interchange) and non-
covalent bonds? Dickinsorf claimed that the
physical characteristics of particulate gels are
determined by both strong permanent bonds
(covalent bonds) formed during the aggre-
gation, and subsequent rearrangements of
protein particles. Furthermore, the final gel
structure. is also dependent upon the nature of
weak reversible interactions between the parti-
cles' prior to formation of the permanent.
bonds; therefore, the balance between stron~
and weak bonds controls the rheology.
Another factor affecting the physical charac-
teristics of yogurt type gels is the distribution
of protein-protein bonds over the gel net-
work," Several studies have investigated the
relationship between protein concentration,
distribution of protein-protein bonds and
rheology of resulting gels.IO•1l In the case of
homogeneous cross-linked particulate gels, all

particles contribute to the network moduli
equally." However, in non-homogeneous gels
like yogurt thick protein nodes including more
than one protein junction point are evident,
and their contribution to the elasticity of a gel
decreases as the number of stress carrying
strands decreases.

The use of membrane techniques in the
manufacture of concentrated yogurt has gained
popularity,'! but knowledge of the gel charac-
teristics of concentrated yogurts is limited.13-15
Consequently, the aim of the present study was
to prepare concentrated yogurts by different
methods, and determine whether apparent con-
trasts in rheology would be confirmed by
confocal laser scanning microscopy.

MATERIALS AND METHODS

Materials
Full cream milk powder (Adams Food
Ingredients Ltd, Leek, Staffs) was used in the
production of all the yogurts, as was a freeze
dried yogurt culture (coded-CHI) from Chr
Hansen's Laboratory (Reading, UK). The
starter was a blend of Streptococcus ther-
mophilus and Lactobacillus delbruckii subsp
bulgaricus in equal proportions, and resusci-
tation and routine subculturing were carried
out according to the procedure described by
Tamime.P

Methods
Yogurt was manufactured according to the
method described by Ozer et al,14 and the
standard milk base (16 g 1-1 total solids (TS))
was prepared by reconstituting the required
amount of milk powder in tap water. Six dif-
ferent concentration techniques were applied
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in order to generate two groups of coneen-
trated· yogurts, namely set (concentration
before fermentation) and stirred (concentra-
tion after fermentation):

Traditional concentrated yogurt (control)
was produced by holding batches of yogurt
(5 kg, 16 g 1-1TS) in bags of double layer
cheese cloth at 4°C for 18-20 hours.

Concentrated yogurt (direct reconstitution)
was manufactured by reconstituting 'the
required amount of milk powder in water
at 40°C to give 5 kg of endproduct with 23 g
1-1TS.

Concentrated yogurt (ultrafiltration (UF)-
after fermentation) 16 g 1-1TS fermented milk
(pH 4.3) was concentrated by UF at 42°C
immediately after fermentation. The pH value
of finished product was around 4.0.

Concentrated yogurt (UF-before fermenta-
tion) was made by concentrating freshly recon-
stituted milk (16 g 1-1TS) to approximately
23 g ti TS at 50°C prior to fermentation.

Concentrated yogurts (reverse osmosis
(RO )-after and before fermentation) were
prepared as the UF products except that RO
systems replaced UFo

Both UF and RO were carried out using
tubular systems supplied by Peterson Candy
International (pCI Membranes, Whitchurch,
Hants, UK). The UF membranes were ES
625 (polyether sulfone), surface area 0.8 ml,
MWt cut-off 25000 Da, operated at inlet and
outlet pressures of 0.3 and 0.1 MPa respec-
tively. The RO membranes were ZF 99 (poly-
ether sulfone), surface area 1.2 m2, operating
at a pressure of 2 MPa.

All the samples (- 150 g) were dispensed
into (stirred yogurt) or incubated in (set
yogurt) polystyrene cartons, and the pH val-
ues of the samples were measured using a pH
meter (model Kent ElL 7045/46) fitted with
a standard combination of glass electrode.

Assessment of the physical properties
The gel strength was measured with a stan-
dard penetrometer (Stanhope Seta Ltd,
Camberley, Surrey, UK) using a probe of
67 g, a diameter of 2.5 cm and an apical angle
of 90°; the penetration time was 5 s. In all

'_
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cases, the temperature of the yogurt was equi-
librated at l00C, and duplicate pots from
each batch were assessed.

After standardizing the temperature at
100C, the apparent viscosity was measured
with a Brookfield Viscometer (Model LVT
with Helipath Attachment) (Brookfield
Engineering Inc, Stoughton, USA) fitted with
a T-bar spindle (0) rotating at 0.6 rotations
per minute; the readings were converted
to centipoises using the factór supplied by
the manufacturer.

Statistical analysis
Tbe results were analysed in Exel (Windows
95) to obtain mean values and standard
errors, and the physical properties were com-
pared with a standard t test.

Confocal laser scanning microscopy
Yogurt samples were prepared at least 24 h
prior to examination, and a thin 'slice' taken
with a scalpel was placed on a clean slide.
After staining for 5-10 minutes with 0.3% fast
green (BDHlMerck, Poole, UK), the slide
was examined under a Zeiss LSM ilConfocal
laser scanning microscope (Zeiss, Welwyn
Garden City, UK) using oil immersion optics
(numerical aperture = 1.41). The protein was
imaged by excitation of the fast green using
a helium/neon laser emitting at a wavelength
of 633 nm.

RESULTS AND DISCUSSION
The chemical compositions of test samples
are given in Table 1. In general, while UF
treatment to both fresh milk and fermented
milk led to an increase in the protein and fat
content, a large decrease in lactose was seen.
However, in the RO treated samples and
direct reconstitution concentrated yogurt, the
concentrations of aU the components rose
proportionally.

The comparative gel strengths and viscosi-
ties are shown in Table 2, and it was notable
that the gel strength of the traditional prod-
uct, although stirred after leaving the cloth
bag, was much higher than the rest. However,
by contrast, the product made from milk con-
centrated by UF prior to fermentation gave

CbtmIc:al compositions of th.e recoostituted mD.k aad the (ooctatrated yolUrlS. Results are tht means and standard
~lTon of dopUcate samples takea oyer three stparate runs anef expressed as & kt'l or sample

TABLE I

Sa;;'ples . . '.' Total solids Protein LActou" I Fat Ash

Mille base
Traditional yogurt :
UF-after fermentation yogurt
RO-afler fermentation yogurt
UF-berore fermentation yogurt
RO-berore fermentation yogurt
Direct reconstitution yogurt

160.0 ± J.8
233.1 ± 2.0
226.4 ± 3.3
222.2 ± 1.5
222.4 ± 2.1
232.2 ± 10.3zzs,o ± 1.9

·Lactose was determined by difference.
After Ozer et al. IJ

43.6 ±0.08
92.0 ± 1.4
88.0 ± 2.4
63.8 ± 1.0
90.0 ± l.l
68.2 ±4.8
63.8 ± 3.4

9.8 ±0.3 .
. 1.9 ±O.S
8.6 ±0.2
10.0 ±O.S
1.8 to.1

.10.8 ±0.3 I

··13.0 ±0.2 .

61.6 ± 0.9
41.6 ± 0.5
45.3 ±3.4
82.4 ±2.2
42.610.9
90.7 ±0.2
87.2 ± 3.1

45.0 ± I.S
91.8 ± 1.0
84.S 11.0
66.0 ± 3.0
82.011.3
62.S to.7
61.0 t 1.4
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Viscosity . Gel strength .
Tnldi~~nat" .
..UF~áfteiferment.
,UF~before ferment,
RO-after ferment. .'
RO-before ferment.

;.Direct Reeonstit.

'65.801: 1.2.2~ '.~.
27.50 ± 1.5h
60.10 ± i.o-.
, 5.60 ±0.6<

'. .13.90 ± 1.0d ..... '.'

':;: 13.20 ± 0.9J .' .

~itch reading' Is the average of three separatetrlals, and means Withlri a. é~luinn"
sharing a common superscript do not differ significantly (p > .05). :.:'.<{< ' "

;0'0- .-:-~~~.::;~.2:;-;_~_/~/-i.~.:. .., .;4,:';-":-' ':.', .~_ . _. . . ,~,>;~;(;~~"_.> . ;

a viscosity measurement close to the tradi-
tional, and the micrographs (Figs. la and Id)
showed that the two samples were similar,
especially in terms of the size and structure of
the voids. Exactly why the gel strength of the
UF-before fermentation sample was signifi-
cantly lower than the traditional product was
not established, but it may have been because
the cloth bag method allowed for the
establishment of more protein-protein bonds.
Thus, once the 5 Iof yogurt were poured into
the bag, it would have taken several hours for
the temperature to reach 4°C and during this
time the physical compression of the protein
might have encouraged aggregation of the
casein micelles and increase the extent of
chemical bonding. In the membrane treated
milk, by contrast, the extent of bonding
would have been no different from that in any
high solids yogurt, which would explain the
similarity in gel strength between all the mem-
brane concentrated yogurts.

In the absence of stabilizers, viscosity
depends on total protein concentration and
the size of the whey filled spaces, and there
was an excellent visual correlation between
viscosity and the dimensions of the void spaces
(see Fig. I). Thus the dense protein networks
of the traditional and UF-before fermentation
yogurts confirm the expectation of high vis-
.cosity, while the damage to the gel inflicted by
membrane processing, especially by the high
pressure associated with the RO treatments led
to considerable breakdown of the gel structure
(see viscosity measurements in Table 2) and
the emergence of .large whey filled spaces
(Figs. Ic and Ie).

A contrast between the gels with different
proteinlevels was apparent also for, in general,
as-the total solids increased, so the chains of
casein particles became shorter, the dimensions
of the voids diminished and the density of the
matrix increased." In the traditional UF-after
and UF-before fermentation concentrated
yogurts (Figs. la, lb and Id) much denser
structures were observed compared to samples
with lower protein contents (the RO-before fer-
mentation, RO-after fermentation and direct
reconstitution concentrated yogurts (Figs. le,
le and 11).

._-~
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Overall, the study confirmed that damage
done to the coagulum has a major impact on
the viscosity of concentrated, stirred yogurts,
and that the larger the undisturbed aggrega-
tions of casein and smaller the whey filled
spaces, the higher the viscosity of the endprod-
uct. Gel strength, by contrast, is probably more
dependent on the extent of protein-protein
bonding, and factors that may encourage these
interactions are clearly important.

B H Ozer thanks the Turkish Higher
Educational Council and Harran University
(Turkey) for financial support during the
present work.
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(a)

(b)

(c)

Fig. I.
'-
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(d)

(e)

Confocal laser scanning micrographs of protein distribution in stirred concentrated yogurts (23 g r' total
solids). The protein was stained with fast green lind imaged by excitation at 633 nm. Whey filled voids in
the structure were seen by negative contrast. The circular voids arc fat globules, and this conclusion was
confirmed by staining with nile-blue with excitation at 488 nm. The samples were: (a) traditional product.
(b) UF-after fermentation. (c) R()..after fermentation. (d) UF-bcfore fermentation. (e) RO-before fermenta-
tion and (f) direct reconstitution.
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ABSTRACT

Labneh was produced by concentrating milk to ap-
proximately 23% total solids (wt/vol) by the tradi-
tional cloth bag method (control), ultrafiltration,
reverse osmosis, or direct reconstitution. For
ultrafiltration and reverse osmosis, membrane
processing was carried out either before or immedi-
ately after fermentation. Dynamic rheological studies
revealed that the physical behavior of labneh was
heavily dependent on the protein concentration and
the severity of mechanical agitation during mem-
brane treatment. Scanning electron microscopy
showed that the higher protein content samples had
more compact structure and smaller voids than their
lower protein content counterparts. Also, reverse os-
mosis and ultrafiltration ofwarm fermented milk had
clearly detrimental effects on gel structure, producing
thicker casein strands than in the traditional sample.
No major differences were observed in the other test
samples except gel densities, which varied with the
different casein concentrations. In general,
ultrafiltration of warm, fermented milk is a promising
treatment for the manufacture of goodquality labneh.
(Key words: rheology, microstructure, concentrated
yogurt, labneh)

Abbreviation key: G* = complex modulus, RO =
reverse osmosis, RO-AF = RO after fermentation,
RO-BF = RO before fermentation, SCEM = scanning
electron microscopy, tan lj = loss tangent, UF-AF =
ultrafiltration after fermentation, UF-BF = UF before
fermentation.

INTRODUCTION

There have been numerous studies on the relation-
ships between structure and texture of yogurt and
yogurt-like products (5, 6, 8, 9, 20). The rheological
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properties of natural set and stirred yogurts have
been widely investigated (14, 17, 18) as have the
effects of processing variables such as heat treatment,
concentration of TS, and type of starter bacteria on
rheology and microstructure (2, 12, 15). However,
until recently, such rheological and microstructural
examination had not been carried out with labneh, a
concentrated yogurt that is popular in the Middle
East and Balkan regions (19). The recent increase in
the popularity of labneh in Europe has led to more
interest in the structure of labneh, especially in rela-
tion to milk species and concentration techniques (19,
21). In those studies, UF was proposed as a better
alternative to the traditional labneh-making process,
which is uneconomical and unhygienic (19). Recent
studies in that laboratory (10, 11) have investigated
the rheology of labneh produced by a range of tech-
niques for increasing TS and have concluded that UF
could be used to produce gel properties similar to the
traditional product. The present study aims to extend
that work by comparing the physical and microstruc-
tural properties of labneh produced by traditional
methods, direct reconstitution, and membrane tech-
niques [both UF and reverse osmosis (RO)] using
dynamic rheological techniques and scanning electron
microscopy ( SCEM). In addition, a separate experi-
ment was carried out in which labneh was prepared
from UF retentates with varying protein contents.
Rheological studies on these samples were used to
assess the role of protein concentration regardless of
method of concentration.

MATERIALS AND METHODS

Membrane Processing

Both UF and RO were carried out using tubular
systems supplied by Paterson Candy International
(PC I Membranes, Whitchurch, United Kingdom).
The UF membranes were ES 625 (polyether sulfone)
with a surface area of 0.8 m2 and a molecular mass
cutoff of 25,000 Da and were operated at inlet and
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outlet pressures of 0.3 and 0.1 MPa, respectively. The
RO membranes were ZF 99 (polyether sulfone) with
a surface area of 1.2 m2; the operating pressure was 2
MPa.

Labneh Manufacture

Full fat, medium heat-treated milk powder sup-
plied from Adams Food Ingredients Ltd. (Leek,
United Kingdom) was used in the preparation of
labnehs. The method of yogurt manufacture proposed
by Tamime and Robinson (22) was applied. Milk
powder was reconstituted at 40°C by a high speed
mixer (Silverson Machines Ltd., Chesham, United
Kingdom) to the desired TS concentration before fur-
ther treatment. The milks were heated to 85°C for 20
min and then were cooled to 42°C in an ice-coldwater
bath. Samples were inoculated with starter culture
(CH-1; Chr. Hansen's Laboratory, Reading, United
Kingdom) at a rate of 2% (wt/wt). The starter cul-
ture was a blend of Streptococcus thermophil us and
Lactobacillus delbruckii sp. bulgaricus in equal
proportions. The desired TS content of the labneh
samples at the end of the manufacture was approxi-
mately 23% (wt/vol), which is typical of traditional
labneh from the Middle East (22). Incubation was
halted when the pH dropped to 4.3 for samples that
were concentrated postincubation and to 4.0 for previ-
ously concentrated samples; the final pH was 4.0 for
all samples. Samples were stored overnight in
200-g plastic cups at 4"C and were allowed to
equilibrate to 25°C in an incubation room before rheo-
logical measurements were performed the following
day. Six different manufacturing methods were em-
ployed, and 8 replicates of each batch were prepared
for analysis.

1. Traditional labneh. To produce traditional
stirred-type labneh (control), yogurt with 16%
TS (wt/vol) (pH 4.3) was drained after over-
night refrigeration following manufacture in
double layer cheesecloth bags until the desired
TS concentration (-23%, wt/vol) was reached.
Drainage was achieved at 4°C, and the volume
of whey separated was measured periodically.
Total drainage time was 18 to 20 h.

2. Stirred-type labneh produced by UF after fer-
mentation (UF-AF labneh). Ultrafiltration was
applied immediately after incubation of fer-
mented milk (16% TS, wt/vol) was complete
(pH 4.3). The temperature was maintained at
42°C by circulating cold water around the feed
tank when necessary. After the desired concen-
tration of TS was reached (-23% wt/vol), the

sample was filled into yogurt pots and stored in
the refrigerator until analysis.

3. Stirred-type labneh produced by RO after fer-
mentation (RO-AF labneh). The procedure just
described for UF-AF was followed except that
RO was applied.

4. Set-type labneh produced by UF before fermen-
tation (UF-BF labneh). Milk with 16%TS (wt/
vol ) was concentrated by UF to 23%TS (wt/vol)
at 50°C. The standard yogurt manufacturing
procedure was then followed. Incubation was
stopped at pH 4.0.

5. Set-type labneh produced by RO before fermen-
tation (RO-BF labneh). The same procedure
described for UF-BF labneh was followed except
that RO membranes were applied.

6. Direct reconstitution, set-type labneh. The proce-
dure for the control was followed except that
milk powder was dissolved to a concentration of
23% TS (wt/vol). Incubation was halted at pH
4.0.

The fermentation process took approximately 3.5 h
for the control, UF-AF, and RO-BF labnehs and took
5 to 6 h for the direct reconstitution, UF-BF, and RO-
BF labnehs.

After overnight refrigeration at 4°C, the pH values
of the samples were around 4.0.

Gels with Varying Protein
Concentrations

Milks were prepared with protein concentrations
ranging from 1 to 9%by UF with appropriate dilution
of retentates to the appropriate protein concentration
with the same UF permeate to maintain the same
ionic environment. Standard yogurt manufacture was
carried out as just described.

Chemical Analysis

Protein, TS, fat, and ash were determined by the
methods of the British Standards Institution (10).

Rheological Measurements

Rheological properties of labnehs after overnight
storage at 4"C were monitored using an RTl
controlled-stress dynamic rheometer (Rheo-Tech Int.,
Ltd.; Camtel Ltd., Royston, United Kingdom). The
rheometer was set up with a parallel plate geometry
(lO-mm radius and I-mm gap setting), and the tem-
perature of the samples was maintained at 25°C by a
circulating water system. Labneh samples were

Journal of Dairy Science Vol. 82, NO.4, 1999
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brown. The coverslip was immersed in stock solution
that had been diluted 1:1 (vol/vol) with ethanol im-
mediately before the sample was placed on a hot plate
(40°C) for 10 min. The progress of etching was fol-
lowed using a binocular microscope. Complete
removal of the resin was considered to have occurred
when the boundary of the section was no longer visi-
ble.
Preparation of etched sections for SCEM.

When etching was judged to have reached a desirable
stage, the coverslips were transferred rapidly to
ethanol (to prevent ethanol evaporation, which would
lead to NaOH crystallization on the surface) and
washed several times with absolute ethanol. The
coverslips were then transferred to 100% acetone for
10 min before critical point drying (Polaron E3000;
Polaron Equipment Ltd., Watford, United Kingdom)
with liquid C02 and were mounted on aluminum
stubs using silver conducting paint and then coated
with gold in a vacuum sputter coater (Edwards High
Vacuum S150; Crawley, Sussex, United Kingdom).
The sections were placed 20 mm from the gold elec-
trode and were sputtered for 1 to 3 min (depending
on thickness) under a vacuum of 20 Pa using
2.5-kV high tension and a discharge current of20 mA.
Sections were examined in an SCEM (Hitachi L750;
Nissei Sangyo Co. Ltd., Tokyo, Japan) operating at
accelerating voltages from 5 to 30 kV. The results
were recorded on Kodak plus X 120 film (Kodak Ltd.,
Hemelhempstead, United Kingdom).

OZER ET AL

evaluated rheologically by conducting stress and fre-
quency sweep tests. The frequency and amplitude
ranges were 10-3 to lOl Hz at 0.07 mNm torque and
1.5 x 10-2 to 1.5 x 10-1 mNm at 0.25 Hz, respectively.
Labnehs were kept in a room maintained at 25°C to
equilibrate before being loaded into the rheometer.
Samples were allowed to relax (5 min) prior to as-
sessment of their amplitude and frequency behavior.

SCEM Studies

Preparation of thick sections for SCEM. Lab-
neh samples were prepared for SCEM studies accord-
ing to the method proposed by Brooker and Wells (4).
Specimens oflabneh were fixed and solidified by addi-
tion of 25% SCEM grade glutaraldehyde at a ratio of
glutaraldehyde to labneh of 1:7 (wt/vol). This mix-
ture was poured onto a petri dish as a thin layer and
left for 30 min at 4°C to solidify before I-mm cubes
were cut with a razor blade. Because the RO-AF
labneh remained too soft to handle after this treat-
ment, the cubes were coated with 3% aqueous agar to
protect them and were stored overnight in 3%
glutaraldehyde in 175 mM sodium cacodylate-HCl
buffer (pH 7.2).

After rinsing in water, the specimens were de-
hydrated with three changes of acidified dimethoxy
propane over 3 h and embedded in araldite resin.
Two-micrometer sections of labnehs were cut with a
glass knife on an ultramicrotome (Reichert Ultracut
E; Leica UK, Milton Keynes, United Kingdom),
placed on a drop of 10% acetone on a circular
lO-mm diameter cover slip, and dried by gentle heat-
ing.
Etching of sections. A stock solution of saturated

NaOH in absolute ethanol was prepared by the
method of Lane and Europa (7) an.d was allowed to
stand for about 1 wk until the solution. became dark

TABLE 1. Chemical composition of labnehs.ï

RESULTS AND DISCUSSION

Chemical Composition

The chemical composition of the labnehs are sum-
marized in Table 1. The traditional (control) and UF-

Labneh2 TS Protein Lactcseê Fat Ash
(mg/kg)

X SE X SE X SE X SE X SE
23.31 0.20 9.20 0.14 4.16 0.05 9.18 0.10 0.79 0.05
22.64 0.33 8.80 0.24 4.53 0.34 8.45 0.10 0.86 0.02
22.22 0.15 6.38 0.10 8.24 0.22 6.60 0.30 1.00 0.05
22.24 0.21 9.00 0.11 4.26 0.09 8.20 0.13 0.78 0.01
23.22 1.03 6.82 0.48 9.07 0.02 6.25 0.07 1.08 0.03
22.50 0.19 6.38 0.34 8.72 0.31 6.10 0.14 1.30 0.02

Traditional (control)
UF-AF
RO-AF
UF-BF
RO-BF
Direct reconstitution

In = 3.

2Labneh manufactured with UF-AF = (UF after fermentation), UF-BF = (UF before fermentation), RO-AF = [reverse osmosis (RO)
after fermentation I, or RO-BF = <RO before fermentation).

3Determined by difference,
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treated labnehs (UF-AF and UF-BF labnehs) had 10
5

higher protein and fat contents than did the remain-
ing test samples, which was to be expected as the
double-layer cloth bags and UF membranes allowed
the separation of lower molecular mass compounds,
such as lactose and minerals, into the permeate or
filtrate while retaining protein and fat. Conversely,
with RO and direct reconstitution, all constituents
were concentrated in proportion to the concentration
factor. The latter samples had much higher lactose
contents than the traditional and UF-treated sam-
ples. There were no major differences in chemical
composition between labnehs that were concentrated
before and after fermentation.

Dynamic Rheological Properties

The physical properties of the labnehs were exa-
mined by conducting frequency sweep tests (Figure
1). The different manufacturing techniques led to
differences in the physical properties of the resulting
products. Within the linear viscoelastic region, the
traditional sample had the greatest complex modulus
(G*), followed by UF-AF and UF-BF samples, direct
reconstitution, RO-BF, and RO-AF labnehs, respec-
tively. Structural degradation occurred at some point
in the frequency range in all except the traditional
labneh. Both the rheological differences between the
samples within the linear viscoelastic region and
structural degradation indicate that the same interac-
tion forces take place in the formation of labneh gels
but to different degrees. Similarly, within the linear
viscoelastic region, the loss tangent (tan li == loss
modulus/storage modulus) values of the samples
were not significantly different, indicating that the
nature and type of the interaction forces were similar
(data not shown). The storage modulus and loss
modulus are similarly related to the spatial distribu-
tion and the number of protein-protein bonds, which,
therefore, suggests that tan 0 is related to the nature
of the protein bonds (13). A slight frequency depen-
dency within the linear viscoelastic region was appar-
ent, which seemed to be independent of the method by
which the labnehs were manufactured. The increase
of G* with frequency suggests a relaxation of bonds
over the time scale of the measurements (13) with
greater numbers of individual bonds relaxing over
time. This type of rheological behavior is typical of
particle gels such as yogurt (1).

A yogurt gel network is primarily built of casein
and denatured whey protein complexes, and, to study
the role of protein concentration (independent of

10'

10.2 10·'

Log frequency (Hz)

10°

Figure 1. Frequency sweep pattern of labnehs tested. Results
are the means of eight separate runs repeated five times (n = 8).
Standard errors are less than ±8% of the mean values and smaller
than symbol dimensions. Asterisks indicate the complex modulus
(G*) after gel structure degradation (outside the linear viscoelas-
tic region). Traditional labneh ( .; control); labneh manufactured
with reverse osmosis (RO) after fermentation (6), UF after fer-
mentation (.), UF before fermentation (.), direct reconstitution
(0), and RO before fermentation (D).

method of concentration) in gel formation, UF milks
were adjusted to various protein concentrations using
the same UF permeate to keep the same ionic en-
vironment of each sample. The effect of protein con-
centration on the dynamic modulus G* and tan 0 is
illustrated in Figure 2. A strong dependence of G*
and tan 0 on the protein concentration was evident.
The minimum protein concentration at which a gel
could be formed was 3%, which is presumably due to
the lower number of protein contacts in the larger
solvent concentration. Structural degradation oc-
curred at protein concentrations up to 7% but not at
9%.With increased protein, G* increased. These find-
ings are consistent with previous studies (3, 16, 23),
which relate gel strength to the casein concentration.
Bremer et al. (3) proposed that the total length of the
stress carrying strands per unit volume is a decisive
factor for the gel strength of yogurt and that the
nature and position of the strands in the network also
determine the rheological properties of the gel. Ross-
Murphy (16) stated that, ideally, there should be a
direct relationship between the number of molecules
participating in the junction zones of a protein net-
work and the gel strength. Also, Walstra et al. (23)
reported that the number of contact points between
the casein clusters is independent of their size but
dependent on casein concentration.

As can be seen from Figure 2b, within the linear
regions, tan 0 values were independent of casein (pro-
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Figure 2. EfTect of protein concentration [3% (0), 5% (0), 7%
( ~), or 9% (0) 1 on the complex moduli (G") (a) and the loss
tangent (tan 6) (b) of the samples examined. Results are the
means or eight separate runs repeated five times (n = 81. Standard
errors are less than ±8% of the mean values and are smaller than
symbol dimensions. Asterisks indicate the complex modulus (Ge)
after the gel structure has degraded (outside the linear viscoelastic
region).

tein) concentration, which implies that the nature of
the protein-protein bonds was the same. Because the
dependence of G* on the protein concentration was
nonlinear, it can be concluded that the number of
stress-carrying strands was not proportional to
volume fractions of casein particles, and so the net-
work formed was very heterogeneous.

Microstructure

The SCEM of traditional and stirred-type labnehs
are presented at low and higher magnifications in
Figures 3 and 4, respectively, and the set-type lab-
nehs are shown in Figure 5. The microstructure of the
samples was determined by the mechanical treat-
ments and the order of application of concentration
technique (before or after fermentation). At low mag-
nification (2500x), the traditional labneh (Figure
3a) appeared to have a more compact structure than
did the other two stirred-type labnehs (UF-AF and
RO-AF labnehs; Figure 3, band c, respectively). Sur-
prisingly, SCEM failed to reveal any notable differ-
ence between the two membrane-treated, stirred-type
labnehs (Figure 3, b and c) despite the considerable

Joumal of Dairy Science Vol. 82, NO.4, 1999

Figure 3. Scanning electron micrographs of stirred-type labnehs:
traditional (control) (a I, manufactured by UF after fermentation
(b), and manufactured by reverse osmosis after fermentation (c).
Continuous casein micelles (black arrows) and thread-like struc-
tures (white arrows) can be observed between casein strands.
Magnification: 2500x. Legend: lactobacilli = I, streptococci = s, fat
globules = f, and voids = ...
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Figure 4. Scanning electron micrographs of stirred-type labnehs:
traditional (control) (a), manufactured by UF after fermentation
(b), and manufactured by reverse osmosis after fermentation (c).
Continuous casein micelles (black arrows) and deformed (ripped-
off) casein strands (white arrows) are evident. Magnification:
12,600x. Legend: streptococci = s, fat globules = f, and voids = *.

differences in the rheological properties and protein
concentrations of these samples.

The RO-BF labneh had a structure similar to the
direct reconstitution labneh (Figure 5) and is not
shown. Damage was not detected in the structures of

Figure 5. Scanning electron micrographs of set-type labnehs:
manufactured with UF before fermentation (a) or by direct recon-
stitution (b). Continuous nondeformed structure is evident (black
arrows). Magnification: 2500x. Legend: lactobacilli = 1, streptococci
= s, and voids = *.
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tional (control) labneh (Figure 4a), which was not
agitated, and there was reasonable agreement be-
tween the rheology and microstructure of samples
tested. It is, therefore, concluded that the separate
particles seen in the membrane-treated samples could
be broken protein aggregates (UF-AF labneh) and
broken or ripped-off casein strands <RO-AF).

OZEA ET AL.

UF-BF and direct reconstitution labnehs; the voids
and protein structure were relatively evenly dis-
tributed.

The labnehs generally displayed continuity of
structure except for RO-AF and, to a lesser extent,
UF-AF labneh. The discontinuity in the membrane-
treated, stirred-type labnehs is probably linked to the
detrimental effect of RO and UF on the delicate gel
structure. The casein clusters were thicker in the
membrane-treated samples, perhaps as a result of
pressure forcing the casein aggregates to come
together during the early stages of the membrane
processes. This compression is particularly notable at
higher magnification in Figure 4, a and b, which
shows that the thicker casein strands in UF-AF lab-
neh occupied less space in the casein network than
did the traditional product, although the protein con-
centrations were the same. However, the same mem-
brane treatments to milks (i.e., before fermentation)
did not produce such structures; instead, fine, con-
tinuous microstructures were evident (Figure 5a).

Small, thread-like structures were visible between
the strands in both the RO-AF and UF-AF labnehs,
which may be the result of stretching and shearing of
casein aggregates during the later stages of UF and
RO when viscosity is increased. More separate parti-
cles were present in the network in the RO-AF labneh
than were in the UF-AF counterpart. The lower pro-
tein content of the RO-AF labneh would be expected
to have resulted in considerably larger compartments
compared with the higher protein content samples
(traditional or UF-AF). However, fairly close net-
work densities were evident in both membrane-
treated, stirred labnehs (UF-AF and RO-AF Figure 3,
band c, respectively). One explanation is that the
high pressure RO application to fermented milk
might have caused a ripping of the casein aggregates,
but the lower pressure during the UF process might
have stretched the casein strands and broken a lower
number of bonds between the casein aggregates. This
difference may be connected to the wide
polysaccharide-like structures in the UF-AF labneh
compared with the tiny thread-like structures in the
RO-AF seen at higher magnification (Figure 4, b and
c, respectively). Because nonpolysaccharide-
producing yogurt culture was used in the manufac-
ture of the labnehs, these structures are unlikely to
be polysacchartde materials.

It is possible that these unusual structures may be
the result of artifacts or that the apparently separate
particles may in some cases actually be the front view
of a casein chain that has a continuous structure.
However, these structures were not seen in the tradi-
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CONCLUSIONS

The large differences in the rheological properties
of the labnehs seemed to be dependent on the level of
protein and TS elevation technique. Electron
microscopy revealed that the application of the con-
centration techniques to the fermented milk had
detrimental effects on the structure. The amount of
damage to the casein strands seemed to be related to
the shearing effect of the UF and RO membranes.
However, in terms of the physical properties of the
labnehs, the UF-AF and UF-BF labnehs had similar
characteristics. Through changes in the processing
variables (e.g., pH at the beginning of concentration,
transmembrane pressure, and operating tempera-
ture), a material might be produced that has a less
damaged structure and a better texture. In summary,
UF treatment to the warm fermented milk seems to
be a promising technique in the manufacture of good
quality concentrated yogurt.
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The rheological properties of three different concentrated yoghurts (- 23% total solids, pH 4.0) and a standard yoghurt (-16%
total solids, pH 4.3) were determined during incubation and storage. The high solids yoghurts were manufactured from milks
concentrated by ultrafiltration (UF) to 9% protein, by reverse osmosis (RO) to .....6.8% protein and by direct reconstitution of full-fat
milk powder to -6.4% protein; the standard product contained -4.3% protein. Development of the gel structures during
incubation was monitored discontinuously using a stress-controlled oscillatory dynamic rheometer. The complex modulus (G*) and
loss tangent (tan ~ were measured as functions of amplitude (torque range 10-3_10-2 mNm at 0.25 Hz). In the RO- and direct
reconstitution yoghurts, a typical pattern of gelation was observed, with the initial viscous nature of the milk being modified by rapid
development of a gel structure and, finally, a 'stationary phase' with respect to rheological changes. However, the complex modulus
(G*) of the higher protein system (UF-milk) continued to increase with time, i.e., further development of the gel structure occurred
during storage. The relative rates of gel development were dependent on protein content. © 1999 Elsevier Science Ltd. All rights
reserved

Keywords: concentrated milk; gelation; rheology; dynamic moduli

II\'TRODUCTION

Yoghurt is defined as a cultured milk product pro-
duced with thermophilic lactic acid bacteria, usually
Streptococcus thermophilus and Lactobacillus delbrueckii
subsp. bulqaricus (Davies et al., 1978; Kalab et al.;
1983;Tamime and Robinson, 1985; Mottar et al.; 1989).
These starter bacteria, by converting lactose to lactic
acid, are responsible for the reduction in zeta poten-
tial that leads to the destabilisation of the casein micelles
and, incidently, the partial dissociation of calcium phos-
phate associated with the micelles; solubilisation is al-
most complete at around pH 5.2-5.0 (Heertje et al., 1985;
Visser et 01., 1979).As a result of a further decrease in pH,
the casein micelles lose their structural integrity and
become unstable (van Vliet et ,,1., 1991). After initial
contact between the casein micelles, there is a loss of
structural entropy which is accompanied by further
aggregation and, under quiescent conditions, a three-
dimensional heterogeneous casein network forms
(Benezech and Maingonnat, 1994) held together by
covalent and other protein-protein interactions (Dickin-
son, 1990; Rohm and Kovac, 1994). The extent of these
interactions is determined by both the concentration and
physico-chemical state of the proteins, as well as factors
such as pH.
The heat treatment applied to the yoghurt milk further

affects this basic process of gel formation; the usual

• Corresponding author.

treatment of 95~C for 7-10 min results in the denatura- .'
tion and, subsequently, aggregation of the whey proteins.
(Euber and Brunner, 1982; Doi et al., 1983; Hill, 1989).
During this process, a specific interaction between
x-casein and p-lactoglobulin occurs via reduced thiol/di-
sulphide interchange reactions (Hill, 1989), and these
heat-induced protein interactions are essential for the
formation of a yoghurt with desirable textural properties
(Dannenberg and Kessler, 1988).

In commercial practice, many factors influence the
physical characteristics of a yoghurt gel (Reefs, 1986;
Roefs and van Vliet, 1990; Dickinson and McClement,
1996) and, while the importance of post-incubation
conditions, such as in-plant shear and storage temper-
ature, cannot be underestimated, it is believed that
the rheological characteristics .of yoghurt are deter-
mined mainly by the gelation process. This view is
supported by a number of studies that have been car-
ried out on gel formation during the incubation of
standard yoghurt [16% total solids (TS), w/v] (Schulze
et al., 1991; Biliaderis et al., 1992; Parnell-Cluiness et al.;
1988), but it is not clear whether the impact of the
gelation process is so critical in milks of high total
solids milks (22-23% TS, w/v) that might be used
to manufacture concentrated yoghurt (Ozer et al.,
1997, 1998). Consequently, the aim of this study was
to: (a) reconstitute bovine, full-fat milk powder to
16% TS, and then concentrate batches of milk by vari-
ous techniques; and (b) monitor the physical properties
of the milks throughout their fermentation to yo-
ghurt, and during subsequent storage of the products at
4'C.
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were then incubated at 42'C until the desired pH value
had been reached (pH 4.3 for the control and 4.0 for the
concentrated samples). These values were selected be-
cause it is common practice to produce concentrated
yoghurt at about pH 4.0, and normal yoghurt at pH 4.3
(Tamime apd Robinson, 1985). The pH of the samples

.. was recorded during incubation using a pH-meter (model
Kent ElL 7045/46) fitted with a standard combination
glass electrode, and ionic calcium was determined using
an ion selective electrode ISE Cal+/pH Analyser Model.
634 (Ciba Corning Company Diagnostic Ltd., Cbel-

emsford, England); the rheological measurements were
carried out as detailed below. After incubation to the
desired pH, the samples were transferred to a cold room
at 4°C.

794 ---- - ._._e .. B~ïi.Oz~-;"ët.al.'- .. ---- .. ------

·MATERIAlS AND METHODS

Materials
.,- --- - - ._.

Throughout the study, a medium-heat, Iull-fat milk
powder (whey protein denaturation, "" 10%) supplied by
Adams Food Ingredients Ltd. (Leek, Staffs., UK) was
used as the basic raw material. The starter culture (Code
CHI) was obtained in freeze-dried form from Cbr. Han-
sen's Laboratory (Reading, England); and the suppliers
stated that it was a blend of Streptococcus thermophilus
and Lactobacillus delbrueckli subsp. bulqarlcus in equal
proportions. .

Methods

Bottles (150 mL) of sterile milk (antibiotic-free, skim-
milk powder reconstituted to 12% TS and autoc1aved at
121°C for 2 min) were used to grow the starter culture on
a routine basis, and the initial resuscitation was made by
adding approximately 1 g to 100 mL of milk. After incu-
bation at 42°C to obtain a weak gel, a subculture was
made by transferring 2 mL of the original culture int.o
100 mL of sterile milk and incubating for 3.5 h. This
routine was repeated weekly, and the fresh cultures were
stored at 4°C prior to use.

Batches of milks (5 L, 22-23 % TS, w/v) were prepared
by three different techniques. One batch of milk was
prepared by direct reconstitution of the milk powder to
23% TS (w/v) (direct reconstitution yoghurt), while for
the second and third batches, 16% TS (w/v) reconstituted
milk was further concentrated to approximately 23%
(w/v) by ultrafiltration (UF-yoghurt) or reverse osmosis
(RO-yoghurt). The membrane techniques were used at
SO'C' the specifications of the UF membrane were: sur-
(ace ~rea, 0.8 m2; type, ES 625; membrane material, poly-
ether sulpbone; nominal molecular weight cut-off,
25000 Da, and of the RO membrane: surface area,
1.2012; type, ZF 99; membrane material, polyetber sul-
phone. The UF cartridge consisted of a bundle of tubular
membranes. Both membranes were supplied by Paterson
Candy International (PCI, Whitchurch, Hampshire,
England). The inlet and outlet pressures of the UF syst~m
were 0.3 and 0.1 MPa, respectively, and the working
pressure of the RO system was 2 MPa. A final. ba~ch
(unconcentrated control), prepared by reconstitutmg
milk powder to 16% TS (w/v) was regarded as a 'co~trol'
because its rheological properties could be predicted
(rom previous studies. .

A Silverson High-speed mixer (Silverson Machmes
Ltd., Chesham, England) was used to incorporate the
milk powder (16 or 23% TS) at 4O'C and, after the
necessary concentration, the milks were heated at 8S'C
(or 20 min in stainless steel buckets placed in a water
bath. Uniformity of heating was achieved by means of
a low-speed (40 rpm) stirr~'r, and stirring was continued
during cooling of the ~ilk-to 42'C in an ice-cold water
bath. AU batches were subjected to the same treatment
and, although the thermal conductivities of the milks
may have varied due to the different levels of salts and
lactose, these contrasts did not appear to influence the.
rates of heat transfer; all samples reached 85°C within
15 ± 2min.
The cooled milks were inoculated with the yoghurt

starter culture (CH-I) at a level of 2% (w/w), and dis-
pensed into yoghurt pots of 150 ml capacity. The pots

Rheological measurements

The gelation profiles of the milks were monitored
discontinuously using a RheoTech International (Cam tel
Ltd., Royston, Herts., UK) controlled-stress rheometer
and, on anyone occasion, only one type of yoghurt was
examined. Samples of yoghurt were removed from the
pots at half-hour intervals, from the first hour of incuba-
tion onwards, by taking a thin slice (1.0-1.2mm) (rom
beneath the surface of tbe gel, and loading it into the
rheometer. The rheometer was set up with parallel plate
geometry (10 mm radius chamber and 1mm gap), and
the temperature of the samples was maintained at 2S'C
using a circulating water system; this temperature was
chosen to reduce the risk of a further decrease in pH
during measurement. Each sample was loaded into the
rheometer and allowed to relax and equilibrate to
measuring temperature (S min) prior to assessment of
its rheological properties. The complex modulus (G) •
and loss tangent (G*/G* = tan c5) were determined as
amplitude sweeps within a torque range 10-3 to and
10-2 mNm at 0.25 Hz during the gelation stage,
and within a torque range 1.5x 10-2 to 1.5x 10-1 mNm
at the same frequency for yoghurts during storage at
4'C.

A number of preliminary observations suggested that
gelation occurred between 90 and 120min.. How-
ever, with the rheological technique employed In the
present study, it was difficult to detect the exact .onset
of gelation since the measurements were recorded discon-
tinuously and, on each occasion, a new cup was used;
the pH and ionic calcium values were determined on the
same sample. Consequently, the gelation point was
taken as the point in time when the storage modulus
(G') first exceeded the noise level of the meas?re-
ment (-10 Pa). Each type of yoghurt was made on eight
separate occasions for assessment of the rheological
properties.

Statistical analysis

The results were analysed in Exel (Windows 95) to
obtain mean values and standard errors, and gelation
rates were compared using a standard r-test,

Rate of gel development

The rate of development was estimated by applying the
first-order reaction kinetic model described by Biliaderis
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et al. (1992):
Gel development rate (k) = 2.303/tlog" (G! - Gtt!

. o'G! - Gt2)'

where G:' = complex modulus at.the completion of the
gelation process, Gr,. = complex modulus at the onset of
, gelation, G!,. == complex modulus at time t (minutes).

RESULTS AND DISCUSSION

Chemical c~~pos~tion"

The chemical composition of the concentrated and
control yoghurts are illustrated in Table 1. In general, the
protein and fat contents increased in UF-yoghurt in line
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with the .concentration factor, but the same fractions
increased in the RO- and direct reconstitution yoghurts
to a lesser extent. The lactose concentration was reduced
to 4.26% (w/v) in UF-yoghurt from 6.16% (\V/v),whereas

, in the RO-yoghurt and direct reconstitution milks, lac-
, tose increased with the concentration factor.

The pH value: of the unconcentrated (control) milk
(16% TS, w/v) reached pH 4.3 within 240 min' put, in the
higher total solids samples, the decline in pH was slightly
slower due to thehigher buffering capacity of the concen-
trated milks (data not shown)., '

All the samples showed a linear viscoelastic region
(see Figs 1 and 2) with no sign of structural break-
down over the measured range (10-2-10-3 mNm); no
slippage was observed in the measuring system. Some
structural damage could have occurred during loading of

Samples

Table 1. Chemical Composition of Yoghurt Samples. Results are the Average of Three Separate Runs (n = 3)

Total solids
%

Protein Lactose" Fat Ash
% % % %

4.36 ± 0.04 6.16 ± 0.07 4.50 ± 0.6 0.93 ± 0.05
9.00 ± 0.11 4.26 ± 0.09 8.20 ± 0.13 0.78 ± 0.Q1
6.82 ± 1.48 9.07 ± 0.02 6.25 ± 0.07 1.080.05
6.38 ± 0.04 8.72 ± OJI 6.10 ± 0.14 1.30 ± 0.02

Unconcentrated yoghurt
UF-yoghurt
RO-yoghurt
Direct reconstitution yoghurt

16.00 ± 0.03
22.24 ± 0.21
23.22 ± 1.03
22.50 ± 0.19

• Lactose was determined by difference.
(After: Ozer et al., 1997).
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Fig. I. Changes in the complex modulus (G*) of the samples during incubation G* was determined as a function of amplitude sweeps
within the torque range 10-3_10-2 mNm at 0.25 Hz. Results are the average of eight separate runs. Measuring temperature was 25'C.
Measurements were taken at 120 min (open symbols) and 180 min (closed symbols) of incubation RO-milk. (L-A.), UF-milk (0-.),
unconcentrated milk (0-+), direct reconstitution milk (o-e),

3000
~ ~ J'\.

Cl 2500 .... -~

III" 2000 - --.:: ----6 1500 ~,

0 ~ ...',"e ..... "'!"
'()oe 1000
-!
~ 500
0
0 0

10.3 10.2 10"

Log stress amplitude range mNm

Fig.2. Changes in the complex modulus (G* }of the samples during incubation. G* was determined as a function of amplitude sweeps
within the torque range 10-3_10-2 mNm at 25 Hz. Results are the average of eight separate runs. Measuring temperature was 25'C.
Measurements were taken at 240 min (closed symbols) and 360 min (open symbols) of incubation. RO-milk (;:'-A.), UF-milk (0-.),
unconcentrated milk (0-+), direct reconstitution milk (0-.).

Stellenbosch University http://scholar.sun.ac.za



-~

796 B. H. Our et aL

100

0._----~----~~----~~~=+------~----~----_4------~----~----~
'.7"" '.'''.0 u-u "'.$,3 '.2"'-1 U·U <1.7",-, ........ 4 -403-4.2 4.1-4.0 3.1"'-0

o '0 lO lO 120 150 110 Z10 240 300 310

pH and IncubllUon Ume (min)

Fig.3. Changes in the complex modulus (G*) of the samples as funcations of incubation time and pH. Results are the averafe of eight
separate runs. Standard errors were less than symbol dimensions. Experimental conditions: Amplitude range 10-'-10- mNm at
0.2S HZ; temperature 2SoC, parallel-plate geometry, plate radius 10mm, gap setting 1mm. Figures were derived from the centre point
of the linear viscoelastic region of each sample (5 x 10-' mNm). Unconcentrated milk (+), direct reconstitution milk (.), RO·milk (O),
UF·milk (6).
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Fig.4. Changes in the loss trarigent (tan cS) values of the samples as functions of time and pH. Experimental conditions: Amplitude
range 10-'_10-2 mNm at 0.25 Hz, temperature 25'C, parallel-plate geometry, plate radius 10mm, gap setting 1mm. Results are the
average of eight separate runs. Figures were derived from the centre of the linear viscoelastic region of each sample (5 x 10-' mNm).
unconcentrated milk (+), direct reconstitution milk (a). RO·milk (e). UF-milk (6).
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the samples, but it was not detectable, and the first
positive dynamic measurements were recorded when the
storage modulus coincided with an initial value of about
10 Pa.
Figures 3 and 4 show the changes in the complex

modulus (G·) and loss tangent (tan b) values of the test.
samples as functions of the pH and incubation time.
During the early stages of incubation (0-90 min), no
viscoelasticity was evident in any of the samples but as
the pH decreased, an increase in the complex modulus
(G·) was observed (Fig .. 3) which was associated with
.a transition from the 'liquid' to the 'gel'state. This change
was evident from the sudden decrease in the loss tangent
(tan b) (Fig. 4), and was similar to that observed for
normal yoghurt (Biliaderis et al., 1992). The 'gel' onset
point for all samples was in the critical range for acid gel
formation, i.e. pH 4.9-5.2 (Heertje et al., 1985), and
seemed to be essentially independerit of the level of total
solids. After the gels had formed, the loss tangent (tan bl
remained almost unchanged for each sample throughout
the incubation period, suggesting the formation of essen-
tially similar network structures.

797

In contrast with most of the samples, the complex
modulus (G·) of the UF-milk sample did not reach
a steady 'plateau' within the experimental time-frame,
but continued to increase over the entire period of incu-
bation. The loss tangent (tan b) values of the UF-milk
were, however, similar to those observed for the other
samples, and this pattern suggests that the same interac-
tive forces were involved in gel formation in all cases, but
to different degrees.· .
: From the above data, it was possible also to calculate
the apparent gel development rates of the different milks,
and Table 2 shows the results, together with the gelation
times (taken as the time in minutes to attain a G· of
~ 10 Pa). Overall, the gel development rate was highest
in the control milk (16% TS), followed by the direct
reconstitution, RO and UF milks in decreasing order, i.e.
the lower the level of protein, the faster the rate of gel
formation. This comparison suggests that in high protein
systems; like the UF-milk, flocculation kinetics may
change so that, in effect, the system enters into a 'meta-
stable' state in which the strength of the gel can continue
to increase (Schulze et al., 1991); the shape of the curve for

Table 2. Apparent Gelation Rate Constant (k x 10-3 min-I) and Onset of gelation (Time in Minute to Attain a G* of -10 Pa) of
Concentrated Yoghurt upon Fermentation (n = 8)

Parameters U nconcentrated UF-milk RO-milk Direct rec. milk
milk (16% TS) (-23% TS) (-23% TS) (-23% TS)

Gel development rate 18.3± 1.56' 4.88 ± 0.51b 8.66 ± 0.34· 8.62± 0.70·
Gel onset point 105 ± 4.8 90 ± 3.1 120 ± 2.3 115± 1.5

Samples showing a common superscript in row did not differ significantly (P > 0.05).
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Fig.5. Changes in the concentration of ionic calcium in test samples as a function of incubation time. Results are the average of th~ee
separate runs. Standard errors were less than symbol dimensions. Unconcentrated milk (.), direct reconstitution milk (w), RO-mIlk
(e), UF-milk (c.).

Stellenbosch University http://scholar.sun.ac.za



- _.- - - _ _.. .. _ .
B. H. Oxer et al.

UCo

1000

:. ICO.',e
]
il 100
0e
Ic
.!!
~
0 440(.)

20C

Stor.ge time (dIlys)

Fig. 6. Changes in the complex modulus (0·) of samples as a function of amplitude sweep during storage period up to 14 days.
Results are the mean of eight separate runs each done five times. Figures were derived from the centre point of tbe amplitude sweep
within the linear viscoelastic region (7 x 10-1 mNm). UF yoghurt (6), direct reconstitution yoghurt (.), aod RO-yoghurt (e).

the G· data (Fig. 3) indicates that the number and/or
distribution of the strong and weak bonds within the gel
was increasing with time (Dickinson, 1994). The sim-
ilarity of the gel onset points indicates that the rates of
acidification of the milks were similar, so that once the
critical pH had been achieved, gelation was observed
irrespective of the level of protein present; only consoli-
dation of the gel was dependent on the actual concentra-
tion of protein.

Changes in the concentration ofionic calcium, [Cal +],
as a Cunction of incubation time are shown in Fig. 5, and
the point at which the gels became visible (90-120 min,
pH .....5.0) is clearly associated with an increase in
[CaH]; this pattern was seen in all samples. There was
no apparent correlation between the [Cal+] and the
magnitude of the complex modulus, but the slow release
of Cal+ with increasing acidity is evident. Below pH
-5.0 (around 120 min), the release of ions from the
coagulating protein became quite marked, providing fur-
ther evidence, albeit indirect, that gelation was taking
place.

According to Reefs (1986), the number of 'effective'
bonds between two casein particles increases at low pH
as the number of negative:charges decreases, along with
the magnitude of electrostatic repulsion, until a stable
state exists. If this is the case, then it would appear that
the rate of decrease of the repulsive forces was slower in
the UF-milk than in the other samples, and that the
stationary phase may not bave been reached during
incubation, a suggestion confirmed to some extent by the
behaviour of UF-yoghurt during storage Cor 14 days at
4'C (Fig. 6). Thus, while the complex modulus (G·) of the
RO- and direct reconstitution yoghurts remained con-
stant throughout the storage period, a gradual decrease

in the network modulus of tbe UF -yoghurt was observed
during the first 7 days of storage. As changes in pH
throughout the storage period were negligible, it seems .'
likely that slow protein rearrangements were continuing ..
and more protein-protein contacts being established.
Such rearrangements of the protein network are quite
likely in acid casein gels (Ross-Murphy, 1990). .
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The Behaviour of Starter Cultures in
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Concentrated yoghurts were produced by fermenting milks concentrated by ultra-filtration and reverse osmosis, and by removing whey
from batches of natural yoghurt using the same techniques. The choice of procedure influenced the chemical composition of the
end-products and also, as indicated by the titratable acidities and acetaldehyde contents of the labnehs, the metabolic activity of the
starter culture. Although the behaviour of the cultures varied with the total solids in the milk, the total colony counts of Streptococcus
thermophilus and Lactobacillus delbrueckii subsp. bulgaricus recorded after 24 h at 4°C were similar in all samples. A taste panel
assessment revealed a definite preference for labneh (230 glkg total solids) produced at this concentration by ultra-filtration of natural
yoghurt (160 glkg total solids).
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Introduction

Concentrated yoghurt, which is popularly known as
'labneh' in the Middle East and as 'strained yoghurt' in
Greece and the rest of Europe, is consumed as a main
dish at breakfast in many middle eastern countries, such
as Iraq, Iran and the Lebanon, but it can also be served
as a dip with garlic, dried herbs (usually mint and parsley)
and red peppers, or with cucumber and olive oil. Tradi-
tionally, concentrated yoghurt was made by pouring
normal yoghurt (120-140 g/kg total solids) into a cloth or
animal-skin bag and allowing some of the whey to drain
away until the residual product had a composition of
some 230-250 g/kg total solids, 80-100 g/kg fat and an
acidity of 1.8-2.0 g/lOO g lactic acid (1). Although the
modern product has a broadly similar composition, the
options for manufacture include: direct recombination of
full-cream milk powder; ultra-filtration of normal yog-
hurt; fermentation of milk concentrated to 230 g/kg by
ultra-filtration; reverse osmosis treatment of normal yog-
hurt; fermentation of m'iik concentrated to 230 g/kg by
reverse osmosis; and centrifugal separation of the whey
from normal yoghurt (2).
How these treatments might affect the microflora of the
end product has not been subject to any systematic
examination, however, and hence the aim of this project
was to manufacture concentrated yoghurts by a number

0023-6438/99/070391 + 05 $30.00/0
© 1999 Academic Press

of different methods and then, firstly, monitor the behav-
iour of the microflora of starter origin; and secondly,
assess the labnehs organoleptically to determine whether
any microbiological changes would be reflected in the
flavour or acceptability of the product.

Materials and Methods

In order to standardize the base milk, full cream milk
powder supplied by Adams Food Ingredients Ltd., Leek,
Staffs. U.K. was used throughout and the powder was
stored at 2'C until needed. The starter culture (CHI) was
obtained from Chr. Hansen's Laboratory, Reading, U.K.
(Freeze-dried Redi-Set, Lot No: 5018031) and was
a blend of Streptococcus thermophilus and Lactobacillus
delbrueckii subsp. bulqaricus in equal proportions. This
culture was selected because it generates high levels of
acetaldehyde and other flavour compounds during fer-
mentation, but little, if any, extra-cellular polysaccharide
which might interfere with membrane processing.
The working culture was prepared by adding a few milli-
grams of freeze-dried culture to 100 mL of previously
reconstituted and sterilized (121°C/2 min) skim-milk
with total solids of 110 g/kg, This mixture was then
incubated at 42~C until the onset of gelation. Two mil-
lilitres of culture from this first -passage were transferred
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enzymatic assay. based on ultra-violet (UV) measure-
ments (6).

IwtJvol. 32 (1999)No.7,

into 100 mL of sterile skim-milk at 42·C and, once again,
the culture was incubated until a gei had just formed.
This second culture was used for the propagation of
a bulk culture (1 L) for inoculation of the different milks
used for each trial. Bulk cultures were prepared 1 day
before the production of yoghurt or labneh.
Full cream milk powder was reconstituted in water
to 160 g/kg total solids both for making normal yoghurt
and for membrane processing to 230 g/kg prior to
fermentation (ultra-filtration, UF and reverse osmosis,
RO, milks); the milk for labneh made by direct recon-
stitution was mixed to 230 g/kg total solids.' In 'all
cases; the required amount of milk powder was weighed
into a sterilized stainless steel container containing
the required volume of tap water at 40'C; a Silverson
Emulsifier supplied by Brook Motors Ltd., Huddersfield,
U.K., was used for reconstitution. A modified Vat-
heating system was used to heat the milks to 85°C,
and each batch was herd for 20 min with constant,
slow-speed stirring. Cooling was achieved in a cold water
bath and all samples were cooled down to 45QC within I

20 min. The reconstituted milks were then inoculated
with the yoghurt culture (CH 1) at a 20 g!kg ratio and
either incubated at 42°C in bulk (51batches) for the
yoghurts to be concentrated after fermentation, or in
150 mL polyethylene cups when the total milk solids
were already at 230 g/kg. The incubation of the bulk
milks was halted at pH 4.3 to allow for further acidifica-
tion during concentration, while the milks in cartons
were held at 42°C until a final pH value of 4·0 had been
reached.
A Patterson Candy pilot-scale UF plant, (Patterson
Candy Whitchurch, Hampshire, U.K.) was used té>con-
centrate the milks and yoghurts. The UF 'cartridge con-
sisted of a bundle of tubular membranes, the specifica-
tions of which were: surface areas, 0.8 ml type, ES 625;
membrane material polyether sulphone and nominal mo-
lecular weight cut-off, 25,000 Da. For RO, the membrane
specifications were: surface area, 1.2ml, type, ZF 99; and
membrane material, polyether suiphone.
After the fermentation and concentration (products des-
ignated 'UF/RO labnehs') and concentration and fer-
mentation processes (products designated 'UFjRO
milks'), all samples were kept in the refrigerator at 4'C
along with the traditional (cloth bag) and direct recon-
stitution labnehs.

Methods of analysis
The total solids levels of the samples, the pH values, using
a pH-meter model Kent Ell 7045/46 fitted with a stan-
dard, combination glass electrode and the titratabie
acidities were determined according to the British Stan-
dard Institution Methods (3).
lactose was determined according to the lawrence
Method (4) and the fat content by the Gerber method
using Gerber (0-80 g/kg) butyrometer tubes as cited in
the British Standard Institution Method (5).Total nitro-
gen was determined by tbe standard Micro-Kjeldahl
procedure (5) and the crude protein ...·alue obtained by
multiplication by 6.38. Acetaldehyde was measured by an

Enumeration of yoghurt starter bacteria
A different medium (TPPY -Eriochrome Agar) developed
by Bracquart (7) was used, with a slight modification, to
quantify the yoghurt starters. In particular, the Erioch-
rome Black T dye was replaced by Prussian Blue dye to
obtain better differentiation between the twogenera (8),
The medium was freshly prepared before each trial and
the poured plates were .dried at 36°C for 16 h before use.
At intervals of 60 min, two samples of approximately 20 g
were taken from a bulk sample or two cartons removed
from the incubator in order to measure the pH, titratable
acidity and total colony counts of each starter organism.
Serial dilutions of the products were made in sterile
peptone water (1 gIL, 9 mL) and 0.1 ml aliquots of dilu-
tions 10-1_10-6 were spread on the surface of duplicate
plates. nie Petri dishes were incubated at 36°C for 48 h'
under anaerobic conditions provided using Gas Generat-
ing Kits (Unipath Ltd., Basingstoke, Hants., U.K., An-
aerobic System BR 038B). After incubation, the plates
were removed from the jars and left for approximately
1 h under aerobic conditions to improve differentiation;
the two organisms were recognized on the basis of the
morphology of their colonies. Streptococcus thermophilus
appeared as spherical colonies which were opaque white-
violet with a darker centre, while L. delbnleckii subsp.
bulqaricus formed larger colonies of an irregular shape,
around which blue zones appeared after 1 h under aero-
bic conditions. .

Sensory analysis
The sensory analyses were carried out according to the
scheme proposed by Pearce and Heap (9), Ten panelists
familiar with the product evaluated the samples after
overnight storage at 5°C.

Statistical analysis
The statistical analysis of the results was completed using
the Excel software programme (Microsoft Corporation,
Microsoft Way, Redmond, Washington, WA
98052-6399, U.S.A.) and significantly different groups
were detected by the Duncan test (10).

Results and Discussion

A typicallabneh contains 220-230 g!kg total solids and
has an acidity of around 1.60-1.808/100 g lactic acid (1).
The data in Table 1 confirm that the chemical composi-
tions of labnehs produced by the different manufacturing
techniques were similar to commercial products with
respect to total solids; only the labneh made using RO
concentration of the yoghurt after fermentation failed to
achieve the expected compositional values. As tbe UF
and traditional methods of concentration are selective,
the fat and protein were increased in these products at
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- Table 1 Chemical composition of labnehs produced using different méthods' óf manufact~ré

Composition (g/I00gy

Total solids - . Protein Fat --.--_-- - - Lactose Acidity"
Sample x s. i s. i s, j S. _x. S.

I

Traditional 23.3 0.24 7.45 0.11 9.18 0.11 5.66 0.07 1.7 0.01
UF labneh" 22.6 0.67 7.51 0.43 8.45 . 0.07 6.45 0.06 1.7 0.03
RO labneh" 20.2 0.20 6.38 0.20 5.60 0.06 7.24 0.03 1.7 . 0.03
UF milk" 22.4 0.11 7.75 0.25 8.70 0.06 5.91 0.07 2.0 • 0.06
RO milk" 23.2 1.03 6.82 0.13 6.25 0.07 8.98 0.02 1.8 0.03
Recom. labneh 22.5 0.19 ·6.38 0.04 . 6.10 0.14 8.72 0.31 - 1.8 0.06

After reference (11)
"Labnehs prepared by concentrating normal yoghurt (160 g!kg TS) .
b Labnehs made from milks concentrated by UF and RO to approximately 230 g/kg TS
•Means (x) and standard deviations (sJ of duplicate samples from two separate trials
4Titratable acidity as 'lactic acid'

the expense of lactose and minerals, with the slow-drain-
ing cloth bag system giving the best retention of fat.
As seen from Fig. 1, the growth of S. thermophilus was
similar in all samples, with the exponential growth phase
ending at around 180 min of incubation. At this point,
the pH values of the milks were between 5.23 and 5.60
which is probably a reflection of minor differences be-
tween the bulk samples. During the next period of incu-
bation, a stationary phase of growth for S. thermophilus
was observed, while L. delbrueckii subsp. bulqaricus grew
more rapidly until the end of the incubation (240 min).
During concentration of the yoghurts, the counts of S.
thermophilus countinued to increase, even though the
membrane treatments involved the yoghurts being cir-
culated through the plant at 50°C. A similar, albeit more
limited, rise in the counts of L. delbrueckii subsp.

24000

21000

bulqaricus was also observed, with the more even temper-
ature profile' of the traditional system being more con-
ducive to growth. The final acidities in all the products
were similar (see Table 1).
In the samples of milk that had been concentrated prior
to fermentation, the numbers of viable colonies of
S. thermophilus increased rapidly up to 180 min and then
remained stationary throughout the subsequent incuba-
tion and storage period (see Fig. 2). The final counts were
below those recorded in the traditional and UF labnehs.
This cessation of growth was caused by the development
oflactic acid in the milks, as although the typical value at
. 180 min in milks of 160 g/kg total solids was 0.75 g/100 g,
in the milk concentrated by UF to 230 g/kg total solids,
the acidity had n!ached 1.1 g/100 g. The counts of
L. delbrueckli subsp. bulqaricus were slightly higher than

18000
~~
.=! 15000"~o
~.. 12000ë
:I
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Fig. 1 Total colony counts of S. thermophilus (open symbols) and L. delbrueckii subsp. bulqaricus (closed symbols) during
incubation of milks of 160 g/kg total solids for 240 min (pH 4.3) and in the finished labnehs (pH 4.0). All figures are shown as means
of duplicate samples from two separate trials. (-0-) = Traditional labneh, (-0-) = UF labneh, (-6-) = RO labneh,
(- x -) = traditionallabneh, (-*-) = UF labneh and (-.-) = RO labneh .
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Fie· 2 Total counts (or S. thmnophl/us (open symbols) and L delbrueckii subsp. bulgarlcus (closed symbols) during incubation of
milks of 220-230 g/kg total solids (or 420 min (pH 4.) and in the finished labnehs. All figures are shown as means of duplicate
samples from two separate trials. (-x-:-) ... Recom, milk, (-.-) - UF milk, (-.-) _ RO mille, (-0-) = Recom. milk,
(-0-) ...UF milk and (-6-) .. RO milk

in the other milks (160 g/kg TS) after 240 min, and con-
tinued to rise throughout the incubation period. lo the
end products, the counts of L. delbrueckii subsp. bul-
garicus were broadly similar in all the products.
The ratio of S. thermophilus to L. deibrueckii subsp.
bulqaricus at the beginning of incubation and in the
finished products varied very little between samples.
Thus, initially, S. thermophilus contributed 94.8-96.7% of
the total bacterial population in the samples, but this
figure then declined in the final products to 77-85%.
According to Beal and Corrieu (12), one effect of proto-
cooperation between yoghurt bacteria is that, after the
lag phase, S. thermophilus forms 95% of the total popula-
tion, before the growth of L. delbrueckii subsp. bulqaricus
reduces the dominance of S. thermophilus to 85%.
Additionally, due to its less acid-tolerant nature,
S. thermophilus rarely reduces the pH below 5.0, but
L. delbrueckii subsp. bulgaricus is able to produce ap-
proximately three times more acid than its partner and
reduce the pH to 3.8. .
Similarly, Mitchell and Sandine (13) indicated that
S. thermophilus gave::higher colony numbers at every
stage of incubation, even when the incubation temper-
ature was higher than its optimum. Such observations
would suggest that the symbiotic relationship between
the two yoghurt bacteria tends to favour S. thermophilus
(14), even though it should be noted that counting
techlques which break up the long chains of cocci
comprising 5-20 cells (15) tend to change the recorded
ratio in favour of S. thermophilus as L. delbrueckii

subsp. bulgaricus is in short chains of rods (two to three
cells).
.Although the total colony counts in the final products:
were similar, the numbers of S. thermophilus were highest"
during the exponential growth phase in UF -treated milk.
This rapid development could be due to tbe higher con-
centration of stimulatory factors, such as wbey proteins,
retained in the UF milk (16). This effect was confirmed, to
some extent, by calculations of maximum generation
times (Gm.J for the mixed cultures. In general, the cul-
tures growing in milks with high total solids had shorter
generation times (1.15- 1:23 h) compared witb times of
2.13-2.20 h for cultures in milks with 160 g/kg total
solids.
A relationship between S. thermophilus and acidity was
also evident and regression coefficients between counts of
S. thermophiius and pH at the time of sampling varied
from 0.829 to 0.935 in all samples. In contrast, the counts
of L. delbrueckii subsp. bulqaricus were not markedly
affected by acidity (rl between 0-536 and 0-668) in milks
with lower total solids. Wben the total solids of the milks
was elevated to approximately 230 g/kg, however, tbe
effect of acidity on the growth of L. delbrueckii subsp.
bulgariclls become relatively more important (rl between
0.79 and 0.845). Tbis contrast could perhaps be at-
tributed to the more prolonged exposure of the cells of
L. delbrueckii subsp. bulgaricus to levels of acidity above
1.0g/loo g during the longer incubation periods used
with the concentrated milks. These results are consistent
with those ofTramer (17) and Sinha (18) and, as might be
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Table 2 Sensory properties of labnehs produced using different methods of manufacture and the levels of acetal-
dehyde (mg/kg) recorded in the same products' •

Appearance' Body/texture' Aroma/flavour Overall scores" Acetaldehyde'
Sample x 51 x 51 X 51 _ X 51 X s,

Traditional 2.38· 0.91 2.09· 0.24 4.76· 0.33 9.23· 0.17 9.9* 1.00
UF labneh" 4.30t 0.03 ~.W 0.09 7.00t 0.06 15.46t 0.02 22.8t 1.50
RO labneh" 0.76' 0.05 1.14~ 0.03 3.04: 0.02 4.94~ 0.04 15.0: , 0.65
UF milk! 2.96f": 0.11 2.90: 0.19 6.60t 0.09 12.19: 0.13 15.5: ' 1.60
RO milk" 3.12: 0.06 3.34: 0.03 6.24t 0.21 12.70: 0.15 14.1: 0.40
Recom. labneh 3.12: 0.12 2.98: 0.Q2 6:24t 0.05 12.34: 0.07 16.1: 0.80

"Labnehs prepared by concentrating normal yoghurt (160 g!kg TS)
t Labnehs made from milks concentrated by UF and RO to approximately 230 g/kg TS
•Means (.'C) and standard deviations (sJ of duplicate samples from two separate trials
4Appearance and body/texture were scored out 5 and aroma/flavour out of 10
Samples within a column showing a common superscript do not differ significantly (P > 0.05)

expected, this pattern was reflected in the levels of acid
produced. In the milks which were concentrated and then
converted to labneh, the titratabIe acidities in the end
products were higher than in the labnehs concentrated
after fermentation (see Table 1).
The favourable growth pattern observed in the UF con-
centrated milk was confirmed by the higher level of
acetaldehyde (see Table 2), but it was notable that the
taste panel were not conscious of this difference. In terms
of overall acceptability, the labneh produced by UF
concentration of normal yoghurt (160 g/kg TS) was the
preferred option but the higher pressures associated with
the RO treatment proved too destructive. This reaction
of the taste panel, combined with the retention of high
microbial counts of starter origin in the end product,
suggests that the UF concentration of fermented milk
would be the most appropriate method for the large-scale
production of labneh.
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Does quantity
compromise

quality?J H AI-Jedah and R K Robinson investigated the chemical and microbiological
characteristics of fermented milks purchased from retail outlets in Qatar

As yogurt is believed to have
originated in the Middle
East, it is no surprise that
even today it remains, along
with dates and fish, one of

the most popular of the traditional foods.
Tonnage quantities of natural or flavoured
set yogurts are produced locally or imported,
and the concentrated yogurt labneh is an
essential feature of any breakfast table.

For most consumers, it is the clean,
mildly acidic taste that appeals, but it is
important that the increase in milk solids in
yogurt will improve the compositional
analysis of yogurt vis-a-vis milk, eg >5.0%
total protein versus 3.2% in full cream milk

or >180mg ml" of calcium versus 115mg
in milk (1).

In addition, the bioavailability of nutri-
ents like calcium and zinc is enhanced as a
result of the fermentation. Some increases
in B vitamins and folic acid have been
recorded as well. Furthermore, traditional
yogurt has always contained 3-4% milk fat,
while labneh will contain 9-10% fat, and it
should not be forgotten that lipids are an
integral part of any balanced diet.

Equally important may be the proposed
prophylactic/therapeutic role for yogurt.
Well-made products should contain, at the
time of sale, millions of cells pj the two
cultures employed during the fennentation;·
namely Streptococcus thermophilus and
Lactobacillus delbrueckii subsp bulgaticus.
Although neither organism is likely to
survive the digestive process in humans, it is
feasible to suggest that, as the cells autolyse

•

within the small intestine, the liberated
'. enzymes and other cell contents could
have the effect of stimulating the beneficial
native microfloras of lactobacilli and
bifidobacteria. It is for this reason that food
regulations in many countries stipulate that
yogurt must, at the point of sale, have colony
counts for each species in the region of
10 x 106 colony-fanning units (cfu) per ml
of yogurt.

Consequently, there are sound nutritional
reasons for encouraging the consumption
of yogurt but, as consumer demand rises,
so does the risk that quality standards
might be sacrificed as output increases. For
example, a reduction in the level of milk
solids could be used to increase the
volume of yogurt produced from a given
tonnage of skim milk powder, but clearly
such a change would be at the expense of
the nutritional value per retail unit of
end-product. Again the throughput of an
incubation room could be increased by

fermenting the milk to a higher pH but,
not only will the cell counts of the

culture be lower but, at a
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Cultures & coagulants

pH above 4.3, there is always the risk thaI
contaminant food-borne pathogens may
survive.

Thore were no reasons lo suppose that
any of the retail yogurts on sale in Doha,
the capital of Qatar, were sub-standard
with rospeet to their chemical or micro-
biological properties bUI, nonetheless, it
was decided in the interests of consumer
confidence lOanalyse typical samples from
a mnge of brands for levels of major nutri-
ents and check that an abundant and viable
micronora of starter origin was present al
the end of the stipulated shelf life.

Five different brands of fermented milks
were Identified in the retail food outlets
located around the centre of Doha. Three
bronds (A, B, D) were imported from
neighbouring countries In the Gulf, while a
further two manufacturers (C, E) were
based locally.

Each manufacturer produces the most
widely consumed type of yogurt - full fat,
natural, set yogurt - bUI the low ral variety
is available only from one local (C) and
two external suppliers (A, B).

Another popular fermented milk is laban,
the local name for buttermilk. However, as
mosl producers tend to employ a yogurt
culture of SIr thermophilus and L del-
btuockii subsp bulgorleus rather thun the

Dairy Industries International February 01

BI

traditional buttermilk culture of Lacto-
coccus loeris subsp laetis. Loctococcus
lac tis subsp eretnocis and Leuconostoc
mesetuerotdes subsp cremoris, laban may
be belter regarded as a drinking yogurt.
Three suppliers (A, C, D) make full fat laban;
only producer A makes a low fat product.

One local manufacturer (C) produces
concentrated yogurt, or lobneh, and there
is one imported brand (A). Tbe dearth of
suppliers is surprising given the popularity
of labneh. Whether or not the cost of
disposing of the lebneh whey is a limiting
factor is not clear (2), but certainly the
choice of brands is severely limited.
For the analyses, newly-delivered retail

containers of the various products were pur-
chased from local outlets and transported to
the labomtory in 8 cool box containing Ico.
On arrival, duplicale contolners of each
product were laken for immediate micro-
biological analysis, IwO containers were
taken for chemical analysts ond a further
two were stored al 4"C for microbiological
lesting at the end of the expiry date.
Two containers of any given product

were macerated in a high-speed blender
and duplicate sub-samples (50g) of the
macerate were extracted for analysis for
moisture, crude protein, fat and ash. The
moisture and fat contents of each sub-

U
11

sompie were determined according to the
British Standards Institution (BSO method
(3), ODdthe osh content according lo the
Agricultural Development and Advisory
Service (ADi\S) (4).
The total nitrogen content of the sample

was found by the Dumas method using a
Leco Nitrogen Determinetor; the protein
content was calculated as total nitrogen
multiplied by 6.38 (5).
Total carbohydrates were estimaled by

difference, ond the energy value was calcu-
lated using tho formulo suggested by Kirk
and Sawyer (5). Tbe pH meosurements
were carried oul using a Pye Unicam Ph
meter (modol 290 Miao.

For determination of the individual
minerals, the osh was digested in 5ml of
2N HNO) (Anolar Grade) by boiling for
obout two minutes and tben cooling to
room temperature. The cooled solution
was filtered through Whatman filter paper
(No 41) and made up to 25ml with 2N
nilric acid. A 'blank' was prepared in
a similar monner. The samples were
then analysed for cnlclum, sodium and
potassium by atomic absorption (6).
After thorough slirring, a sub-sample

(lOmI) was withdrawn from each container
with a sterile pipette and dispensed into
9Omlof sterile maximum recovery diluent
(Unipoth, Code No CM733) contained in a
medical flal (250ml). After shaking to dis-
perse the yogurt, further decimal dilutions
down to lO-a were made in 9ml amounts of
the some diluent.

trnl aliquots from dilutions 10.5 to 10-8
wore then dispensed, In tum, inlo each of
four Petri dishes. ond while tempered
(45°C) M17 Agar (Code No CM785) wos
poured into two of the dishes, acidified
MRS Agar (Code No CM361) was poured
into the comparable poir of dishes at each
dilution.

Incubation at 37°C for 72 hours in a
Nuaire DH Autoflow incubator (l0% C021
was sufficionl to produce visible colonies
end, after counting, Gram staining and
microscopic examination of a random
selection of colonies, confirmed that the
colonies on M17 Agar were predominantly
Sir thermophllus, and those on the MRS
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Table 3. Mean total colony counts (cfu/ml) of the starter bacteria employed to manufacture the
products indicated

Product sample SlreptococCIIS rhetmoplrilus l.lJcfubacillllS delbnJeclcii subsp ""'g.ricus
Delivery dat8 Expirydat8 Delivery dat8 Expiry data Shelf life

Brand A Ua1. Ua1. 1.2 x 101
Brand B I.5x1. Ux'. as x 101
Brand C ,.8x"" Ux'. 8.5x 101
Brand D s.zx" 4.3x'. 3.5 x 101
Brand E 1.7x'" tlx1Qll 2.0x 101

BrandA Ux1Qll 1.9x ,. 8.0x ,. 10days
Brand B Ux'" 6.5x'" 9.0x 101 10days
Brand C 2.4xl. Ux," 3.1x ,. 8days

Brand A 7.Ox1. Ux" 2.6x 11P ldays
Brand C &'zx1Qll 10x1Qll 9.0x 101 7days
Brand D 2.3x1l' 1.1x'0 2.5x ,. 7days

Brand A 5.Ox,. 6.4&1. 4.5x 10' 7dllys

BrandA 2.2&.1. 2.1&1. . 1.3x 11P 10days
Brand C 1.1x lOl 2.2x 101 6.0x1. 15days

plates were L delbrueckii subsp bulgaticus.
All counts were recorded per ml of prod-
uct, and the procedure was repeated on the
stipulated expiry date.

Nutrient profile
As indicated, one of the reasons for encour-
aging consumption of yogurt in Europe is
that its nutrient profile is better than that of
liquid milk and, furthermore, vulnerable
groups like children and the elderly often
find the flavour and mouthfeel of yogurt
appealing. This view is supported by the
analyses of a premium natural, full fat
yogurt (1) (see Table 1) and a standard low
fat product (7), for the levels of essential
nutrients like protein and calcium are well
above those associated with a typical sam-
ple of bovine milk (1). The contrast with the
brands purchased in Qatar was, therefore,
somewhat unexpected, particularly as the
protein contents in samples D and E are not
far above that in normal milk.

The levels of total solids (-14-15%) for
most of the brands are fairly typical, and
the protein levels suggest that some degree
of fortification of the non-fat milk solids
has taken place. The same is true for the
low fat varieties from factories A and C,
and the protein value of 4.6% in brand A is
w~1l above that in liquid milk. However,
while brand B appears rather deficient in
comparison with its European counterpart,
it is important to record that some types of
natural yogurt are sold at a low price for
cooking purposes.

Nevertheless, all the yogurts meet the
minimum legal standards for non-fat milk
solids set in most countries at 8.2%, while
the fat contents of the full fat yogurts are
above the expected minimum value of
3.0%. The usual standard for the fat
content of yogurt designated as low fat is
<1.0% and the deliberate retention of
around 1.0% fat may be a reflection of the
system employed for standardisation (1).

As laban was conceived as a refreshing
drink, the total solids of 11-12% (see Table
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2) is probably fairly typical, even though it
means that the nutritional value of the
products is below that of liquid milk on sale
in Europe. The high sodium level in brand
C could indicate that sodium chloride has
been added to enhance the consumer appeal
of the product, but there could be a preserv-
ative benefit as well. Thus, a pH of 4.5 is
borderline with respect to the survival of
pathogens like Listeria monocytogenes (8)
and, although the species is salt-tolerant,
the combined impact of acidity and salt
could prove effective should contamination
ever occur (9).

The product manufactured locally by
factory C appears to be a good example of
commercial labneh and it is likely that its
physical properties would match the best
of the commercial concentrated or Greek-
style yogurts (see Table 2). In particular,
the fat content is above the legal standards
for commerciallabneh set in countries
such as Saudi Arabia (7.0%) and Jordan
(9.0%) (1). The low figure for calcium
suggests that the original yogurt may have
been concentrated by ultra-filtration, while
the high sodium content could reflect the
traditional practice of salting the labneh
during final mixing and packaging. The
acidity at 1.2% as lactic acid is lower than
many traditional products which have
acidities of 1.8-2.0% (1) but, as the product
is made locally, it may be that the market
demands a less acid taste.

The imported labneh (A) is unusual in
having a higher than average level of total
solids, but a protein content below that of a
standard European yogurt. Similarly, the
fat content is exceptionally high - even
yogurt cheese with a total solids of -40%
has a fat content of only 18-19% fat (9).
The titratable acidity at 0.8% lactic acid is
also somewhat unexpected, especially as
the high fat content would effectively mask
any excessively acidic taste.

However, if the nutritional value of some
of the yogurts is slightly lower than might
be anticipated on the basis of the literature

values, the miereflora of starter origin
meets with ease the designation that it
should be 'abundant and viable' at the time
of consumption. The balance in favour of
Str thermophilus for the brands of laban
probably reflects the modest pH (- pH 4.5)
of the products at the time of delivery, for
this figure implies that the fermentation
was halted by cooling the laban at around
pH 4.7. L delbrueckii subsp bulgaricus is
well represented, but it is important that
the cell counts are not excessive in prod-
ucts like laban, which have insufficient
total solids to mask any over-acidification.
In products incubated to give a final pH of

4.1-4.2, however; Str thermophilus enters a
. stationary phase before the fermentation is
complete, and the numbers of L delbrueckii
subsp bulgaricus equal or exceed the
counts for Str thermophil us, even though
the shelf lives of such products are shorter
than their European counterparts.

Overall, it is evident that the counts of
the microfloras of starter origin are most
satisfactory and, if the release of enzymes
and other components of cells auto lysing
in the human intestine does indeed have a
beneficial effect, then the cell counts in the
fermented milks from Qatar are to be
welcomed.

Similarly, it is of note that all the prod-
ucts meet the compositional standards
expected for the type of yogurt in question,
so that the apparent differences between
the European and local brands may simply
reflect consumer preferences. lID

J H AI-Jedah works in the food control
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is from the department of Food Science and
Technology, University of Reading, UK.
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Production of acetic and propionic acids from labneh
whey by fermentation with propionibacteria
M S HADDADIN, S R AL-MUHIRAT. N BATAYNEH and R K ROBINSONlo!·
Faculty of Graduate Studies, University of Jordan. Amman, Jordan and 1 Department of Food
Science. The University of Reading. Whiteknights, Reading, Berks RG6 6AP .

Whey produced during the manufacture of labneh was supplemented with yeast extract (10 gil).
and then fortified with lactose. treated with ~-ga[actosidase or fermented with Lactobacillus
hel veticus, prior to inoculation with free living cells of Propionibacterium freudenreichii ssp
shermanii or Propionibacterium acidipropionici or cells immobilized in aliginate beads. UIlder
anaerobic batch conditions, fermentation of the .whey with. Lb helvetleus followed by P
ocidiprppionici (free cell system)for 25 days at 32:C gave a broth with 5.9 gil of pro pi ollie acid
and 2.4 gil of acetic acid, while immobilized cells of the same organisms gave a broth with 11.0
gil propionic acid and 3.2 gil acetic acid over a days. These latter values were the maximum levels
recorded with any of the treatments, and it is suggested that such yields might make recovery
economically feasible in certain countries.

I~TRODUCTION

Labneh is manufactured from a standard natural
yogurt, either mechanically! or by the tradi-
tional process of pouring the yogurt into a cloth
bag and allowing the whey to drain slowly
overnight. Irrespective of the method. the
finished product has 'a total solids of 23-24%.2
so that around 50% of the water in the original
yogurt base is. lost ·as whey. . -

In composition, labneh whey is similar to the
acid whey produced by the cheese industry.
except that the lactose concentration is lower
following the more active fermentation by the
thermophilic bacteria in yogurt. In indus-
trialized countries the most popular method for
handling cheese whey is concentration and
spray drying, although alternatives such as
fermentation to ethanol or lactic acid have been
considered.ê

However, less developed countries may well
be inclined to encourage unorthodox processes
that will eliminate a demand for foreign
currency. For example. Jordan imports 60
tonnes of propionic acid and 24.3 tonnes of
acetic acid per year for use within the food
industry, and yet substrates for fermentation are
readily available. If the production of food-
grade acids by fermentation could be estab-
lished as economically viable, then these ma-
terials might prove attractive in the
marketplace; (a) they could find immediate
application as food preservatives, and (b) their
origin as fermentation products should enable
them to be regarded as 'safe'.

Consequently, the aim of this project was to
consider those factors that might influence the

., production of acetic and propionic acids from
labneh whey by fermentation by Propionibac-
terium [reudenreichii sp shermanii (P sherma-
nii) or Propionibacterium acidipropionici and,
in particular, to assess the influence of different
sources of energy-namely, lactose. glucose/
galactose and lactate produced by prefermenta-
tion of the whey with Lactobacillus helveti-

Clls-on the yields of organic acids liberated
during batch fermentation. In addition. Tyagi
er a/~ suggested that immobilized cells undergo
less growth than free living cells, so that more
energy is diverted to cell metabolism and,
henc'é·,product yield is higher. The studies of
Champagne et aIS and Begin et af> with P
shermanii tend to support this view, so that the
second stage of the project involved a cornpari-. __
son of the performances of free living and
immobilized cells of P shermanii or P acid-
ipropionici.

~L~TERIALS AND METHODS

Nature of the cultures
Isolates of P shermanii (NCFB 853) and P .
acidiproplonici (NCFB 563) were obtained
from the National Collection of Food Bacteria
(Institute of Food Research, Reading, Berkshire
RG6 2AP) and a culture of Lb helvetleus
(ATCC 15009) from the American Type Cul-
ture Collection (12301 Parklawn Drive, Rock-
ville, MD 20852-1776). In a positive-pressure
glove-box swept with sterile, oxygen free
nitrogen, the individual ampoules of the above
species were resuscitated according to the
instructions of Holdeman et al,'
The rehydrated cells of the propionibacteria

were then transferred to tubes of Sodium
Lactate Yeast Extract Broth (SLYEB) (50 ml)
as recornmended.ê and the cell counts on SL l'E
Agar after 24 hours (anaerobic incubation at
30:C) were found to be 1.58 X 10Q colony
formins units/ml and 1.45 X 109 cfu/rnl for P
si:erma-nii and P acldipropionici respectively.
Champagne et alS suggested that such cell
densities at 24 hours were likely to indicate
balanced exponential growth and, con~e-
quently, all fresh cultures employed to 10-
eculate the fermentation vessels were incubated
for 24 hours.
Typical colonies on the plates of SLYEA

were also examined under an Olympus micro-
scope (Olympus Optical Company, London
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ECIY OTX) and for catalase production; the
presence of pleomorphic, Gram positive, cata-
lase positive rods was taken as confirmation
that the colonies were propionibacteria.

The resuscitation of Lb helvetleus followed a
similar pattern, except that batches of De Man.
Rogosa and Sharpe (MRS) broth (50 ml) were
employed as the medium, and 37°C was used
for incubation. Stock cultures of Propioni-
bacterium were maintained as stab-cultures in
SLYEA, and slopes of MRS agar were em-
ployed for routine maintenance of Lb helveti-
CIIS; after 24 hours' incubation. the cultures
were stored at 4"C. .

For immobilization. bulk cultures (1 1) of P
shermanli' and P acidipropionici were incu-
bated at 30°C for 30 hours in anaerobic bottles
flushed with nitrogen, .and the cultures were
then transferred to a cabinet at 4°C for the cells
to settle over 16hours. At this point, around 900
ml of the supernatant was discarded, and the
cell deposit was recovered into the remaining
liquid, which was adjusted to 100 ml. An equal
volume of sodium alginate solution (2% w/v)
was mixed with the cell suspension, and the
mixture added as single drops from a syringe
into a solution of CaCl2 (0.05 M). The drops
solidified on contact with the CaCl, to form
beads of visually uniform dimensions, and
these were allowed to harden for 1 hour. The
excess CaCl2 was then replaced with sterile
peptone water (100 ml, 0.1%), and the beads
stored at 4°C until used.

Conditions of fermentation
A bulk sample of labneh whey (100 1) was
collected from the dairy plant of the Faculty of
Agriculture, University of Jordan, and pas-
teurized at 70~C for 2 minutes. It was then
distributed into wide-mouth, plastic bottles of 2
Icapacity for storage at -20°C.9 Prior to use in
the experimental programme, two typical bot-
tles of whey were thawed. the contents mixed
thoroughly and subsamples from each bottle
analysed for totalligids according to the
method of Klupsch, I total nitrogen II and
lactose/total reducing sugars.12 The lactic acid
content was measured by the Mattson method 13
and pH with a Kent EIL 7020 meter and
combination electrode.

For preparation of the fermentation broths.
the pH of a bulk sample of thawed whey (5 1)
was first adjusted to 8.5 with 2N-NaOH. This
alkaline material was then heated to 95°C for 30
minutes. cooled to 5°C and held for 1 hour to
allow the solids to settle; the whey was then
filtered (Whatman NO.1 Paper) under vacuum.
Yeast extract (l~w/v) (Fisons, Poole. Dorset)
was added, and the pH adjusted to 7.1-7.2 with
2N HCI. :.

In an attempt to evaluate the effect of
different factors on acid production. four whey
samples (each of 1 1) were treated as follows:
(a) the lactose concentrations were increased by
the addition of 70 or 140 gil lactose; (b) the

Journal of th~ SOCi~? of Dairy Tuhnolog.y

lactose was hydrolysed with l3-galactosidasel4
to give> 90% breakdown; and (c) the influence
of high levels of lactate was studied by
inoculating (2% v/v) whey with Lb helvetleus
and incubating at 44°C for 6 hours with the pH
held at 5.9.5

After dispensing duplicate portions (350 ml)
of each broth-four treatments and a control-
into 500 ml Duran® bottles, the whey was
'sterilized' at 95°C for 25 mlnutes.P The
cooled broths were then inoculated with the
species of Propionibacteriumei a rate of 3%
vJv (fresh culture or a well shaken suspension
.of alginate beads), and the bottles transferred to
a shaking water bath (La. Line Instruments.
USA) maintained .at 32°C, with ail agitation rate
of 100 cycles per minute. The screw-cap of
each bottle was modified to incorporate a
sampling port alongside gas inlet and outlet
tubes, and anaerobic conditions were main-
tained by gently bubbling ultra-pure, sterile
nitrogen through each bottle.' The pH in the
medium was held at around 7.0 by periodic
testing and the addition, as required, of 2N-
NaOH.

Sampling 'and analysis .
Samples (lO ml) were withdrawn' every 12
hours up to 60 hours (free living ceUs) and 96
hours (immobilized cells) to monitor: (a) lactic
acid; and (b) concentrations of propionic and
acetic acids by gas chromatography (GC). A
Hewlet Packard Model 5890 A chromatograph
was used, and the column was packed with XE-
60 Silicon loaded with 3% Chromosorb WHP
(Supe1co, BeUefonte PA 16820-0048). The
column was operated at 200°C, the detector
temperature was 220°C and the carrier gas was
nitrogen with a flow rate of 30 ml/min.
Identification involved a Flame Ionization De-
tector and LeI-IOO Perkin Elmer Integrator.
The .sarnples for analysis were centrifuged to
remove the cells. and the supernatants filtered
through a 0.2 urn membrane. The filtrates were
then extracted with diethylether for injection
into the GCI6; the acetie and propionic acid
standards were of GC grade.

In addition, duplicate samples were taken for
microbiological analysis. Serial dilutions in
sterile peptone water (9 mi. 0.1%) were pre-
pared. and total colony counts of propioni-
bacteria were made on pour plates of SLYEA;
anaerobic incubation at 30°C for 48 hours was
standard. The entire trial. including free and
immobilized cells. the four treatments and the
control. was repeated four times. The results
were analysed usin,. the General Linear Models
procedure of SAS. 7

RESULTS AND DISCUSSION

The analysis of labneh whey as drawn from the
dairy plant was: fat 0.27 ± 0.1%, protein 0.899é
(equivalent to 0.14 ± 0.009 total nitrogen).
lactose 2.5 ± 0.31 %, lactic acid 0.88 ± 0.029é
and pH 3.6 ± 0.12.
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The growth of P shermanii and P acid-
ipropionici in the untreated whey (control)
showed that there was no significant (p> .05)
difference between the behaviour of the two
species. However, there was a significant
(p> .05) difference between the behaviour of
the free living and immobilized cells of the two
species with respect to the production of
propionic and acetic acids (see Table).

When the level of lactose was raised by
approximately 7Cfc, the viable eeU counts of
both species increased significantly (p < .05),
but the increase in the 'propionic and acetic acid
concentrations produced by both free living and
immobilized cells of P acidipropionici was
marginal. This contrast implies that growth and
acid production may be uncoupled. The addi-
tion of 14% lactose produced total inhibition of
cell growth rather like that described by
-Wiharm and Sack'" for.yeasts, and acid produc-
tion was negligible.

The effects of further modifications of the
labneh whey are shown in the Table, and the
influence of lactate on organic acid production
was significant (p < .05). P acidipropionici
reacted more favourably than P shermanii, but
overall it was evident that the two stage
fermentation had almost doubled the concentra-
tion of propionic acid in the spent medium. The
work 'óf El-Hagarawy et al19 on Swiss cheeses
supports the conclusion that lactate is rnetabo-
. lized preferentially by propionibacteria under
anaerobic conditions, and Hattinga and
Reinbold2o reached a similar conclusion. It was
not established whether or not the growth of Lb
helvetleus improved the nutrient status of the
medium, in addition to producing lactate, but
hydrolysis of the lactose did lead to higher
levels of propionic acid (p < .05). Furthermore,
Champagne et aP suggested that this fermenta-
tion is sensitive to substrate composition, and
the different responses of the species to the
various treatments suggests that species/strain
selection could be critical as well.

Assuminz that the free cell and immobilized
counts were not markedly different (the algi-
nate made the counts unreliable), then the
differences in acid production, especially in the

...• ~-... ~ ':'.-".:-r:::;,.J'~.,."-:~"':'"' "':'~' .. ·'i':· ..• ':.··I~·:· .,,:,-:-,•. ;-,., ~.~- .

Mean (±SE) com~sitionS-prJa~:m~b 'I\'hey (supplemented with 1% yeast extract) and
. (A) treated with II-galactosidase (90 % hydrolysis or lactose), (B) fermented 'liith Lb
:. helvt~ to givé 3.2 g/llád"ale()r(C) mth 7% added lactose, roUov.ing fermentation
- by":rree 'liVlngl_'or~;;frillnobiliied ,:eeI1s1.b; P. t:sheim.ariii (!IiCFB 8S3) and P, :: -,~:;<: ~!d!ir!'P"!~~~!~~I:B}.63) r!lr ~Oand 96. hou~ respectively .

1.j~:-~:!..:!~!-:~·:'!~~·~{\·{:.:::!·::.;:~·:·:'~.-B:.:i:.~;' . -. A .... ;~.>.~ :~.~;~·C:.':', '.:"_',,'
:.Compontnts : :.:' .. Control "..• 'LÁciate i'hey Hydrolysed y..r.ey ;,::Mliy + laëtose
;-p shermanni . :.; >;.....," 4~·. ; • ',

i Propiorllc acid". ' .. 2.0 i 0.03 .5.6 i 0.032' 3.5 i 0.03 .: ~:.:2.6 i 0,02 :~.,..
. Acetic aeW·· ;...0.7 i·O.OS' : 2.3 i 0.098 .. 1.5 i 0.09 .<0.7 i 0.09 c •.

- Propionic ada- ':., S.l i 0.02 : 10.0 i 0.03 .. ~9.3 i 0.02 ,' ... 7_1 ± 0.03 ;'.: :
: Acetic ácidl.:·.·· .:... 3.!"i 0.08·' .3.8 ± 0.088 3.5 i 0.09 . 3.2 ± 009' .....

~1;-~Jdi;;~~~~Ji~{:::::~;;;·>{~:\;::>::". . .' , ,.~... .::.'Y:'?':
:Propionic acidl,,::t::~.3 :1:'0.032 'G5.9 i 0.035 . 3.8 i 0.031 r • _. 3.1 ± O.02S ."
~A~~c .~c!~~:>·;:;,iJ>.7 i ~,08. '!>2,4 ± 0.093 ..::).HO.90. .:'. 0.8 i 0.079 'c:
: .PrOpIOruCaCld~: .: 7.8 :};0.02 : .) 1.0 ± 0.03 . 8.~ i 0.02. <S l± 0 0" .;' ..:
:. Acetic add1 . ..···3.0 i 0.09 :.... '3.2 i 0.08 .. ' 3.1 i 0.09 .. '3:3 i 0:089 :
:. __ .._.:. __ :..:.;. ~ _~:_.; _.".:_.'::...i~ .:;•• .; _' .•• ' •.•...• ; _... . .
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presence of lactate, are' highly significant
(p < .05). The most likely explanation of this
effect is that the diffusion of lactic acid away
from the cells is impeded by the alginate, and
hence lactic acid is metabolized rather than lost
into the medium. Obviously, the availability of
lactose may be limited by the structure of the
beads, but, as lactate is used preferentially by
this genus, the restriction may not be important;
Marcoux et arl suggested that this-effect stems
from the more rapid assimilation of lactate vis-
a-vis lactose and its direct conversion to

. pyruvate.
Overall, it is evident that the treatment of

labneh whey with ~-galactosidase or prior
fermentation by Lb helvetleus raised the levels
of propionic and acetic acids produced by P
acidipropionici to values significantly above
those in the control broth, and immobilization
'of the cells resulted in the concentration of
propionic acid being almost doubled to 11.0 gil
in the high lactate substrate. Clearly, the
economic feasibility of fermenting labneh
whey to organic acids would have to be
considered with respect to any given location,
as would the possibility of further increasing
the final concentration of the acids.
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SUMMARY

Whey produced during the manufacture of labneh was
supplemented with yeast extract (5 g 1-1) and lactose (32 g 1-1) prior
to inoculation with Clostridium acetobutylicum. Under anaerobic
conditions, fermentation over 7 days at 30°C gave a broth with
13.6gl-l butanol, 1.6 gl' acetone and trace amounts of ethanol,
organic acids were' produced also. It is suggested that this level of
solvents would make recovery economically feasible, and that the
process could 'be of interest to countries seeking to avoid reliance on
oil-based processes.

Key words: Labneh whey, fermentation, acetone, butanol,
Clostridium acetobutylicum.

INTRODUCTION

Labneh is a concentrated
yoghurt (total solids of 23-24%)
produced widely throughout the Middle
East; along the shores of the
Mediterranean, a similar product is
known as strained or Greek-style
yoghurt. It is manufactured by
removing around 50% of the liquid
(whey) froma' standard natural yoghurt
by centrifugation (Robinson &
Tamirne, 19:93), meIrtbr~e processing
(Tamime et al., 1991) or by tho'
traditional process of' pouring the
yoghurt into a cloth bag and allowing
the whey to drain slowly overnight.

As with cheese whey (Tamime,
1993), the Biological Oxygen 'Demand
of labneh whey is too high for casual
disposal into rivers, and direct use as a
fertiliser or animal feed' can pose
problems. Conventional waste disposal
systeme 'are employed by some dairies
fqr h~p.ling large 'v,o~umes of cheese
Wp.~y" RU.t the .most popular method is
co.~centration ánd .spray-drying.
Altematives, such as .fermentation to
ethanol or lactic acid, have been
considered (Zadow, 1994,) but
industrialised countries find that the,

Egyptian J. Dairy Sci., 25: 205-215 (1997).
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,chemical industry can still produce
these end-products more cheaply,

'However, many countries are
committed to limiting, as far as
possible, their dependence on imported
materials and, as current solvents
production is based on oil, intterest in
.the. fermentation of locally-available
, -fêedstocks remains active, At present,
'factories manufacturing labneb in the
Middle EaSt are small compared with a
typical cheese plant but, if a number of
producers could co-operate and agree to
handle the whey at a central location,an
'industrial option for disposal could
become , feasible. One such option
could be the production of solvents like
butanol and acetone ( Ennis& Maddox,
,I ~87; Maddox,1980), followed by
concentration 'and drying of-the residual
lactose, 'whey proteins and microbial
biomass, If both the solvents and crude
whey powder could find a local market,
then the disposal of labneh whey by,
fermentation could become a profitable

. .énterprise ..

Haddadin, et al.,

This interest In the butanol:
acetone fermentation is based upon the
facts that: (a) there is a demand for
.butanol in the Middle East; and (b)
while many fermentations benefit from
high levels of carbohydrate in the
medium, ,maximum solvent production
by Clostridium acetobutylicum can be
achieved at carbohydrate levels not far
above those' found in whey (welsh&
Veliky, 1984), However, a number of
factors control the balance between
acidogenesis and solventogenesis for
any given culture of C. acetobutylicum,
arid particular stress has been laid upon

,the effect of nutrient limitation
(ferracciano & Kashket,1986),

Therefore, given that whey is not
a nutrient-rich substrate, the aim of this
project was to consider the influence of
carbon/nitrogen levels 'on the
production of butanol, and to define
the optimum conditions for maximum
solvent yield,

MATERIALS AND METHODS

The culture:
,A strain of C. acetobutylicum

(NClM'B 619) was obtained from the
National Collection of Industrial an'
Marine Bacteria, 23 St. Macha~ Drive,

, Aberdeen, Scotland ~2 l'kY and in a
pos\tive-pres~ure glove-box swept with
sterile, oxygen-free nitrogen, an .
individual ampoule of the above strain
was resuscitated ,~~rding the
instructions of the supplier. The

rehydrated cells were then surface-
plated onto fresh Nutrient Yeast
Glucose Agar (NYGA) as
recommended by Holdeman (1977)
~d Alder and Crow (1987). The
plates were jftcubated ~t 37°C for 4
days 4} .polycarbonate jars containing
CS1 of hydrogen and 350 ml of carbon
dioxide generated by a gas pack from
Oxiod', Ltd" Basingstoke, Hampshire
,RG24 OPW (UK). '
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...

According to Alder and Crow
(1987), colonies of C. acetobutylicum
on NYGA that have brown centres and
numerous spores (designated as A-C
Type I colonies) are. likely to. b~.
solvcntogenic, and hence spore counts
of brown-centred colonies were carried
out using t:h~ procedure ofSeel~y an<(.
Van Demark (1981); plates containing
typical A-C Type i.colonies were sealed:
to prevent dehydration and stored at 4

.. " '. .-c.

The solvent-producing ability of
typical A-C Type J cultures was tested
as follows.' C. acetobutylicum was
grown on NYGA, and spores (1.2 X
106 ml' of inoculum) were inoculated
into 100 'ml amounts of steri'le Potato
Dextrose Medium (PDM).· If,. after
incubation at 37°C for 7 days, the
medium. contained around '6.5 g 1-I,of.
butanol, 1:5g I-I of acetone and 0.1 g.
I-I . of total acids, the isolate wa~
classified as Á-C Type I 10 terrns of
solventegenesis.

Preparation of the Inoculum:
'. Spores from 'typical A-C Type I

colonies' were' used to inoculate 5 ml .'
volumes of Robeitsonis Cooked Meat,
Medium (RCMM)' (Ennis '& Maddox,
1985); Oxo'id .Mah~ai,: '1995) .
supplemented with glucose (lO g 1-1)
and, after anaerobic incubation at 37~C ..
for 24 hours': lrnl, portions ~were ..~
transferred to 9 ml volumes .of RCMM
supplefuel1ted"with 'lactose '(IQ ~)~ly..
A " ~~~r:,...P~,~~~.~.(~8i :ho~}~Y"'~o(~
incubation '. at . '"37°C 'provided 'a cell'

•• : •. '~ to' • :".,";\f~,(·~·:.· '.~; r_.
suspension of sufficient optical density-
visual determination only, for the
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culture to be used as an inoculum for
labneh whev. ."' ,

Portions (100 ml) of filtered
whey were autoclavcd at 110°(' for 2(1
minutes in scrcwcap Duran bottles (100
ml capacity) ., the 'absence of an
appreciable head-space encouraged the
removal of" oxygen from" the medium_
cooled to 31°C: and inoculated with the
RCMM 'culture at a. rate of 10% vlv:
.the viability ,of the inoculum was
checked. by the ,method of"!ones el a I..
(1982). Incubation at ~7°C for 48
hours .gave a'mother culture' suitable
for inoculation of the larger volumes of
labneh whey. . ,

. _' . :. .-. ,

Handling of the Bulk whey:
The labneh whey (l Ou l batchcs

was collected from the dairv plant of
the Faculty ~of Agriculture, University. . . .

of JO~9anland pasteurised in bulk at 70
°C for 2 minutes. It was then
distributed int~ ....wide-mouth, plastic
bottles of 21 capacity f9J storage at -20
°C (Vienne & Stockan, 1984). Prior
to use, the whey from two bottles was
analysed for total lipids, total nitrogen.
lactose and ash and total solids
according to the methods cited by
Haddadin el al., (1996).. The lactic
acid -content ..•was measured by the
Mattson' Metho'cl (1965) and pH with a
. Kent ElL 7020 meter and combination
'.' ." '. .~ . ':'. ':,

electrode.

.' ,:r.:~Whe~:·r~urr¢.~9,rie~er~tion r :

visible fat .was . removed from .thc ..
•. :.-:.',. "';'~ _.: t" . • ei ...;" . ", ,"

surfaces .0~.tl1~..frozen samples ..and the
bottles placed at 4°C' overnight. After
coarse filtration through Watman No. I
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.' filter paper, .th~ whey was heated to
40°C and the pH adjusted to 4.6 with
3N NH40H. One drop of silicon anti-
foam was added and, following heating

. "of the sample to 90°C, the pH was
raised to 7.5. 'The neutralised whey
'was boiled, for 10minutes and, after

v - ,cooling; the denatured . protein was
" . -removed by centrifugation at 1050 G
·':. , 'fot, .20 minutes. The supernatants were
.' ., bulked, adjusted to pH '5.0 with IN
.~...>:,: }'jC.l and "fortified - on the basis of
·.' ' )~.q~e preliminary trials - at a rate of 5 g
.':...: ft '~ith yeast extract powder (Fisons,
: Poole, .Dorset. UK) - control sample.
. ' .

1n an attempt to maximise
.solvent production by altering the
availability of carbon and nitrogen,
'.some ,of' the bulk samples were treated
: :Wit~ P-. galactosidase (Anon., 1996) to ,

.....o.. ' :gl~e·. .>:. ',90% hydrolysis; ethers were
.'.....: :rn~ified" prior to denaturation of the

, /. >p.rotein,· with pepsin to determine
:'<.: ..<~~e~her· amino-nitrogen would
. .o,:·.·......s,'r~mulate.solventogenesis;' while others
~.:\.:\',~j~~,r~.fortified with lactose to give. :' .-.... '" : . .' .'
'J-7~cohgentratlOns of6.5 and 9.5% w/v.

"" • ~~.:::~: 0\ t.-:', '. .'

·<~L:·:~:/.o(,. ". Both' the modified and'
._ ... ". ..~ .

···:::~::<tt~~qdlfaedwheys were then dispensed
.. ::>~:)80. mJ :portions into screw ~ cap
. :., ..pu~ ..bottles (250 ml), and autoclaved
· .. al'llO° for 20 minutes, cooled to 30 °o. 4,. . ,

Háddadin, et ai.,

C, and inoculated immediately at a. rate
of JO~~ v/v. All manipulations were
completed iIi an atmosphere of steri le, .
oxygen-free nitrogen.

Methods of analysis:
Standard portions (180ml) .of

medium were used for all experiments,
and samples (10ml) were withdrawn
daily to monitor various parameters
over a period of 7 days; at this point,
the pH of the medium had stabilized,
and this stability was taken to indicate
the end-point of solvent production
(Bowles & Ellefson, 1985) .

The samples were analysed for:
(a) growth of the culture by total colony
count; and (b) solvent and organic acid
concentrations by gas chromatography.
A Hewlett Packhard Model 5890 A
chromatograph was' used, and the
column was packed with 6.6%
Carbowax 20M 80;120" Carbopack
BAW (Supelco Co. Inc.). The column
was ~pera~ 'by increasing the
temperature from 70°C to 170°C:at a
rate of jOe min-I, and holding at this
temperature for an additional 10
minutes. The injector temperature was
200°C, the detector temperature was
300°C and the carrier gas was nitrogen
with a flow-rate of20 ml min-to

....
RESUL TS,AND DISCUSSrON· . \ .

-.' ::': In cotm><>Sition, :Iabneh whey
:::,'>Vas 'sÏt'nilar to ,the add ~ ,Pr~
, :~ ~,~ induSiry,".i1amêIY ~
so~~dsS~%, fat 0:3%, protein O.crle·

~ ash O.7-O.8%,~onlythelactose
~on (3.2 vs 3.8-4.2%) was
Io\ver; -this ..difference refkcts the more

. . I .

active ~~~'of~ by the
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Fermentation of Labneh Whey

thermophilic bacteria in yoghurt to give
a pH of 3.6 (0.9% lactic acid vs 0.7%
in cheese whey).

Total solvent production in
labneh whey at 30°C was only 4.0 g l!
after 7 days (Figure 1), and this low
concentration could be due· to the low .-
level of carbohydrate -32 g 1-1.
Alternatively, the lactose may have
been . metabolised only slowly,
compared with glucose (Schoutens &
Nieuwenhuizen, 1985), or citrate in
whey may also have inhibited growth
and solvent production (Maddox,
1989).

Nevertheless, it was considered
more likely that the poor nutrient
content of whey was leading to a low
cell density and rate of metabolism and,
consequently, three possible routes for
improvement were considered: an
increase in the concentration of lactose,
hydrolysis of the lactose prior to'
inoculation and partial hydrolysis of the
whey protein to increase the level of
amino-nitrogen.

As can be. seen from Figure 2,
increasing the Ievel of lactose to 64 g
1-1 lead to a major improvement in both
the total concentration of butanol in the .
medium and the butanol/acetone ratio.
Above 64 g i-I, 'total solventogenesis
declined, and it is probable that this
pattern is a reflection of cell growth:
Thus, in the medium with 6.4%lactose,
the lag phase was accompanied by the
generation of organic acids. mainly

209

acetic and butyric acids, to give
maximum levels after 48 hours. A
progressive increase in total colony
count followed over the next 3 days,
along with the concurrent metabolism
of the acids into acetone and butanol,
respectively. However, in the presence
of 9.5% lactose, the cell count declined
rapidly after 4 days, as did the
conversion rate of acids to solvents.

Hydrolysis of the lactose did not
produce any improvement in the levels
of butanol or acetone compared with
the control (see Figure 3). The cell
counts in Figure 4 suggest that the main
impact of the available glucose was
manifest in a rapid increase in cell
numbers after 48 hours. followed by an
equally sudden decline, so that only a
limited population of active cells was
available' to complete the solventogenic
phase. Whether the clostridial cells
were unable to utilise the residual
lactose and/or organic acids due to
catabolite repression (Monot ef al ..
1982) was not investigated.

The hydrolysis of the whey
. protein gave an increased yield of total
solvents compared with the control, as
well as an increased cell count during
the later .stages of the fermentation.
What was curious, however, was that
there appeared to be little evidence of
the cells transforming the acids into
solv~nts,. for the levels of total acids
remained' high over the entire 7-day
period-final level of 5.5g I-I.

Overall. it would appear that
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labneh whey 'supplemented with yeast
extract and lactose could support the
production of butanol and acetone to a
level of J 5.'5 g 1-1,with a ratio of nearly
7 : 1 in favour of butanol. Whether or
not economics of the process would
prove attractive on a commercial.scale
is another issue, but it is of note that a

Haddadin, el 01.,

concentration of 13.6 g I-I of butanol
could make recovery a feasible
proposition. If exposure to air is'
sufficient to reduce the numbers of
viable clostridia from -the crude. ')'. '.
whey/biomass residue to an acceptable
level, then this material could have a
value as an animal feedstuff.
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,The role of olive oil in the preservation of yogurt cheese
(labneh anbaris)

TURKAN KECELI, R K ROBINSON* and t-.I H GOI~DON
Department of Food Science und Technology, The University of Reading, Reading,
.Berkshire RG6 6AP, UK" - •

Small 'balls' of' yogurt cheese (4(J g I(J(J g I total solids), derived bl' extracting moisture from
concentrated yogurt (23% total solids), call be stored ill retuil outlets ill the Middle East (20-
25~C) lIluh'!' I'~r~ill oIÏl'~',(lit.li~r lip /(J Ill'll years, The: absence (If over-ucidificutiou appears /0 be
dm' to tilt' inhibitory I!.II'·C'I /~/10l1' pl! (.un, loll' uvuiluble water (0,85) and salt (1,0 g 100 g-I)

, (~Il starter aelil'ilt: while th« anaerobic conditions crcatci! by the ui! both reinforce these inhibitory
.IUCI/II'S utul. uiklitlonully, prevent the growth /~r.I'C'''.I'/,\' (lI'c'/' the surface ofthe individual balls. The
Iyp,· {If vegetable oil covering II/I! halls wasfound lo be unlntportunt, (/11;' sunflower, safflower wui'
('Ul/UIIS",'" oil were c'/Juul~reffectiv« ill preserving yogur! ('h~'i!s,' inoculated with Kluyveromyces
murxlunus subsp murxianus (/IIlI storedfor three months al 15"C.

INTRODUCTION

Concentrated yogurt [lubneh) is defined by the:
Lebanese Standards' us ''u semi-solid food
derived from yogurt hy draining away part of
its water and water-soluble compounds', The
total solids (TS) is typically 23·,25 g I(JO g I.

und the product has .1 cream/white: colour, .1
sl)ft and smooth body. good sprcuduhility
with little syneresis and a flavour that is clean
and slightly aciui.:.~ This perception' of low
acidity sterns from the: 'masking effect' of the:
high fut conteut of lahnch-s-typicully mound'
III g IOU g I, for the tiuutublc acidity may be:
in the: region of 1.8-2,m~, as lactic acid.' Sud I

u level can be expected to curtail the: growth of
bacterial pathogens, but yeasts, moulds und
some lactic acid bacteria can still cause: prob-
lems of spoilage, At ambient temperatures
(20-25"Cl. deterioration can be rapid hut,
even ut 7"C, the characteristic signs of yeast
spoilage often become visible in 7,·14 days.'
For this reason, labneh muy he further C,1I1'
eentrured to around 40 g 100 g I, slurped into
'halls' with diameters of 25 Jil cm and placed
in glass jars with a covering ur olive oil. This
latter product is known as labneh nnburis, and
the: anticipated shelf-life is in the: reginn of two
yeurs. In rural areas of the M iddlc E.1St, u
similarly concentrated product, }'llgUrl cheese.
is produced and sok) unpacked."

The munufucturing methods und chemical
,~Clllllpl)sitions of concenuutcd yogurts have:
<been studied by se:\'e:11I1researchers." III and
processes vary from the traditional method of
straining natural yogurt in a cloth bag, unimul
skin or earthenware vessel until the desired
level of total solids has heen achieved"!' hl
modern technological methods using rccombi-
nution technology,'! membrane techniques,
such us ultrufiltrution und reverse: osmosis.!' 15

lil' cemrifugutiou." l hm ever, the traditional ur

cloth bag method remains the best known, and
it is still preferred in rural areas because it does
not need any costly investment.

The: microbiological quality of yogurt
chêcse made from caprine or bovine milks
(doth hag method) and stored for 6 months
under vegetable oil 'It room temperature was
studied hy Rall ,'1 id,l7 und they pointed out
that the anucrobic conditions created by the
vegetable oil. together with the low pH,
caused siunilicant reductions in the total
colony anJ lucric acid bacterial counts" but
had less impact on the yeast and mould
counts, The -reductiou in bacterial numbers
has obvious impli<.:utions for product safety,
~1I11.1 Gohil ,'I al x concluded that the survival
of Listeria tnonucytogcnes ill normal labneh
(23 g IOU g I) was the result of the combined
action of low pll, salt and, perhaps, an
inhibitory ugcntts) secreted by the starter cul-
turc, At ambient temperatures. the antibacte-
rial effect wus even more pronounced, and it
was suggested that high temperature may
have encouraged u more rapid diffusion of
the: uudissociaicd r0I111 of lactic acid into the
cells nr the puthogen.

Althouuh over-acidification as the result of
pl'lllllllge:d-starter activity could result in a loss
of sensory quality of concentrated yogurt
tluhnch) or yogurt cheese, it would appear that,
yeasts und moulds are: likely 10 be the main
cause: or sjlllil:lge,4,17,1') However, there appears
hl he: somcthinu of u conflict between the find-
ings nl' Ruo ,'I e~117th .. t yeasts und moulds were
largely unaffected by immersion in vegetable
uil. und the: shelf-life of labneh unbaris avail-
able in supermarkets. Composltional dif-
Ierences between the products could be
importnut. hut it is not clear whether or not
the virgin olive \IiI used for storing the com-
mcrciul brands has uny spcci ul properties with
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respect to suppressing the growth of the con-
stituent mieroftora of the product. -

Consequently, the aim of this project was to
(a) produce a yogurt cheese with 40 g-'100 g-I
TS; (b) fabricate 'balls' of this cheese and
contaminate th~ with a selected yeast; (c)
store the contaminated balls under a number
of vegetable oils; and (d) examine the growth
and/or survival of the yeast over a three month
period and, at the same time, monitor the
survival of the starter bacteria. .

MATERIALS AND METHODS
Manufacture of the yogurt cheese
A standard, freeze dried,' starter culture
for yogurt (Coded CH-l) containing
Streptococcus themtophilus and Lactobacillus
delbrueckii subsp bulgatleus in al: 1 ratio
(chain.chain basis) was obtained from Chr
Hansen's Laboratory Ltd, Reading, UK. A
working culture was prepared by inoculating a
batch of sterilized (l2loC12 min), reconstituted
skimmed milk powder (100 ml, 12 g 100 s"
TS) with 0.2, g of the freeze dried culture,
After incubation at 42·C until the onset of
gelation-around pH 5.O-the culture was
theo maintained at 5°C overnight. Two sub-
cultures (2 ml 100 ml" sterile milk) ensured
full resuscitation of the freeze dried material,
and the gelled culture was then .stored in
the refrigerator at 4°C for one week before
routine subculturing. '

The basic yogun was made from fuU
cream, spray-dried milk powder (Adams
Food Ingredients, Leek, Staffs, UK) reconsti-
tuted at 50-55°C to an initial total solids of
16 g 100 g-I using a high speed emulsifier
(Silverson Machines Ltd, Chesham, Bucks.
UK). The milk (4 1)was then heated at 85°C
for 30 min, before cooling to 45°C. When the
temperature had equilibrated, the milk was
inoculated at a rate of 2 ml 100 ml-I with a
fresh culture, and the mixture was stirred for
5 min prior to incubation at 42°C to pH 4.3.

After cooling the natural yogurt under
refrigeration, it was mixed manually for 5 min
and 3 kg were placed into a cloth bag pre-
pared from a double layer of cheese cloth.
The bag was then hung in a cold room at 4°C
for 16 h until the TS of the strained yogurt
reached 23-24 g lOOg-I as calculated from the
volume of whey removed. The final manipu-
lation to produce yogurt cheese involved
transferring the strained yogurt into a cloth
,bag'(four layers of cheese cloth) placed in a
perforated cheese mould (18 cm diameter).
Concentration of the product up to 40 g 100
g-I TS level was achieved using a screw-press
with gradually increased pressure over a
period of 6 hours at room temperature.

Fine, dry salt was blended into the cheese
at a rate of IglOO f!, and 'lumps' (approx-
imately 20 g) of the product were rolled by
hand into the traditional balls employed in
labneh anbaris (see Fig. I).

l';ru~aiionaJ Journál ol Dairy Ttêhnology

Fig. 1. A jar of 'balls' of yogurt ebeese stored under
virJiD olive oil.

Inoculation of the yogurt cheese
Initially, Kluyveromyces marxlanus subsp
marxianus was grown on slopes of Potato
Dextrose Agaro but, prior to inoculation of
the yogurt cheese, tubes of Malt 'Extract .
Broth (10 ml) were inoculated and incubated'
for 48 hours at 30°C. Tbe cell count in the
broth was enumerated on acidified Malt
Extract Agar to obtain an estimated number
of each organism per ml of suspension, and it
was calculated that, if each ball was inoculat-
ed with 20' ....1 from the first dilution in sterile
peptone water (0.1%), a concentration equiv-
alent to 7.5 X 104 cells of K marxianus subsp
marxianus g-I of cheese would be obtained.
Consequently, batches of balls were inocu-
lated by inserting the tip of a syringe into the
centre of each ball along a channel made with
a sterile needle, and depositing 20 ....1 of the
suspension; removal of the needle allowed the
exit point to close naturaUy.

To test whether virgin olive oil (Filippo
Berio, Lucca, Italy) had any detectable
antimicrobial properties, three commercial
vegetable oils-namely, sunflower, safflower
and cottonseed (Anglia Oils Ltd, Hull, UK)-
were chosen as control oils; the latter oils are
aU refined, and hence free from the phenolic
and other compounds that could possess
mycostaticlmycocidal properties, Glass jars
with rubber seals (0.75 1) were sterilized in
sodium hypochlorite solution (3 mg ml-Iof
available chlorine) for 30 min, rinsed with
sterile distilled water and oven dried prior to
use. Three jars were then filled with 'balls' of
cheese (20/jar), and the jars filled with virgin
olive oil so as to cover the balls to a depth
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of around 3 em. The same procedure was
"repeated with the sunflower, safflower and ~
cottonseed oils, and three additional batches
without any covering of oil provided an addi-
tional control.

For enumeration of the starter bacteria, a
further. three jars were filled with 20 balls of
cheese uninoculated with yeast, 'and a cover-

.. _ing p_fvirgin olive oil was added. All the jars
- were stored at 25°C.

International Journal of Dairy Technology

at 25°C the relative humidity was multiplied
by 100 and expressed as aw. Protein and
lactose were by infrared absorption.V Similar
procedures were applied to the whey expelled
during processing.

Statistlcal analysis .
The results were analysed in Exel (Windows
95) to obtain mean values and standard
errors, and the inhibitory activity of the oils
against yeasts was tested using the t test-
Assuming Unequal Variances."Analysis óf the samples

At 15,30,45,60, 75 and 90 days, two balls of
yogurt cheese were removed aseptically from RESULTS AND DISCUSSION
each of the three jars containing the different Properties of the yogurt cheese
oils, as well as from the three jars without oil, The mean results for TS, fat and titratabie
for enumeration of K marxianus subsp marx- . acidity from two separate trials are presen~ed
janus. On each occasion, the two balls of . in Table 1 and the trend in concentration
cheese (approximately 40 g) were drained of follows the expected pattern; the aw of the
excess oil on filter paper, and then transferred yogurt cheese was measured as 0.85.
to 360 ml of 0.1% peptone (at 45°C) in a The chemical composition of the test
stoma~her bag." After blending for .1 ~in, yogurt cheese. was also compared with one
the mixture was taken as ~he first dIi~tIon, commercial sample obtained from a market
and the yeast counts deterrmned according to in Qatar which contained (100 g-I) 22.0 g fat,
the. method ~escribed ~¥ the International 20.0 g protein and 7.60 g lactose, compa,:ed
Dairy Federation (IDF).-- with the laboratory made product, which

The uninoculated samples were tested at contained (100 g-I) 18.25 g fat, 15.0 g protein
the same time but, ~n ~his case, duplicate 0.1 and 5.50 g lactose; the pH measurements for
ml aliquots from dilutions between 10-4 and the two materials were 3.95 and 3.80, respee-
10-6 were spread onto plates ?f Trypt?se tively. The differences between -the samples
Proteose Peptone Yeast Agar With Prussian reflect both the differences between the TS of
Blue (TPPY -PB) for enumeration of Strep the two products (nearly 50'Yo TS in the sam- .
thesmophilus and Lac delbrueckii subsp bul- pie from Qatar) and, probably, contrasted'.
garicus.23 The entire trial was repeated three raw materials and/or methods of production.
times but, because the decline of the starter Nevertheless the relationship between the
culture was so rapid, sampling of the batches main constituents suggested that the test
under olive oil (without yeast) y.rascompleted material was broadly comparable with pr<;>d-
at 3, 6, 9, 12 and 15 days dunng the second ucts on the market, and hence would provide
and third trials. a suitable material for the evaluation of

Chemical analyses of the original yogurt. microbial spoilage.
concentrated yogurt and yogurt cheese
included pH using a model Kent ElL 7045;46
meter fitted with a standard combination
glass electrode. titratabie acidity as deter-
inined by the IDF.24 TS content according to
IDF,2s fat content by the Gerber method
using Gerber (scale 0-8%) butyrometer tubes
as cited in the British Standards Institution
method " and available water as measured
using the Dew Point Meter (DP 383R, UK)

:;':.'" . TABLE 1 ' , '
Some eharacterlsties or ,the re'~onstituted milk, the yogurt, the concentrated yogurt
and the yogurt cheese, DIona ",lth those or the whey expelled during drain~ge of
the yogurt and the pressing of the concentrated yogur~ aU figur~ :1S~g 100 g-I and
~. . acidity calcw:lte.d lIS Iactic acid (%) • ' . ,,~ ..

Samples Fat

·Milk·
Yogurt
Concentrated yogurt
Yogurt cheese
Whey (drainage)
Whey (press)

Total.solicls Titratabie acidity

15.84 ± 0.02 .
15.02 ± 0.26 ..
2~.20 ±0.12
40.45 ± 0.15
8.32 ±o.ol .
7.94 ±O.l3

4.45 to.1S
. 3.94 ±0.44
8.53 ±0.02
18.25 ± 0.25
O.SO
0.40

NO
1.06
ND
1.23
NO
1.54

ND = not determined.
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Survival of K marxianus subsp marxlanus
The results shown in Fig. 2 suggest that the
cell counts of K marxlanus subsp marxianus
increased over the first IS days of storage
from the initial estimated count of 7.5 X 104

colony forming units s". but then declined
over the next 45 days. At that point, some
marginal differences in the behaviour !,f
the survivors began to emerge. Thus, v....hlle
the counts under olive oil remained stable, the
colony counts showed a--slow but .oontinual
increase under cottonseed oil. Under sun-
flower oil, the inhibitory action of the oil
appeared to be lost after 75 days.

However, the differences at 90 days were
not statistically significant, so that it would
appear that the phenolic and other compounds
in virgin olive oil are not contributing. to .the
gradual loss of viability of the yeast. Thl~ Vle:v
is supported, to some extent, by the dechn~ ID
cell numbers in the yogurt cheese stored with-
out any covering-of 'oil. for it would appear
that the reducinz counts are the result of a
cumulative impa~t of factors associated with
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Fig. 2. The growthlsurvh'al of K marxtonus subsp marxlanus during the storaee oC yo~rt cheese under vegetable oilS
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Fig. 3. The survival oC starter culture bacteria durin, the storage of yogurt cheese under virgin olive oil at 2S·C .
• Strep ,II"''1rJphilllJ, J;.. Lac delbrutckli subsp bu/garieus. AU values arc means or three trials.

the cheese per se, ie, Iowa ...., low pH and, pos-
sibly, the presence of antimicrobial compounds
secreted by the starter culture. However, it
may.be relevant that the initial location of the
.yeast:cells was in the centre of each ball, and
the counts might well have increased dramati-
cally had some of the cells migrated into a
zone of less severe inhibition, eg, surface water
and adequate aeration.

Enumeration of starter culture
This latter point is supported, albeit indi-
rectly, by the survival of Strep thermophiius
and Lac delbrueckii subsp bulgaricus in

yogurt cheese under olive oil for, as shown
in Fig. 3, the conditions within the balls
caused a rapid decline in bacterial counts.
Clearly the anaerobic conditions imposed by
the oils and, perhaps the presence of pheno-
lics and fatty acids in the vegetable oils,
could be contributory factors, but the rates
of inactivation suggest that the role of the
latter factors is minor.

CO:-;ClUSION
Overall, this study has confirmed that the
immersion of balls of yogurt cheese under
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vegetable oil is important with respect to the
control of any superficial growth of yeasts
and moulds. However, the retention of the
organoleptic quality of the cheese appears to
be due to the nature of the product, for the -
total loss of viability of the starter culture
means that over-acidificationis unlikely to be
a problem. Similarly, the decline in numbers
of yeasts suggests that the development of
off-flavours should be minimal, -and hence it
is not surprising that labneh anbaris can be
sold with a projected shelf-lifeof two years. It
.would appear also that the use of olive oil is
simply a matter of local availability, and that
other vegetable oils could provide equally
adequate protection against the growth of
surface contaminants.

Turkan Keceli thanks the Turkish Higher
Education. Council (YOK) and the The
University of Cukurova (Adana-Turkey) for
financial support, and Ron Brown of the
Faculty Analytical Service, University of
Reading for assistance with the chemical
analyses.
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The production of sun-dried, ycghurt-eereal mixtures in the Middle East enables the limited supplies of mil": to be .
~n.served in 'rural areas. The protein-rich material also-forms a valuable dietary ingredient.during. periods o!the. year. ~~._"'-_"""'_
when fresh milk is unavailable. '.. . .

More extensive usc of these products is limited by their rather acrid flavour, caused primarily by the uncontrolled
narere of the fermentation. This study showed that when pre-cocking of the wheat was allowed to cause extensive .
destrtICtÏon of the microflora, then the bacteria in the yoghurt, namely Streptacossus thermophllus and Lactobacillus : . . ..
bulgarieus became responsible for the subsequent acid development. Precooking can therefore control the final acidity .. .:__ ~. _
of the product and, to some extent, its davoor, and fermentation can be stopped at any pre-selected point. The complete
cessation of microbial acrh"Ïty was achieved by roUer-drying the .finished mixture. This process limited the losses of
B-vitamins and imparted a pleasant, malty fiavour to the final product. . . . . .... ..... .. .
. On reconsdtutlon with hot water it was acceptable to a wide range of palates. Production of yoghurt-cereal mixtures
shonId be encouraged in those areas ofthe world where milk is an under-utilised commodity, particularlyas the process.
could be readily standardised for an "intermediate technology" situation. .

. KEY WORDS: Yoghurt, cereals, fermented foods, kisbk. milk, wheat.

Most industrialised countries have well established
national policies with regard to .their dairy indus-
. tries. Incountries like Denmark (petersen, 1963),
United Kingdom, Netherlands and Germany
(Anon, 1960) the agricultural economy has, for'
many years, been oriented largely towards milk
production, and the emergence of co-operatives
involving both farmers and companies means that
nearly ï9 percent of all milk is delivered in a fresh

-; condition directly to processing plants ..The situa-
tion in developing countries is very different and

. ~ Table I illustrates the disparity between the con-
trasred areas.· . . . .

111¢ utilisation of milk by the different countries
varies widely depending on demand patterns, pro-
cessing facilities, marketing systems, retail prices

..... ,'.

and income. of the consumer, and average con-
sumption per caput varies from only a few kilog-
rams per annum in some developing countries to a
maximum of290 kg/person/year in Finland (Food
and Agriculture Organization, 1969).

It is clearly in developing countries that the real
need for efficient milk production and. utilisation
still exists; ·and With some 80 percent of the
population living in rural areas, industrial solu-
tions are almost irrelevant. It is, therefore, of
primary importance to promote the economic and
social development of these rural populations, but
to do so in a manner that affords the minimal
amount of disruption to the traditional patterns of
life. Thus, in some areas, herds of cattle consisting
of hundreds of animals are considered merely as a

TABLE I
Recorded milk production (1000 metric tonnes) in industrialised as compared with developing countries

Area
1960-65
(average) 19751973 1974

lad usrrialised"
Developing" '_

190,818
38,851

202,003
52.182

201,195
48,218

.. 201,853
SCl,207

&Including North America. Europe, Australia, etc.
!IAfrica, Latin America, Near and Far E3St. (After: FAO, 1975:)
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In warm climates, the production of milk tend's to
. be seasonal,. and with temperatures as 'high as "', YOGHtJRT-CEREAL MIXTURES
~O°C. the milk turns Sour and coagulates within a
short time of milking. If this process happens by .One ofthe best known of these materials, Kishk, is '
'chance, then the end-product is frequently rather '. -, already widely consumed in the rural areas of Iraq.:(
unpleasant to eat or drink. However, if the milk is - .. , (Frankul, 1961), while a similar product, Tarhana
boiled immediately after collection, and mixed .~. 'is to be found in Turkey (Koksal, 1961).· . '. ','
with a portion of sour milk from the previous day,' _... '.' . The basic process starts with the treatment of
the new sour milk will have a distinctive character the cereal, normally wheat. and, after washing to
and flavout.and the coagulum will be thick and remove any foreign materials; the grain. is. boiled
uniform. Products of this type are collectively for an hour or so in open kettles. This process
referred to as yoghurt, although many traditional gelatinizes the starch (Neufeld, Weinstein, and
names 'are still in common use. . Mecham, 1957), so altering its solubility through

Although yoghurt is an attractive product for the formation of amylose and amylopectin com- .
the consumer,'as well as being hygienically safer plexes (priestly, 1976a, b, 1977). The parboiled
thán raw milk, its keeping quality at ambient grain' is then spread on the ground to dry, and,
temperatures is limited. To overcome this prob- being a mid-summer activity, the sun rapidly low-
lem, some of .the yoghurt produced during the ers 'the moisture content to around 12 percent.
months of the year when milk is available is turned After removing the chaff, the grain is then milled'
into condensed yoghurt, and Figure 1 illustrates a into a coarse Bour ready for storage, and it is.
few of the available processes and products. probable that a period of four to six months can be

The derivations of these addlrional-foods is achieved before rancidity becomes a problem. .!.

obviously an advantage, but the basic coneen- The preparation of this parboiled wheat, or bul-
trared yoghurt is still prone to spoilage through gur as it is known locally, is one aspect of the
excess acid development or microbial contamina- process that would appear to merit closer control. J

tion, while those materials preserved under oil . Thus, Saracoglu (1953) found that bulgur pro-
may not be acceptable to all households. The most .duced in Turkey had an average thiamine content
attractive process may be, therefore, that in which of27 percent less than the original wheat. Adolph,
the concentrated yoghurt is dried in conjunction Shammas, and Halaby (1955) reported similar los-
with a cereal flour, and the advantages of this idea .... - ··~seslor hiacin; ribófiavin was reduced Dy up to "
may be summarised as: 75 percent. It is interesting, however, that the

. . growth of rats fed on whole wheat as compared
the dry products are virtually ~on-hygroscoPIC, with bulgur was the same (Shammas and Adolph,
~d hence can be stored at.amblent temperature 1954), and hence the losses revealed by chemical
with few proble.ms; . analysis may not be significant in practice. It is also
when ground and reconstituted with hot water, evident that raw Bour could not be employed for

. the resultant porridge is widely accepted, e~pe- other reasons, because not only would the recon-
dally by young people (van Veen and Steink- stitution of the ungelatinised starch prove difficult, ..
raus, 1970); but the flavour of uncooked meal could also prove
the nutritional value of the porridge makes it a unattractive.

. sign of wealth, and are used neither for meat nor
milk production. In such a situation the potential
for change is evident, as the losses to the commun-
ity of valuable milk protein must be very. high
indeed. If.,.in addition, it is accepted that atleast
30 percent 'of th~ fresh milk that is collected goes
to waste, then jbe case for initiating improvements
is very Strong indeed. , . " , .

TRADnnONALPRACTlCESE~~LOYED
TO P~VENT SPOIT..AGE

. :..
valuable supplement' to any carbohydrate-rich
diet (Frankul and Pellett, 1959);
the process provides a simple means.of prolong- - -
ing the availability of milk protein in those areas
. with season~ produetione

There are, therefore, good reasons for-propos-
ing that the use of yoghurt-cereal mixtures should
-be encouraged, and it is the aim of this paper to
consider what is currently known of these pro-
duets, and to suggest ways in which their usage

, .- . might be extended. .
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Preliminary treatment of milk
(heating)

1
Inoculation (product of previous day)

Incubate~vemight.-:-----___;'-7Heat in vessel over
!Yoghurt) smokey fil..

Pack in glass jars
and cover with olive
·oil (Smoked Yoghurt)'.. '":.

Separate whey from yoghurt using
sheepskin or-cloth baq '(condenl Y09hU")~ __._-_._..• -

Mix with wheat flour and sun-dry : Mix with herbs and
(Kishk) spices, shape into

balls and partially .
sun-dry; keep in jars
under olive oil
(Chanklichl

··i

Shape into balls,
partially sun-dry

. and keec in jars
under olive oil

FIGURE 1 Traditional production of yoghurt and some related products.

I

i.

. .

The final stages of producing kishk involve mix-
.ing the ground parboiled wheat into the concen-
trated yoghurt (see Figure 1), and then allowing
the dough-like mix to ferment for up to five days.
What microbiological processes are involved in

.-: this stage are still largely unknown, but, tradition-
ally, the fermentation is simply allowed to run its
natural course, and the finished dough is then
turned into small rolls; about 70-80 cm in diame-
. ter, and sun dried. . ..

In an alternative process, two/four parts of nor- .
mal yoghurt are mixed with one part of cereal
flour, and the mixture is then allowed to ferment
for 5-7 days at ambient temperature (30-40°C).
At this time, an additional quantity of fresh
yoghurt is added to the mix, and the fermentation
is then allowed to continue for a further 4-5 days.
At this point, the wet'kishk is spread out on cloths
to dry in the sun 'for 1-2 days,

The exact nature of the process is probably a
matter of tradition, but, whatever the procedure,

these products form an extremely important com-
ponent of the diet for certain communities. To
many palates, however, the acrid nature of the
reconstituted material would be quite unaccept-
·able, whereas if a similar product could be devised
ha ving more widely attractive organoleptic charac-
teristics, then the process could well be of interest
to other developing countries. where- the handling

. of raw milk presents a problem. It was decided,
therefore, that an attempt. should be made to

. +develop a yoghurt-cereal product with the essen';
. tial advantages of kishk, but without the concomit-
ant drawbacks over acceptability ..

LABORATORY PRODUCTION OF A
KISHK-LTI<E FOODSTUFF

The basic process is shown in Figure 2, and it dif-
fers from the traditional method mainly in the
second fermentation stage. Thus, although the
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The employment. 'of roller-drying, 'or 'ev~n I

spray-drying, for the ~al preparati~n app~a_rs.to__.. ,
offer some advantages, .over sun-drying, by main-
taining the riboflavin content of the product, and it I
was also noted that the porridge acquired a. slightly I
malted flavour in the process; an improvement
that was enhanced by the addition of 20 percent ,
'malted wlieai flour to the basic ingredients. The
actual malting process was similar to that
described by Fleming, Johnson, and Miller (1960),
and the effect of this process on the' nutritional
value of kishk is shown in Table II.
The increased level of riboêavin is not unex-

-.
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Yoghurt . Bulgur

RecanrutOd ,!dm-milk 1'2% TSI

~e" 'r5"C to,30min,

Cool to 4SOC. 1.
Inoculate with 2% r..arter
(Streptococcus thesmophilus and
Lactobacillus bulgar:cus)

1.
Cool to SOC

Soak wheat at 60OC-4 hi-so

·1
Orain and cook at '"1'; fo"O min,

Air dry (SO·C) to around 10% moisture

1
Mill, and mix flour and bran together...._--,_..- ._--.. ·1
. .
Mix whole flour with twice weight of water

~-------------- _----------}y

..

Equal weights. l'
Ferment at 42OC---48 hrs (1.0% I.a.)

. 1
Add hot water and agitate vigorously

·t
Hold mixture at 80·C~O mins

1
Roller-dry and grind

FIGURE 2 Flow diagram of the method ol producing ~ "láshk-l.ike" product on a laboratory-scale.

. .
yoghurt base was made with an acidity of around
1.5 percent lactic acid, after mixing with the flour
and re-incubating, the acidity of the final product
was held at 1.0 percent La. This mild acid
development during the second fermentation
appears to be a consequence of restricting, by;
heat-treatment, the lactic micro6ora from the
wheat flour. The result of this reduced acidity,
(1 percent as compared with 2.5 percent lactic
acid for its Dative counterpart), is that the end
product has, when mixed to a porridge-like consis-
tency with hot water, has a mild, agreeable flavour
that suits most tastes.
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TABLE n '.. - .".
_Some typical analyseS of laboratory prepared yoghurt-cereal mixtures, and some comparative data from the sources cited ._

. Riboflavin .'
Niacin

(all mg!lOOg
. of product) Thiamin

3.2 0.3 0.1 -Thls-study"
3.5 0.6 . 0.2 This studY'
2.9 0.4 '0.06 This study"
3.7' . 0.2 0.2 Frankul (19Ól~
3.5 0.05 0.2 Frankul (1961

0.3 van Veen, Graham, and
Steinkraus (1968)

3.5 0.27 EI-Sadek et al (1958)
. Morcoset al (1973)

Protein Ash
(%) (%)

. 18.2 2..3
18.3 2.2
29.4 11.6
18.4
17.4
14.8

23.5 8.1
23.05 8.1

; I.. ~

·Yoghurt +Dormal cooked Hour.
IIYoghurt + malted flour ••
CVillage sample from Iraq.
4Laboratory sample.
·Village samples from Iraq .

pected (Stringer, 1946), but it is noticeable that
the other B-vitamins also showed an improved
presence. The attractive malty flavour was obvi-
ousiy more distinct, but it was also observed that
acid development during the kishk fermentation
was more rapid. Thus, a titratable acidity of one
percent lactic acid was reached in approximately
24 hours, whereas, with the normal cooked flour,
the same acidity was reached one day later. TIlls
difference .may well be a reflection of the produc-
tion of free sugars during the malting process, for
while 250 mg/IOOg of flour was found in normal
flour, this figure reached 831 mg/IOOg in the
malted flour. At least some of these sugars would
have a stimulating effect on the dominant lactic

~ miereflora (namely, Streptococcus thermophilus:
and Lactobacillus bulgaricus], and it is clear, there-
.fore, that the secondary fermentation stage in the
production of kishk could be rationalised con-
siderably. .

It will be important to determine, of course, ..
whether the lower acidity will adversely effect the
keeping quality of the product at high ambient
temperatures viz-a-viz the materials of village
origin. Nevertheless, it is fair to conclude that the
kishk-type foodstuff described above could well
have a much wider consumer appeal than its native
counterpart, while, ~t the same time, retaining its
essential nutritive value. If this view is correct,
then it is to ~' hoped that an approach of this
nature, to the problems of milk preservation and

distribution, will make it possible for those areas of
the world that lack modem technology to utilise
their sparse supplies of milk protein to better
advantage.

CONCLUSION

The widespre ad acceptance of yoghurt ':'cereal ti:ili:-
tures in certain areas of the Middle East, and their .
obvious value asa means of preserving valuable
milk protein from spoilage, suggests that an expan-
sion of their use in developing countries wuuld
have much to recommend it.Whether this expan-
sion involves the introduction of the material into
new rural areas, or the rationalisation of produc ..
tion in communities becoming urbanised is of little
consequence. What is important is that the process
offers a means of conserving the limited resources .. :_
. of available raw milk, and, in addition; provides
the community with an attractive and nutritionally
valuable dietary ingredient.
It must be admitted, of course, that some of the

native products are of limited organoleptic appeal
outside their country of origin; but this problem is
really a matter of process control. Once the neces-
sary refinement has been achieved, then there
. seems no reason to suppose that yoghurt-cereal
mixtures could not prove to have a more ubiquit-
ous appeal.' .
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;

i
:'

A dried yoghurt-cereal mixture was produced with a final prote~ content of around 17 per cent, and an amino-acid
.. . spectrum close to the FAO/WHO standard: lysine and threonine were the limiting values. Feeding trials with rats

confirmed this slight deficiency, in that the mixture had a PER value of 2.3 (casein-2.5) and an :t-."PUvalue of 61.2
compared with 62 for casein.'

The acceptability of the product was tested by substituting the mixture for rice Bour in a typical Mexican food.,Arole.
:_T.his gruel is widely consumed in rural communities, panicularly by children, and the yoghurt-based equivalent was
. readily drunk by mothers and children alike. Flavoured gruels, especially strawberry and vanilla, proved most popular. It
~as concluded that the production ofyoghurt-cerealflours could be a valuable method of preventing losses ofliquid milk

. 10 rural areas, and that the material could form a ~eful dietary adjunct, especially for pr~-school children.

KEY WORDS: Yoghurt; cereals; fermented foods; milk: Mexico; food processing.

I-
i

INTRODUCTION olderchildren, then it is possible that the worst
.. _. ,. . ravages of malnutrition could be diminished, and

There are many reasons put. forward to explain at a modest cost.
:~why malnutrition is an ever-present: problem in . A method for the production of yoghurt-cereal
certain areas of the world, and yet in spite of con-, .: ...mixtures has been discussed elsewhere (Robinson
siderable activityby the United Nations andother ;. and Cadena, 1978), and it is the aim of the present
bodies, solutions are not readily forthcoming. One .i=: paper to show first that the observed nutritional
of the most depressing aspects of this situation is -. value of one such material confirms that it would

' .. that children are often the most vulnerable group . :..__b~~._u.sefuladdition to cereal-based diets; and
in terms of dietary deprivation. Thus, in Mexico .second that foods incorporating yoghurt-cereal

: for example, some :32.3 percent of all children mixtures could prove ..popular in rural corn-.
show, at around orie year, some degree of malnut- munities .
. rition, and 3. survey of six-year-olds put the pereen-
•tage malnourished at around 50 (Chavez, 1974) .
. 'The effect of this malnutrition wiII vary with the . ,MATERIALS AND l.\1ETHODS .
, . individual, but it is probable that many victims will .
·.:display the classic symptoms of retarded growth, ,., ,. Although it is envisaged that whole milk would be
_'diminished resistance to infection andimpairment , employed for normal production, a commercial

, ._"of the mental processes, (Martinez and Chavez, . sample of dried skim milk (33.7, percent crude
1967). . . -,". - .. '-'. protein) was used to make the basic yoghurt.
If this conclusion is correct. then remedial action . Wheat (11.2 percent crude protein) was used for

becomes a priority, but, at the same time, any . the preparation of thevbulgur," and, after the
..proposed solution should be sustainable within the ..'._.second incubation, the finished mixture was made

. . .econorny of the area. It is in this context, therefore, into a "slurry" and vacuum-dried, Some 50 kg of
that the employment of yoghurt-cereal mixtures '.: .yoghurt-cereal mixture were produced in this
could be relevant (Robinson and Cadena, 1978), . manner, and then finely ground to facilitate incor-

. because up to 30 percent of milk produced in the poration into any suitable item of the traditional
rural areas of Mexico .is currently wasted (Anon, Mexican diet.
1970). If this waste could be eliminated, and the. _ The expected vitamin contents had been estab-
valuable protein made available to pre-school and lished previously, .so that chemical analysis of the

169
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essential aims of the project was, of course, to
morutor the sensory reaction of children to thë
mixture, and hence a precautionary microbiologi-
cal analysis. was -carried out employing methods
derived from those of the American Public Health
Association (APHA, 1972); In particular an
assessment was made for total viable count and
coliforms. " .

M. A. CADENA AND R. K. ROBINSON .

mixture was confined to protein, ash, fat, crude
fibre and moisture. The general methods sug-'
ge~ted by the AOAC (1970) were employed for
thls study, .but, because a portion of the protein is
d~rived from wheat, the value for tqe crude pro-
tem content of the mixture is subject to' some inac-
curacy. However, previous investigators (Frankul,
1961; van. Veen, Graham and Steinkras. 196.8)
ha~e also empldye~ the formula (N x 6.25) to
estimate the protem cpntent of yoghurt-cereal

. m~tures, and hence, for comparative purposes,
this convention has been continued. .

The biological value of the product was foundby
me~suring the net protein utilisation (NPU) in rats
(Miller, 1963), and the protein efficiency ratio
(PER) employing the method of Campbell (1963).
The experimental diet was formulated so that the
animals' received ten percent protein iIi the form of
the yoghurt-cereal mixture; casein was used in the
control diets. Male rats (Wistar strain) were used
as the test animals and each animal weizhed 35-
40 g at the start of the experiment. Each animal
was individually caged for the duration of the test
(28 days), and ten rats were fed on a diet includinz
the yoghurt mixture, and ten on control nieals. Th~
weight of food consumed was recorded for the
duration of the experiment, and each rat was
weighed three times per week to determine the
increase in body weight. The data was then ana-
lysed according to the methods outlined by
Snedecor and Cochran (196ï), and the results
expressed as mean values ± standard error of the

. mean (SEM). _
The amino-acid spectrum of the material was

als? examined, for although chemical analysis per
se IS not always a valid indicator of quality, it can
indicate the' cause of any observed deficiency.
Consequ7ntly, six samples of the yoghurt mixture' -
were weighed out, so that each one contained
roughly 12 mg of nitrogen. Duplicates were then
analysed for: total nitrogen (AOAC, 1970); basic
and acidic amino-adds using a technique based
on the method of Spackman, Stein and Moore
(195~); tryptophan was estimated employing the
technique of Spies and Chambers (1949); sulphur
amino-acids involving a pre-oxidation procedure
with performie acid.. -

This procedure gave a clear indication of the
amino-acid spectrum of the product, so that,
although confirmatory analyses of subsequent
batches may be desirable, it was decided to limit
attention in the first instance to that material
required for-the biological assays. One of the

RESULTS OF LABORATORY A:.~ALYSIS

The results of the chemical analvsis of the
yoghurt-cereal mixture are shown inTable I, along

TABLE I ';
Chemical analysis of a yog.hurt-cereal mixture, and of the (
skim-milk powder and ground Bulgur used in its manuiac:rure;

(g/100 g.)

Skim-milk Bulgur Yoghun-areal

Moisture 3.5 11.2 6.0
Ash 8.0 1.4 2.5
Protein 33.7 11.1 .17.1
Fat 1.5. 2.0 1.7
Crude fibre .2.0 2.2
Carbohydrate ~34 72.3 70.6

. with the analyses of tbc starting materials. It is .
" clear from the Table that, if the yoghurt-cereal
mixture were to replace a straight cereal flour, then
both the mineral and protein components: of the
food would be improved. The quality of the pro-'
tein was also enhanced, and, as shown inTable II, I.
only lysine and threonine could become limiting if ~
the yoghurt mixture were to be employed as a sole .
source of protein. . "
This conclusion 'was borne out by the feeding «:

trials with rats, and the figures for both Protein
Efficiency Ratio and Net Protein Utilisation
confirmed the dietary value of tbe yoghurt-cereal
mixture. It is accepted that allmethods of assessing
protein quality are open to criticism, particularly if
the data are to be extrapolated to the human situa-
tion, but nevertheless, the results presented in
Table III give some cause for confidence that the.
yoghurt mixture could be usefully employed
in a human diet. It was also possible to
confirm that the product would be microbiologi-
cally acceptable, in that the total viable count was
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TABLEll

..
Amino-acid composition of a yoghurt-cereal mixture, together with tbe provisional
partem suggested by FAO/WHO (197~); (gIIOO g of protein.) Published data for

skim-milk powder andwheat flour are included for comparison .

"-;:ole
Amino-acid Yoghurt-cereal. wheat FAO/WHO . Skim-milk
(Essential) mixture flour' standard powder

Isoleucine .1..8 3.8 4.0 6.7
Leucine 8.4 604 7.0 10.4
Lysine 4.4 2.7 5.5 8.0
Methionine "} 5.7 3.7 3.5 2.2C..rsteine
PhenYlalanine}

8.0 7.8 6.0 4.4TYrosine
Threonine· 3.0 2.9 ·4.0 4.8
Tryptophan 1.1 1.3 1.0 1.4
Valine 5.2 4.3 5.0 6.9

Source.
&Kent (1970)
"Jones (1974)

TABLE III

...
! :

Estimation of the Protein Efficiency Ratio (PER) and Net Protein Utilisation (NPU)
of a yoghurt-cereal mixture. All values are expressed as means = standard error, and

eacb diet-group consisted of ten animals,.

Source of protein PER NPU

Casein
Yoghurt-wheat mixture

2.5 = 0.6
2.3 = 0.3

:62.0::: 5.8
61.2::: 7.0

below 10,000 colony forming units per gram of
Product. Coliform organisms were not detected in

J -any of the samples examined, and yeasts and
moulds were also absent, The hygienic quality of
the product was, therefore, rated as satisfactory,
and it was possible to proceed with the field trials
aimed at gauging the overall acceptability of the
.material as judged by consumer reaction.

. SENSORY APPRAISAL

A cursory examination of the food habits of rural
communities in Mexico indicated that extensive
use was made of a gru-el called atole. This atole is a
hot drink prepared from Hour and water, with
sugar added to make it more appealing, and it is
widely consumed at breakfast a~d1or dinner time

by children. It seerned reasonable to propose,
therefore, that, if the rice or maize flour base of
atole could be replaced with the yoghurt-cereal
mixture, then the nutritional value of the atole
could be elevated to .a more desirable level. It was
also important that children find the native gruels·
attractive, because it was considered. that this
group was the sector at most. risk from malnutri-
tion. However, acceptability of a food by a child is
of little value if the mother does not consider it
appropriate, and hence the initial introduction was
made through the parents. .. ;,
The first stage of the study was, of course, to

establish a pattern of consumption for the tradi-
tional gruels, and, for this survey, a rural area at
Malinalco, Estada de Mexico was selected. Some.
40 families were chosen on the basis that at least
some of their children were between 0-6 years,
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TABLE IV

A summary oC the questions asked of Corty families in the community oC
MaJinalco, Mexico, concerning the use of cereal gruels (aro/e), and the

responses received.

Question

Do you give atole to your children?
Response .. YES NO

75% 25%

At what ag'e were your children when you started giving atole to them? .
Respons« . 0-3 months ~ 6-12 after 12 mont.hs

5% . 30% 50% 15%

What flour do you usually use to make the gruel?
RtSpolI.S1! Rice . Maize Wheat Other

58% 23% 10% 9~

After tasting the cups of atole provided. arrange them in order of prefer-
ence.b .

A) FllSt-most lilced
B) Second
C) Third
.D) Fourth-least. liked

Response
Adults
Cbildren

Strawberry
(A)

. (A)

Cinnamon
(B)
(B)

(-
-;

Vanilla
(C)
(C)

Natural
. (D)
. (D)

·Only asked or mothers who gave stele to their children.
lOAsked. of all rorty mothers, and twenty-Cour children.

and the mothers in each family were asked the
questions set OUt in Table IV ..

The results of this survey indicated quite clearly
that. as anticipated, gruels do form an important
part of the rural Mexican diet, .paaicularly for
young children. How frequently the gruels were
consumed, or in what quantity, was beyond the
scope of this survey, but it was estimated that most
children drank between' 40~800 ml of gruel per

. day. If this estimate is accurate, then it would seem
that an appreciable portion ~f the food intake of
children around one year comes from the. atole,
and hence there would be some merit in raising its
nutritional value. The figures in Table V tend to
confirm that the introduction of gruels based on
yoghurt mixtures would have this effect, for
although the protein content of the commercial
mixtures has been improved by the' addition of
soya dour, the milk-based product would still offer
certain advantages: Nevertheless, the yoghurt-
cereal gruel has also tÓ'prove acceptable in other
respects, and it is of note that the preference for
rice flour stems, in part. from the fact that it ismore
readily dispersed in water than the maize flour, and

hence is' regarded as being easier to digest; it was
important, therefore, for the yoghurt-cereal gruel
to be similar in consistency with its rice counter-
part. The other feature of consumption that was. .

TABLE V (. .'
Comparative dietary intakes oC protein, carbohydrate and rat
from gruels made oC either cereal flours. commerciala~o/I! mixes
or a yoghurt-cereal mixture.. It is assumed tbat 500 mI of ara/I!
. are consumed ~ith a total solids cf 5:6 percent.

Base material
Carbohvdrate

Protein (g.'SOÓ ml) Fat

Maize me~·
Mai:ze starc~
Rice flout"
Wheat nout"
Commercial mi.'( (A)
Commercial mix (B)
Yoghurt-cereal

mixture

2.6 20.1
0.1 2·U
1.9 2:!A
3.1 21.8
3.9 2!.S
3.9 21.3
4.8 20.0

1.1
0.08
0.1
OA
1.2
0.5
0.5

·Source-Scade (1975).
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pertinentto the present study was that the gruels
were made with milk if the latter was available. and "
this desire to incorporate milk into the dietsug-
gesred that a gruel based on yoghurt would be well
received bv the mothers, .

It was against this background that the accepta-
bility trial with gruels made from the yoghurt-
cereal mixture was carried out. The test zruels
were made bv disnersinz 5ó S! of the drv 'mixture" in
1000 ml of-tepid water, arid then warming the
suspensions uo to boilinz. SU2ar was added at a five
percent level.and three-flavours were prepared as
alternatives, namely strawberry; vanilla and cin-
namon. Samples of these three gruels, together

. with an unfiavoured sampie, were then presented
to those mothers and children that were familiar
with atole, even though some of the families did
not consume atole in their own homes (see Table
IV). Thus 40 mothers and 24 children (approxi-
mate age. range 3-5 years) took part in the trial,
and, for simplicity, mothers and children were
asked only to place the samples in order o.fprefer-
ence. On this basis, strawberry emerged as the
clear favourite, with vanilla. cinnamon and natural
following in sequence. Wh~ther colour or flavour
was the strongest influence in the selection of
strawberry could not be ascertained, but the rejec-
tion of the natural flavour was- somewhat disap-
pointing: Tnus, although the plain yoghurt-cereal;
mixture would normally be in competition only
with the local rice or maize gruels, it would have
been encouraging if the natural yoghurt mixture
had been better received. Nevertheless, most
mothers indicated that thev would buy the natural
yoghurt-cereal mixture if it was available in their
local shops, and this reaction alone may indicate
that acceptability of the new product would not
pose too many problems.

DISCUSSION

When a milk product, like yoghurt, is preserved by
drying in combination with a cereal flour, It is
hardly surprising that the nutritive value of the
product is higher than that of the flour alone. It
would seem appropriate. therefore, to suggest
that, in those countries where cereals are the staple
diet 'and milk is in limited supply, more attention
should be given to the idea of producing yoghurt-

. cereal mixtures for consumer-use.
The validity of'this view has been confirmed, at

least in part,'by the present study, in that it has

shown first that yoghurt-cereal mixtures could, in
·nutritional terms, form a valuable supplement to a
carbobydrate-ricb diet; second that the product
could be produced with a modest level of technol-
ogy; tbird that the product should present no
health hazard to a potential consumer.
e , These conclusions are in accord with'the views"
of vanVeen and SteinkrauS (1970), but it is impor- "
tant that this present study bas also considered in
some detail the problem of acceptability. Thus, the
consumption of yoghurt-cereal mixtures is rarely
encountered outside the Middle East, even though '
many countries face similar problems of milk dis-
tribution and storaze, Obviouslv manv factors con-
·tribute to the evolution of food habits, but it is
" rather curious that the simple process of drying
fermented milks with cereal flours has not spread
"more wide Iv. The -eccentricirv of this restricted
distribution- is hizhlizhted b~ the fact thar the
yoghurt mixture -pro-duced during this present
· investigation was readily accepted by a typical
rural community in Mexico. It must be admitted

. that the mixture was presented in the form of a
familiar gruel, atole, and with careful attention to
·flavour and consistency, but nevertheless, even the
natural product was á accepted by most particip-
ants in the trial.

The possible value of this latter observation is
that it confirms not only that yoghurt-based pro-
ducts could enjoy more widespread popularity. but,
"furthermore, that they could provide a vehicle for.
introducing valuable milk protein into the diet of
.underprivileged children. Thus, many children in
rural Mexico consume, even at an early age,
around 500 ml of atole per day, so that the sub-
stitution of cereal flour with a vozhurt-based mat-
erial must be beneficial. If. in áddition. alternative
carriers for the yogburt ~Lxture could be found,
then it is feasible to propose that yoghurt-cereal
flours mizht go some wav to alleviating child mal-
nutrition in the rural areas of Mexico ;ndlor simi-
lar communities.
If it is accepted that these mixtures would be

welcome in rural communities, then their produc-
tion offers a potentially valuable method of con-
serving the erratic milk supplies that characterise
the dairy activities in many developing countries.
The exact method of exploiting this approach to
food conservation will varv from one countrv to
another, but it is probable that at least some losses
of liquid milk could be halted if the spread of this
particular fermentation process could be encour-
aged.
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IMPROVING THE IMAGE OF YOGHURT-CEREAL MIXTURES

by

R KROBINSON
Department of Food Science, Universfty ol Reading. England.

ABSTRACT

Fermented yoghurt-cereal mixtures enjoy
widespread usage in the Middle East, where they
are employed as a means of preserving valuable
supplies of milk protein. However, the unusual
nature and flavour of these local products gives
them a rather restricted appeal, and it appears that
these singular characteristics result from the un-
controlled nature of the fermentation. Thus, it has
'been shown that when the yoghurt flora is limited
to Streptococcus thermophilus and Lactobacillus
bulgaricus, and the second-stage yoghurt-cereal
fermentation is carried out under conditions

which also favour the inoculated bacteria, then a
mild, agreeable flavour is imparted to the end-
product.

Various other processing features, such as a
more complete grinding of the wheat, and a rapid
termination of the second fermentation, also im-
prove the nature of the finished material. It is pro-
posed, .therefore, that this more uniform product
could be promoted as a valuable food supplement
for developing countries, and perhaps also as an
attractive breakfast cereal for populations in ur-
ban areas.

Although the lactic fermentation of milk has much
to recommend it is as a means of both preserving the
raw material, and producing an organoleptically attrac-

. tive end-product, the shelf-life of yoghurt or similar
foodstuffs is still limited. This latter problem' is
highlighted in some countries of the Middle East where
the high ambient temperatures pose a real limitation on
storage, and the most practical solution has been found
to involve 'drying' the yoghurt with cereal flours.

A number of variants of the basic yoghurt-cereal
mixture are available according to local custom, but the
end-products share a number of essential features in
that:

1) they form a valuable dietary ingredient, parti-
cularly during periods of the year when milk
production is low;

2) their non-hygroscopic nature, together with
a low pH, makes it possible to store them at
ambient temperature with few problems.

However, despite these obviously desirable
characteristics, the exploitation of materials of this type
is, outside certain areas, minimal. One of the reasons
for this lack of enthuslasm may be linked with the
absence of 'consumer-appeal' evident with some of the
products made at village level. Thus, in general they
are extremely acid, up to 2.5% lactic acid, have a rather
acrid flavour, and, when reconstituted to form a
'porridge-like' gruel (the normal method of consump-
tion), the resultant mixture has a granular consistency
that is disagreeable to many palates.

,5. AIr. J Dairy Technol. (1978) Vol. 10No, 3.

'Nevertheless, the basic concept is an attractive
one, and it was decided, therefore, that an attempt
should be made to both standardise the process, and to
modify it in such a way as to give the end-product a
.rnore 'universal' appeal. If this could bé done, then it
was hoped that other populations, éspecially those with
erratic milk supplies, might be tempted to look at
yoghurt-cereal mixtures in a new light.

Traditional yoghurt-cereal mixtures

One of the best known of these materials 'kishk' is
already widely consumed in the rural areas of Iraq
(Frankul & Pellet, 1959), while a similar product
'Tarhana' is to be found in Turkey (Koksal. 1961).

The basic process starts with the treatment of the
cereal, normally wheat, and, after washing to remove
any foreign materials, the grain is boiled for an hour or
so in open kettles. This process gelatinizes the starch
(Neufeld et aI, 1957), so altering its solubility through
the formation of amylose and amylopectin complexes
(Priestly, 1976 (a) & (b), 1977). The parboiled grain is
then spread on the ground to dry, and, being a mid-
summer activity, the sun rapidly lowers the moisture
content to around 12%. After removing the chaff, the
grain is then milled into a coarse flour ready for storage.

The final stages of producing 'kishk' involve mixing
the ground, parboiled wheat into concentrated yoghurt
(Robinson, 1977), and allowing the 'dough-like' mix to
ferment for up to five days. What microbiological pro-
cesses are involved in this stage are still largely
unknown, but traditionally, however, the fermentation
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Stellenbosch University http://scholar.sun.ac.za



is allowed to run Its natural course, and the finished
dough is then turned into small rolls, about 70-80 em in
diameter, an~ sun dried.

Although there are some losses of vitamins from
the raw materials during processing (Saracoglu, 1953,
Adolph et sI, 1955), the protein content of the dry-
material is around 24%, and it is estimated that 50 g. of
'Kishk' per day can meet the lysine requirements of a
man 60 Kg body weight. Nevertheless. in spite of these
attractive attributes of. the product, the lack of 'process
control' results1n a material.that Is both variable, and of
such an 'acquired' taste, that it is frequently unpalatable
to those unfamiliar with the flavour. It was these latter
features that the laboratory process sought to eliminate.

The Suggest8;d Process

The cereal portion of the mixture was prepared by
soaking wheat (var. Mega) at 60°C for four hours, and,
after draining off the water, 'steaming' it under pressure
(15 psi) for 10minutes. The grain was then dried at 50°C
to 10% moisture and milled; the flour and bran were

. mixed together to give the final ingredient.

The yoghurt fraction was made with reconstituted
skim-milk (12% total solids) which was heat-treated at
85°C for 30 minutes prior to inoculation. The starter
culture of Lactobacillus bulgaricus and Streptococcus
thermophilus was added at a rate of 20/0to the cooled
milk (45°Cl, and the mixture was Incubated at 42°C for
4 hours; the acidity of the yoghurt at this point was
1.5% Jactic acid (1.a.)

The yoghurt was then added to an equal volume of
a prepared flour-water mixture (1 part whole flour: 2
parts water), and the whole was agitated to a
homogeneous consistency. This 'dough' was allowed
to ferment for 48 hours at 42°C, by which time the acidi-
ty of mixture, which had been lowered to 0.5% 1.a. by
the flour, had risen to around 1.0% 1.a .. The fermenta-
tion was terminated by macerating the dough in an ex-
cess of hot water (80°C), and holding the suspension at
this temperature for 30 minutes. After this time the mix-
ture was roller-dried, and the resultant material was
then lightly ground to give the finished product.

Results end DIscussion

When the end-product was reconstituted with hot
water, the resultant 'porridge' had a pleasant, malty
flavour, and a consistency (variable according to per-
sonal taste) that was smooth on the palate. This con-

trast with the traditional 'Kishk' Is, to a large extent, a
reflection of the Improved control over the fermentation
stagés, In that not only was the acidity much lower, but
.also the restricted microflora gave little opportunity for.
the development of 'off-flavours'.

A chemical analysis of the product revealed that its I
protein content was rather lower than the native
material (see Table 1), but the ernployrnent of concen-
trated yoghurt for the village process could explain this
difference. .

. .
It was also noticeable that the sample from Iraq

contained a percentage of sodium chloride, and this op-
tional addition (at a level in axcess of 2%). is partly I
responsible for the elevated ash content. The vitamin B
components are comparable with other reported
analyses (Frankui, 1961, Van Veen et et, 1969), and it is I
probable that some processing losses, vis-a-vis the raw
materials, are inevitable. However, the employment of
raw 'flour, with Its ungelatlnised starch and harsh ~
flavour, makes a product that Is virtually inedible; while
the vitamin depletion associated with the terminal dry-
Ing/heating procedure cannot be readily avoided. The I
replacement of 20% of the 'normal' flour by flour from
malted wheat was found to be one way of elevating the
vitamin content, but whether there is any nutritional I
justification for such a practice must be open to doubt.

Obviously chemical analyses alone do not 'support'l
firm conclusions concerning the nutritional value of a
foodstuff, but there is every reason to believe that the I
'new' yoghurt-cereal mixture .would be no less accep-
table a dietary component than its native counterpart
(van Veen & Steinkraus, 1970). If this view is correct, I
then the new process would offer a product that, In ~d-
dition to the attributes of the original 'Kishk' • could be
expected to: I

1) be reasonably uniform from one. batch to the
next;

2) have a mild, malty flavour that could well find
widespread acceptance, although it is possi-
ble that the acidity would have to be raised
slightly to combat adverse storage condi-
tions;

3) be produced with a comparatively low level of
technology.

It Is reasonable to conclude, therefore, that a
yoghurt-cereal mixture of the type described could be
considered for utilisation by peoples with entirely dif-
ferent food patterns and preferences from those in the
Middle East. Furthermore, not only might the product

TABLE 1 Compositionol a laboratory·made yoghurt·cereal mixture. together with a vmage-made sample from Iraq.

ProduC1 Prot.ln
(9/~OOgl

Ash Niacin .1 Ribofl ....ln Thiamin
(mg/100gl

Labor;uory origin 18.2 I 2.33 3.22 I 0.31 0.13
Origin in I(lq 29.4 11.6 2.87 0.41 0.06

140 S. Air. J O.lry T~chnol. (1978/ Vol. 10No.3.
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prove suitable for exploitation as a means of preserving
valuable sources of milk protein in rural communities,
but also, perhaps, as an attractive breakfast food for ur-
ban dwellers. Thus, the trend towards 'natural'
breakfast cereals has been quite marked in recent years,
and consumer reaction to a yoghurt-based product
could prove interesting.
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BOEKBESPREKING
LABORATORY METHODS IN FOOD

AND DAIRY MICROBIOLOGY
by W F Harrigan and Margaret E McCance. Hersien
deur W FHarrigan, 1976. Academic Press, London. 452
pp. Plaaslike prys ongeveer R 23.

Hierdie is 'n hiersiene uitgawe van die
oorspronklike boek met die titel Laboratory methods in
microbiology. Die verandering in die titel van die book
beklemtoon in 'n mate die huidige neiging tot die
samesmelting van die suiwelbedryf met die breëre
voedselbedryf .

Die inhoud van die boek is gereorganiseer en
aangevul. Dit bestaan uit drie dele en vier bylaes. Die
eerste deel handelaar basiese metodes; die tweede oor
tegnieke in die toegepaste mikrobiologie. terwyl die
derde deel skemas bevat vir die identifikasie van
rnlkroêrqanlsrnes. Die bylaes bevat resepte vir
kleurstowwe en kweekbodems, tabelle vir berekening
van die "mees waarskynlike getal", 'n lys van fabrikante
en leweransiers van mikrobiologiese benodigdhede, 'n
geselekteerde bibliografie en lys van verwysings.

Die beskrywing van die verskillende toetsmetodes
word voorafgegaan deur inleidende paragrawe waarvan
die inhoud baie help met die vertolking van resultate
verkry met mikrobiologiese ontledings van
voedselprodukte.

Baie rnlkrobioloê'Js o~kundig omtrent die gevare
verbonde aan die chemikalieë en materiaal waarmee
hulle werk aangesien die meeste mikrobiologiehand-
boeke min melding hiervan maak. Gevolglik is die
gedeeltes oor veiligheidsmaatreëls en die gevare ver-
bonde aan die hantering van sekere chernikaliê nuttige
toevoegings tot die boek.

S. Afr. J Dairy Technol. (1578) Vol. TONo.3.

Hierdie boek kan sterk aanbeveel word vir studente
in die voedsel- en suiwelmikrobiologie en vir persone
wat betrokke is by die mikrobiologiese kwaliteitskon-
trole van voedsel- en suiwelprodukte.

B H Bester

OLD SOUTH AFRICAN
DAIRY JOURNALS

The Animal and Dairy Science Research Institute is
anxious to include in their collection of dairy literature
old South African dairy literature. It will be greatly ap-
preciated if anyone could give any information as to
where the journals listed below, could be obtained or
those who are prepared to make a contribution to the
library. Please write to the editor, P.O. Box 103, Irene,
1675.

Approximate years
Journal of publication

1. South African Dairy Journal 1936, 1937
2. South African Milk Journal 1936, 1937
3. South African Dairyman 1939 to 1959
4. South African Dairyman

and Smallholder ? to 1959
5. Fluid Milk 1939 to 1959
6. South African Smallholder

and Dairyman ? to 1959
7. Dairy Farmer 1948
8. Farm illustrated News

(Dairying) 1948 to 1953
9. South African Dairy

Industries Journal 1947 to 1948
10. South African Dairy Farmer 1946 to 1947
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Some nutritional and sensory properties of bulgur and whole
wheatmeal kishk (a fermented milk-wheat mixture) .

lmad Toufeili a*, Céline Melki a, Sossy Shadarevian a, Richard K. Robinson b

+Departmen: of Food Technology and Nutrition, American University of Beirut, Beirut, Lebanon
bDepartment of Food Science and Technology, University of Reading, Reading RG6 lAP, England

Abstract

Changes in phytic acid, phytase activity and HCI-extractability of Ca, Fe, Mg and Zn during fermentation of kishk formulated
from bulgur (cracked and bran-free parboiled wheat) or whole wheatmeal were monitored. Phytic acid and phytase activity
decreased and the proportions of HCI-extractable Ca, Fe, Mg and Zn increased as fermentation progressed. The whole wheatmeaI
kishk contained lower (p < 0.05) amounts ofphytic acid and its Ca, Fe, Mg and Zn were more (p < 0.05) amenable to extraction
by 0.Q3 N HeI than bulgur kishk. The soup prepared from whole wheatmeal kishk was significantly (p < 0.05) more yellowish in
colour, more sour, less gritty, less cohesive and contained more bran particles than the bulgur-based formulation. Both formula-
tions were liked to a similar degree. These findings suggest that substitution of whole wheatmeal for bulgur in the formulation of
kishk enhances the availability of Ca, Fe, Mg and Zn without undue effects on the acceptability of the final product. © 1999
Elsevier Science Ltd. All rights reserved.

1. Introduction

Fermented milk-wheat mixtures, known as 'kishk in
the Middle East and tarhana in Greece and Turkey, are
important items in the diet of many populations. In.
addition to their well-established position in the dietary
patterns of the people in the aforementioned countries,
these products have been promoted in Mexico (Cadena
& Robinson, 1979) and Europe (Berghofer, 1987).
Kishk is typically prepared by adding yoghurt/strained
yoghurt to bulgur (cracked and bran-free parboiled
wheat) and allowing the mix to ferment at ambient
temperature for different periods of time. The resulting
paste is dried to a moisture content of ca. 10-13% and
then ground into a fine powder. The powder is recon-
stituted with water, boiled and served as a soup. The
processing, composition and sensory properties of kishk
have been the subject of a recent review (Tamime &
O'Connor, 1995).

Apart from being labour-intensive, the conversion of
wheat into bulgur entails wastage of nutrients especially
as only 84-86% of the wheat is normally recovered as
bulgur (Williams & El-Haramein, 1984). Therefore, the
substitution of whole wheatmeal for bulgur in the for-
mulation of kishk should provide a better means for the
utilization of wheat nutrients. However, in addition to

·Corr:sponding author.

any impact on the sensory properties of the final pro-
duct, the substitution might be expected to reduce the
availability of minerals in view of the presence of high
concentrations ofphytic acid in the bran fraction of wheat
(Reddy, Sathe, & Salunke, 1982; Lehrfeld and Wu, 1991).

Consequently, the objectives of the present study are
to: (1) determine the effects of substituting whole
wheatmeal for bulgur in the formulation of kishk on
the HCI-extractability of Ca, Fe, Mg and Zn; the HO-
extractability of minerals is considered as an index of
their availability to humans by different workers
(Chompreeda & Fields, 1984; Mahajan & Chauhan,
1988; Kumar & Chauhan, 1993); (2) relate the changes
in the ReI-extractability to the levels of phytic acid and
apparent phytase activity during the fermentation; and
(3) assess the changes in sensory properties and accept-
ability of the final products brought about by the indi-
cated substitution.

2. Materials and methods

2.1. Materials

Cows (Holstein) milk and wheat (Najah) were
obtained from the Agricultural Research and Education
Center of the American University of Beirut. Freeze-
dried starter cultures of Streptococcus thermophilus and

09SO-3293/99/s--see front matter <0 1999 Elsevier Science Ltd. All rights reserved
PH: 50950-3293(98)00016-0
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tion, Philadelphia, USA) for future analysis and the rest
was incubated in closed earthenware containers at 35°C
for 24 h. Labneh (800 g) was added and the mixture
kneaded as described previously. Again one sample was
freeze-dried and the rest was incubated, in closed earth-
enware containers, at 35°C for'72 h. At the end of the
fermentation, the containers were removed from the
incubator, a sample was freeze-dried and the bulk was .
formed into small balls of3-4cm in diameter-and dried

. in a cabinet drier at 55°C (ca. 18-22h). The resulting
. dry product was ground in an Alpine mill fitted With
2.5 mm screen and stored in polyethylene bags, at 5°C,
until used. Duplicate preparations were made for each
type of kishk.

1. T01JftU/ lt al.fFood {2u4Jity and Preferenc« JO (1999) 9-JJ

Lactobacillus delbrueckli subsp. bulgaricus (1:1 mixture)
were obtained from Chr. Hansen Laboratories (Hor-
shêlm, Denmark). Coarse salt was purchased from the
local market. Tbe reagents used for the chemical ana-
lyses were of Analytical Grade.

2.2. Me/hods

2.2.1. Preparation of yoghurt and strained yoghurt
(Labneh)

Milk (20 I) was heated in a steam-jacketed stainless
steel vessel 'at 85°C for 20min. cooled to 42°C and
inoculated 'with a 2% active starter culture propagated
from a lyophilized 1:1 mixture óf Stro thermophilus and
Lb. bulgaricus as described by Tamime and Robinson
(1985). The mixture was incubated (precision Model
GM, GCA Corporation, IL., USA) at 42·C until a pH
of 4.5-4.6 was attained (ca. 3-4h).

Strained yoghurt (labneh) was prepared by placing
yoghurt in a cloth bag and allowing the mix to drain by
gravity, at 4-6°C, until a total solids content of 24-26%
was attained (ca. 4-5 h).

2.2.2. Preparation of bulgur and whole wheatmeal
Bulgur was prepared as described by Toufeili, Olabi,

Shadarevian, Abiantoun, Zurayk, & Baalbaki, (1997).
Wheat kernels, cleaned from extraneous matter, were
steeped in water (wheat:water; 2:3) for 30min and then
boiled until the water has been absorbed (ca. 8~
90 min). Tbe cooked kernels were dried in a cabinet
drier (Hotpack, Philadelphia, USA) until a moisture
content of 7-8g per lOOg was attained (ca. 12-16h).
The'dried kernels were milled in a Wiley mill (Arthur
Thomas, Philadelphia, USA) fitted with a 5.5 mm screen
and the ground material was freed from bran by air
elutriation using a fan; the mesh size was selected to
represent normal commercial practice. Tbe bulgur par-
ticles were placed in polyethylene bags and stored at
5°C until used.

Whole wheatmeal was prepared by milling the dried
parboiled wheat grains in an Alpine mill (Model 160Z,
Augsburg, Germany) fitted with 2.5 mm screen. The
milled samples were stored in sealed polyethylene bags,
at 5~C, until used.

2.2.3. Preparation of kishk samples
Kishk was prepared as described by Sabra (1994).

The cereal ingredient (bulgur or whole wheat meal) was
heated at 100°C for 15min and then cooled to room
temperature to reduce its microbial load and to improve
the flavour of the final product. Yoghurt (1 kg) and coarse
salt (30 g) was added to a batch of bulgur or whole
wheatrneal (500 g) ansi thê: resulting mixture was knea-
ded in a Crypte dough mixer (Model E.B.l2, Crypto
Ltd, London), at low speed, for 5min. A sample was
freeze-dried (Stokes, Model 902-1-8, Penwalt Corpora-

2.2.4. Chemical analyses
Moisture, protein, fat and ash contents were deter-

mined, in triplicate, according to Association of Official
Analytical Chemists (1990) methods 925.23, 925.105,
920.125 and 945.46, respectively.

Total and HCl-extractable Ca, Fe, Mg and Zn were
determined as outlined by Chompreeda and Fields
(1984). The minerals were extracted with 0.03 N HCI at
37°C for 3 h and the extract filtered and dried on a hot
plate (80oq. The samples and the dried HCI-extracts
were wet ashed in a mixture of nitric and perchloric
acids and the Ca, Fe, Mg and Zn contents determined
by atomic absorption spectrophotometry (GBC double
beam, Model 902, GBC Scientific Equipment, Victoria,
Australia). A Sample of known mineral content (whole
milk powder, RM 8435, National Institute of Standards
and Technology, MD, USA) was assayed at the same
time. The HCl extractability is expressed as: minerals
extractable in 0.03 N HCI x 1001 total minerals.

Phytic acid was determined as described by Khokhar,
Pushpanjali, and Fenwick, (1994); apparent phytase
activity was measured at 35°C as outlined by Kilmer,
Seib, and Hoseney, (1994); the determinations of HCI-
extractability, phytic acid and apparent phytase activity
were conducted in triplicate on the duplicate prepara-
tions of kishk.

2.2.5. Sensory evaluation
Nine panelists (4 males, 5 females, age 23-30 yr), iden-

tified as consumers of kishk and who had completed a
graduate course in sensory analysis, participated in the
study. The panelists were trained in the seusory profiling
of kishk for 8 one-hour sessions over a period of 4
weeks. Seven commercial samples of klshk were used in
the training. The panelists used group discussions to
establish descriptive terms characterising the flavour and
texture attributes of kishk. The attributes selected were:
colour, presence of bran particles, sourness, saltiness,
grittiness, cohesiveness, moisture absorption and
astringency. Definitions of the indicated attributes are
presented in Table 1. Consistency of the panel was
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checked by cluster analysis (Ward's method) of four
replicate ratings of the 7 commercial kishk samples for
the indicated attributes (Malundo & Resurreccion,
1992).
The attributes' descriptor ranges were: colour

(creamy white-yellow), presence of brim particles
(none-many), sourness (absent-very strong), saltiness
(absent-very strong), grittiness (smooth-very gritty),
cohesiveness . (loose mass-cohesive mass), moisture
absorption (no absorption-large amount of absorption)
and astringency (absent-very strong).
The sensory score sheet consisted of 15-cmunstruc-

tured line scales anchored at the extremes with the
appropriate descriptors. In evaluating the samples,
panelists were instructed to place a vertical line across
the horizontal Iine at the point that best quantified their
evaluation of intensity. The magnitude of the responses
was scaled by measuring the distance from zero to the
position of the vertical line.
Soups were prepared by adding 20g dried kishk to

170ml of water and heating with gentle stirring to boil-
ing, simmering for 7min and cooling to 4Q°C. The
samples (20g) were placed in identical glass containers
(8cm diameter, 3.5cm height) and served at 40°C. Two
kishk samples (one whole wheatmeal and one bulgur
kishk) were presented simultaneously, in a balanced
random order, to the panelists and rated for the indi-
cated attributes, in a session. The assessments were
replicated three times with one session being conducted
in the morning, at the first day, and two sessions, with
an interval of 1hr between sessions, in the afternoon, on
the next day. Sensory assessments were, thus, completed
over a period of 2 days. The samples were coded with 3-
digit codes and assessed in partitioned booths equipped
with white light. The assessors were asked to rinse their
mouths with water between samples.
The acceptability of the samples was rated on a 9-

point hedonic scale (1 = dislike extremely, 9 = like
extremely) by 50 subjects (age 19-59 years) from the
students, faculty and staff of the Faculty of Agricultural
and Food Sciences at the American University of Bei-
rut. The logistics of the test (sample size, container, ser-
ving temperature, coded samples, order of presentation)
were as described previously.

Table 1
Definitions of sensory attributes selected for eva1uation of kishk

.'. Il

3. STATISTICAL ANALYSES

Differences in phytic acid levels, apparent phytase
activity and HCI-extractability of minerals between the
two types of kishk were ascertained by r-tests (Gacula &
Singh, 1984). Sensory scores were subjected to analysis
of variance (ANOVA) of a hierarchical classificationof
data to ascertain differences between type of kishk and
preparation (Steel & Torrie, 1982).The repeatability of
determinations was estimated by calculating a least sig-
.nificant difference between replicates afteiANOVA of a
nested classification of data (Caulcutt & Boddy, 1983).
The analyses of variance and r-tests were carried out
using the MSTAT (1989) programs hierarch and r-test,

4. RESULTS AND DISCUSSION

The. composition and amounts of total and HCI-
extractable Ca, Fe, Mg and Zn of the ingredients used
in the preparation of kishk are shown in Tables 2 and 3.

4.1. Phytic acid and phytase

The bulgur-based formulation contained more phytic
acid (p < 0.05) throughout the fermentation, as com-
pared to its whole wheatmeal counterpart (Table 4), in
spite of the presence of the bulk of phytic acid in the
bran fraction of wheat (Lehrfeld & Wu, 1991). This
apparent anomaly could be attributed to the migration
of phytic acid from the bran. to the inner parts of the
kernel upon parboiling especially as the phytic acid
contents of the bulgur and the bran separated therefrom
were found to be I3.12mgg-I and 6.30mgg-I, respee-
tively. The migration of nutrients from the bran to thë
interior of the grain upon parboiling has been reported
in wheat (Sabry and Tannous, 1961) and rice (Bhatta-
charya & Ali, 1985).
A marked decrease in the phytic acid content of the

formulations was observed during the first 24h of fer-
mentation with 25.5% and 44.47% of the original phy-
tic acid content being hydrolysed in the bulgur and
whole wheatmeal-based formulations, respectively.Les-
ser changes in the phytic acid levels of the formulations

Attribute Definition

Colour
Presence of bran particles
Sourness
Saltiness
As trlngency
Grittiness
Cohesiveness
Moisture absorption

The actual colour or hue of the product, for example, yellow.
The relative number/amount of brown specks (bran particles) present on the surface of sample.
The taste stimulated by, for example, citric acid.
The taste stimulated by, for example, sodium chloride.
The puckering of the tongue surface caused by, for example, tannins.
The sensation elicited by teeth due to the hard particles present, for example, in pear stone cells.
The degree to which sample holds together upon manipulation between tongue and palate.
The amount or saliva absorbed by sample during manipulation in the ora! cavity.

'.
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Tablc2
Compo,ltiona oCyoghurt. labneb, bulaur and whole wheat

Product Protein Fat Ash Moisture Nitrogen.CICC·extractb
(g per lOO&) (gperlOO&) (g per lOOg) (g per lOO&) (g per lOOg)

Yo&hurt 3.04:1::0.01~ 3.6:1:0.11 0.56:1::0.01 87.7:1::0.26 5.08 :1::0.13
Labneh 8.86:1::0.06' 10.4:1::0.33 0.83:1::00.2 75.$:1,0.21 4.37:1::0.34
Bulaur 14.72:1::0.22" 1.19:1::0.01 1.6S:l::0.Ol 8.12:1::0.32 74.32:1::0.S7
Wholewheat 14.61 :1::0.12" 1.46:1::0.01 1.83:1::0.03 7.20:1::0.18 74.90:1::0.23

• Average of triplicate determinations :I:: SEM.
1> By difrm:nce. . ,
"N x 6.38.
d Nx 5.70.

Table3
AmountA oftota! (mg per 100 goo dry mass buis) and HQ-extractablc (%) calcium, magn~iUD1,lroD and zinc of yoghurt, Iahneh, bulgur and whole
wheat

Calcium Magnesium Iroe Zinc

Total HQ·Extractable Tota! HQ·Extractable T'?ta! HQ·Extractable Total HQ·Extractable

Yoghurt 795.8:1::3.85 86.3:1::0.88 46.3:1::0.67 66.0:1::1.53 1.6:1::0.12 89.1 :1::4.22 2.1 :1::0.05 86.3:1::0.83
Labneh 498.2:1:9.50 84.0:1::0.99 28.7:1::0.16 80.6:1::3.48 2.7:1::0.07 90.4:1::3.8 3.0:1::0.06 92.8:1::0.93
Bulgur 77.1:1::0.28 77.6:1::0.88 211.6:1::4.21 56.6:1::3.33 8.4:1::0.27 46.3:1::0.59 2.9:1::0.06 28.0=0.34
Wholewheat 69.4:1::0.73 75.6:1::0.88 182.8:1::3.76 53.6:1::3.17 8.8:1::0.07 39.4:1::0.17 2.3:1::0.03 20.2:1::0.33

• Average oCtriplicate derermlnatlcas :I:: SEM:

Table 4
Cbang~ IDphytic acid eontent and phytase activity In bulgur kishlc and whole wheat kishIc d~g Cermcatation

Phytic acid" (mg 'per 100 g)

Whole wheat kishlcb Whole wheat kishkb

Time (h)
o
24
96

SEM'
LSD'

8S5.58
637.49
520.00

730.41
405.62
293.18

14.09
41.12

0.06
0.18

1.83
0.29
0.15

4.02
0.64
0.32

• Average of triplicate determinaticns 00 two replicate preparations.
b Significant differences between bulgur whlc and whole wheat whlc were detected throughout the fermentation by I·t~t (JJ < 0.05).
• Standard error of mean.
d Leut significant difl'erence (a < 0.05).

were observed afterwards. Similar findings on the
decrease of phytic acid have been reported upon natural
fermentation of a range of cereals, legumes and tubers
(Marfo, Simpson, Iodwin, & Oke, 1990), corn (LOpe7,
Gordon, & Fields 1983), milk-wheat mixtures (Gupta &
Khetarpaul, 1993), brown beans (Gustafsson & Sando'
berg, 1995) and lentils (Kozlowska, Honke, Sadowska,
Frias, & Vidal-Varuerde, 1996).

The reduction in the phytic acid content of cereals
and legumes upon fermentation has been attributed to
the activity of the indigenous phytases of the constituent
ingredients and/or those elaborated by the fermenting
microorganisms (Reddy et al., 1982; Dhanker & Chau-

han, 1987; Sandberg & Svanberg, 1991). In the present
study, apparent phytase activity was detected only in
the cereal, bulgur or whole wheatmeal, ingredient of the
formulation (data not shown). Inaddition, the apparent
phytase activity decreased sharply upon fermentation
thus suggesting little if any microbial phytase activity.
These observations point to the dominant impact of
wheat phytases in the hydrolysis of phytic acid during
the course of the fermentation.

The higher apparent phytase activity of the whole
wheatmeal-based formulation is consistent with the
presence of the bulk of the phytase activity in the
aleurone layer of wheat (peers, 1953; Lim & Tate, 1973).
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The survival of phytase during the boiling step in the
preparation of bulgur and whole wheatmeal (refer to the
Materials and Methods section) is in accord with the
observations of Ranhotra and Loewe (1975) who
reported only 25% loss in the original activity of wheat
phytase after heating for 1,5 h at 100°C. The relatively
slow degradation of phytic acid after 24 h of fermenta-
tion could be attributed to the inhibition of phytase by
both inorganic phosphates released upon the hydrolysis
of phyticacid (Ranhotra, Loewe, & Puyat, 1974) and
organic acids produced through the metabolism of car-
bohydrates by the fermenting microorganisms (Marfo et
al., 1990).

4.2. H'Cl-extractabllity of minerals

The total Ca, Mg, Fe and Zn, in mg per 100 g, in the
bulgur and whole wheat kishks were 285.58, 116.83,
4.79,2.51 and 281.17,107.25,4.96,2.44, respectively.

The HCI-extractability of minerals increased as fer-
mentation progressed (fable 5). This increase could be
attributed, at least in part, to the decrease in phytic acid
levels observed during the fermentation (Table 4).
Significant negative correlations between phytic acid
and availability of minerals have been reported (Gupta
& Khetarpaul, 1993; Saha, Weaver, & Mason 1994).
Marked differences in the HCI-extractability patterns of
the minerals were noted with Ca showing high and
relatively little changes in HCI-extractability as fermen-
tation progressed. This behaviour is presumably due to
the low pH, ranging from 4.2 to 4.7, of the formula-
tions.calcium has been reported to be 100% soluble at
pH < 5 due to its inability to form Ca-phytate complexes
irrespective of the concentration of phytic acid (Martin
& Evans, 1986; Nolan, Duffin, & McWeeny, 1987).

Significant differences (p < 0.05) were noted in the
levels of HCl-extractable Ca, Fe, Mg and Zn of the final
products. The higher HCI-extractability of Ca, Fe, Mg
and Zn from the whole wheat meal-based product is
consistent with the more extensive hydrolysis of phytic

13

acid observed in this product as compared to its bulgur-
based counterpart. These observations point to a
potentially superior nutritional value for the whole
wheatmeal formulation as compared to the traditional
bulgur kishk.

43. Sensory evaluation

. The mean scores of the sensory attributes of the two
kishk formulations are presented in Table 6·.

Significant differences (p < 0.05) were observed in the
'colour, presence of bran particles, sourness, grittiness
and cohesiveness of the formulations. The whole
wheatmeal formulation had a more yellowish tint, than
the bulgur-based kishk, consistent with the presence of
the bulk of the carotenoid pigments in the aleurone of
the wheat kernel (Kruger & Reed, 1988). The whole
wheatmeal kishk, understandably, contained more bran
particles than the bulgur-based formulation. The higher
degree of sourness detected in the soup prepared from
whole wheatmeal kishk could be attributed to the rela-
tively more efficient utilization of carbohydrates from
the finely-divided matrix by the fermenting micro-
organisms, and the subsequent formation of higher
concentrations of organic acids. The lower grittiness
observed in the whole wheatmeal kishk, as compared to
its bulgur-based counterpart, is due to the higher degree
of size reduction employed in the preparation of whole
wheatmeal flour. The relatively coarse and large-sized
bulgur particles seemed to have structure-enhancing
effects on the soup matrix as evidenced by the higher
cohesiveness of the bulgur-based preparation.

No significant differences were detected in the pre-
ference of the formulations. Mean hedonic ratings of
6.24 ± 1.69 and 6.28 ±2.00 were accorded to the bulgur
and whole wheatmeal kishk, respectively. The similar
mean ratings imply that both formulations were liked to
a similar degree, but it was noteworthy that 20% of the
assessors displayed a marked 'liking' or 'disliking' for
one or other of the formulations.

Table 5
Changes in Ha~;I;tractable" (%) calcium, magnesium, iron and zinc of bulgur kishk and whole wheat kishk during fermentation

Time (h) Calcium Magnesium Iron Zinc

Bulgur Whole Bulgur Whole Bulgur Whole· Bulgur WhoIc.
kishk wheat kishk kishk wheat kishk kishk wheat kishk kishk wheat kishk

86.3b S9.S· 39.tb 53.5· 31.Sb 32.Sb 3S.2~ 40.3·
87.8b 92.3· 73.0b S3.t· 39.1b 44.5· 4S.0~ 59.3<
89.tb 92.S· 72.Sb 83.5· 43.Sb 64.1· 72.2b 77.4·

0.7 1.0 1.5 0.8
1.61 2.1 3.06 1.71-,

o
24
96
SEMd
LSOC
.. Avenge of triplicate de·iërminations on two replicate preparations.
b .e Means with different superscripts, in a row, are significantly different by t-test (p < 0.05).
d Standard error of mean.
• Least significant difference (a < 0.05).
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Table 6
Mean Scores" or sensory attributes or bulgur Jdsbk and whole whc:at Idshk

Attn"bulA: Bulsur ldshk Whole wheat ldshlc SEMb LSD<
Color S.54 9.0- O.S 1.40
Presence or bran S.14 9.3' 0.4 1.14
SournC$S 6.6d 10.4' O.S 1.21
SaltinC$S 7.6d 7.8d O.S 1.29
GrittinC$S 10.ld 6.9" 0.4 1.00
Cohesiveness 8.Sd S.O- 0.5 . 1.31
MoistUR absorption 7.~ 7.8d 0.7 1.81
Astringency '; 72' .6.~· 0:7 1.76

• Rated on 1S-cm unstructured line scales. Avenge or27 responses.
b Standard error or mean.
C Least significant dllrerence (a < O.OS).
11,. Means with dllrerent superscripts. in a row. are si~eantly dift'erent by r-test (p < 0.05).

5. Conclusions

Substitution of whole wheatmeal for bulgur in the
formulation of klshk yielded a product with sig-
nificantly (p < 0.05) less phytic acid and higher
amounts of HCl-exuactable Ca, Fe, Mg and Zn. Sen-
sorily, the whole wheatmeal kishk is more sour, less
cohesive, less gritty, contains more bran particles and is
more yellowish in colour than the traditional bulgur
kisbk. In addition, the acceptability of this new type of
kishkwas similar to bulgur kishk. These findings coupled
with the lower energy costs of production, point to the
superiority of whole wheatmeal as an ingredient in the
formulation ofkishk.
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ABSTRACT

White-brined cheeses are extremely popular in both the Middle East and around the Mediterranean, and
some types, such as Feta, are now manufactured in highly automated plants employing procedures that
are fundamentally different from the traditional process. Another cheese in demand is Halloumi, but it has
proved difficult to obtain the special textural properties of this variety using modem technology. This paper
reviews some of the studies that have been carried out with a view to increasing the output and quality
of this latter cheese, and highlights some possible avenues for further work.

Introduction

. Halloumi is a semi-hard to hard, unripened cheese that
[ .. ·.s made from either sheep's or goat's milk or a mixture

of the two (Robinson, 1991). The texture of the cheese
is compact, but sliceable in thick slices, and its colour is
white to yellowish; few holes or openings are present.
When heated, Halloumi should melt evenly, have the
capacity to stretch and have a tender mouthfeel. It is
usually preserved inbrine until delivered to the consumer,
as are other similar cheeses like Feta, Akawi, Domiati
and the boiled, brined cheese (Baladi Cheese) from
Jordan.

Although primarily produced in Cyprus, it is widely
popular in the Middle East, which, as an important
market for milk products, is constantly seeking additional
sources of supply, and of top quality. However, there is
relatively little published information concerning the
composition and/or methods of production of Halloumi
cheese, and the aim of this paper is to review the
available methods of manufacture, and suggest ways in
Nhich the process could be developed to meet the
increasing demand.

Technology of Manufacture

Halloumi cheese is mainly produced from cow's or
sheep's milk, but unless the manufacturing technique is

. adjusted, the cow's milk cheese is totally different from
the ovine variety in terms of texture and other sensory
properties; the bovine product often has ahighermoisture
content and, consequently, is less hard. The general
procedure for manufacturing Halloumi is outlined in
Figure 1,and the main differences between theprocesses
employed for the two,milks, as reported by Anifantakis
and Kaminarides (1983), are as follows:

1. As sheep's milk has, typically, a total protein content
of 5.6% as compared with 3.3% for cow's milk, the
fat content of sheep's milk used for cheesemaking
is standardised to 5.2% as against 3.1% for cow's

S. Afr. J. Dairy Sci (1991) Vol. 23 NO.3

milk; these adjustments provide a similar ratio of fat
to protein in the final curd.

2. On cutting, the curd particles (sheep's milk) should
be 1.0 ern' as compared with 0.5 ern" for the curd
from cow's milk.

3. The curd from sheep's milk should be scalded at a
lower temperature (40°C instead of 45°C), and with
a shorter holding time of 20 minutes after the initial
heating stage (15 minutes); with cow's milk,
preliminary heating takes 20 minutes, and this stage
is followed by a total 'hold' of 60 minutes - the final20
minutes is accompanied by gentle stirring of the
curd.

4. The initial pressing of the curd from sheep's milk is
carried out at a lower pressure (3 kgJl<gof curd) and
for a shorter time (35 minutes) as compared with the
bovine product (7 kg/kg of curd for 60 minutes).

5. The whey from sheep's milk is usually heated to 90
- 92°C, and the precipitated proteins are ladled into
cheese cloths; to obtain a better precipitate and to
improve the quality of the coagulum, a volume of milk
equivalent to 10% of the original volume is added to
the whey at 72°C. The whey cheese, known in
Cyprus as Anarik, is sold as a fresh product on the
following day; there is insufficient whey protein in
cow's milk to obtain a comparable product.

6. Halloumi from sheep's milk is boiled in whey for
around 30 minutes to achieve the desired texture,
but the bovine product may take up to 60 minutes.

Dry salting, with or without the addition of dried leaves of
mint (Mentha viridis), is common to both varieties and,
although connoisseurs prefer the ovine cheese, both
types are acceptable to the majority of consumers.

As shown in Table I, the above procedures can give rise
to cheeses of similar chemical composition but, with
products from the market place, variability is a major
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problem. Apart from the absence of facilities for
standardisation. one reason maybe that local producers
rely entirely on the natural microflora to provide any
ripening of the milk prior to renneting, and to enhance the
complexity of flavour of the finished cheese. This
traditional approach has been widely used in the past
but, nowadays, makers of most cheese varieties prefer
to add a selected starter culture to pasteurised milk
(Tamime, 1990); this procedure allows both the process
and the quality of the finished cheese to be more easily
controlled.

Itwas with these latter points in mind thatan investigation
was carried out by Shaker et al. (1987) to produce
Halloumi cheese using pasteurised cow's milk.

Fresh whole milk was pasteurised at 72°C for 15 sec.,
and then standardised using pasteurised skim-milk to
give a casein/fat ratio of around 0.70. The temperature
of the standardised milk was adjusted to 30°C, prior to
inoculation with a culture of Lactococcus lactis sub-sp.
cremoris. Calf rennet was stirred into the milk at a rate of
0.02%. and after around 40 minutes, the resultant curd
was 'cut into cubes (1 cm'). While being stirred, the
contents of the vat were heated to 40°C over a period of
around 10minutes, and were held at this temperature for
a short period. After draining-off the whey. the curd was
pressed with increasing pressure forone hour.Meanwhile
the whey was deproteinated by heating to 98°C and
filtering through cheese-cloth. The pressed curd was
then cut into pieces (10 x 15 x 3 cm) and heated in the
whey. The textured pieces of curd were folded
lengthways. allowed to cool for one hour and were then
dry salted. After chilling overnight, the blocks were
placed In brine (10% NaCI solution) for three hours and,
after draining, were individually sealed into polythene
bags. The end-product was rated fully comparable with
traditional Halloumi.

The authors concluded that Halloumi cheese could be
manufactured successfully from standardised cow's milk,
and that the rate and degree of acid development was
probably the most important process variable. In
particular, as the level of acid development increased,
so the lower values of pH and calciumlSNF ratios
improved the melting and stretching characteristics of
the heated cheese. Anifantakis and Kaminarides (1983)
concluded also that processing conditions were critical
with respect to product quality, and industrial-scale
developments will clearly have to ensure a high degree
of process control.

ChemIcal Cdmposltlon and MIcrobIology of
Hallouml

Some recorded compositions of Halloumi cheese are
shown In Table I. (Antifantakis & Kaminarides, 1982,
1983) and it notable that sheep's milk cheeses from the
market place in Cyprus vary widely from sample to
sample. The high salt content of the traditional cheese
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was also evident, but whether the levels add to keeping
quality is a moot point. In the traditional process,
acidification of the milk takes place as a result of the
growth of adventitious bacteria, and lactococci or
lactobacilli might be expected to dominate. The extent to
which thermoduric members of this microflora are
involvedwithcheesematuration hasyet tobe.established.
but Anifantakls and Kaminarides (1985) showed that

. while freshly prepared Halloumi had a total microbial
countof around lO' colony forming units (cfu) g-l in the
centre of the block. this figure rose to > 107 cfu g'l over
a period of two months at 4°C; at 20°C, the counts went
even hlghe.r(seeTable II), although numbers did appear
to decline with age. Many of these bacteria will, of
course, originate in the brine. and yeasts and collforrns
found on the surface of the brined cheese are almost
certalnly casual contaminants; at levels above 1 000 cfu
g'I, yeasts can lead to a detectable deterioration in
flavour (Haddadin, 1986).With on-farm production, 'these
changes are uncontrolled. and yet even a limited move
towards theuseof starter cultures might allow a producee~"
to manipulate. to some degree. the nature of the end- .
product. Thus. Lloyd & Ramshaw (1979) showed that
white-brined cheeses manufactured with salt-tolerant
strainsof lactococci had improved flavour characteristics
vis-a-vis control cheeses, and also showed a reduced
tendency to develop off-flavours - especially those
associatedwith oxidative rancidity. If this effect is due to
organic compounds secreted by the bacteria acting as
anti-oxidants. a similar influence might well prove
beneficial in Halloumi.

'Future Developments

Although standardisation of the age-old process offers
one route for Increasing production. it has. to date.
proved a diHicult process to automate. Labbe et al.
(1985) produced Halloumi successfully from milk
concentratedby ultra-filtration, and theynoted an increase
in cheeseyield due to retention of the whey proteins, and
a reduction In the time taken for the curd to drain(
Obviously this approach could, in theory, increase the-
output from a factory, but the tedium of the traditional
cookingprocess appears to be the limiting factor. Several
attempts have been made to avoid the immersion in
boilingwheylbrlne, and one possibility involves exposing
the pressed curd to the action of microwaves (Husain et
el., 1986). If the alleged doubts over the organoleptic
propertiesof the finished cheese can be overcome, then
the system could handle large volumes of curd, and with
a fair degree of automation.

The other popular option would be to manufacture the
cheese in regions of high demand, and the use of
recombined milks offers an attractive route. Although
still under review, it appears to be a feasible option
provided that the process conditions are adjusted to
reflect the specific characteristics of the raw materials
(Lelievreetal.,1990& 1991). The role of homogenis ation
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was cited as one factor of special importance, as was _
the choice of milk powder. The degree of heat treatment
received by the skim-milk before drying was found to be
critical, and low temperatures improved both thestretch
and melt properties of the finished cheese. This problem
was also highlighted by Kanafani (1981), who examined
the importance of the type of milk powder employed for
manufacturing recombined milk for Halloumi. In
particular, the latter worker noted that, with medium heat
powder, acceptable textural properties could only be
obtained with a 50:50 mixture of fresh milk and
recombined milk; above the 50% inclusion rate,
coherence of the curd declined to an unacceptable
degree.

Obviously, Halloumi cheese is not an easy variety to
manufacture on a large-scale but, if market demand
does increase in the Middle East or elsewhere, one or
other of the recent innovations could become a
commercial reality.
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Curd

1

Raw milk

1
Standardisation

Coagulation with rennet at 34°C

1
Cutting and stirring

1
Heating to 40 - 45°C and holding

------------ whey

1
Heat to

80 - 90°C

-t
-t

Cut into blocks -----------

(approx : 10x 10 x 3 cm) t

Press

t
t

t
Blocks transferred to hot whey

1
Cook for 30 min (approx)

(until blocks float to surface of whey)

1
Drain and cool

Addition of salt (dry salting/turning)

1
Pack/shrink-wrap or store in brine

Figure 1 - Flow diagram showing the principal stages
in the manufacture of Halloumi cheese
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TABLE I

Chemical composition of Hallouml cheese made from sheeps' and cow's milk and of commercial
Hallouml from the Cyprus Market (Means of 13, 15 and 17 replicates respectively. all figures per 100 g)

Hallouml from HalJouml from Halloumi from
sheeps' milk cow's milk the Cyprus market

Components Mean Ranges Mean' Ranges Mean Ranges

Moisture 42.2 39.0 - 43.8 42.9 41.5 - 43.8 42.5 35.5 - 48.6

Fat 27.9 26.3 - 29.3 27.6 26.3 - 28.6 25.6 20.0 - 29.5

Fat in dry matter 48.1 46.1 - 50.0 48.3 47.3 - 49.9 44.5 37.9 - 50.5

Protein 23.7 22.0 - 25.0 23.4 22.7 - 24.1 24.5 20.9 - 30.5

(Total NOlox 6.38)

Protein In dry matter 41.0 39.2 - 44.3 41.0 39.4 - 42.5 42.5 40.1 - 48.6"~:

Soluble protein 0.8 0.6 - 0.9 1.1 0.9 - 1.3 1.2 0.8 - 1.6

(Soluble NOlox 6.38)

NaCI 1.4 1.1 - 2.1 1.6 1.1 - 2.2 3.5 2.3 - 5.7

pH 5.9 5.3 - 6.1 6.3 na na' na

After: Anifantakis and Kaminarides (1982. 1983)
• data not available .'

TABLE II

Changes In the total microflora of Hallouml cheese kept In brine (10%) at two different temperures of
storage; all counts as colony forming units/g.

Storage Temperatures

4°C 20°C

Time Surface Internal Surface Internal
(days)

1 8 x 102 2 X 103 9 X 102 4 X 103

4 3 X 103 2 x 103 1 x 107 2 x lOs
,

2 x lOs15 \ 4 x 105 . 1 x 103 6 x 10'

40 7 X 107 4 X 105 4 X 107 6x lOa

60 2 X 108 2 X 107 1 X 107 1 X 107

After: Anlfantakis & Kaminarides (1985)
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Halloumi cheese: the product and its characteristics

PHOTIS PAPADEMAS and RICHARD K ROBINSON*
Department of Food Science & Technology, PO Box 226, University of Reading, Reading,
Berkshire RG6 ~.AP,UK

Halloumi, the traditional cheese of Cyprus, is extremely popular in the Middle East and the
Mediterranean regions of Europe and in recent years exports from Cyprus have risen. The basic
cheesemaking process places hal/oumi in the family of white brined cheeses, bilt some of its
characteristics are quite unique. This paper reviews the studies that have been carriedout on the
chemical composition, manufacturing procedure(s), sensory quality and storage of halloumi, and
considers some proposed developments, such as the use of reconstituted milk powders or
homogenized milk.

INTRODUCTION
Cheesemaking is a practice that has been per-
formed for several thousands of years, .pri-
marily as a means' of preserving the milk.
Early records suggest that cheesemaking
dates back as far as 6000-7000 se' and, later,
Homer circa 1184 BC in the classic work The
Odyssey refers to cheese being made from
ovine and caprine milks by the 'Cyclops' in
local caves. Herodotus, the father of History,
and the great philosopher Aristotle also refer
to special cheeses of local origin.'

Many of the varieties of cheese that are
made today in: the eastern Mediterranean and
the Middle East are probably derived from
these early products, and halloumi may well
be among them. Although halloumi was orig-
inally only popular in Cyprus, its appeal has
spread worldwide, and exports into the
European Union (EU), for example, have
risen from 300 metric tonnes in 1990 to 764
metric tonnes in 1996; the UK absorbs more
than 60% of the total imports into the EU
from Cyprus every year.ê

MANUFACTURE OF HALLOUMI CHEESE
Traditional halloumi cheese, which is of
Cypriot origin, is semihard to hard, elastic,
has no obvious skin/rind and the texture is
close with no holes and it is easily sliced.
Its colour varies from white (when ovine or
caprine milk is used) to yellowish (when
bovine milk is the main ingredient).' It can be
consumed raw, but it is usually grilled, fried
or grated over a hot dish. When halloumi is
heated, the texture is comparable to that of

"the raw product, but the stretch and melt
characteristics are altered quite markedly, On
heating, molten halloumi has been described
as a concentrated viscoelastic polymer solu-
tion," in that at low values of applied strain,
viscous flow is apparent and elasticity is not
so evident, while with increasing values of
strain, the response is more elastic and much

less viscous. For local use, the cheese may ,
be stored in salted whey for a considerable
period of time, and the amount of salt in the
whey is important with respect to the stability
of the cheese.

As halloumi is a traditional cheese, the.
procedures of manufacture vary from place
to place throughout Cyprus, and this situa-
tion creates a lot of confusion as to which is
the 'correct' procedure. This issue is a point
of some importance, as the Government
of Cyprus wishes. to protect the identity of
the cheese by imposing a uniform system
of production.

Specified method of manufacture
The manufacture of halloumi cheese has been
assessed during a number of studies,S-sand
is now controlled by regulations from
Government bodies." The overall procedure is
shown in Fig. 1, and a crucial step in the man-
ufacturing process is the cooking stage; by
law,9 the blocks of cheese must be heated
for at least 30 minutes at a temperature
higher than 90°C. After the cooking stage,
halloumi cheese attains the 'chicken breast'
characteristic of developing cheddar cheese.
The blacks (10 X 15 X 3 cm) are then dry
salted and sprinkled with crushed leaves of
dry mint, Mentha viridis, before being folded
in half. The blocks are then piled into a con-
venient container and, after chillingovernight,
salted whey is poured into the container until
the blocks are covered. This fresh halloumi is
kept in the salted whey for approximately 3
hours, before being shrink wrapped ready for
distribution. For local consumption, halloumi
cheese may be sold in plastic or glass con-
tainers filledwith salted whey.

Various factors can affect the quality of .
.the finished halloumi, and the time/tempera-
ture profile within the cheese during the cook-
ing stage is crucial. Half cooked curds will
give an irregular colour (greenish) in the cen-
tre of the block, and the rate of temperature
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Fresh pasteurized ovine, caprine, bovine
milk or a mixture

•Coagulation with rennet at 33±l °C
for 40--60 min.

•Curd cutting to 1 cm) grains

•The coagulum rests and precipitates .
for 10 min

•Pressure of 550 Pa of curd for 1 h

•Cut into blocks (10 X 15 X 3 em)

•Blocks placed in hot whey, 94-96°C
I,...

Cook for 1 h

•Drain and cool

•Dry salted (3% w/w), and sprinkled
with dry Mentha viridis leaves;

fold crossways and leave to chill overnight. I,
Storage in 11% NaCI whey or

shrink wrap

Fig. 1. Traditional process for production of halloumi
cheese.

increase in the centre of the block depends
heavily on its dimensions.' Contrasts between
the use of ovine or bovine milks have been

. .; ~.
j.) \rr -

Chemical C1)mpositioD of. . ...,' ;"~.

,

Mer: Anifantáill ~d KaJllliruilndés"
na :: not avalJable •.' ....

International Journalof D~iry Technology

examined as weU,' and differences in the
percentages of fat and protein between the
two milks affected the yield of the cheese.
Alterations in the technology were rated as
important in the following respects: (i) the
cooking time of the cheese should be shorter
when using ovine milk alone; and (ii) the
pressure applied to the initial curd in order to
expel the whey has to be greater and applied
for a longer period of time when boYine milk
is the main ingredient. Economides et allO
employed pure ovine, caprine and bovine
milks for the production of halloumi cheese,
and a mixture of equal parts of ovine and
caprine milks. The chemical composition of
the cheeses was determined (see Table 1), and
multiple linear regressions were utilized to
develop prediction equations for cheese out-
put from the four types of milk. Total fat,
protein and casein were regarded as impor-
tant variables in predicting cheese output, aswas the casein to fat ratio.

Chemical composition
According to the 'Cypriot Standards, the fin-
ished product should contain a maximum 3%
of sodium chloride and a minimum fat-in-dry
matter level of 43%. The maximum moisture
content for halloumi cheese is 46%. Most
products on the market meet these require-
ments, and some typical analyses are shown
in Table 1.

Shaker et aiS examined which manufactur-
ing variables influenced the chemical compo-
sition and physical and sensory properties of .
haUoumi cheese made from bovine milk. The
composition was measured in terms of mois- .
ture-non-fat substance (MNFS), fat-in-dry
matter (FOM), salt-in-moisture (SIM) and
pH. The calcium to solids-non-fat-non-salt
(CalSNFNS) was also determined as it could
be an important factor with respect to the
stretchability of heated cheese. The authors
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concluded that improved stretch and melt
characteristics, and a tender mouth feel of the
heated cheese, could be achieved bylowering
both the pH of the cheese and the CalSNFNS
ratio. Tenderness with respect to mouth feel
also improved at high levels of MNFS.

Although the traditional cheese is always
made with ovine milk-a raw material that is
in short supply, the growing market demand
for halloumi has raised the fear that manu-
facturers may attempt to adulterate .ovine
milk with the bovine equivalent. The possi-
bility of detecting bovine milk in halloumi
cheese that should be of ovine origin was
examined by Kaminarides et alii using poly-
acrylamide gel electrophoresis (pAGE). This
approach was based on the fact that the elec-
trophoretic mobility of bovine and ovine ClsI-
caseins differ, with bovine asl-casein showing .
more rapid migration. The electrophoretic
profile of this specific casein (asl) was chosen
because it remains almost intact during both
cheese manufacture (cooking of the curd) and
cold storage under brine (7% NaCI).

For the detection of bovine milk, samples
of halloumi cheese at I day and 40 days after
production were subjected to PAGE. A den-
sitometer, adjusted with the Clsl-casein band
from genuine bovine halloumi cheese, was
used to quantify the level of bovine milk pre-
sent in the adulterated samples by expressing
the density of the band for bovine Clsl-caseinof
each sample as a percentage of that.fromgen-
uine bovine milk. The authors detected per-
centages as low as 2.5% bovine milk in
samples of ovine halloumi cheese, irrespective
of the age of the cheese. Linear relationships
between the densities of the bovine Clsl-casein
bands in the adulterated samples and the per-
centages of bovine milk in the cheeses were
found to be between 2.5% and 10% levels of
adulteration, and regression equations were
produced. These equations made it easy to cal-
culate levels of bovine milk higher than 2.5%
in cheese samples of unknown composition.

Although Tamime et al12 suggested that
immunological techniques could be employed
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to detect the adulteration of ovine milk with
bovine milk used for the manufacture of
kishk, Kaminarides et all! believed that the
severe heat treatment employed during the
manufacture of halloumi cheese would, in the
present context, invalidate the procedure.

Physical properties of halloumi .
As mentioned above, halloumi chéese should
melt and stretch on heating, which means that
the compact texture of the cheese will be
partly lost and a degree of flow introduced to
the melted cheese. These properties are often
referred to as the 'meltability' and 'stretcha-
bility' of the cheese and, although obvious to
the consumer, they are characteristics that are
not easy to quantify.

Nevertheless, attempts to assess these fea-
tures and, in one study, the meltability of ~al-
loumi cheese was determined! by measunng
the percentage increase in area after cubes of
cheese (2 cm sides) were placed in sealed alu-
minium dishes and held in a boiling water
bath for 25 minutes. The stretchability was
measured by placing pieces of cheese p:e-
warmed in a water bath at 85°C for 4.5 mm-
utes onto the base plate of an Instron Testing
Instrument (Instron Ltd, High Wycombe,
UK), and then with a special hook, stretching
the soft cheese until the strand broke; the
length of the strand at the point of breaking
was recorded. The relevant figures are shown
in Table 2,along with some co~parable data
relating to mozzarella cheese.4•13• An alterna- .
tive method for measuring meltability is the .
Schreiber Test,IS which involves positioning'
round samples of cheese in glass petri dishes,
and then placing the dishes in an oven at
232°C for exactly 5 minutes." The dishes are
removed from the oven, and the increase in
diameter of the melted cheese over the original
is recorded after approximately 30 minutes ..

However, the problem with tests of this
type is that they are rarely reproducible, and
the comparison of the results in Table 2 for
meltability suggests that the variation. ~s
between techniques rather than products; It IS
most unlikely that halloumi cheese would
spread on heating more than mozzarella.
Nevertheless the values for relative stretcha-
bility are more in line with the expected
results, in that the properties of mozzarella
made from fresh milk are quite different from
those made from the recombined material;
the same appears to be- true for halloumi.

The effect of homogenization pressure on
the physical properties of mozzarella cheese can
be seen from the results obtained by Lelievre et
al.4 The most likely explanation is that, as
the homogenization pressure is raised, t~e
increased number of small fat globules retam
additional casein at the fat-water interface. The
formation of permanent erosslinks between
the casein micelles then effectively traps the fat
phase, so reducing the flow properties of the
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heated cheese; a similar trend is evident with
halloumi cheese. This hypothesis also explains
the action of lecithin, in that by forming a sur-
face film over tbe fat globules, tbe lecithin coat-
ing prevents tbe casein micelles from adsorbing
onto tbe fat-water interface; tbe erosslinking
reactions are, therefore, limited, so leaving the
cheese to stretch and flow under stress.

Whether or not the use of recombined milk
has exaggerated the proposed interactions is
not clear, but a similar effect was reported by
Apostolopoulos," wbo compared tbe stretch-
ability of mozzarella cheese manufactured by
a standard procedure with the properties of
mozzarella cheese made witb homogenized
milk (17.2 MPa). In tbe case of tbe standard
cheese, tbe average stretchability was 53 cm
but, probably for the reasons given earlier,
homogenization reduced this figure to 27 cm,

Neither tbe ripening time during manufac-
ture nor time in storage affect significantly the
stretch values of mozzarella cheese,'! proba-
bly because any potential proteolytic activity
from residual coagulant is prevented by the
heat treatment of the curd (58-60°C). This
inactivation means that -any degradation of
the paracasein is limited as, consequently, are
changes in tbe melting characteristics of the
cheese. The cooking of halloumi is likely to
have a similar effect, but tbe influence of
other aspects of processing might merit fur-
ther attention.

For example, Renda et al16 reported that
the meltability of mozzarella cheese was
affected by tbe speed of mecbanical mixer
screws used for stretching tbe curd during
manufacture. In particular, tbe highest screw
speed resulted in a cheese witb lower moisture
and FDM contents, and tbese compositional
changes reduced the meltability values
obtained with the Schreiber Test. Processing
variables, such as the time and temperature
of pressing, that could affect the moisture
content of halloumi cheese could be equally
important, and this aspect of halloumi manu-
facture could merit further attention.

Sensory features of halJoumi
The analysis of volatiles of halloumi and their
relationship with flavour has been reported,"
and a panel of 11 assessors used Quantitative
Descriptive Analysis to profile tbe flavour and
texture attributes of raw, fried and grilled hal-
loumi cheese. Principal Component Analysis
of the sensory data highlighted significant dif-
ferences between individual product-cooking
combinations, and specific analyses of the

, flavour components differentiated between
sweet and sour sensations. The descriptors for
texture ranged from coarse and grainy to'
milky and creamy, and the 'milky, creamy
and fatty' characters of halloumi cheese were
easily detected by assessors when the cheese
was heated.

The volatiles in halloumi cheese, as detected
by gas chromatography (headspace analysis)

lntemational Joumal of Dairy TuJrrwlogy

have little in common with other brined
cheeses like feta or domiati, as the cooking of
the curd causes considerable losses. Indeed, tbe
main volatiles found in commercial halloumi
cheese were an unidentified lactone, probably
arising from tbe breakdown of fat, and some
alcobols, acids and pbenols arising from tbe
degradation of amino acids. Partial Least
Square regression analysis was used tq predict
mean sensory scores from tbe headspace data,
and a 'minty' flavour was predicted successful-
ly from the presence of pulegone, 'mint ter-·
pene' and carvone. The presence of a fatty
flavour was loosely predicted on the basis of
two compounds only-acetic acid and an
unidentified compound-while predictions of
creamy and milky associated with nonanone
and phenol were adequate.

Two points worth mentioning in this con-
text are: (i) tbe complete absence of starter
Cultures and/or enzymes in both the tradition-
al and current cbeesemaking practices apart,
of course, from the rennet which is used- to
coagulate the milk and the natural enzymes
present in tbe milk; and (ii) traditionally,
ovine and/or caprine milks were used for tbe
manufacture of hallouroi but nowadays tbe
large dairies use bovine milk almost exclu-
sively. This gradual transition towards bovine
milk has resulted from tbe low levels of pro-
duction of ovine and caprine milks, but tbe
cbange has had an impact on tbe sensory
quality of tbe cheese, since the 'old' aroma
and flavour have been lost.

The use of starter cultures to ripen pasteur-
ized milk prior to coagulation has been sug-
gested as a means to enhance tbe flavour
profile, IS and a mixture of mesophilic bacteria,
eg, Lactococcus lac/is subsp lac/is ana
Laetoeoeces laetis subsp cremoris, or ther-
mophilic species like Streptococcus ther-
mophilus might be considered. Papademas
(unpublished data) has examined the employ-
ment of coccus: rod mixtures of thermophilic
microorganisms, such as Strep thermophilus
and LActobacillus helveticus, a combination
that shows both high proteolytic and acidify-
ing acth;ty.I9-l' Whether this proposal will
provide halloumi from bovine milk witb a
more intense flavour remains to be establisbed.

Storage conditions and microbiology
It has been determined that halloumi cheese
can be stored successfully for a week at 200C or
for 40 days at 4°C and during storage tbe salt
and moisture contents increase as the cheese
absorbed brine.n The cbange in levels of solu-
ble nitrogen was minimal during storage, so
confirming that proteolytic activity is limited.
This latter observation is accounted for by the
high temperatures employed when the curd is
cooked, which eliminates most of the microor-
ganisms that could initiate proteolytic and/or
lipolytic action; >103 colony forming units (cfu)
g-I were reported for fresh halloumi.n
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which high protein powders-derived from
ultrafiltered (UF) milk-were reconstituted to
give 16.8% protein; the use of UF skim milk
powders from milks fortified with calcium
chloride or acidified was explored as well.

The results showed that the degree of the
preheat treatment of the SMP powders had a
statistically significant effect on the physical
properties of the final cheeses, but not on.
their chemical composition-In particular, low
heat treated powders performed better than
the high heat ones in producing a cheese with
the stretching and melting properties expected
of hallourni cheese, and O'Keefe and Phelan26
arrived at the same conclusion. As far as the

However, as shown in Table 3, halloumi performance of the high protein powders was
cheese is by no means free from bacteria and concerned, the stretch and melt characteristics
after only 4 days' storage at 20°C the number were reasonable for cheeses made from both
of microorganisms in the centre of a block of normal (3.5% protein) and concentrated
cheese increased to >106 cfu g-l; during cold· (16.8% protein) recombined milks.
storage, it took around six weeks to reach the The differences in composition between the .
same figure. Spore formers like Bacillus con- autumn and summer powders was important,
tribute to these microflora, but thermoduric and the better values for stretchability and
species in the milk and contaminants from the meltability were observed in halloumi cheese
salt or mint leaves will elevate the numbers as made from skim milk powder manufactured
well. Yeasts are often isolated from halloumi in the autumn. The physical properties of hal-
cheese, particularly on the surface of the indi- loumi cheese were also affected by the various
vidual blocks, and the presence of postpasteur- calcium levels in the UF powders. Thus the
ization contaminants raises the question of stretching and melting properties were more
safety. For example, Gohil et aP3 found that pronounced in cheeses made from milks
Listeria monocytogenes could survive in the based on UF powders derived from acidified
brine used to transport feta cheese and, milk than in the control cheeses or those
although the numbers wete probably low, the made from calcium fortified powders. The
result did highlight the need for high standards low level of calcium in the acidified milk pow-
of hygiene operating during cheese packaging. der was alleged to be responsible for the bet- :

The option of employing high salt concen- ter melt and flow characteristics, since the.
trations to eradicate pathogens has been con- formation of permanent calcium phosphate
sidered, but while L monocytogenes may be crosslinkages, which prevent the cheese from
inhibited by sodium chloride concentrations flowing on heating, was reduced. Overall, the
above 10%, Kaminarides and Anifantakis" results seemed to demonstrate that halloumi
showed that around such levels flavour cheese with good physical properties can be
becomes the major consideration. In addition, produced from recombined milks, as long as
the Regulations in Cyprus state that the max- the calciumlSNFNS ratio is low.
imum salt content in the retail cheese should
be 3%.

"

ALTERNATIVE PROCEDURES FOR MANUFAC-
TURE
Use of milk powders in tbe production of
halloumi cbeese
Since halloumi has become very popular in the
Middle East and fresh milk is not available in
any quantity, the use of reconstituted skim
milk powder (SMP) blended with anhydrous
milk fat (AMF) has been considered. Some of
the preliminary results have been discussed,
but modification of the properties of the milk
powder could offer a route for improvement.

In particular, Lelievre et aP5modified skim
milk powder by changing its preheat treat-
ment from 68 to noc, and examined powders
that were manufactured at different times
throughout the year, ie, spring, summer and
autumn. Additional batches of halloumi
cheese were made from process milks in

102

Process and quality control
Robinson et aP and Robinson" reviewed a
number of studies in which particular atten-
tion was paid to increasing the output and
quality of halloumi cheese. The use of fresh
milks concentrated by ultrafiltration was con-
sidered to offer some advantages with respect
to plant requirements as, due to the retention
of the whey proteins, this approach would
increase the yield of the cheese; however, the
impact on quality would need careful con-
sideration. The suggested exposure of the
pressed curd to microwaves! as an alternative
to the traditional cooking stage has been pro-
posed as a system that would allow for an
increase in automation; the effect of a
microwave treatment on the sensory proper-
ties of the finished cheese does, however, need
further investigation. In addition, as the
procedure is not mentioned in the Cyprus
Standards for the manufacture of halloumi
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cheese, the use of the procedure could cause
legal problems as far as the identity of the
cheese is concerned.

Some standard methods for the sampling
of milk and milk products are included in the
Cyprus Standards, as are methods for the
chemical and microbiological analyses of the
same items.27-29 The compilation of such stan-
dards has proved to be valuable as far as the
drive to improve the quality of halloumi
cheese is concerned, but finding uniform
methods of analysis for the physical. or
organoleptic properties of the product may be
more difficult.

Photis Papademas wisbes to thank the Cyprus
Milk Industry Organization (CMIO) for
financial support, and Keses Dairy, Limassol,
Cyprus, for their helpful discussions.
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Properties of full-fat, less-fat and reduced-fat
halloumi cheeses made from bovine milk

By Photis Papademas,
Julia M. Norman and Richard
K. Robinson, Department of
Food Science and Technology,
The University of Reading,
Britain.

H alloumi cheese is the traditional
cheese of Cyprus and, over hun-

dreds of years, it has been manufac-
tured from raw ovine or caprine
milks, alone or as blends.
However, in recent years, the manu-

facturing capacity for halloumi has
expanded rapidly to meet the growing
demand in the Middle East and Eu-
rope, and the regulations in Cyprus
now allow the more readily available
bovine milk to be used in place of the
traditional ovine or caprine milks.l'
This transition has been broadly

successful and, while the manufactur-
ing procedure for making halloumi
from pasteurised bovine milk has
some features different from the tra-
ditional process, studies have found
the end-product to be comparable, in
most respects, with halloumi of ovine
or caprine origin.3.4,5,6.7
Indeed, differences between the

cheeses only become apparent if a
good-quality, fresh ovine product is
compared directly with a similar
cheese made from bovine milk, and
even this difference tends to fade as
the two types of cheese mature.
A further pressure on the dairy in-

dustry in Cyprus to manufacture
halloumi from bovine milk arises
from the flourishing tourist industry,
for supplies of ovine or caprine
cheeses are just not sufficient to cope
with the summer demand.
In addition, bovine halloumi has two

specific attractions for tourists:
• the retail price is lower than that of
the ovine/caprine product; and

• it could, perhaps, be manufactured
as a low-fat variant.
Thus, many visitors from Northern

Europe and North America have been
persuaded to buy cheeses with fat
contents lower than their traditional
counterparts on the grounds that high
intakes of saturated fats should be
avoided. As a consequence, shops are
now expected to display low-fat vari-
eties of popular cheeses such as ched-
dar, gouda and mozzarella that have
been developed for this niche

market,8.9.10.11.12.13and even the poten-
tial oflow-fat feta cheese has been ex-
arnined.Ï"
Despite problems with taste and

texture limiting the market share for
low-fat cheeses,15.16.17Bruhn et al.18

found that many 'health-conscious'
consumers inEurope would be willing
to pay more for low-fat products than
for the comparable full-fat ones, and
would certainly buy them if the orga-
noleptic properties matched those of
the traditional food.
If some of these ideas are valid, then

the overall conclusion would appear
to be that dairies in Cyprus and, per-
haps elsewhere, should seek to exploit
the demand for low-fat Halloumi
made from bovine milk and, at the

Figure 1: The process used to make
three types of Halloumi cheese.

Pasteurised bovine milk with fat
content adjusted

/
Coagulation with rennet at 32/33"C

for 40-60 min
/

Cutting of the curd (lcm3 cubes)
/

Precipitation and drainage of curd
with pressure of -500Pa for lh

/
Cut into blacks (10 x 15 x 3cm)

/
Place blocks in hot whey (-95"C) for

30-60 min., then drain and cool
/

Dry salt (30glkg), sprinkle with dry
leaves of mint (Mentha viridiS), fold

crossways and chill overnight
/

Mature in brine (-11% NaCI) and shrink
wrap for testing as fresh Halloumi

same time, benefit from the addi-
tional income derived from the sale of
the separated cream.
However, if the manufacture oflow-

fat halloumi is to be expanded, then
its properties must be comparable
with those of the normal cheese.
Hence, the aim of this project was to:
• produce less-fat and reduced-fat
samples of halloumi in the labora-
tory; and

• compare their properties with a
normal, full-fat cheese (control)
made under identical conditions.

Manufacture
Although the nomenclature for low-

fat products varies from country to
country, some markets have recog-
nised two cheese categories: 'less-fat
cheese' containing at least 25% less
fat than normal cheese of the same
variety, and 'reduced-fat cheese' with
at least 50% less fat than normal.l''
In the case of halloumi, with an

analysis of about 25.75±3.14% fat,7.2o
the comparable specifications would
be <20% fat for a less-fat cheese and
<15.0% fat in a reduced-fat brand.
Pasteurised, full-cream milk (3.5%

fat and 3.3% protein) was used to
make the control cheese, while semi-
skimmed and skimmed milks formed
the bases for the less-fat and reduced-
fat cheeses, respectively.
For the less-fat cheese, the fat con-

tent of the semi-skimmed milk was
adjusted from 1.5% to 2.3% with
cream (18% fat), while the fat content
of the skimmed milk was adjusted to
1.3% from a base ofO.5% fat for mak-
ing the reduced-fat cheese.
The manufacture ofhalloumi in Cy-

prus is controlled by government
regulations.f These guidelines were
followed to produce the experimental
cheeses in the laboratory. The overall
procedure is shown in Figure 1 and,
even though the milk was pasteur-
ised, a starter culture was not needed.
Each batch of cheese was made from

12L of milk and, after coagulation
with rennet, a layer of curd (2-3cm in
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depth) was spread over a perforated
stainless steel tray (40 x 30cm) lined
with cheese cloth. The cheese cloth
was then folded over the curd and a
pressure of -500Pa applied by means
of a stainless steel plate (39 x 29cm).
After an hour, the cheese was fum

enough to cut into blocks (10 x 15 x
Scm), and these were then transferred
to a vat containing the whey that had
drained from the original coagulum.
The blocks were then 'cooked' for 30-

60 minutes at 90-95°C. By that time,
the blocks had floated to the surface
of the whey. They were then removed
and cooled to room temperature.
Tbe exposed surfaces of each block

were sprinkled with salt and crushed
leaves of dry mint, Mentha uiridis,
before being folded in half.
After chilling overnight in a conven-

ient container, salted whey was
poured into the container until the
blocks were covered. Following a
holding period of about three hours in
the salted whey, the halloumi was
shrink-wrapped for storage at 7-8°C.
The entire procedure was completed

on two occasions for each of the three
types of cheese - full-fat, less-fat and
reduced-fat.
For tbe sensory analysis, only one of

the two available batches of cheese
was examined.

Table 1: Chemical composition of the three types of Halloumi
cheese; all figures as gtl00g of cheese as consumed, except (%)
tat-in-dry-matter (FOM); all analyses were completed In accordance
with the methods described by Kirk and Sawyer.26

Full fat Less fat Reduced fat Published data·
Moisture 45.2±0.02 52.7:1:0.08 54.HO.29 42.9
Fat 28.0±0.0 19.3±0.35 10.8:1:0.35 27.6
FOM 51.0 40.8 23.8 48.3
Protein 21.1±0.57 24.4:1:1.1 27.9:1:1.1 23.4
Salt 3.6±0.42 2.5:1:0.03 3.HO.05 1.6

•Meancomposition of Halloumi cheese made from cow's mllk.3

However, these figures are for top-
quality halloumi made from ovine/
caprine milk and it is likely that
cheese made from bovine milk will
differ slightly from these standarda.ê
The analyses of the full-fat, less-fat

and reduced-fat halloumi are shown
in Table 1, along with some publisbed
data for typical bovine halloumi from
the market.
Although the salt content exceeds

tbe legal limit, it is evident that the
full-fat cheese is broadly similar to
the commercial brands. Equally no-
ticeable is the fact that, as the fat con-
tents were reduced, so the levels of
moisture and protein increased.
From a nutritional standpoint, it

could be argued, therefore, tbat the
low-fat cheeses do offer a healthy op-
tion but, as highlighted earlier, this is
only useful if the sensory Quality of
tbe food is also acceptable.

Physical properties
Some of the basic physical proper-

ties oftbe cheeses as measured by the
Texture Profile Analyser.21 e.g.
springiness or cohesiveness, were
similar for all cheeses, but both

fracturability and hardness were sig-
nificantly lower in the full-fat cheese
(see Figure 2).
This difference between the full-fat

and the less/reduced-fat cheeses is
probably a reflection of the higher
protein contents rather than the
changes in fat or moisture, for there
is a well-established link between
protein content and the hardness of
cheese.1U2
A small, but significant, difference

in chewiness between the full-fat and
the other two cheeses was also noted
and, again, the increase in protein
was probably responsible.
As halloumi is often eaten grilled or

fried, it was assumed that the test
samples should, at least to some de-
gree, melt and soften on heating, so
that the compact texture of the cheese
would be partly lost and an element of
'flow' introduced into the cheese struc-
ture.
The resultant properties are often

referred to as the 'meltability' and
'stretchability' of the cheese and, al-
tbough obvious to the consumer, they
are characteristics that are not easy
to quantify.7.23,24

Properties of the cheeses

Chemical composition
According to the Cyprus Standards.f

normal halloumi should contain a
maximum of 3% sodium cbloride,
have a minimum fat-in-dry-matter
content of 43%, and a maximum mois-
ture content of 46%.

250 140

120

~100

J : • Fracturabfllty (N)
D Hardness (N)

20

o
Full 1M Le.. 1M Reduced fat Full Fat Less F.t Reduced Fat

FIgure 2:AcOlIJparlsonof some textural properties, as meas-
ured with the Texture Profile Analyser, of three samples of
Hallouml cheese with different fat contents.

FIgure 3: Melting properties of Hallouml cheese with differ-
ent fat contents. FIgureshows Increase Inarea of heated sam-
ple compared with area occupied by sample before heating.
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In this study, the meltability of the
halloumi was determined by measur-
ing the percentage increase in area
occupied by a cube of cheese (2 x 2 x
lcm) following exposure in a micro-
wave oven (800 watt) for five minutes.
Stretchability was measured by

placing a piece of cheese (1 x 1 x
0.5cm) pre-warmed in a water bath at
85°C for 4.5 minutes onto the base
plate of an Instron Testing Instru-
ment (Instron Limited, High
Wycombe, UK) and then, with a small
hook, stretching the soft cheese until
the strand broke; the length of the
strand at the point of breaking was
then recorded.
Each test was completed with 10

cubes/pieces of cheese per batch.
The mean results for meltability are

shown in Figure 3, and there was a
significan t difference between the
full-fat cheese and the less/reduced-
fat samples.
The lubricating effect of the fat in

allowing sub-units of the protein ma-
trix to slide over each other is not un-
expected, but it was clear that the fat
content had to be >20% to have any
significant effect.
A similar trend was noted with re-

spect to stretchability, with the full- I

fat cheese giving an extension of
9.08±1.5mm compared to 6.71±0.9
and 7.18±1.8 for the less-fat and
red uced -fa t cheeses, res pecti vely,
Again, there was no significant differ-
ence between the less-fat and
reduced-fat cheeses.
The increased hardness of the fresh

cheese with <20% fat may not be a
problem (see later) but, even so, it
was evident that lowering the fat con-
tent of the test cheese below 20%
changed the physical characteristics
of the cheese quite dramatically; fur-
ther reductions in fat content had less
impact.
Whether the reduced meltability

and stretchability ofthe less/reduced-
fat cheeses would limit their appeal
for use in pizza toppings or as compo-
nents of cheese burgers is not clear,
but mixing them with other cheese
could solve any serious limitations.

Sensory properties
A panel of 11 partially trained asses-

sors used Quantitative Descriptive
Analysis to profile the flavour and
texture attributes of the three types of
halloumi.25 The results are shown in
Table 2.

Table 2: Average sensory scores
(maximum lOO/attribute) for the
three types of Halloumi cheese.

Attribute Full- Less- Reduced-
fat fat fat

Colour 58 58 48
Hardness 47 63 83
Crumbliness 48 38 50
Chewiness 48 60 62
Moistness 51 48 36
Saltiness 38 40 54
Creaminess 38 34 25
Hedonic 46 42 47
response

As with the instrumental analysis,
hardness was the attribute that
changed significantly with fat con-
tent, although it was notable that in-
creasing hardness did not change the
hedonic response of the tasters.
The absence of any negative reac-

tion to the increasing hardness of the
lower-fat cheeses could well derive
from the fact that the tasters were all
from England, and for such consum-
ers, the hard-pressed territorial vari-
eties of the UK tend to provide
inherent expectations with respect to
firmness/hardness of a cheese."
Similarly, the neutral hedonic re-

sponse to all three cheeses suggests
that the panellists found the orga-
noleptic properties ofhalloumi differ-
ent from other cheeses with which
they were more familiar.
What could be important, however,

is that there was no discrimination
against the less/reduced-fat cheeses.
It could be concluded that 'occasional'
consumers of halloumi would accept
low-fat versions without complaint.
This tentative conclusion could be

good news for the dairy industry in
Cyprus for, even ifit is assumed that
native Cypriots will retain a prefer-
ence for the traditional full-fat
halloumi made from ovine/caprine
milk, a major market for low-fat
halloumi could be generated within
the hotel, tourist or export markets.
Thus, the equal acceptance by the

taste panel of both the full-fat and
less/reduced-fat cheeses suggests that
health-conscious consumers not fa-
miliar with the specific characteris-
tics of traditional halloumi may well
be more than happy with the lower fat
cheeses - a state of affairs that should
please manufacturers and consumers
alike. 0
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CASEIN PROPERTIES
IN RECOMBINATION

The influence ol raw materials
on the structure ol a Feta-styJe
cbeese made by direct recom-
bination. By M Z Ali and R K
Robinson

Gibna Baida is the traditional white-
brined cheese of Sudan (1), a firm, open-
textured, high salt cheese that is usually
consumed along with beans or salads.
In an earlier paper (2), the authors

demonstrated that a cheese, similar in
organoleptic characteristics to Gibna
Baida, could be manufactured by the direct
recombination of skim-milk powder,
sodium caseinate and anhydrous milk fat.
However, it was noted that the test cheese
was very different in texture from white-
brined cheeses found in other markets
which, by contrast, were often softer and
more smooth in texture (see Figure 1). It
was surmised that this difference could
have been due either to the contrast in raw
materials, eg fresh milk for the Feta-style
cheeses, or to the fact that most traditional
cheeses have been subject to pressing, ie
are textured cheeses as against 'cast' types.
As the aim of the recombination process

is to avoid the use of both fresh milk and
expensive plant, it was decided to examine
the possibility of modifying the structure
of the experimental cheese by changing the
type of caseinate employed. A study was
instigated to determine:
• the properties of those sources of casein
that might be suitable for use in the
recombination process;
• whether any of the selected sources
would influence the gross and/or micro-
scopic structure of the test cheeses.

Materials and methods
The materials selected as possible bases

for the test cheeses were acid and rennet
casein, along with the caseinates of
sodium, potassium and calcium. Standard
commercial samples obtained from Ludwig
Post Gmbh & Co, Heidelberg, Germany
were examined for:
• moisture content by air drying a sample
(2g) at 102°C until a constant weight had
been achieved;
• acidity by both pH and titratabie acidity;
a 109sample was added to soml ofdistilled
water (40°C), and the suspension blended
with a stomacher. After standing for 20
minutes, a lOml sub-sample was filtered
through a glass filter prior to titration

Figure 1.Above (left):An example of the type of white brined cheese that is popular in the
Middle East. Although it does fracture in the conchoidal manner typical of brined
cheeses, the overall texture is soft and close compared with Gibna Baida (right).

described in (3).
On basis of these examinations, it was

decided to use only the caseinates for
cheesemaking, and the direct process of
manufacture has been described elsewhere
(2). The physical structure of the test
cheeses was examined both by light
microscopy, to obtain a comparison of
coarseness as it might be perceived by a
consumer, and by scanning electron
microscopy.
For examination (under the light micro-

scope, fine sections r 31Lm) of each ofthe test
cheeses were cut with a sliding microtome
fitted with a Frigister stage cooler and
knife-freezing attachment. As the sections
left the knife, they were placed directly
onto a glass slide and allowed to air-dry.
The sections were then fixed in 10%
formaldehyde (95%ethanol solution) for 20
minutes, washed in tap water for 2
minutes and stained in carbol fuchsin/
phenol solution (basic fuchsin LOg;abso-
lute alcohol lOml; 5% phenol in distilled
water 100ml)diluted with an equal volume
of distilled water for 10 minutes. The
sections were then rinsed with tap water
(2 minutes), before dehydration through
an alcohol series and xylene ready for
sealing with DPX mountant.
Selected sections were placed on a

microscope stage, and a number of fields
chosen, at random, for photographing with
Ilford Pan F film. The total magnification
at the film was X 160, and each negative
was enlarged positively X 2 onto a high-
contrast transparent film.
The apparent coarseness of any given

sample of cheese was calculated as follows
(MLGreen, personal communication). The
transparent photograph (46mm x 69mm)
was placed onto a perspex sheet of the
same dimensions (situated over a light
box), onto which had been drawn a series

against N/9 NaOH; the results were
recorded as %lactic acid. The supernatant
remaining in the original flask was de-
canted and the pH measured directly with
a standard combination electrode;
• solubility of 10% suspensions of the
different caseins and caseinates was
determined by the method described in (3);
• ash and crude protein by the methods

Figure 2. Light micrographs showing the
relative parasites - as indicated by the
transparent areas - of one day-old test
cheeses made with (a) sodium, (b) calcium
and (c)potassium caseinates
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of equally-spaced black lines - 18 lines
cross-ways and 29 lines along the long
axis. The total length of these lines. ie
46nun x 18 and 69nun x 29 equalled
2,829mm. A count was then made of the
total numberoCtimes that a segment of line
was visible through the section of cheese,
and comparative coarseness' was calcu-
lated as:
Coarseness =
1/total number of visible segments of line

2.829
Four sections of each lest cheese were

examined in this way, and the results
provided an arbitrary measure of the
texture of the sample. Samples were
studied under the electron microscope
using the procedure described in (2).

Results and discussion
The results of the chemical analyses are

shown in Table 1. and it is clear that
neither of the caseins have the degree of
solubility required for easy use in the
present system of cheesemaking; the low
pH of the acid casein was undesirable.

develop larger whey filled apertures and
under the light microscope it appeared not
unlike the potassium caseinate cheese (c)
in Figure 2.

However. this apparent similarity did
not. in the event. truly reflect what was
happening during the maturation process.
A physical examination of the cheeses at
one month showed that the sodium
caseinate sample was like the traditional
Gibna Baida, while the other samples were
semi-soft and smooth in texture. Clearly.
therefore, the microscopic technique for
measuring coarseness could not cope with
materials of such complex structure. but
whether it could be applied to other
materials merits further investigation,
The physical contrast between the

cheeses. as observed organoleptically. was
confirmed to some extent by the scanning
electron micrographs shown in Figure 3.
The semi-hard, crumbly sodium caseinate
cheese had the casein in dense aggregates,
but the casein in the calcium and potassium
caseinate cheeses had coalesced to give
thin strands or plates. This difference
suggests that a knife would slide more
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Test cheeses were. therefore. only manu-
factured employing the three types of
caseinate, and a comparison of coarseness
as assessed by the light microscope is
shown in Table 2, together with the result
for a market sample of Gibna Baida. What
the data shows that on the first day
after manufacture. the sodium caseinate
cheese had a more compact structure than
those derived from the other caseinates.
and this conclusion is borne out by Figure
2. Thus it is apparent from the photographs
that the whey-filJed spaces in the cheeses
made from calcium caseinate (b) and
potassium caseinate (c) are generally
much larger than in the sodium caseinate
cheese. and hence that the former cheeses
have a more coarse structure.
As the cheeses matured, so the numerical

values converged, and it would appear
from Table 2 that all the cheeses were
broadly similar in texture by the end of one
month. This conclusion was substantially
true as revealed by this particular tech-
nique. for the sodium caseinate cheese did
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easily through the latter than the cheese
made with sodium caseinate.

Similarly. the coarse strands of casein
shown in Figure 3 (a) would allow the
cheese to crumble into small pieces under
pressure from the fingers. while the 'plates'
of casein in Figure 3 (c) would 'merely
compress; a view that was reflected In the
contrasted behaviour of the two cheeses.

Clearly. therefore. the type of caseinate
can have a marked effect on the structure
of a finished cheese made by direct

Figure 3. Scanning electron micrographs of
one month-old cheeses made with (a)
sodium (b)calcium and (c)potassium casei-
nate showing the fast globules (F),protein
matrix (P) and aqueous phase (A).

recombination. The system could be
further refined and cheeses tailored for
specific markets.
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The influence of the casein:fat ratio in sheep's milk
on the chemical composition and sensory properties.
of nabulsi cheese
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2 Department of Food Science and Technology, The University of Reading, Reading
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The organoleptic properties of nabulsi cheese, which is widely popular in Jordan, tend to vary
from one market sample to the next, and differences in the chemical composition of the cheese
milk were suspected. Deliberately altering the caseintfat ratios in Awassi sheep's milk influenced
the texture of, and hence consumer reaction to, nabulsi cheeses made from the different milks.
However, the lise of a starter culture including Lactococcus laetis and L cremoris, rather than the
natural miereflora of the milk/dairy, produced cheeses that were perceived to be too harsh in
flavour. It was concluded that the between-batch variability observed in the marketplace was
likely to be introduced by both the uncontrolled nature of the bacterial populations in the milk and
compositional differences.

INTRODUCfION

White brined cheeses are popular throughout
the Mediterranean and Middle Eastern coun-
tries, and storage in brine (4-16%) has
evolved as the most convenient system for
distribution in such warm climates (Carie,
1987). In Jordan a boiled, white brined
cheese, nabulsi, named after the town of
Nablus on the West Bank, is the main cheese
produced along traditional lines. It has a mild
flavour and is widely consumed at breakfast or
used in the manufacture of local desserts
(Humeid and Tukan, 1986).
Traditionally, nabulsi was made from raw

sheep's milk, but nowadays cheese on the
open market must be made from pasteurized
milk. Blends of cows', goats' and sheep's milk
are used by some farmers to expand levels of
production but, as the volume of nabulsi in the
marketplace has increased, so have com-
plaints about undesirable changes in quality,
particularly with respect to texture.

Seasonal variations with respect to the fat
and casein contents of sheep's milk have been
cited as one possible cause, and it was
suggested that if the optimum casein: fat ratio
for the production of nabulsi cheese could be
established, as it has been for cheddar cheese
(eg, Chapman, 1981, McIlveen & Strugnell,
1990), then the organoleptic properties of the
retailproduct might be less subject to fluctua-
tion. Alternatively, the uncontrolled nature of
the microflora could be the source of inter-
batch variation, and hence the specific aims of
this project were to: (i) study the effect of
different casein: fat ratios on the chemical
composition and sensory properties of nabulsi
cheese made from Awassi sheep's milk; and
(ii) determine the influence of a starter culture

on the composition and properties of the same
cheeses.

MATERIALS AND METHODS

All the milk came from one herd of Awassi
sheep in the El-Yadudah area near Amman;
the sheep were fed on dry pasture throughout.
.Samples of milk were collected at monthly.
intervals between February and August 1993
for routine analysis of fat and casein to
establish the extent of natural variations, and
during July for the programme of
cheese making.

Preparation of the starter culture
A freeze dried Dri-Vac culture (Type 0-180)
from Chr Hansen's Laboratorium, Denmark,
was used to manufacture some of the test
cheeses; the culture consisted of Lactococcus
laetis ssp laetis (2-5%) and L laetis ssp
cremoris (98-95%). After the initial resusci-
tation stage, laboratory cultures were
prepared by inoculating (1%, v/v) sterile
reconstituted skim milk (100 ml of 10% total
solids, w/v) and incubating at 30°C until the
milk had just coagulated. Routine tests for
purity and activity were carried out as recom-
mended by Harrigan and McCance (1976),
and larger volumes for addition to the cheese
milk were produced according to the pro-
cedure of Tarnirne (1990).

Preparation of the cheese milk
Raw sheep's milk was warmed to 40°C and
then filtered through cheesecloth before pas-
teurizing at 63°C for 30 min. After cooling to
38°C the cream was separated using an Alfa-
Laval Type 24 S Separator, and the fat
contents of the cream and skim milk streams
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determined by the Gerber method. Once the
casein content of tbe original pasteurized mille
had been determined. the fat contents neces-
sary to give ratios of casein: fat ofO.5, 0.6. 0.7.
0.8, 0.9 and 1.0 were calculated. The weights
of whole mille and cream or skim milk to give
tbe desired values of fat in the cheese milk
were calculated using Pearson's Square
Method (Scott, 1986).

,

Procedure for cheesemaking
Sufficient milk to make a block U kg) of
cheese was poured into a stainless steel
container equipped with a slow-speed agitator
and standing in a temperature controlled
water batb. CaCl2 (0.02%, w/v) and 0.02% of
standard rennet (diluted prior to addition to
the milk) were added. and the milk held at
32°C for around 1 hour to coagulate; this slow
rate of gel formation was a reflection of the
reduced miereflora consequent upon
pasteurization.

When starter cultures (1%, v/v) were used
the milk was ripened to pH 6.35-6.4 prior to
the addition of the CaCh and rennet.

Once the coagulum had formed, it was cut
into 1 cml cubes, and allowed to stand for IS-
20 min to encourage expulsion of the whey.
The curds and whey were then poured into a
stainless steel mould lined with cheesecloth
for an initial period of free drainage.
The cheese was pressed in two stages, ie,

0.4 MPa for 30 min followed by 0.8 MPa for 2
hours. After the second pressing the fresh
cheese was cut into pieces of 5 X 4 X 2 cm, and
coarse salt sprinkled over the surfaces.
Following storage at 5°C for 24 hours all the
pieces of cheese from one original block were
weighed to obtain a measure of yield-kg of
edible cheeselkg of fat in the original milk-
and subsamples were taken for immediate
chemical analysis

Thereafter, the pieces of cheese were care-
fully placed into glass containers and covered
with brine (15%). After 2 days in store the
pieces were removed from the containers and
boiled in brine for S-7 min, ie, until the
surfaces of any given piece had acquired a thin
skin of melted cheese. The pieces of boiled
cheese were returned to the brine (15%) and
stored for 1 montb prior to the second group
of analyses.

Procedures for testing the milk and cheese
(a) Chemical analysis .
The milk was brought to the laboratory in._
churns and, after thorough stirring with a

. plunger, duplicate samples (200 ml) were
removed with a dipper for the following
analyses: (i) the fat content was determined by
the Gerber method (Case, 1985); this method
was employed for the cheeses also; (ii) the
protein and casein contents of the sheep's milk
were estimated by the formol titration method
(Roeper, 1974~.
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For examining the cheeses, a subsample
(approx 200 g) was removed from tbe brine
and allowed to drain for 1-2 hours on clean.
filter paper placed inside a closed container.
The entire sample was coarsely ground witb a
pestle and mortar to provide a homogeneous
mass from which duplicate aliquots could be
removed for the desired analysis, namely: (i)
the protein contents of the .cheeses were
determined by the colorimetric method des-
cribed by Case (1985), and the pH by tbe
British Standard Method (BS!, 1976); (ii) the
moisture, NaCI, lactose (colorimetric
method) and calcium contents were assessed
by tbe methods of Egan et al (1981); and (iii)
the titratable acidity was determined by ti-
tration using phenolphtbalein as the indicator
(IDF. 1969).

(b) Microbiological analysis
In order to confirm the general microbial
pattern within the cheeses a number C'~

'pieces' from a given batch of cheese were cL"
up with a sterile knife and a composite sample
(approx 50 g) was collected into a sterile
Stomacher Bag. A sterile solution of sodium
citrate (450 ml, 2%) was poured into tbe bag,
and the sample macerated for about 2 min.
Serial dilutions down to 10-6 were prepared in
sterile peptone water (9 ml, 0.1%), and
duplicate aliquots were used to obtain the
following information: (i) total colony count

, on Yeastrel milk agar-incubation a~3~C for
4~ hours; (ii) yeast and mould count on potato
dextrose agar with the pH adjusted to 3.5 wlth
lactic acid-incubation at 25°C for 3-5 d~s;
(iii) coliform count on violet red bile ágai-
incubation at 32°C for 24 hours (Marshall,
1992); and (iv) differential count for L laetis
ssp laelis and L laetis ssp cremorls on spread
plates of arginine tetrazoliurn agar-incuba-
tion at 30°C for 24-48 hours (Harrigan and
McCance, 1976).

(c) Sensory evaluation
For tasting purposes the cheeses were
grouped initially on the basis of the presence
or absence of a starter culture and within each
of these two groups were cbeeses made from
each of the milks with different casein: fat
ratios. Each cheese witbin a group was given a
random code, and 30 untrained panellists
were asked to taste the cbeeses in a preset
sequence and rank them in order of decreas-
ing preference (Amerine et al, 1965), ie, the
'best' cheese received 1 point and the 'worst' 6
points. Once the initial selections had been
made, a group of 60 assessors participated in a
paired preference test to determine the impact
of the microflora on overall quality; this test
involved only the 'best' cheeses from each
group.

The data were analysed by analysis 0
variance (ANOVA) (SAS, 1985), and a
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Student t test confirmed tbe significant differ-
ence between cheeses made with and without
starter cultures.

REsULTS AND DISCUSSION

The average values for protein, casein and fat
in Awassi sheep's milk over the period from
February to August 1993 are shown in Table
1; the range of protein contents was in line
with those quoted by Epstein (1985).
Although the CJF ratio fluctuated by only 0.2
about a mean of 0.9, in otber situations more
extreme elevations in fat contents (up to
11.8% in some flocks of Awassi sheep;
Epstein, 1985) could reduce the CIF ratio to
around 0.5.

Such seasonal variations in tbe CfF ratio
might well be expected to alter the sensory
properties of the endproduct, and the data
presented in Tables 2 and 3, confirm that the
CIF ratio in the original milk had a significant
impact on both cheese composition and yield.
In particular, the yields (kg of mature cheese!
kg of fat in the cheese milk) increased
significantly (p :5 0.05) as the CfF ratios
increased, while moisture content in the same
cheeses decreased by over 10%. This pattern
was in agreement with the results of Shaker
et al (1987). In fact, some of the values for

Journal of the Society of Dairy Technology -

moisture content are even above the Jorda-
nian Standards (1991), wbich stipulate a water
content for nabulsi cheese of <50%. It is
suggested that tbe higber moisture content
arises because the elevated fat levels of the
cbeese milk interfere witb the rate of synere-
sis. Typical market samples of nabulsi cheese
gave a similar spread of values from 36.1-
51.0% moisture (Humeid and Tukan, 1986,
1991), and it could be that variations in the
CIF ratios of the milk supplies were, at least in
part, responsible.

The fat and protein contents of the experi-
mental cheeses increased, as would be
expected (Ng-Kwai-Hang et al, 1987), as the
CfF ratio approached 1.0 and the relative
moisture contents of tbe cbeeses decreased.
These cbanges will have a direct bearing on
the texture of the retail cheese. However, the
significant effect (p :5 0.05) of the starter
culture on the relative levels of fat in tbe
finished cheeses was not anticipated. Thus the
calculated values (means) for fat in dry matter
fell from 53.2% in non-starter cheeses to
42.7% for the cheeses witb added starter
culture, and the reason(s) for the poor re-
covery into the latter cheeses was not
established.

The salt contents followed the pattern of the
water, although the range of values was
restricted compared with the salt contents of
typical market nabulsi cheeses, which ranged
from 5.7-13.3% (Humeid and Tukan, 1986).
The diffusion of sodium ions into the cheese
could also explain, at least in part, the
decrease in calcium concentrations during
storage (see Table 3). Thus while the decrease
in pH causes some of the calcium phosphate
associated with the casein micelles to leach
into the whey (Abd El-Salam et al, 1976;
Shammet et al, 1992), the process of ion
exchange may be equally important in brined
cheeses.

~. 0.',: ...- :~" __' '._ .
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The impact of starter culture activity (see
Tables 2 and 3) wassignificant (p :S 0.05). The
increased levels of acidity were expected, and
it may be that the values were elevated by the
residual proteolytic and lipolytic activity of
enzymes from the starter culture (Saleem,
1979;Abou-Donia, 1981). Thus although the
combined impact of boiling and brining
appears to lead to rapid death and autolysis of
the starter bacteria (see Table 4), the sensory
analysis revealed that the influence of the
culture was readily discernible. The low levels
of residual lactose in the two groups of cheeses
probably reflect the activities of the adventi-
tious bacteria (see Table 4) but, as pasteuriza-
tion severely reduced the total counts com-
pared with most white brined cheeses
(Haddadin, 1986), these casual contaminants
had no adverse effect on the flavour of the
experimental cheeses.
The results of tbe ranking experiment

indicated that the preferred cheeses had CIF
ratios of 0.7, while the cheeses at the two
'extremes were rated as 'poor' (see Table 5). It
was suggested that texture was the main
reason for this discrimination in that the high
moisture content at CIF 0.5 gave too soft a
cheese, while the higher casein content (CIF
1.0) gave rise to a somewhat tough product.
The significant(p :s0.05) preference for the

non-starter cheese was, as revealed by the

paired preference test, clear cut, and the
sharper, stronger flavour produced by the
lactococci was not appreciated. As nabulsi
cheese is often used in desserts, the preference
for a mild flavour may not be surprising.
Nevertheless, the result does suggest that the
uncontrolled microflora of many market
cheeses could have contributed to the per-
ceived lack of consistency between batches.
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Overall, it is clear from this study that both
the casein:fat ratio of the raw sheep's milk
and the nature of its microflora can have a
dramatic effect on the chemical composition
and sensory properties of the final cheese.
Whether or not the economics of production
will support improved control over the con-
ditions of production and maturation remains
to be seen. Nevertheless, consumer demand
for consistant, mild flavoured cheeses·is un-
likely to be met by traditional techniques
alone, and itmay.be that cooperative ventures
will offer a way forward.
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The isolation of salt-tolerant lactic acid bacteria from
ovine and bovine milks for use in the production of
nabulsi cheese
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Nabulsi cheese is one of the most popular white brined cheeses produced in Jordan and,
traditionally, no starter cultures are employed for ripening. However, the resultant highpH means
that spoilage problems arise in cheeses stored at ambient temperatures. Direct acidificationor the
use of commercial starter cultures have an adverse effect on flavour, but cultures derivedfrom
lactic acid bacteria isolated from local milks gave rise to cheeses that were as acceptable as the
traditional products. In addition, the pHs of the cheese brines were in the range associated with
stability during storage (pH 5.1-5.3), and hence it is suggested that these locally derived cultures
could be employed by the industry to manufacture a nabulsi cheese from pasteurized milk that
should: (a) be free from pathogens; (b) not deteriorate in-store at ambient temperature; and
(c) have a flavour profile similar to traditional nabulsi cheese.

INTRODUCfION

White brined cheese is an important tradi-
tional food in the Mediterranean region,' and
the range includes feta in Greece, domiati in
Egypt, halloumi in Cyprus and Lebanon and
teleme in Romania.ê The equivalent cheese in
Jordan is nabulsi.l and it is usually produced
in springtime to coincide with the availability
of ovine and caprine milk. The cheese is
mainly consumed at breakfast or as a snack,
or it is used as an ingredient in the prepara-
tion of some local traditional dishes and
sweets, especially kunafa."

Traditionally, the production of nabulsi
cheese depends on a method in which no
starter culture is used, and this method can be
summarized as follows: ovine milk, or a mix-
ture of ovine and caprine milks, is heated to
about 35°C and coagulated with rennet. The
curd is pressed in cheesecloth into rectangles
with a height of about 2 cm. The rectangles
are then cut into pieces (about 4 X 8 cm) and
sprinkled with salt. The fresh cheese can be
consumed as such, but it has very limited
keeping qualities even under refrigeration.
Therefore, it is common practice to boil
pieces of cheese in brine containing 20% (w/v)
NaCI, along with the spices mastic (Pistacia
lentiscus) and mahaleb (Prunus mahaleb),
which are hung in the boiling brine in a small
cheesecloth bag. The boiling process serves
not only to improve the shelf-life of the prod-
uct, but also to provide texture (firmness) to
the cheese, and it is complete when the pieces
of cheese become soft and float to the surface
of the brine; this process usually requires

5-15 min. The pieces are then taken out
of the brine, placed on a fiat surface and
reshaped by slight pressing. After cooling, the
cheese is placed in firmly closed cans (10 or 20
1 capacity) containing some of the brine in
which the cheese was boiled. Thus nabulsi.
cheese depends on the boiling process and the'
high salt concentration of the brine to keep it
stable during non-refrigerated storage for up
to one year.

However, although nabulsi cheese is stored
in a brine with a high salt concentration, usu-
ally >20% (w/v) NaCl, spoilage can still occur
and cause heavy losses to the producers.
Some 'on-farm' trials involving the direct
acidification of the storage brine with lactic
acid showed promising results with respect to
the shelf-life of the product, and hence it
was suggested that the same effect might be
achieved by producing a more acid curd dur-
ing the actual cheesemaking process.

The potential of this latter option was exam-
ined by Haddadin et at' employing a mixed
culture of Lactococcus laetis subsp laetis and
Lactococcus laetis subsp cremoris to generate
the lactic acid and, although this was success-
ful in lowering the pH of the cheese,consumers
found the flavour of the cheese a little harsh.
However, if a new starter culture could be
developed based upon species normally present
in the raw milk used for producing nabulsi,
then it might be possible to generate the nec-
essary acidity without changing the typical
flavour anticipated by local consumers.

Consequently, the aims of this present study
were to (a) examine samples of local bovine
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and ovine milks for lactic acid bacteria (LAB)
that might be employed as starter cultures;
salt-tolerance was employed as one criterion
for selection, in the expectation that the bacte-

, ria might continue to secrete lactic acid during
the overnight hold in brine that has now, in
many factories, replaced the traditional dry
salting procedure; and (b) determine whether
the use of these 'local' starter bacteria would
provide the acidity that appears necessary to
reduce spoilage but at the same time give !l
product that would be as acceptable to con-
sumers as the traditional cheese.

MATERlALS AND METHODS
Isolation and identification of salt-tolerant
LAB from fresh milk
Fifteen samples of bovine milk and 10 sam-
ples of ovine milk were collected in sterile
bottles from individual farms under aseptic
conditions and transported to the laboratory
in a 'cool-box' containing ice. In the labora-
tory, 1 ml from each sample was transferred
immediately into tubes containing 9 ml of
sterile (121°C, 3 min) skim milk (RSM)
reconstituted from powder (Reglait, France)
at 11% (w/v) and containing 5% NaCI (w/v).
After two and seven days of incubation at
35°C, serial dilutions (down to 10-') were
made from each inoculated tube using
peptone water (0.1%, w/v) as the diluent.
Duplicate pour plates of bromocresol green
whey agar (BGW A)$ were then prepared
from dilutions l~ and 10-', and incubated at
35°C for 72 h. Representative colonies from
BGW A were inoculated into RSM (11%,
w/w) and incubated at 35°C either until a
curd was formed or for 72 h. A loopful from
each culture was then streaked onto BGW A,
and single colonies from each BGW A plate
were subcultured twice to obtain a pure iso-
late; these cultures were identified according
to the standard texts,6-9 but with the nomen-
clature revised in line with Hammes and
Vogel;O Teuber" and Devriese and Pot12; a
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list of the tests performed to identify the indi-
vidual species is given in Table 1.

Effect of salt-tolerant cultures on the pH of
RSM
Loopfuls from tbe stock cultures of the iso-
lated species were inoculated into 10 ml of
sterile RSM (ll%, w/v) containing 5% sodium
chloride, and the tubes were incubated at
35°C for 72 hours. The pH of each culture
was measured using a pH meter (Hanna HI-
8519, Milan, Italy) after 24 h and then at the
end of the incubation (72 h).

Production of nabulsi cheese using the salt-
tolerant cultures
Ovine milk was obtained from a local dairy
plant, and the pH was determined using a
pH meter (Hanna HI-8519). A white brined
cheese of the nabulsi type was tben produced
along the lines described earlier'·13; the stages
of production are summarized in Fig. 1.
Seven batches of cheese (treatments) were
made in all, including one 'control' cheese
made without starter culture, and the six cul-
tures used are listed in Table 4; tbe entire trial
was repeated on three separate occasions.

Examination of the cheese
pH of nabulsi cheese
Cheese samples were taken from each treat-
ment directly before brining, after boiling and
after one week of storage at 30°C. The pH
values of the samples were determined using a
pH meter (Hanna HI-8519) according to the
method of the BSI,14 in which a well homo-
genized cheese sample (lO g) is mixed with 6
ml deionized water to form a fine suspension
into which the electrode of the pH meter can
be immersed.

pH of the storage brine
Brine samples were taken for each treatment
after the boiling stage and after it had been
used to store the cheese for one week at 30°C.--
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Pasteurize sheep's milk (63-6soCl30 min)
Cool to 3SoC
Add CaCh (0.02"10,w/v) and starter culture (2%)
Keep at 3SoC for 30 nun
Add~tion of rennet and coagulation over 30 min at 3SOC
Cut into cubes, circa 2 cm
Rest for IS min

. Drain through cheesecloth placed in a rectangular stainless steel frame
(S X 37 X 39 cm)

Press the curd against the bottom plate at low and then high pressure
Cut and sha~ .
Cut the flat. plate' of cheese into pieces (S X 3 x 1.5 cm)
Ho.ld.overmght at ~oom temp in brine in lS% NaCI (w/v)
Boil 10 the same brine for S min
Store at 30°C for 2 weeks in SOOml jars

Fig. 1. ~e various stages in the production of nabulsi cheese from ovine milk
usmg cu)tures of salt-tolerant LAB isolated from local supplies of bovine or
ovme milk.

The pH value of each sample was determined
using a pH meter.

Determination of sodium chloride
The sodium chloride contents of both the
cheese and the brine samples were determined
accordinf to the method described by
AOAC.1

Sensory evaluation
A tentative evaluation of consumer reactions
to the test cheeses was carried out using a
hedonic scale to investigate the degree of pref-
erence.'! Each panelist expressed his/her
degree of 'like' or 'dislike' by completing il
standard form, and nine untrained panelists
from the staff of the Department of Nutrition
and Food Technology of the University of
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Jordan took part in the evaluation. The pan-
elists were requested to taste each of the seven
cheeses separately and to score each cheese
without reference to the other samples. As the
number of panelists was too low to provide a
true picture, the results of the sensory exami-
nation were not analysed for statistical signifi-
cance and were used to indicate a 'likely
trend' only.

RESULTS AND DISCUSSION
Twelve out of 15 samples of bovine milk con-
tained LAB which were able to grow in RSM
containing 5% NaCl, and these isolates were
identified according to the scheme shown in
Table 1. Most of the isolates belonged to the
genus Enterococcus (three species were iden-
tified), while one species of salt-tolerant
Lactococcus spp and one of Lactobacillus
.were represented less frequently. As with the
samples of bovine milk, most of the isolates
from ovine milk belonged to the genus
Enterococcus, but there were some interesting
differences in species composition. Thus while
Enterococcus faecium was prominent in sheep
milk, salt-tolerant strains of Enterococcus fae-
calis were found in bovine milk. Similarly,
Lactococcus laetis subsp lac tis was isolated
only from bovine samples, while the presence
of Lactobacillus paracasei. (formerly
Lactobacillus casei subsp pseudoplantarum)
and Lactobacillus rhamnosus (formerly
Lactobacillus casei subsp rhamnosusï altered
with the origin of the milk. Such salt-tolerant
LAB were also isolated from raw salted milk
used in the production of domiati cheese, a
brined white cheese made from milk which is
salted directly before renneting. 17 .

Table 2 shows changes in the pH of the
. RSM (11%, w/v) that resulted from the
growth of the salt-tolerant LAB isolated from
the fresh milk samples. The growth of Lb
paracasei was the most active as indicated by
the drop in the pH, followed by Lb rhamno-
sus and L laetis subsp lactis. Therefore, these
three organisms were selected for cheesemak-
ing, along with three species of Enterococcus
(see Table 4) that have a history of occasional
usage in the dairy industry.

The addition of different cultures to the
ovine milk (pH 6.6) resulted in a lowering of
the pH of the cheeses during the different
stages of production (Table 3) compared with
cheese made without any starter culture (con-
trol). The pHs of the brines were similarly
lowered by the different cultures, with Lb
rhamnosus and L laetis subsp lac tis being par-
ticularly active. Whether or not the contrast-
ed levels of acidity in the brine/cheese is a
reflection of the relative salt-tolerance of the
strains is not clear, but it is notable that the
pHs of the cheeses after boiling are, in most
cases, lower than the values recorded before
overnight brining. However, a similar degree
of acidification was reported using a culture
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with low salt tolerance;' so that acid' produc-
tion during the brining stage may depend
upon residual enzyme activity rather than
active bacterial metabolism; the thickness of
the cheese pieces (1.5 em) suggests that salt
from the brine (15% w/v Nael) must readily
permeate the cheese and inhibit most micro-
bial action. Nevertheless, the high salt con-
tents in the cheese (around 7.0%, w/w) and the
brine, together with the increase in acidity vis-
a-vis the control, would be expected to inhib-
it most spoilage organisms, and it could .~
that the use of a selected starter culture would
give cheesemakers the protection that they
are seeking.

If this suggestion is correct, then it is rele-
vant that, after two weeks, no significant dif-
ferences were observed between the sensory
scores for cheeses produced with the various
species of salt-tolerant bacteria (see Table 4).
It was notable though that L laetis subsp lac-
tis gave rise to a cheese that was 'least liked',
which tends to confirm an. earlier view" that
standard mesophilic cheese starters may not
be suitable, at least from an organoleptic
standpoint, for manufacturing nabulsi cheese.

Thus it may be important that a number of
salt-tolerant LAB were present in the indige-
nous microfloras of local ovine and bovine
milks, and hence these bacteria might be
expected to play an important role in the for-
mation of the flavour and other sensory char-
acteristics of the traditional dairy products
made from fresh milk. In nabulsi cheese, for
example, made from unpasteurized milk,
these bacteria might act at all stages of pro-
cessing that precede boiling, and hence it is
not surprising that local consumers have
acquired an appreciation of the flavours so
generated. Consequently, the use of salt-toler-
ant starter cultures of tbe type isolated in this
study could help to provide products witb a
high degree of uniformity and acceptability
when using pasteurized milk. Further studies
are needed to optimize the conditions for the
action of these bacteria, especially with regard
to length of time that the cbeese is held in
brine prior to boiling. This stage could be of

International Journal of Dairy Technology

paramount importance if tbe cultures are to
generate the flavour and aroma typical of
nabulsi, as well as the lactic acid necessary for
stability during storage.

Whether or not enterococci should' be
employed as starter cultures is open to
debate, for tbe alleged resistance of some
strains of E faeca/is and E faecium to peni-
cillin' is a matter of some public bealth
concern. Tbe species of Lactobacillus are,
however, likely to be widely acceptable and,
as their performance during tbe present trial
was better than the enterococci anyway, it is
suggested that either isolate could be
employed as a starter culture for the produc-
tion of nabulsi cheese on a routine basis.
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COMPOSITION OF.MULTIPLE-STRAIN CHEESE STARTE~S
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ABSTRACT
Two multiple-strain, mesophilic starter cultures of commercial origin were subjected to
routine sub-culturing in order to assess their potential stability. Acid production and species
balance were monitored at both 22'C and 30'C, together with a vitality test under slrriulated
cheese making conditions. ·1

The results indicated that 22·C was the better temperature for maintaining cultures in skim-
milk, but success of the technique depended on the strains present in the original culture;
30·C was better for cultures that were to be immediately employed for cheesemaking.

I-,

Introduction

Mesophilic lactic acid bacteria are widely employed in
the manufacture of cheese, and the available commer-
cial cultures are classified into single-, mixed-, and
multiple- strain starters (Lawrence et aI., 1976).

It is the presence of the different strains that makes
these latter cultures of especial interest to the industry
(Robinson, 1981), and yet their behaviour within the
confines of a creamery is still subject to some debate. If
they are directly available for bulk starter production or
direct-to-vat operation, then the quality of the end-
product may be more important than the interactions of
the micro-organisms per se. However, in many parts of
the world, cultures can only be purchased occa-
sionally, and the question arises as to whether multiple-

- strain starters can be subcultured successfully, and if
so, what are are the optimum conditions for serial
transfer. It was to answer these questions, at least in
part, that this work was undertaken.

Factors influencing starter activity

The behaviour of an individual species often changes
when it is grown in combination with others, and
antagonistic and synergistic associations between
lactic streptococci may lead, in mixed cultures, to the
dominance of a particular species (or strain of that
species) after two or three routine transfers (Reddy et
al., 1972; Collins, 1961; Veaamuthu et aI., 1966). Same
fluctuations of this type result from the production of
antibiotics (Babel, 1977; Collins, 1961), but, in the main,
dominance is determined by differences in growth rate

• University ol Gezira, P.O. Box 20, Medani, Sudan
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and/or relative viability subsequent to the stationary
phase (Lawrence et al., 1976).

These characteristics, together with the associated
aspect of acid production, are influenced, according to
Stadhouders (1974) and Davis (1965), by many factors
including:

i) genetic characteristics of the individual strains;
ii) chemical composition of the milk, including the

presence of stimulatory and inhibitory systems;
iii) presence of bacteriophage; and
iv) the system of culture transfer/growth adopted.

The potential role of the metabolic characteristics of
starter organisms was demonstrated by Demko et al.
(1972); who related the slow acid production of.some
'variants of Stro lactis to an intracellular deficiency of
fructose l,6-diphosphate; the latter activates the lactic
dehydrogenase system. The production of acid in milk
depends also on the relative capacity of lactic strep- .
tococci to hydrolyse milk proteins, since normal milk
contains limited quantities of assimilable nitrogen
(Garvie, 1959; Stadhouders, 1961 and 1974). Evidence
in support of this latter idea was obtained when a mixed
population of thermophilic lactic acid bacteria was
grown in milk to 108 -107 celis/mI., and then killed by
heating. When a mesophilic starter was inoculated into
this same milk, the rate of acid production increased vis
a vis the control, and it was concluded that low
molecular weight nitrogen compounds were the stirnu-
. latory factor (Sharpe, 1979), a view supported by the
earlier work of Dahia and Speck (1964), as well as the
reports by Prentice (1982) and:Sponcet (1982).

Some important metabolic properties of the lactic acid
bacteria of dairy starters are thought to involve plasmid
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genes. Specific components of the lactose metabolism .
system (multi-step process) ,are.' plasmid enCOded,·
(Anderson'and McKay, 1977; LeBlanc et a1., '1979';
Cords and McKay, 1974).

Proteinase negative variants of Stro teetis (Cl) were
found to lack a 10 Md (mega dalton) plasmid as
reported by McKay and Baldwin (1975). .

The loss of proteinase acitivity in strains of Str. lactis
was easily restored in contrast to strains of Stroeretnotis
(Larsen and McKay, 1978), and Kempler and McKay
(1979) correlated the Inability. of vartante of Strolactfs'
subsp. diacetylac(fs (DRC1, 18 and 16) to produce
acetoin from diacetyl to the loss of a 5.5 Md plasmid.

It Is also relevant that some strains of Streptococcus
spp. tend to show reduced viability in the presence of
high concentrations of lactic acid, and hence theage of
a starter culture may deleteriously affect the quality of a
cheese (Pearce et al., 1973; McDowall et al.,1960).The
Hl01"CNS peroxidase system is similarly thought to be
Inhibitory to lactic mesophiles (Sharpe, 1979),although
Stadhouders (1974) observed that some starters were,
In fact, stimulated by peroxidase systems, and some'
strains produce detectable levels of Hl0l (Gilliland and
Speck, 1969).

II Is clear, therefore, that a number of factors can
influence the growth of mesophilic lactic acid bacteria
In milk, and that these factors will become acutely
relevant during the sequential transfer of working
cultures. This point is borne out, to some extent, by the
controversy that exists concerning the opumumtem-
perature for starter incubation. Thus,while Hammer and
Babel (1957) suggested an Incubation temperature of
21-22°C, Cogan and Condon (1971) indicated that a
temperature not exceeding 27°C would be acceptable.
However, Pack et al. (1968) stated that when 'aroma'
bacteria, e.g. Stro lactis sub-sp, diacetylactis and
Leuconostoc cremoris were present in mixed starters,
their population was more stable at 30°C thanat 21·C,
and it is notable that many multiple-strain starters
Include these latter species.

II was decided, therefore, to investigate the effect of
daily transfer at different incubation temperatures,
namely 22 and 3Q·C, on the growth of the component
mlcro-orcanlsms of two multiple-strain starters, and to
assess the possible influence of any observed changes
on the rate of acid production by the resultant cultures;
a vitality test under simulated cheesemaking condi-
tions was performed, as well, after each transfer at the
different incubation temperatures.
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. • Origina,l starter cultuI~ .

.(Smáll portion 'or freeze-d~ied culture)
CH (normal) 0.1 or CHL44+·

·Grown in 250 ml sterile milk at 30·C
tor 10 - 12 h - designated transter '0'

·. Second actlvation transfer (2%; v/v) in 250 ml sterile milk
at 30·C ror 6 - 8 h - designated transter 'Ol'.........

Incubatlon temperature
or 22·C·.

...... . ..
.

Incubation temperature
of3poC

·First
Second Transfer

·Tenth Tra~sfer

250 ml flasks ol milk were
Incubated for 16 h at each
transfer.·

250 ml flasks of milk were
incubated lor 6 h at each
transfer.

·To allow lor continued activity In the refrigerator, 30 and 40 minute
reductions In the IInal Incubation times were given at 22 and 30·C
respectively.

OChr.Hansen's Laboratorium AIS, Denmark.

FIGURE 1. Flow-diagram of the transfer programme
employed

Materials and Methods

The two cultures employed during this study were
standard, multiple-strain cheese starters, (eH L-N01
and CHL44:Chr. Hansens Laboratorium NS, Denmark)
and they were selected on the basis of:

ij consistent production of lactic acid on resuscita-
tion from the freeze-dried state; and

Ii) the high levels of Stro cremoris and Str. lactfs
relative to the aroma producing species.
The procedure for activation of the cultures is
outlined In Figure 1 as Is the overall plan of the
experiment Skim-milk powder (antibiotic free)

S. AIr. J. Dairy Technol. (1985) Vol. 1 7 NO.2
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was reconstituted at a level of 9% (w/v) to provide a
standard substrate, and the flasks of milk were
sterilised in an autoclave at 115°C for 10 minutes.
After cooling, the milk was held at 6°C prior to use;
no flasks were retained for more than 4 days. The
chilled milks were then inoculated as required by _---
the experimental procedure, and tempered in a _-
waterbath (45°C) for 3-5 minutes prior to transfer
to an incubator (3°C) or waterbath (22°q Dupli-
cate flasks were employed throughout, and in-
cubation tinies of 16 h(22°C) and ê h (30°G) were
retained as standard.

At the end of incubation, the test flasks were rotated
gently to render the contents homogeneous, and one-
mi portions of the- test milks were pipetted into 9 ml
allquote of Ringers solution (quarter-strength). These
dilutions were mixed for 30 seconds with a Whirly
Mixer' (Martley, 1972), and employed as the basis for an
appropriate dilution series. Duplicate portions (1 ml)
were extracted from the selected dilutions (10- 5 ,

10- II and 10- 7), and pour plates were set up using
Oxoid Milk Agar to obtain a total colony count, and
Arginine Tetrazolium Agar (ATA) (Turner et al., 1963) to
provide a means of differentiation between Strocremoris
and the other species in the starters; all the plates were
incubated at 30°C.

A collective enumeration of Stro lactis sub-sp,
diacetylactis and Leuconostoc eremotie was carried
out on Calcium Citrate Agar, using the modified method
of Nickeles and leesement (1964), and hence the
recorded colony counts were obtained as follows:

i) total number of arginine negative
colonies on ATA;

ii) total colony count minus total
number of arginine positive
colonies on ATA (confirmation
only);
total number of arginine positive
colonies on ATA minus total
colony count (48 h) of 'aroma'
bacteria on Citrate Agar;

Stro lactis sub- - total colony count on Calcium
sp. diacetylactis Citrate Agar.
and LeuconostOC

Stro cremoris

Stro lactis

cremoris

No attempt was made to di1ferentiate between strains of
any given species. .;

All counts were recorded in duplicate, and the results
shown in Figure 3 are the average counts computed on
the basis of two identical programmes (Figure 1).

s. Afr. J. Dairy Techno/. (1985) Vol. 17 No.2
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FIGURE 2. Developed acidity of cheese starter cultures
with successive transfers at different incubation
temperatures in sterile skim-milk. Initial total
acidity of the sterile skim milk was 0.206%.
Starter culture CHL-NOl at 22·C incubation
temperature. t;. ; starter culture CHL-NOl at
30·C incubation temperature, 0; starter culture
CHL 44 at 22·C incubation temperature, 0 ;

starter culture CHL 44 at 30·C incubation
temperature, e.

The development of acidity was monitored by determining
the titratabte acidity of duplicate samples of milk from
the test flasks employing the method described by
Robinson and Tamime (1976), and the results were
recorded directly as 'percentage lactic acid'.

The vitality test was carried out using a modification of
the procedure of Cox and lewis (1972). In this present
work, flasks (250 ml) of reconstituted whole milk (16%
TS)were inoculated with starter culture at a rate of 1%
vtv, and this procedure was repeated, for both cultures,
after each transfer at the two temperatures of incuba-
tion. Rennet was added, and the titratabie acidity (as%
lactic acid) was recorded after six hours of incubation at
30°C.

Results and Discussion

The production of acidity is, of course, an essential
feature of any starter culture for cheese, and it is clear
that the ability of both starters to produce lactic acid is
best maintained at 22°C (Figure 2). The fact that this
facility is required at 30·C for the cheesemaking
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. FIGURE 3. Populations of the component organisms of commercial cheese startercultures during successive transfers in sterile
skim-milk at two incubation temperatures. 3a Starter culture CHl-NOl at30"C incubation temperature; 3b Starter
culture CHl-NOl at 22'C incubation temperature; 3c Starter culture CHl 44 at 30'C incubation temperature; 3d
Starter culture CHl 44 at 22·C incubation temperature. Total colony count •• ; Streptococcus cremorls, 0 ;
Streptococcus lactis, t\ ; aroma bacteria, O.
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process is unlikely to cause problems in practice,
because the data show quite clearly that this aspect of
culture physiology was, at least for these starters, only
diminished after several transfers at 30°C.

It was not anticipated that any profound correlation
would exist between cell numbers and the production
of acidity, but as the same bacteria are also involved in
the ripening of cheese, éither directly or through the
provision of the appropriate conditions within the
cheese, changes in the species cornposltlon of a
starter could be significant.

The behaviour of the two starters, as reflected in the
colony counts, is shown in Figure 3, and it is noticeable
that temperature of incubation can dramatically alter
the balance between, as well as the total numbers of,
the various species.

At 30°C, the most obvious effect of sutx:ulturing is the
steady decline in the total counts of the constituent
species/strains, and only the strains of str. lactis in
CHL44 appear to thrive at the elevated temperature.
Nevertheless, the overall trend is clearly deleterious as
far as the majority of strains is concerned, and it is
probable that the quality of any cheese manufactured
with such starters would suffer accordingly.

The position was, however, totally altered when the
starters were incubated routinely at 22°C. Thus, the
populations of both the aroma bacteria and Stro lactis
showed remarkable stability for the duration of the
experiment, and some of the strains of Stro cremoris •
from culture CHL44 behaved in a similar fashion.
Whether the initial decline in the total count of Stro
cremoris represents a loss of certain strains is a matter
for speculation, but it is of note that the strains
composing culture CHL-NOl were, in contrast, de-
clining throughout the programme of transfers.

The precise reasons for the population changes would
be diHicult to elucidate. The relative availability of
calcium may be important in respect of certain 'aroma'
bacteria (Galesloot and Hassing, 1961), and synergistic/
antagonistic interactions may also be involved, but
whatever the precise mechanisms, it is clear that:

i) this work confirms the results of Hammer and
Babel (1957) that 'mesophilic starter cultures
should be incubated at 21-22°C for optimum
activity and strain stability;

ii) the two commercial starter cultures behave entirely
differently during routine sutx:ulturing - a pattern
that may well reflect the presence of different
strains;

S. Afr. J. Dairy Technol. (1985) Vol. 17 No. 2

TABL,E 1 The effect of previous inéubation temperature!
time and subculturing on the acid" development
by starter cultures during the simulated cheese-
making conditions of the vitality test,

- Starter culture

·Transfe-r CHL-N01 CHL44

22'C 30'C 22'C 30'C

One 0.71 . 0.75 0.62 0.73
Two 0.69 ·0.69 0.65 0.72
Three 0.68 0.67 0.69 0.61
F.our 0.62 0.69 0.71 0.53
Five 0.63 0.68 0.58 0.63
Six 0.54 0.69 0.59 0.59
Seven 0.5i 0.63 0.5.9 0.59
Eight 0.53 0.57 0.58 0.63
Nine 0.59 0.69 0.63 0.59
Ten 0.58 0.68 0.59 0.65

.. Average of two identical runs after six hours ol incubation at
30'C.

iii) the species in certain commercial cultures stabilise
rapidly during serial transfers, and in acceptable
numbers. .

The behaviour of starters under cheesemaking con-
ditions (30°G) showed that, when the cultures were
previously grown ot 30°C, acid production was fairly
stable, as sub-culturing proceeded, and higher than at
22°C (Table 1).While this pattern would suggest that
acclimatising the starter to the temperature of cheese-
making is advantageous, the data presented in Figures 2
and 3 would appear to suggest otherwise, and the.
reasons for the variation have yet to be established.
One possibility, however, is that the rennet increases .
the level of assimilable nitrogen in the milk, and that this
improved nutritional status compensates for the
apparent deficiences that result from the serial trans-
fers at 30°C.

Nevertheless, even allowing for certain anomalies,
these findings appear to contradict the normal asser-
tion that complex starter cultures will not withstand
routine sub-culturing without deleterious changes in
metabolic capacity and/or species composition. If this
conclusion is valid, it would imply that creameries in

. countries with limited access to commercial starter
banks need no longer be reticent about resorting to the
use of commercial cultures subcultured in their own
laboratories. Obviously the correct balance between
the species cannot be maintained indefinitely in liquid
starters, but given an appropriate choice of initial
culture and a high standard of hygiene, then the
purchase of commercial cultures could become a
monthly rather than daily necessity. Whether this facility
would encourage cheesemakers in developing countries
to make more use of freeze-dried, commercial starter
cultures is another matter, but at least the fear of relying
too heavily on imported cultures need no longer be an
obstacle.
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A study of the impact of microflora on the sensory properties of Nabulsi cheese,
by M S Y Haddadin and R M A Shahin, University of Jordan, Amman and

R K Robinson, University of Reading, England

ite-brined cheeses have long
een popular throughout the

Mediterranean and Middle
Eastern countries, but storage in brine
(4-16%) gives many varieties a salt
content that would, in terms of
flavour, be unacceptable in Europe or
North America.
However, in Jordan, a rather more

mild flavoured, white-brined cheese,
Nabulsi, is the main cheese produced
along traditional lines, and it is widely
consumed at breakfast (1) or used in
the manufacture of local desserts like
Kunafeh (see Figure 1). This latter
usage implies that the mild flavour is
essential and yet, traditionally,
Nabulsi was made from raw sheep's
milk and stored for long periods. It is
not clear whether a post-production
immersion in boiling water reduces
the activity of the initial lactic. acid
miereflora and prevents the build-up
of excess acidity or harsh flavour but,
with recent changes in cheesemaking
practice, the question has become
more important.
Today, cheese for retail sale has to be

·IIJUlyl995

produced from pasteurised sheep's
milk, or mixtures with cow's or goat's
milks. Hence the natural microflora of
thermoduric species or casual contami-
nants have become the main source of
ripening activity; few farmers are
familiar with the use of starter cultures.
For small volumes of milk handled in
utensils impregnated with lactic acid
bacteria, this haphazard situation may
well be acceptable, but as market
demand and co-operative ventures
grow, so control over the ripening stage
will become essential. The nature of
any introduced starter culture will be
of vital importance, and the aims of
this work were to:
• study the development of the natural
microflora during the storage of
Nabulsi cheese made from pasteurised
Awassi sheep's milk; and
• determine the influence of the addi-
tion of a starter culture on the proper-
ties of the final cheese.
Materials and methods

All the milk came from one herd of
Awassi sheep in the El-Yadudah area

Figure I (above): Kunafeh is a dessert of
Jordanian origin, made by lining a dish with
Nabulsi cheese, covering the cheese with
apple, brown sugar and nuts, and then baking

near Amman, and the milk was
collected daily during July for the
production of cheese.
The milk was brought to the laborat-

ory in churns and. after warming to
40°C,was filtered through cheese cloth
and pasteurised at 63°Cfor 30 minutes.
The milk was then poured into a
temperature controlled, stainless steel
container equipped with a slow speed
agitator, and calcium chloride (0.02%
w/v) and 0.02% of standard rennet
were added. The milk was held at 32°C
for around one hour to coagulate.When
starter cultures (1% v/v Lactacaccus
Jactis sub-sp Jactis and Lact Jactis sub-
sp cremaris Type 0-18.0 from Chr
Hansen's Laboratorium,Denmark)were
employed, the milk was ripened to pH
6.35-6.4 prior to the addition of the
calcium chloride and rennet.
Once the coagulum had formed, it

was cut into lcm cubes and natural
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shrinkage of the pieces was allowed to
occur over the following 15-20 min-
utes. The entire contents of the vat
were then poured into a mould lined
with cheese -cloth and, after an initial
period of free drainage, the cheese was
pressed at 0.4 MPa for 30 minutes fol-
lowed by 0.8 MPa for two hours.
After the second pressing, the fresh

cheese was cut into small 'slabs'
(5x4x2cm), and dry salted with coarse
salt. After standing at 5°C for 24 hours.
the pieces of cheese were transferred
to glass jars (see Figure 2) and covered
with brine (15%). After two days, the
pieces were removed and carefully
immersed in boiling brine for 5-7 min-
utes. Precise control over this stage of
the process is not easy, but the produc-
lion of a visible 'skin' over the surface
of the cheese is usually regarded as the
end point. The pieces of boiled cheese
were returned to the brine (15%) and
stored for a month prior to sensory
analysis.
Results and discussion
The average casein:fat ratio in the

Awassi sheep's milk over the period of
the cheesemaking was 0.9, and typical
chemical compositions of the finished
cbeese were taleen at the end of one
month (2). In addition, an indication
of the extent of proteolysis was
obtained by estimating the levels of
tryosine and tryptophan (3).
The moisture content for the natural

Nabulsi cheese was in line with typ-
ical market samples, ie 36.1-51.0% (4),
as was the salt content (3) which
ranged from 5.7-13.3%. However, the
impact of starter culture activity was
significant (p<0.05) with respect to the
fat content, and the calculated figure
for fat-in-dry-matter (FDM) fell from
50.2% in the non-starter cheese to
38.5% for the cheese with added
starter culture. As the Jordanian
Standard (1991) for FDM is not less
than 40% (5), the effeét of the starter
culture could cause problems. It was
not established why the losses of fat
into the whey were higher in the pres-
ence of the culture, but the effect of pH
on the properties of the casein could
have played a part.
The increased acidity in the pres-a July 1995

Ff~ 1(below):
Alter treatment in
bollin, brine, die
pieces of Nabulsi
ch_e are stored
In brine for one
mond! or loneer
before c0nsump-
tion

was apparent with 65% choosing this
cheese and 35% preferring the starter
culture cheese.
As Nabulsi cheese is often used in

desserts, this preference for a mild
flavour may not be surprising.
However, the finding does suggest that
any moves to employ starter cultures on
a regular basis will have to involve

careful evaluation
of the available
options.
Both cheeses had

total colony counts
(Yeastrel Milk Agar
at 30° for 72 hours)
of 1.6 x 106 at the
end of maturation.
while the only
species of starter
bacterium remain-
ing after the boiling
stage (Lact laetis
sub-sp lactis) was at
a level of <30 cfu/g.
This pattern is in
marked contrast
with most white-
brined cheeses (11).

and it would appear that the combined
influences of heat and salt were suffi-
cient to reduce the viability of both the
starter bacteria and many natural conta-
minants.
Assuming that the perceived harsh

flavour was the result of proteolytic
enzymes released by autolysis of the
starter bacteria and, given that the cul-
ture in question i.s rated as 'medium'
with respect to proteolysis (12), the
results suggest that cultures for the
production of good quality Nabulsi
cheese on a routine basis will need
careful selection. •

ence of the lacto-
cocci was expect-
ed, and the val-
ues for tyrosine
and tryptophan
indicated that the
starter bacteria
had enhanced
the degree of pro-
teolysis (6,7); it is
normal for the
free amino acids
to increase significantly during the
storage of white-brined cheeses (8,9).
Tbe figures for tyrosine and trypto-

phan, together with higher levels of
acidity in the cheese with added
starter, suggest that the taste panel
would detect a considerable difference
between samples, and this assumption
proved to be correct.
A panel of 60 untrained panellists

examined the two contrasted groups of
cheeses and a paired preference test
was employed to select the best cheese
overall (10). The significant (p<0.05)
preference for the non-starter cheese

(1) Humeid. M A Be Tukan, S (1986) "Toward the development of the tradi-
tional method of white boiled 'Nabulsl' cheese production" Dirosat, 13 (5)
19-29

(2) AOAC (1980) Methods of Analysis of the Association of Official Analytical
Chemists 13th Bd.ilion. Ed W Horwitz, Wuhington OC, USA

(3) Vakaleris. DG At Price. W V (1959) "A rapid spectrophotometric method for
measuring cheese ripening" IDairy Sci (41) 264-276

(4) Humeid, M A Be Tukan. S (1991) "Salt and moisture relationships in brined
cheese" Australian IDairy Technol. (46) 85-87

(5) Jordanian Standards (1991), Ministry of Health, Amman, Jordan
(6) Martin, M C At Juarez, M (1992) "Biochemical characteristics of three types

of goat cheese" IDairy Sci, (75) 1747-1752
(7) Abd El-Baky, A A et al "Ripening changes in Ras cheese slurries" I Dairy

Res. (49) 337-341.
(8) Abou-Donla, SA (1981) "Pasteurisation and the addition of starter to milk

for Domiati cheese" Indian J Dairy Sci. 34 (2) 136-139
(9) Saleem. R M (1979) "Effect of heat treatment on the quality and composi-

tion of soft cheese from milk with high total solids content" Egyptian J
Dairy Sci (7) 107-115

(10) Amerine, M A et al (1965) Principles of Sensory Evaluation of Food,
Academic Press. New York

(11) Haddadin, M S Y (1986) "Microbiology of white-brined cbeeses"
Developments In Food Microbiology 2, Ed R K Robinson, Chapman At Hall,
London

(12) Anon (1986) "Declaration of Mesophilic Lactic Ferment Cultures" Chr
Hansen's Laboratory, Reading, England
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Abstract

Commercial samples of fresh and mature Halloumi cheeses made from ovine or bovine milk were studied in order to establish their
chemical, microbiological and sensory characteristics. Significant differences were observed between the two types of Halloumi cheese
both when fresh and mature. The free volatile fatty acid (FVF A) content of the cheeses increased with maturation from 483 to
1356 mg kg -1 for the ovine product, but lower values (380-1248 mg kg- I)were found in the bovine cheese. During maturation for 40
days, Enterococcus faecium, which dominated the microflora of fresh ovine cheese, was replaced by lactobacilli, including a new
species, Lactobacillus cypricasei, which was not found in the bovine samples. Fewer than 100 cfu g - 1 lactic acid bacteria (LAB) were
present in the fresh bovine cheeses, but a microflora dominated by lactobacilli developed with time. Yeast counts in the mature ovine
and bovine cheeses reached 2.3-2.8 x 105 cfu g - 1 and, as some of the yeasts were proteolytic and/or lipolytic, it was assumed that they
were having a positive impact of the flavour of the cheeses. The sensory panel distinguished significant differences in texture and
flavour between the fresh and mature samples of both ovine and bovine cheeses and, overall, there was a significant preference for the
ovine brand. © 2001 Elsevier Science Ltd. All rights reserved.

Keywords: Halloumi cheese; Chemical characteristics; Sensory; Microbiology

1. Introduction

Halloumi is the traditional cheese of Cyprus and, for
many years, it has been produced locally from raw ovine
milk or mixtures of raw ovine and caprine milk. It is
widely popular in Cyprus and other countries of the
Eastern Mediterranean but, more recently, the product
has gained international acceptance and recognition; to-
tal exports of HaUoumi cheese from Cyprus ha ve risen to
approximately 2500 metric tonnes (Anon., 2000).

The traditional process for making HaUoumi cheese is
weU established (Papademas & Robinson, 1998; Robin-
son & Wilbey, 1998), and the distinctive feature of the
procedure is that blocks of pressed curd (~250 g) are
heated (90-95°C) in whey for at least 30 min prior to
cooling and dry salting. This fresh product has a charac-
teristic aroma, its texture is elastic and compact with no

*Corresponding author. Tel.: + 44-118-987-5123; fax: + 44-118-
931-0080.

E-mail address:r.k.robinson@afnovell.reading.ac.uk (R.K. Robinson).

holes and it is easily sliced. It is popular with consumers
and, while large quantities of Halloumi are sold immedi-
ately after production, a proportion of the total output is
immersed in whey previously used to heat-treat the
cheese modified by the addition of 100-120 g L - 1 NaCl;
the blocks are held in this brine for at least 40 days at
room temperature. During this maturation, Halloumi
changes markedly in taste and texture and the cheese
becomes hard, salty and moderately acidic. Although
the microbiology and biochemistry of these changes are
poorly understood, the sensory properties of mature Hal-
loumi are much appreciated by connoisseurs.

However, to meet the growing demand in the Middle
East and Europe, the regulations in Cyprus and else-
where now allow the more readily available bovine milk
to be used in place of the traditional ovine or caprine
milk (Cyprus Standard, 1985). The procedure for making
HaUoumi from pasteurised bovine milk is broadly similar
to the traditional process, and a number of studies have
found that the gross chemical composition of the end-
product is comparable, in most respects, with Halloumi
of ovine or caprine origin (Robinson, Haddadin, & Ab-
dullah, 1991; Anifantakis & Kaminarides, 1982, 1984;

0958-6946/01/$ - see front matter © 2001 Elsevier Science Ltd. All rights reserved.
PU: S0958 -6946(00)00 11 0- 2
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2.1. Microbiological analysisShaker, Lelievre, Taylor, Anderson. & Gilles. 1987:
Economides. Georghiades, & Mavrogenis, 1987).

Nevertheless, there are compositional differences be-
(ween ovinc and bovine milk with respect to their fat and
casein contents (Christie, 1995; Jundal. 1996: Allehanidis
& Polychroniadou. 1996), and their respective micro-
floras may well differ as well (Yarnani, Al-Nabulsi, Had-
dadin, & Robinson, 1998). Thus, the ovine and bovine
cheeses could each acquire a distinctive microflora(s) that
could affect the pattern of maturation of the cheeses in
question. For example. yeasts isolated from dairy prod-
ucts have been shown (0 have both proteolytic and
lipolytic activities (Jakobsen & Narvhus. 1996: Wel-
thagen & Vilijoen. 1999), and many species of LAB have
the same properties (Litopoulou-Tzanetaki, 1984; Tza-
netakis & Litopoulou-Tzanetaki, 1992). Different micro-
floras could give rise to contrasted patterns of lipolysis and
proteolysis. and lead to the emergence of a specific spec-
trum of those short chain organic acids (C2-CS) that can
make ignificant contributions to cheese flavour (Abd
El-Salam, 1987: Barbieri et al., 1994; Torres et al.. 1995;
Moio & Addeo. 1998; Califano & Bevilacqua, 1999: Geor-
galla, Kandarakis, Kaminaride , & Anifantakis, 1999).

There is good reason to believe that, if the microfloras
associated with the production and maturation of bovine
Halloumi differ from those linked with ovinc cheese, the
result would be cheeses of different chemical composi-
tions and, perhaps, sensory properties a well. Conse-
quently. the aim of this investigation was to:

I. Compare the chemical. microbiological and sensory
characteristics of two commercial brands of Halloumi
chee e manufactured in Cyprus. One brand was pro-
duced from local ovine milk, and the other from bo-
vine milk: and

2. Establish whether any of the yeasts or LAB isolated
from the cheeses could have an influence on the fla-
vour of the end-product.

2. Materials and methods

Twenty-four shrink-wrapped, retail blocks (250g) of
fresh and mature samples of the two brands of Hallourni
cheese were purchased in Cyprus. J n each case. retail
blocks were selected with identical batch codes/dates of
manufacture, and the individual groups of twenty-four
blocks were transported to a dairy in Cyprus in an icc
box. Eight samples designated for chemical analysis were
then frozen at -20-C, while those required for microbi-
ological or sen ory analysis were stored at -4'C. Next
day. the blocks were sent in insulated boxes to the
author' laboratory by air-freight for frozen storage
(eight samples for chemical analysis) or for chill storage
(4°C) prior to microbiological examination within 24 hor
sensory analysis within 72 h.

2.1.1, Examination of the Hallotuni cheeses
To establish the total colony counts for LAB and

yeasts in the fresh and mature Ilalloumi cheeses, three
blocks of fresh cheese and three blocks of mature cheese
-- selected at random from the available blocks of each
brand - were, in turn, unwrapped in a sterile cabinet
and cut into balf with a sterile knife. One portion was
then shredded with a sterile grater. and aub-sample
(lOg) weighed into a stomacher bag. After blending with
Maximum Recovery Diluent (M RD - Oxoid Code No:
CM733. Unipath Ltd .. Basingsioke. Hants, UK. 90 m L)
serial dilutions down to 10-<> were made employing I mL
transfers into 9 mL amounts of sterile MRD. Duplicate
aliquots (0.1 mL) from each dilution were spread onto the
surfaces of pre-dried plates of MRS Agar (Oxoid Code
No: CM361) and, after the liquid had been adsorbed. the
plates were incubated aerobically at 30 C for 72 h
(McSweeney, Fox. Lucey. Jordan. & Cogan. 1993).
Yeasts were isolated and enumerated from the same
dilutions on yeast extract dextrose chloramphenicol
Agar (lOF, 1990). with the plates incubated al 25°C for
5 days.

After completing the total colony counts. the plates
were examined with a hand-lens in order to establish the
dominant types of colony. Once the major colony types
had been identified on the basis of morphology, colonies
of presumptive lactobacilli, Gram-positive cocci and
yeasts were confirmed by Gram-staining. Five colonie of
each type were then streaked onto plates of MRS agar or
yeast extract dextrose agar (minus chloramphenicol), and
single colonies were sub-cultured onto slopes of the ap-
propriate medium for subsequent identification.

2.1.2. Ideutijication Dj/actie acid bacteria
After Gram-staining and checking for catalase activity,

isolates of Gram-positive, catalase-negative cocci grow-
ing in pair or chains were identified using the PCR
reaction for amplified variable regions of 16S rR NA
(Lawson el al.. 200l). The same procedure was applied to
cultures of Gram-positive, catalase-negative rods.

2.1.3. Identification of yeasts
After recording the morphology of the different types

of colony, wet preparations of each type were made in
dilute methylene blue, and the characteristic shapes of
the cells. type of division and presence/absence of
pseudomycelium were noted under x400 magnification.
Further tests. as suggested by Deak and Beuchat (1996).
included urease activity. utilisation of nitrate, proteolytic
activity and production of lipase or esterase.

2.1.4. Enzymatic profiles
As one of the possible impacts of the microfloras on

the cheeses might involve proteolysis or lipolysis, the
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enzymatic activities of species of LAB and yeast isolated
from fresh or mature samples of Halloumi cheese were
tested. The API-ZYM (BioMérieux, Basingstake, Hants,
UK) system was employed according to the manufac-
turer's instructions, and the range of enzymes being
screened (details in Table 3) has been reported to be
appropriate for studying cultures of dairy origin (Tza-
netakis, Hatzikamari, & Litopoulou- Tzanetaki, 1992; Bi-
ntsis, Litopoulou-Tzanetaki, Davies, & Robinson, 2000).

2.2. Chemical composition

Three blocks each of fresh and mature cheese - se-
lected at random from the available blocks of each brand
- were removed from the deep-freeze and allowed to
thaw overnight. Each block was then shredded with
a grater, and appropriate sub-samples removed for anal-
ysis. The gross chemical composition of each block was
determined in triplicate using the following standard
methods: moisture (BS 770: Part 2, 1976), fat (BS 696:
Part 2, 1989), total nitrogen (BS 770: Part 5, 1976), salt
(BS 770: Part 4, 1989) and pH (BS 770: Part 8, 1976).

2.2.1. Determination of short-chain (CrCj) free volatile
fatty acids (FVFA)

The FVF A in three blocks of each type of fresh and
mature Halloumi cheese were determined by gas
chromatography (GC) according to the method of Fus-
sell and McCalley (1987). The FVF A were extracted from
the cheese samples as follows: 10 g of cheese were mixed
with 50 mL of distilled water in 100 mL screw-capped
bottles, and shaken (60 rpm) for Ih at room temperature.
The mixture was then filtered through a Whatman NO.2
filter paper, and 4 mL of the solution were treated with
1mL of metaphosphoric acid (200 g L -I). After centrifu-
gation (5min at room temperature), the solution was
stored at 4°C overnight.

The analysis was carried out with a PU 4500 gas
chromatograph (Pye Unicam, Cambridge, UK), equip-
ped with a flame ionisation detector (FlO) and a 80/120
Carbopack B capillary column (2m x 2 mm ID glass;
Supelco, Bellefonte, USA). The injection and detection
temperatures were 250 and 200°C, respectively, while the
column temperature was adjusted to 175°C. The flow
rate of the carrier gas (H2) was 30mLmin-l. The area
under the peaks was calculated using a SP 4270 integ-
rator (Spectra Physics, San Jose, CA 95134, USA), and
the retention indices were compared with a reference
mixture. This mixture contained known concentrations
of pure short-chain (CrCs) volatile fatty acids, namely
ethanoic (acetic), propanoic (propionic), 2-methyl-
propanoic (isobutyric), butanoic (n-butyric), 3-methyl-
butanoic (isovaleric) and pentanoic (n-valeric) (Sigma
Ltd., Poole, Dorset) together with lactic acid (Merck
Ltd., Poole, Dorset).

2.3. Sensory analysis

The vocabulary used to characterise the samples was
generated by ten residents of Cyprus, who were familiar
with Halloumi cheese. The individuals were given typical
samples of fresh and mature cheese, and were asked to
taste them and describe any aspects of flavour and tex-
ture that seemed distinctive. Once the individual tasters
had provided a list of descriptors, a round-table dis-
cussion produced a final vocabulary comprising 12
terms: six covering taste and flavour (salty, bitter, acid,
creamy, milky and minty), four for textural character-
istics (crumbly, springy, moist, chewy), and two for ap-
pearance, i.e. colour (white/yellow) and body (layered).

An informal sensory panel was then arranged at the
University of Reading: the membership consisted of ten
Cypriot students who ate the product on a regular basis.
After a preliminary training session, each panellist was
asked to assess two samples of fresh cheese (one ovine
and one bovine) and, 15 min later, samples of the corre-
sponding mature products. To obtain the indiviual sam-
ples, three retail blocks of each type of cheese were cut
into pieces (2.5 x 2.5 x 2.5 cm), and two pieces of fresh
cheese (ovine and bovine) or of mature cheese (ovine and
bovine) were placed on plain grey plates, covered with
'cling-film', and left for 1h to reach room temperature
(18-20°C). The coded samples were presented to the
tasters in individual booths with natural daylight, and
the order of tasting was randomised to minimise interfer-
ence caused by contrast and pattern effects. The rating
for each of the 12 attributes was recorded on an anchored
line scale (10 cm) with zero equating to an extreme low
value, e.g. not salty, not crumbly, and 10 to the extreme
opposite (Meilgaard, Civille, & Carr, 1999). Tn addition,
hedonic rating along the same scale was requested for
each sample.

2.3.1. Statistical analysis
Analysis of reliance (ANOV A, Microsoft Excel V5.0)

was used to determine statistical differences (P < 0.05) in
the compositions of the cheeses. The results from the gas
chromatograph and the sensory panel were analysed
using the General Linear Model (Mini tab 10.5), and
significant differences (P < 0.05) between mean values
were determined.

3. Results and discussion

3.1. Microbiological differences due to maturation

The total colony counts for LAB and yeasts in the two
types of cheese are shown in Table 1. The major differ-
ence between the fresh samples of Halloumi cheese
was the apparently low number of LAB in the samples
made from bovine milk. Clearly the combination of
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Table I
Mean total colony counts of LA Il and yeasts (du g I) ( ::t standard deviauon) in sam pic, of fresh and mature Ilalloumi cheese made from ovme or
bovine milk'

OVlIle

Fresh Mature MatureFresh

LAB
Yeasts

2.2 x 10· ± 1.1 x 10'
< 1 ()()

5.6 x 10' ::t 0.3 x 10'
2.3 x 10' I 0.2 x 10'

< 100
<100

6.6 x 10· ± 2.3 x lO·
1.Sx 10$±05x lOS

•Means of duplicate counts from three individual blocks of cheese.

Table 2
Species of luctic acid bact en a lind yeasts isolated from fresh and mature commercial Halloumi cheeses'

Ovinc Bovine

Fresh MIlture MatureFresh

LAB EnterUC'IJI'CIIS [aecium Lactobacitlus cypricusei
Lactobacillus breris
El1terOCOC('U5 foecium

Yeasts Debaromvces hansenii
Candida parapsilosi«

Candida boidinii
Candida versoutis
Pichia membanaefaciens

CryptOCOCCIIS albidus
Pielria membanaefaciens

D Lactobacillus brevis
Lactobacillus pentosus
Lactobacillus plantarum

D

• D == none detected at 10 I dilurien.

pasteurisation of the incoming milk and the heat treat-
ment of the cheese had depleted the population severely,
whereas the total lactic micronora (Gram-positive cocci
and lactobacilli) of the fresh ovine cheeses reached num-
bers of IO~cfug-t.

As only thermoduric micro-organisms from the orig-
inal milk are likely to survive the cheesemaking proced-
ure (Poullet, Huertas, Sanchez, Caceres, & Larriba,
1993), it was not unexpected that Enterococcus faecium
was the most frequent isolate. Enterococcus spp. have
been isolated in high numbers from many traditional raw
milk cheeses (Poullet et ul., 1993; Macedo, Mahaka.
& Hogg, 1995: Centeno. Menendez. & Rodriguez-Otero,
1996; Freitas et al.. 1998) and traditional fermented milk
products made with ovinc milk (Samolada, Litopoulou-
Tzanctaki. Xanthopoulos. & Tzanetakis, 1998). lo
particular. it may be relevant that some strains of entero-
cocci are proteolytic, and hence, in the present
context, could be contributing to the flavour of the Hal-
lourui cheese made from ovine milk (Cogan. 1996; Ariz-
cun, Bareina. & Torre, 1997).

The lactic acid micronora of all the samples of Hal-
loumi apparently, changed with maturation, as Gram-
positive, catalase-negative rods were dominant in the
mature cheeses; such changes in micronora with rnatura-
lion were reported also by McSweeney et al. (1993) and
Haddadin (1986) who found that lactobacilli were the
predominant non-starter LAB in Cheddar and Dorniati
cheeses, respectively. Several species of the genus Lac-

tobacillus were identified from mature samples of
Halloumi cheese (Table 2); Lactobacillus pentosus and
l.actobacillus plantarum were isolated only from bovine
Halloumi cheese, while Lactobacillus brevis was present
in both the bovine and ovine cheese samples.

More significant, perhaps, was the isolation. from Hal-
loumi of ovinc origin of ti unique species of Lactobacillus
that was given the name of Lactobacillus cypricasei (Law-
son ct al., 2001). This new species was not isolated from
any of the cheeses of bovine origin. The frequent presence
of Lb. cypricasei in the mature ovine cheeses suggests that
minor compositional differences between tbe ovine and
bovine milks could have a selective efTect on the micro-
flora of the cheese/brine (Anifantakis & Karninandes.
1981).

Yeasts were isolated from mature bovine and ovine
cheeses at levels of 2.8 x lOs and 2.3 x 105 cfu g -I. respec-
tively, but their presence appeared to have no adverse
effect on quality. in that no off-flavours. visible colonies
or any swelling of packets due to excess CO2 production
(Westall & Filtenborg. 1998) were detected.

Nevertheless. the enzymatic profiles of the yeasts and
LA B isolated from fresh and mature samples of Hallourui
cheese (Table 3) indicated that the yeast species and Ent.
faecium possessed esterase and lipase enzymes tbat could
be responsible for lipolytic activity in the cheese matrix.
In addition, leucine aminopeptidase was present in all of
the isolates, and Lb. cypricasei also possessed valine
aminopeptidase. These intracellular enzymes can break
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Table 3
The enzymatic profiles of selected yeasts and lactic acid bacteria isolated from Halloumi cheese'

Species Debaromyces Candida Cryptococcus Candida Candida Lactobacillus Lactobacillus Enteroccocus
hansenii parapsilosis albidus boidinii oersatilis cypricasei pentosus faecium

Alkaline phosphatase + + + + +
Esterase (C4) + + + + + +
Esterase lipase (C8) + + + + + +
Lipase +
Leucine aminopeptidase + + + + + + + +
Valine aminopeptidase +
Acid phosphatase + + + + + V +
Phosphoamidase + + + V +
f3-galactosidase + +
N-acetyl-f3- V +

glucosaminidase
e-glucosidase + + + +

'( +) positive; (-) negative; V = variable.

Table 4
Mean chemical composition of fresh and mature commercial Halloumi cheeses'

Constituents (g kg - 1) Fresh Mature

Ovine Bovine Ovine Bovine

Moisture 474.6 ± 25.2 NS 466.3 ± 2.4 NS 349.4 ± 5.1 NS 353.0 ± 9.7NS
Fat 260.8 ± 5.8b 243.6 ± 13.8' 318.9 ± 12.3d 285.8 ± 26.9'
TN 31.7 ± 1.8 NS 34.9 ± 2.2 NS 35.8 ± 0.9d 44.6 ± 4.6'
Protein 202.2 ± 11.5 NS 222.7 ± 14.0NS 228.4 ± 5.7d 284.5 ± 29.3'
Salt 27.4 ± 5.3 NS 29.7 ± 3.0NS 38.0 ± 0.9d 40.4 ± 4.6e

PH 5.9 ± 0.1 b 6.2±0.1' 4.6 ± O.INS 4.5 ± O.INS

a Means of three cheese blocks analysed in triplicate ± SD.
b-eSuperscripts indicates significant differences (p < 0.05) between the samples of fresh (b,c) and mature (d,e) cheeses, respectively.
NS = no significant difference.
TN = total nitrogen.

down peptides to amino acids, and hence significantly
enhance the flavour of a cheese (Mulholland, 1997); the
amino acids can also serve as substrates for the genera-
tion of compounds, such as free volatile fatty acids, that
may contribute flavour notes like 'cheesy' or 'sweaty' to
a cheese (Moio & Addeo, 1998; Torres et aI., 1995).

3.2. Chemical characteristics

The fat and pH values of the fresh samples of Halloumi
cheese were significantly different, but the moisture, total
nitrogen and salt contents were similar (see Table 4). The
different fat contents can be attributed to the different
types of milk used for the production of the cheeses, while
the slightly higher acidity of the ovine cheese suggests
that some microbial activity may have occurred during
storage of the ovine milk.

The mature samples did not differ in pH value or
moisture content, but there were significant differences
with respect to fat, salt and total nitrogen (TN) (see
Table 4). Thus, the level of TN in the ovine product was
35.8gkg-1 compared to 44.6gkg-1 for the bovine

cheese, while the fat contents were 318.9 and 285.8 g kg-1

for the ovine and bovine products, respectively. The
changes in fat content reflect the overall increase in total
solids, but the change in TN suggests that proteolysis was
more active in the ovine product so that, as a conse-
quence, more soluble degradation products were lost into
the brine (Abd EI-Salam, Alichanidis, & Zerfiridis, 1993).
The increase in salt content during maturation indicates
migration from the brine.

The fermentation of lactose by non-starter LAB was
probably responsible for the increase in lactic acid (see
Table 5) in mature Halloumi which, in turn, caused
a drop in pH to near the isoelectric point of the caseins.
As a result, the colloidal calcium was partially
solubilised, causing shrinkage of the cheese matrix and
the exudation of serum (Abd EI-Salam, 1987). The dra-
matic drop in moisture content during the maturation of
Halloumi cheese was probably due to this exudation of
serum, as well as a general migration of water into the
strong brine.

The FVFA detected were acetic (ethanoic), propionic
(propanoic), isobutyric (2-methylpropanoic), butyric
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Table 5
MClin free volatile fuuy acid (FVFA) (mgkg ') contents of fresh and mature commercial Hnlloumi cheeses ± standard deviations"

Fresh Mature Statistical analysis

Bovine Ovinc BO\IIlC Milk(M) Agc(A) M.A

Free volatile fally acids (mg kg I)
162.50 ± 33.95 1093.50 ± 55.35 1079.75 ± 77.53 NS S
129.76 ± 15.68 60.94 ± 7.86 72.50±7.14 NS NS

12.5 ± 0 39.S!! ± 9.55 16.67 ± 7.22 NS NS
21.88 ± 4.42 36.84 ± 18.50 22.92 ± 3.61 NS NS NS
52.95 ± 17.92 31.25 ± 8.84 26.53 ± 15.58 S S NS
0 88.98 ± 19.73 25.00 ± 0.00 b S

379.59 1356.25 1248.03 A A lA

2050.21 ± 89.65 13.925.00 ± 331.38 11.137.19 ± 140.73 b S

Ovine

Ethanoic
Propanoic
2-mcth ylpropa noic
Butanoic
3-mcthylbutanoic
Pentanoic
Total

189.19 I 77.69
107.81 1: 16.3
42.45 ± 13.60
28.13 ± 13.26
68.81 ± 16.8
46.88 ± 13.26

483.27

Lactic acid 5160.00 ± 393.16

•Means of three cheese blocks analysed in duplicate,
NS ...110 significant difference.
NA = 1101 applicable.
bp < 0.001.
"p < 0.01.

(butanoic), isovaleric (3-methylbutanoic) and valeric
(pentanoic), The results shown in Table 5 indicate that
there were differences between samples depending on the
age and the source of the cheese. The ovine Halloumi
cheese had higher overall concentrations of FVF A in
both the fresh and the mature samples (483 and
1356 mg kg - 1, respectively) compared with the bovine
cheese which contained 380 mg kg I when fresh and
1248mgkg-1 after maturation. The increases in FVFA
during maturation were primarily due to the sharp in-
crease in ethanoic acid and, as tbe flavour threshold for
detection by humans can be as low as 22 mg kg - 1 (Bren-
nand, Ha, & Lindsay. 1989). this increase could well
affect the flavour of the cheese. The increased concentra-
tion of pentanoic acid from 47 to 89mgkg-1 for the
ovine samples as against 25 mg kg - I in the mature bo-
vine samples could again be important, for pentanoic
acid cao impart a 'sheep-like' flavour note to dairy prod-
ucts.

3.3. Sensory analysis

Although the number of panellists was too small and
the extent of their training too limited for the results to be
anything but tentative, it was clear that the major differ-
ences between the ovine and bovine samples of the fresh
cheese were related to texture. In particular, the ovine
cheese was significantly more 'springy' and 'chewy' than
the bovine brand; this contrast may have been a major
determinant of the hedonic rating as well, since there was
a significant preference for the ovine cheese. The failure of
the panel to identify statistically significant differences in
flavour was somewhat unexpected, as the total level of
flavour-related FVFA in the ovine sample was higher
than in the bovine cheese.

At maturity, navour notes like salty. bitter or acidic
increased significantly in intensity, and the structure of
the cheese changed dramatically as well. In particular,
tbc mature chee e was much less 'springy' than the fresh
sample and less 'moist', while proteolysis and other reac-
tions caused the layered structure (body) of tbc chec e to
become less obvious. Again there was an overall prefer-
ence for the cheese made with ovine milk, even though no
significant differences for specific flavour attributes
emerged.

4. Conclusion

While I-Ialloumi cheese made from bovine milk enjoys
an extensive market. it does appear that, when a direct
comparison is possible, consumers would prefer the tra-
ditional ovine cheese. Compositional differences with re-
spect to the concentrations of free fatty acids or amino
acids, for example, may explain, at least in part. why the
origin of a cheese can be detected. and contrasted micro-
floras (ovine versus bovine) of the milk and storage brine
may be the principal source(s) of variability. Whether the
microbiological differences between the cheeses observed
in this study are widespread and/or consistent remains to
be established, but there are indications that there is
indeed a characteristic microflora associated with ovine
I-Ialloumi produced in Cyprus.

The role of other factors, such as the feeding habits of
sheep and cows, could be relevant as well; in a prelimi-
nary study (unpublished data) the terpenes present in
Halloumi made in Cyprus from ovine milk were different
from tbose in bovine HaUoumi. Whether or not the
concentrations are sufficient to influence consumer reac-
tions needs to be assessed.
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Four strains of a hitherto unknown bacterium isolated from Halloumi cheese
were compared by using phenotypic and phylogenetic studies. Comparative
165 rRNAgene sequencing demonstrated that the strains were identical to
each other and represent a new subline within the genus Lactobacillus. The
unknown bacterium Was readily distinguished from other described Gram-
positive catalase-negative taxa by means of biochemical tests and
electrophoretic analysis of whole-cell. proteins. On the basis of phylogenetic.
and phenotypic evidence, it is proposed that the unknown bacterium be
classified as Lactobacillus cypricasei sp. nov. The type strain of L. cypricasei is
CCUG42961T (= CIP.106393T).

Keywords: Lactobacillus cypricasei, Halloumi cheese, 16S rRNA, taxonomy,
phylogeny

The lactic acid bacteria possess a large number of
metabolic properties that are responsible for their
successful use as starter cultures in the commercial
production of fermented dairy, meat and vegetable
products and beverages (Hammes et aI., 1992: Stiles &
Holzapfel, 1997; Wibowo et al., 1985). The genus
Lactobacillus represents the largest group of rod-
shaped organisms within the lactic acid bacteria:
currently, over 60 species are recognized. Some
members of this group of organisms are important in
the generation of particular flavours and in other
ripening processes associated with specific cheeses
(Elsoda, 1993; Elortondo et aI., 1998; Fitzsimons
et aI., 1999; Hong et al., 1998). Halloumi cheese
originated in Cyprus, but its appeal has spread
worldwide. It is semi-hard, elastic, has no obvious
skin/rind, has a close texture with no holes and is
easily sliced. The colour varies from white (when a
mixture of ovine/caprine milk is used) to yellowish
(when bovine milk is the main ingredient). A feature of
the production method of this particular cheese is that
no starter cultures are used; rather, the flavour and
texture depend solely on the indigenous microflora of
the milk (Papademas & Robinson, 1998). During the

Abbreviation: MRO, maximum recovery diluent.

The GenBank accession number for the 165 rRNA gene sequer.ce of strain
CCUG 42961T is AJ251560.

course of a study to determine the microflora of
Halloumi cheese, organisms corresponding to Lacto-
bacillus brevis, Lactobacillus pentosus, Lactobacillus
plantarum and Enterococcus faecium were recovered.
In addition, a hitherto unknown Lactobacillus-like'.
bacterium was isolated. In this article, we report the
characteristics of this unknown lactic acid bacterium
and the results of a polyphasic taxonomic study. On
the basis of the results of this study, a new Lactobacillus
species, Lactobacillus cypricasei sp. nov., is described.

METHODS

Bacterial strains and cultivation. Strains LMKl, LMK2 and
LMK3 were isolated from Halloumi cheese in which ovine
milk from a dairy located in the province of Paphos, Cyprus
was used as the major ingredient. Strain LMD2 was isolated
from Halloumi cheese made from ovine milk from a dairy
located in the province of Nicosia. Cyprus. The cheese-
making processes were as described previously (Papademas
& Robinson, 1998). Two blocks of cheese of each type were
unwrapped and cut in half. One portion was then shredded
with a grater and 10 g weighed into a stomacher bag. The
cheese was then blended with 90 ml maximum recovery
diluent (MRD; catalogue no. CM 733; Oxoid, Unipath) and
serial dilutions made to 106 using MRD. Duplicate aliquots
from each dilution were put onto MRS agar (De Man et al.,
1960) and incubated aerobically at 37°C for 72 h. Total
colony counts were taken and the plates examined with a
hand-lens in order to establish the dominant colony types.
Five colonies each of the predominant types were taken and
subcultured on MRS agar. Strains LMKl, LMK2, LMK3
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and LMD2 have been deposited in the Culture Collection
of the University of Goteborg (CCUG) under accession
numbers 42959, 42960, 4296F and 42962, respectively.
Biochemical characterization. The strains were biochemically
characterized by using the API rapid ID32 Strep, API ZYM
and API CH50 systems according to the instructions of the
manufacturer (API bioMérieux). The type strains and other
reference strains used in the investigation were all main-
tained by the CCUG, Sweden. All tests were performed in
duplicate.

5D5-PA~E of whole-cell proteins. To assess the overall
phenotypic resemblance of the new isolate and reference
species, a comparative analysis of whole -cellprotein profiles
by SOS-PAGE was performed. PAGE analysis of'whole-cell
proteins was carried out as described by Pot et al. (1994) and
Vandamme et al. (1998). For densitometric analysis,
normalization and interpretation of protein patterns, the
GCW version 3.0 software package (Applied Maths) was
used. For each pair of traces, the similarity was expressed by
the Pearson product moment correlation coefficient, con-
verted (for convenience) to a percentage similarity.
Determination of 165 rRNA gene sequences and phylo-
genetic analysis. Phylogenetic analysis was performed by
using comparative 16S rRNA gene sequence analyses. A
large fragment of the 16S rRNA gene (corresponding to
positions 30 to 1521of the Escherichia coli 16S rRNA gene)
was amplified by a PCR using conserved primers close to the
3'- and 5'-ends of the gene. The PCR products were directly
sequenced using a Taq DyeOeoxy terminator cycle-
sequencing kit (Applied Biosystems) and an automatic DNA
sequencer (model 373A; Applied Biosystems). The closest
known relatives of the new isolate were determined by
performing database searches. These sequences and those of
other known related strains were retrieved from the EMBL
or Ribosomal Database Project databases and aligned with
the newly determined sequences by using the program PILEUP
(Devereux et al., 1984). The resulting multiple sequence
alignment was corrected manually and approximately 100
bases at the 5'-end of the rRNA were omitted from further
analyses because of alignment ambiguities. Pairwise evol-
utionary distances were computed from a continuous stretch
of 1320 bases by using the correction of Jukes & Cantor
(1969). A phylogenetic tree was constructed according to the
neighbour-joining method with the program NEIGHBOR
(Felsenstein, 1989). The stability of the groupings was
estimated by bootstrap analysis (500 replications) using
the programs SEQBOOT, 01'AOIST, I"EIGHBOR and CONSEKSE
(Felsenstein, 1989).

RESULTS AND DISCUSSION

All four strains consisted of Gram-positive, non-spore-
forming, rod-shaped organisms, which occurred as
single cells, pairs or short chains. The mean dimensions
of the rods were 0·6-0·8 urn (width) and 3-5 urn
(length) and they had rounded ends (Fig. I). The iso-

• . lates were facultatively anaerobic and catalase- and
oxidase-negative. No growth was observed at 15 or
45°C in MRS broth after 48 h incubation. With com-
mercial API systems, acid was produced from arbutin,
cellobiose, galactose, glucose, n-fructose, o-mannose
and salicin but not from n-arabinose, adonitol, 0-
arabitol, cyclodextrin, dulcitol, erythritol, o-fucose,
t-fucose, glycogen, inositol, mannitol, melibiose,

FIg. 1. Photomicrograph of Lactobacillus cypricasei sp. nov.,
after 24 h growth in maximumrecoverydiluent broth, showing
the typical rod-shaped morphology.

melezitose, methyl p-o-glucopyranoside, pullulan,
sorbitol, tagatose, n-raffinose or o-xylose. Acid
production from t-arabinose, lactose, sucrose and
trehalose was found to be variable. Results for acid
production from ribose, maltose and N-acetyl-p-glu-
cosamine differed according to the different API
systems employed. With the API CH50 kit, acid was
produced with these substrates, but, with the API
rapid 1032 Strep system, these substrates were not
fermented. Gas was not produced from glucose. The
isolates gave positive reactions for arginine dihydro-
lase, p-galactosidase, p-galacturonidase, a-gluco-
sidase, P-glucosidase, leucine arylarnidase, pyro-
glutamic acid arylamidase (weak reaction) and valine
arylamidase. Negative reactions were observed for.
alanine phenylalanine proline arylamidase, alkaline
phosphatase, chymotrypsin, esterase C-4, ester lipase
CS, e-fucosidase. P-glucuronidase, glycine-tryptophan
arylamidase, lipase Cl4, p-mannosidase, trypsin and
urease. Variable reactions were obtained for acid
phosphatase, cystine arylamidase, a-galactosidase, a-
mannosidase and phosphoamidase. All of the isolates
hydrolysed aesculin but not hippurate and gave posi-
tive VP test results.
In terms of their cultural and biochemical charac-
teristics, the isolates from Halloumi cheese resembled
the genus Lactobacillus but did not correspond to any
recognized species. To investigate the overall pheno-
typic resemblance of the unknown cheese isolates to
each other and to species of the genus Lactobacillus,
whole-cell protein profiles were determined. A nu-
merical analysis of the PAGE protein patterns of the
unknown Lactobacillus-like strains together with some
reference species of Lactobacillus are shown in Fig. 2.
The four cheese isolates clustered together and formed
a distinct group with a correlation level of 85%. L.
brevis CCUG 30670T was the species nearest to the
unknown isolates, joining the latter group at a cor-
relation of approximately 65% (Fig. 2). Other Lacto-
bacilIIIsspecies were more distantly related. The PAGE
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CCUG21451
CCUG35324
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CCUG31454'
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CClJG 34222'
CCUG41390'
CCUG42959
CCUG42962
CCUG42960
CCUG42961'
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CCUG 31450'
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CCUG38006
CCUG31453'
CCUG 31452'
CCUG3739S'
CCUG30650
CCUG33624'
CCUG31333
CCUG 30669'
CCUG31169
CCUG31330
CCUG30501'
CCUG27201'
CCUG31412'
CCUG 27202
CCUG 32246'
CCUG 30722'
CCUG31411
CCUG33386
CCUG30139'
CCUG30672'
CCUG32231'
CCUG32230'
CCUG 11253
CClJG 30503'
CCUG21963
CCUG33455'
CCUG33904'
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Fig. 2. Similarity dendrogram based on
whole-cell protein patterns of L. cypricasei
sp. nov. and related species. Patterns
between 20 and 120 kDa were used in the
construction of the dendrogram. Levels of
correlation. are expressed as percentages of
similarity for convenience.Lact_1Ius hamsterl CCUG30726'

results demonstrated that the four lactic acid strains
represent a phenotypically homogeneous group of
organisms and are separate from the other Lacto-
bacillus species investigated.

To ascertain the phylogenetic relationships of the
unknown isolates, their 16S rRNA genes were

Fig. 3. Unrooted tree showing the
phylogenetic relationships of L. cypricasei sp.
nov. and some related Gram-positive
bacteria. The tree constructed using the
neighbour-joining method was based on a
comparison of approximately 1327 nucleo-
tides. Bootstrap values, expressed as
percentages of 500 replications, are given at
the branching points. Bar, 1 % sequence
divergence.

sequenced and subjected to a comparative analysis.
The almost complete gene sequences (> 1450 nucleo-
tides) of the four strains were determined and pairwise
analysis showed them to be identical (100 % sequence
similarity), thereby demonstrating the high level of
genealogical relatedness of the isolates. Sequence
database searches showed that the unknown bacterium
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Biochemical tests were performed using API rapid 1032 Strep, API ZVM and API CHSO systems (API bioMérieux). v, Variable.
_._ ..._..__ ._._-_ .._---

Table 1. Characteristics that differentiate Lactobacillus cypricasei sp. nov. from some of its nearest phylogenetic
relatives

Test

+ + + +

L. agifis L. animalis L. avlarlus L. CJ"pricasti L. murinus L. ruminis L. salivarius

Production of acid from:
Galactose
Mannitol
o-Ribose
n-Raffinose
Sorbitol

Production of:
Alanine phenylalanine
proline arylamidase

N-Acetyl P-glucosaminidase
Arginine dihydrolase
ex-Galactosidase

+
+
+
+

+
+

+ +

+ +

+ + v

v

+
v

+ + +

+
+

v +
v +

+
+

+ + + +

+ ++

was most closely related to species of rRNA group II
(Lactobacillus easel] Pediococcus group) of the genus
Lactobacillus (see Collins et al., 1991). The results of
neighbour-joining analysis are shown in Fig. 3 and
confirmed the association between the unknown bac-
terium from Hallourni cheese (as exemplified by strain
CCUG 429611) and rRNA group TI of the genus
Lactobacillus. The unknown bacterium formed a
distinct subline within a cluster of species which
includes Lactobacillus agilis, Lactobacillus aviarius,
Lactobacillus animalis. Lactobacillus murinus, Lacto-
bacillus ruminus and Lactobacillus salivarius (92-
93·30/.0 sequence similarity) and was supported by a
bootstrap value of97 %. The highest levels of sequence
relatedness were found with L. aviarius (originally
isolated from the intestines and faeces of chickens;
Fujisawa et al., 1984) and L. sallvarius (found in the
intestinal tracts of humans and animals; Rogosa et al.,
1953), each of which showed a sequence divergence
value of7 % with respect to the unknown bacterium. It
is clear from the investigation that the Lactobacillus-
like strains recovered from Halloumi cheese represent
a homogeneous group of organisms that are pheno-
typically distinct from currently recognized members
of the genus. Phylogenetically, the unknown bacteria
form a distinct subline within the genus; the 7% (or
more) sequence divergence values observed with other
lactobacilli unequivocally demonstrate that the iso-
lates from cheese warrant classification as a new species
of the genus Lactobacillus, for which the name L.
cypricasei sp. nov. is proposed. The characteristics that
are useful in distinguishing L. cypricasei from its closest
phylogenetic relatives are shown in Table 1.

~,
Description of Lactobacillus cypricasei sp. nov.

Lactobaclllus cypricasei (cy.pri.ca'se.i. N.L. mase.
gen. n. cypricasei of cheese from Cyprus, referring to
the original isolation source).

The cells are Gram-positive, non-spore-forming, rod-
shaped and occur as single cells, pairs or short chains.
The rods are 0·6-0·8!lm wide x 3-5!lm long, with
rounded ends. When grown on MRS agar, colonies are
small, entire and cream-coloured. Facultatively anae-
robic. Catalase- and oxidase-negative. No growth is
observed at 15 or 45°C in MRS broth after 48 h
incubation. The optimum pH range is 5·5-7·5. Homo-
fermentative. No gas is produced from glucose meta-
bolism. Acid is produced from arbutin. cellobiose,
galactose, glucose, n-fructose, o-mannose and salicin
but not from n-arabinose, n-arabitol. adonitol,
cyclodextrin, dulcitol, erythritol, n-fucose, t-fucose..
glycogen, inositol, mannitol, melibiose. melezitose,·
methyl p-o-glucopyranoside, pullulan, sorbitol, taga- .
rose, o-raffinose, xylitol or o-xylose. Acidification of L-
arabinose, lactose, maltose, sucrose and trehalose is
variable. Positive reactions are obtained for arginine
dihydrolase, p-galactosidase, p-galacturonidase, (1.-

glucosidase, P-glucosidase, leucine aryl amidase, pyro-
glutamic acid arylamidase (weak reaction) and valine
arylamidase. Negative reactions are obtained for
alanine phenylalanine proline arylamidase, alkaline
phosphatase, chymotrypsin, esterase C-4. ester lipase
C8, e-fucosidase, P-glucuronidase, glycine-tryptophan
aryl amidase, lipase C14, p-mannosidase, trypsin
and urease. Variable reactions are obtained for acid
phosphatase, N-acetyl-p-glucosaminidase, cystine
arylamidase, a-galactosidase, a-mannosidase and
phosphoamidase. Aesculin is hydrolysed but hippurate
is not hydrolysed. Acetoin is produced. Isolated from
Halloumi cheese, a cheese frevalent in Cyprus. The
type strain is CCUG 42961 (= CIP 106393T).
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Three different types of halloumi cheese were assessed immediately after production and after 40 days
in brine (-12% NaCl) by two taste panels, using a customized evaluation form based upon a quantitative
descriptive analysis schedule. The average ages of the panels were 23 and 45, respectively. The younger
panel was more conscious of the overall difference between thefresh and mature cheeses, and specifically
with respect to the comparative chewiness and layered appearance of the young cheese. By contrast, the
older panel was more sensitive to the salty and minty attributes of the cheeses, as wel! as differences in
crumbliness and COlOlIl:Increasing age and/or familiarity with the product did not appear to change the
tasters 'perceptions of the cheeses to the extent that might have been anticipated.

Keywords Age of panellists, Bovine milk, Halloumi cheese, Ovine milk, Sensory properties.

INTRODUCTION

Halloumi is the traditional cheese of Cyprus and it
has been widely popular, both in Cyprus and in
other countries of the eastern Mediterranean, for
many years. The accepted process for making hal-
loumi cheese involves the coagulation of raw ovine
milk or mixed ovine and caprine milks, and the
transformation of the gel into a semihard cheese in
the manner of feta cheese. I The important differ-
ence arises in that blocks of this cheese
(lO x 10 x 3 cm) are then heated at 92-95°C in
whey extracted during the draining of the curd. On
removal from the hot brine, the blocks of warm
cheese are folded in half, and sprinkled with a mix-
ture of coarse salt and finely chopped mint (Mentha
viridis). The fresh product has a characteristic
aroma, its texture is elastic and compact with no
holes, and itis easily sliced. During maturation,
halloumi changes markedly in taste and texture,
and it becomes hard, salty and moderately acidic?.3
The latter sensory properties of mature halloumi
are much appreciated by connoisseurs of this par-
ticular type of cheese.

More recently, halloumi has gained international
acceptance and recognition and, over the last four
years, total exports from Cyprus have risen to
approximately 2500 metric tonnes." As a consequence
of the increasing demand local levels of production
have had to be raised, and the regulations in Cyprus
now permit the manufacture of halloumi cheese
from bovine milk. Some consumers have expressed
doubts about the ability of this new 'industrial'
halloumi to match the organoleptic quality of the
caprine/ovine product, but a preliminary evaluation

Vol 54, No 3 August lOOI International Journal ofDairy Technology

of some commercial samples made from caprine/
ovine or bovine milks suggested that reactions to
the cheeses varied with the age of the consumer.
This point was, in a rather different context, exposed
by Lawlor and Delahunty' who found that the
appreciation of contrasted varieties of cheese rang-
ing from mild through to highly flavoured types
depended upon the average age of the taste panel.

Consequently, it was concluded that any serious:
evaluation of the sensory properties of the different
types ofhalloumi cheese would have to take the age
of the panellists into consideration, and hence the
specific aims of this study were to: (i) select three
popular brands of halloumi cheese-two made
from ovine/caprine milks by traditional, small-scale
processes (caprine/ovine 1 and 2), and one manu-
factured on an industrial scale from bovine milk
(bovine); (ii) analyse the cheeses for the major
components, e.g. moisture, fat and salt, that might
affect the sensory properties of the cheeses; and,
(iii) expose the cheeses to two taste panels of Cypriot
nationals familiar with halloumi cheese, and to
determine to what extent the results of the analysis
might vary with the average age of the participants
on a particular panel. .

MATERIALS AND t-.1ETHODS

Shrink-wrapped retail blocks (250 g) of fresh and
mature samples of the three brands of halloumi
cheese were purchased in Cyprus, and replicate
blocks were selected to have identical batch codes/
dates of manufacture. The blocks were transported
to the laboratory in an ice box, and stored at 4°C for
a maximum of 4 days before tasting or transport to
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Reading, UK, for further sensory analysis. The
samples required for chemical analysis were stored
at - 20°C before being sent by air-freight to Reading
in insulated boxes.

According to Kaminarides et al.,6 the response
of tasters to halloumi cheese can depend on the
relative proportions of caprine and ovine milk, but
as the brands selected for this study were of com-
mercial origin, it had to be assumed that the ratio
between the milks was acceptable.

'.I'~
Chemical analysis
The gross chemical compostnon of the cheese
samples was determined using standard methods
of analysis: moisture,?'s total nitrogen9•IO and pH. II
The crude protein contents were calculated by
multiplying the figure for total nitrogen by 6.38.

Sensory analysis
Whereas most adults in Europe are familiar with
the texture and flavour of semihard cheeses such as
Edam, halloumi provides a first-time consumer
with a completely new experience with respect
to mouth-feel and flavour. Consequently, it was
decided to restrict the panels to tasters of Cypriot
or Greek origin, and the vocabulary used to char-
acterize the samples was generated during an infor-
mal discussion with 10 residents of Cyprus who ate
halloumi cheese on a regular basis. Each individual
was given blocks (2.5 x 2.5 cm) of typical samples
of fresh and mature cheese, and was asked to
examine each block in tum and describe: (i) colour
and body structure (layered or smooth in cross-
section); (ii) physical characteristics, e.g. springi-
ness, crumbliness and moistness, as revealed by
the fingers and/or chewing; and (iii) taste and fla-
vour, and any aspects of flavour and texture that
seemed distinctive. Once the individual tasters had
provided a list of descriptors, a round-table discus-
sion produced a final vocabulary comprising 12
terms, covering taste and flavour (salty, bitter, acid,
creamy, milky and minryj-rexrural characteristics
(crumbly, sphngy, moist, 'chewy), colour (white/
yellow) and body structure.

Formal sensory panels of tasters familiar with
the product were arranged both at the University of
Reading and at a local dairy in Cyprus. The panel
in Reading consisted of male and female students
with an average age of23 (± 2 standard deviation),
while, in Cyprus, the participants (male) ranged in
age from 35 to 70-average age 45 ± 5. After a
preliminary training session, each panellist had
to assess three samples of fresh cheese along with
the corresponding mature products; an interval of
15min was provided between the tasting of the
fresh and mature samples. The coded samples were
presented in random order to minimize inter-
ference caused by contrast and pattern effects, and
the rating for each of the 12attributes was recorded
on an anchored line scale (10cm), with zero equat-
ing to the extreme low value (e.g. not salty, not
crumbly), and 10 to the extreme opposite. 12

. Although the use of a quantitative descriptive
analysis approach with untrained panellists is not
advisable.P it was used on this occasion because:
(i) all the tasters were familiar with halloumi
cheese and its characteristics; and (ii) it seems the
most appropriate method for obtaining a 'product
description' of hallourni cheese, together with an
indication as to which individual attributes of the
cheese were most detectable.

Statistical analysis
The data were analysed using the General Linear
Model (Minitab 10.5; Minitab Inc., PA, USA) and
a factorial model was fitted with twofcomponents,
i.e. manufacturing processes (two levels) and age
(two levels). Significant differences between the
mean scores for each attribute (P < 0.05) were tested.

RESULTS AND DISCUSSION

The results of the chemical analyses are shown in
Table I, and it was notable that the fresh cheeses
differed with respect to fat, protein and acidity/pH
according to origin/type of milk. The lower fat
content of the bovine cheese suggests that stand-
ardization of the milk in the larger plant is under

Table 1 The gross chemical composition of commercial halloumi cheeses. All figures (g/I 00 g) of cheese 3S consumed
are means of six determinations (three samples tested in duplicate) ± SD

Sample Moisture FOI Protein Sa/t pH

Fresh cheese
Caprine/ovine (I) 47.5 ± 2.S 26.1 ± 0.6 20.2 2.7 ±O.S S.9±0.1
CaprineJovine (2) 48.7± 1.2 24.8 ± L2 18.6 3.0±0.6 6.0±0.1
Bovine 46.6±0.2 24.4 ± 1.4 22.3 3.0 ± 0.3 6.2±0.1

Mature cheese
Caprine/ovine (I) 34.9±0.S 31.9 ± 1.2 22.8 3.8±0.1 4.9±0.2
CaprineJovine (2) 32.3 ±0.3 31.4 ± I.S 25.S S.7±0.1 4.9± O.S
Bovine 35.3 ± 1.0 28.6 ± 2.7 28.S 4.0±0.2 4.5±0.1
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Table 2 Mean scores (%) for selected attributes ofhallourni cheese given by 10 panellists of average age 21

Fresh halloumi cheeses Mature halloumi cheeses Statistical analysis

Caprine! Caprine/ Caprine! Caprine/ Manufacturing Age a!
Attributes Ovine 1 Ovine 2 Bovine Ovine 1 Ovine 2 Bovine procedure the cheese

Texture
Springy 64.1 63.5 44.9 23.9 7.8 11.9 • ..-
Moist 64.6 39.8 43.6 23.1 12.4 24.3 • •••
Chewy 69.2 62.1 53.6 46.0 25.0 32.4 NS •••
Crumbly 57.3 52.6 49.6 54.5 59.8 64.3 NS NS

Taste and flavour
Salty 52.2 21.9 38.9 60.6 82.5 70.5 NS ***
Bitter 8.9 8.0 21.4 45.9 53.4 57.4 NS ..-
Acidity 13.5 6.8 18.3 41.2 56.2 54.5 NS ._.
Creamy 46.5 40.6 31.1 21.9 19.0 34.4 NS •
Mil!..)' 58.7 53.7 45.3 32.9 32.0 37.1 NS ••
Minty 33.9 55.9 53.5 38.0 39.2 34.5 NS NS

Overall flavour and preference
Hedonic 78.4 61.1 52.4 47.9 33.0 32.3 • •••
Flavour intensity 66.2 59.2 53.9 56.9 60.3 52.5 NS NS
Appearance
:Colour 49.7 63.4 43.2 40.2 60.4 54.7 NS NS
Body 75.0 43.0 62.8 41.3 45.9 41.8 • .""

·P<0.05; "*P<O.OI; *·*P<O.OOI
NS = no significant difference

stricter control than in the factory manufacturing
caprine/ovine (1), but the lower pH of the same
caprine/ovine cheese may well be linked to the
fact that the original milk had a more active and
varied microflora of nonstarter lactic acid bacteria
(data not shown). As the metabolic activities of the
nonstarter lactic acid bacteria often have a benefi-
cial impact on cheese flavour.I ' this contrast
between the products could be important.

After maturation for 40 days in brine, the mois-
ture and salt contents were markedly di fferent (per-
haps as a result of different concentrations ofNaCI
in the holding brines), but the pH values tended to
become similar as a result of microbial activity
during storage. The precise reason for the high salt
content of the mature caprine/ovine (2) was not
investigated, but the 10\\ moisture content of the
same cheese suggests that the storage brine had too
high a level of'NaCl.

The results of the taste panel of students are
shown in Table 2, and it is clear that there were
some differences between the fresh cheeses of
caprine/ovine origin with respect to physical
characteristics. In particular, the caprine/ovine (I)
cheese was perceived as feeling more moist-even
though the moisture contents of both caprine/ovine
cheeses (Table 1) were similar, and the layered
structure was noted as a significant feature; the
bovine cheese was recorded as being less springy
than its ovine counterparts. None of the attributes
for taste and flavour were recorded as significantly
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different between the cheeses, but there was. a
strong overall preference for the cheeses of caprine/
ovine origin, and especially for caprine/ovine (I).

At maturity, there was a marked decline in over-
all acceptability, as tastes such as salty, bitter and,
acid increased significantly in intensity (see Table 2),
and these latter responses reflect the chemical changes
shown in Table 1. Curiously, while the panel was
aware of an increase in saltiness/acidity with
maturation, these differences did not seem to
contribute to an overall increase in flavour intensity.
Significant changes in the springiness and chewi-
ness were recorded, and the loss of whey into the
brine (see Table 1) had a significant effect on the
perceived moistness of the cheese.

The comparable results for the panel of older
tasters are shown in Table 3, and it is noticeable
that, unlike the younger panellists, the older group
were not conscious that the fresh bovine cheese
was physically different from the caprine/ovine
cheeses. However, this conclusion does mask an
obvious contrast with respect to chewiness: the
value for the bovine cheese was 50% lower than the
value for caprine/ovine (2), and the reason for this
anomaly might be worth further study.

The mature tasters were more aware of the salti-
ness of the cheese, and detected correctly that the
caprine/ovine (1) cheese had a lower salt content
than the others. This same group was also aware
that the caprine/ovine (2) cheese had a more liberal
coating of mint (data not shown) than the other two
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fully aware of the levels of mintiness in the fresh
cheeses, whereas the younger group did not even
become aware of the loss and/or masking of the
mint flavour as the cheeses matured.

Perceptions of snit levels were again di fferent for:
the two groups. In the fresh cheeses, for example,
the responses of the younger panel was at variance
with the compositional data, but the sensory values
assigned by the older panel matched the expecta-
tions based upon chemical analysis. On the basis of
age, this result might not have been anticipated,
because Maruyama el al.' S suggest that sensitivity
to salt declines in men above 44 years old, and
hence the younger panel should have been more
responsive. One possible explanation for this result
could be a threshold effect, in that some older peo-
ple can only detect concentrations of NaCI double
those noticed by teenagers.'6.'7 Therefore, it could
be that the -3.0% concentration of NaCI in fresh
halloumi 'swamped' the receptors of the younger
panellists, impairing their ability to discriminate
accurately between the levels, whilst the lower sen-
sitivity of the older panel coped more readily. This
point is borne out by the fact that, when examining
the mature cheeses (tasted second), the responses
of the younger group became more reliable, even
though the cheeses had higher salt levels. Whether
or not saturation of a proportion of the receptors
diminished the overall impact of the salt for the
younger group was not investigated, but 'adaptation'
to the taste could be one feasible explanation. IS

'óf 54. No J Al/glis/1OOI

Table 3 Mean scores (%) for selected attributes ofhalloumi cheese given by nine panel lists of average age 46

Fresh halloumi cheeses Mature halloumi cheeses Statistical analysis

Caprine/ Caprine! Caprine! Caprine! Manufacturing Age of
Attributes Ovine I Ovine 1 Bovine Ovine I Ovine 2 Bovine procedure the cheese
Texture

Springy 55.4 63.7 53.9 24.2 16.1 21.8 NS •••
Moist 64.2 50.6 49.0 25.4 16.9 39.5 NS •••
Chewy 51.0 67.2 33.4 42.2 42.4 36.2 NS NS
Crumbly 32.3 31.2 32.7 68.1 54.3 51.1 NS ..

Taste and flavour, Snlty 25.7 45.0 51.1 57.2 67.4 70.2 •• •••I
t Biner 7.5 13.4 22.1 38.5 46.7 26.7 NS ••

Acidity 9.6 15.9 26.5 59.8 63.8 51.2 NS •••
Creamy 47.0 37.9 44.1 46.0 20.9 29.2 NS NS
Milky 58.8 44.1 44.1 39.3 37.3 41.5 NS NS
Minty 17.8 40.9 11.4 15.9 18.0 10.5 ••• •

Overall flavour and preference
Hedonic 35.9 42.1 35.2 46.4 44.4 42.2 NS NS
Flavour intensity 28.2 43.1 36.9 59.9 79.8 64.7 NS •

Appearance
Colour 39.7 51.5 36.9 57.0 64.4 21.8 ••• NS
Body 55.9 50.7 31.5 35.3 53.4 32.6 NS NS

P<0.05;·· P<O.OI; ••• P<O.OOI
NS - no significant difference

brands. The absence of an overall preference for
one cheese rather than another was not expected in
light of the clear selection of the caprinelovine (I)
cheese by the younger panel. but the older group
did detect a difference in colour between the cheeses.

This reaction to colour was pronounced on
examination of the mature cheese, and the bovine
cheese scored badly in comparison to the cheeses
made from the goat/ewe's milk mixture. The general
increase in flavour intensity was noted by the older
panel, as were major increases in saltiness, acidity
and, to a lesser extent, bitterness. Although no
significant differences were noted in relation to the
type of milk used, the panel noted the obvious
changes in sprLhginess and moistness with rnarura-
tion and in addition, felt that the mature cheeses
were more crumbly than the fresh samples.

In considering the data in Tables I and 2, it is
acknowledged that the lifestyles of the two groups
will be different, but as none of the students had
been in the UK for more than six months at the time
of the sensory analysis, it seems feasible to suggest
that they would not have lost their appreciation of
halloumi cheese. It was assumed that no members
of the groups were taking any medication, as even
painkillers can alter an individual's perception of
smell and taste."

If these premises are true, then the data confirm
that the older panel reacted to the three variants of
halloumi in a manner different from the younger
group of tasters. For example, the older panel was
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The clear preference of the younger panel for the
fresh cheese was clear-cut, and it may be that a
relative sensitivity to acidity was the crucial factor.
Certainly, Zandstra and de Graaf"? found that the
youngerpanellists (mean age of23 ± 2 years) were
more sensitive to citric acid than the older panel
(43 ± 5 years), and Jellinek/" suggested that such
reactions are a reflection of the higher concentra-
tions of taste buds on the tongues of young people.
However, MiIler21 has queried whether there is any
significant decline in the number of taste buds with
age, and suggests that the reasons for taste dys-
function are far more complex than those associ-
ated with simple anatomical considerations.

The build-up of flavour as a result of microbial
activity in the brine and/or cheese was clearly
noted by the older panel while, by contrast, the
young panellists found all the cheeses highly fla-
voured. According to Schiffman and Warwick,22
taste thresholds are 2.0-2.5 times higher in per-
sons over 65 years of age compared with a young
group and, although the average age of the older
panel in this present trial was only 46, the same
effect could have been operational. Whether a
panel with an average age higher than 46 would
have reacted differently to the halloumi cheeses
could not be tested, but it may be relevant that the
pattern described by Lawlor and Delahunty' sug-
gests that exposure of a product to a panel with an
average age of> 65 years, for example, would only
exaggerate trend(s) revealed by a middle-aged
group.
It was also notable that the younger panel rated

some of the fresh cheeses very highly indeed-
nearly eight out of 10 for the hedonic rating of the
traditional ovine (I) cheese, which was more than
double the rating given by the resident Cypriots.
By contrast, the panel from Cyprus, who ate
halloumi every day, were more critical (or at least
conservative) in their overall ratings. Jellinek'" pro-
posed that older panel members give more precise
ratings because they are inclined to concentrate on
the task in 'hand better than 20-year-olds, and a
similar trend was reported by Zandstra and de
Graaf.!" Nevertheless, the younger group remained
slightly more conscious of amasking of the intensity
of the creamy andmiIky flavournotes with maturation.

CONCLUSION

Clearly, the size of the panels-limited by the need
for familiarity with the product-is too small for
the conclusions to be other than tentative, but the
results do support, to a degree, the contention of
Cardello " that the age of a panel can affect the
outcome of a trial. It was pleasing also that all
the descriptors appeared to be appropriate for
halloumi, and none of the panellists offered any
additional or altemative terms.

98 f 2001 Society of Dairy Technology

What may be equally important, at least from a
commercial standpoint, is the fact that although the
preference of the young panel was for those prod-
ucts made from caprine/ovine milks, the cheeses
made from bovine milk were rated as 'acceptable'
by tasters of all ages. As typical consumers do not
often have the opportunity to compare samples, it
may be encouraging for the dairy industry in
Cyprus that the change to using bovine milk is
unlikely to generate any adverse reaction, even
from residents of Cyprus who have eaten halloumi
cheese for years.

REFERENCES

Anifantakis E M (1991) Traditional Feta cheese. In Feta
and Related Cheeses, pp. 49-69. Robinson R K and
Tamine A Y, eds. Chichester: Ellis Horwood Ltd.

2 Papademas P and Robinson R K (1998) Halloumi cheese
- product and characteristics. International Journal of
Dairy Technology 5198-103.

3 Piggott J R, Margomenou A, Withers S J and Conner J M
(1998) Sensory characterisation of Halloumi cheese and
relationship with headspace composition. In Proceedings
of the Ninth International Flavour Conference, pp. 385-
391. Contis E T, Ho CoT, Mussinan C J, Parliment T H,
Shahidi F and Spanier A M, eds. Amsterdam: Elsevier.

4 Anonymous (1997) Export Statistics. Nicosia: Ministry of
Finance, Statistics and Research Department.

5 Lawlor J B and Delahunty C M (2000) The sensory profile
and consumer preference for ten speciality cheeses. Inter-
national Journal of Dairy Technology 5328-36.

6 Kaminarides S, Rogoti E and Mallatou H (2000) Compar-
ison of the characteristics of halloumi cheese made from.
ovine milk, caprine milk or mixtures of these milks. Inter-
national Journal of Dairy Technology 53 100-105.

7 Anonymous (1976) ChemicalAnalysisof Cheese:Determina-
tion of Water Content (Reference and Routine Methods;
BS 770 Part 2). London: British Standards Institution.

S Anonymous (1989) Gerber Methodfor the Determination
of Fat inMilk and Milk Products (BS 696 Part 2). London:
British Standards Institution.

9 Anonymous (1976) Chemical Analysis of Cheese: Deter-
mination of Nitrogen Content (Reference Method; BS 770
Part 5). London: British Standards Institution.

10 Anonymous (1989) Chemical Analysis of Cheese: Deter-
mination of Chloride Content (BS 770 Part 4). London:
British Standards Institution.

II Anonymous (1987) Chemical Analysis of Cheese: Deter-
mination of pH Value (BS 770 Part 8). London: British
Standards Institution.

12 Stone Hand Sidel J L (1985) Sensory Evaluation Prac-
tices. Orlando: Academic Press.

13 Bintsis T, Litopoulou-Tzanetaki E and Robinson R K
(2000) Microbiology of brines used to mature feta cheese.
International Journal of Dairy Technology 53 106-112.

14 Schiffman S (1994) Changes in taste and smell: drug
interactions and food preferences. Nutrition Review 52
11-14.

15 Maruyama C, Murata M, Tomiyama J, Kumamoto E,
Matsuo S, Nunokawa N, Murakami Tand Aizawa C (1990)
Study of salt taste in healthy subjects and hypertensive
patients. Japanese Journal of Nutrition 48 121-126.

Stellenbosch University http://scholar.sun.ac.za



lo/ joJ. So J AIIgusI100I

16 Stevens J C (1996) Detection of lastes in mixture with
other tastes: issues of masking and ageing. Chemical
Senses 21 211-221.

17 Stevens J C, Cain W S, Demarque A and Ruthruff A M
(1991) On the discrimination of missing ingredients:
ageing and salt flavor. Appetite 16129-140.

IS Lawkss H T and Heymann H (I99S) Sensory Evaluation of
Food: Principles and Practices. New York: Chapman & Hall.

19 Zandstra E H and de Graff C (1998) Sensory perception
and pleasantness of orange beverages from childhood 10

old age. Food Quality and Preference 9 5-12.
20 Jellinek G (1985) Sensory Evaluation of Food. Chiches-

Ier: Ellis Horwood Lid.
I
11
I

•,

".'"

t 200 I Society of Dairy Technology

21 Miller I J (1989) Variation in human taste bud density
as a function of age. In Nutrilion and lire Chemical
Senses in Ageing, pp. 307 -319. Murphy C. Cain \V Sand
Hegsted D M, eds, New York: New York Academy of
Sciences.

22 Schiffman S and Warwick Z S (1991) Changes in taste
and smell over the life span. In Chemical Senses 'hi. 4,
pp. 341-365. Friedman M l, Terdoft N G and Kare NR,
eds, New York: Marcel Dekker, Inc.

23 Cardello A V (1996) The role of human senses in food
acceptance. InFood Choice. Acceptance and Consumption,
pp. S I-52. Meiselman HL and MacFie H 1 H, eds, Lon-
don: Blackie Academic & Professional.

99

Stellenbosch University http://scholar.sun.ac.za



Vol. 53. No 3 August 2000

c'

Original paper,
-Author for
correspondence.
Cl 2000 Society of
Dairy Technology

106

International Journal of Dairy Technology

Microbiology of brines used to mature feta cheese

THOMAS BINTSIS!*, EVANTHIA LITOPOULOU-TZANETAKI2 RON DAVIES!
and RICHARD KROBINSON! '
IDepar~ment of Food Scie~ce and Technology, The University of Reading, Reading,
Ber:cshu:e RG6 6AP, UK;. -Laboratory of Food Microbiology and Hygiene, Aristotelian
University of Thessaloniki, 540 06 Thessaloniki, Greece

The microfloras of brilles from two commercial factories manufacturing traditional feta cheese
were examined over a period of 60 days, which is the normal maturation time for Greek feta.
Non-starter lactic acid bacteria were the dominant group, and Lactobacillus paracasei ssp. para-
casei and Lactobacillus plantarum were the principal species identified. A number of strains of
Debaryomyces hansenii were isolated from the brines, and both the yeasts and the lactobacilli
possessed enzymes capable of degrading fat or protein. It is suggested that these microfloras play
an important role ill the maturation of feta cheese. 1\"0 recognized pathogens were isolated from
the brines of either factory.

INTRODUCTION
Feta cheese belongs to the family of white,
brined cheeses that are characteristic of the
Mediterranean and Middle East regions. It is
a semihard, crumbly variety with a slightly
aromatic flavour, and it is generally regarded
as being Greek in origin;' indeed, in Greece.
the word '<!>eïCt'is often used as though syn-
onymous with the word 'TUp~' (cheese). It is
made in' numerous factories across Greece
with outputs ranging from a few hundred to
several thousand tonnes of cheese per week.
Traditionally, feta was made from raw ovine
milk but, nowadays, mixtures of pasteurized
ovine and caprine milks may be used and, in
the larger factories, bovine milk alone may
form the base material.

Standardization and pasteurization of the
milk for feta production are normal practice,
and starter cultures of Lactococcus laetis ssp.
cremorls and laetis or Streptococcus ther-
mophilus and Lactobacillus delbrueckii ssp.
bulgaricus are widely used to ripen the milk at
30-32°C.2 The traditional sources of coagu-
lant are the abomasa of lambs or kids, I but
large factories prefer to use commercial ren-
nets to coagulate the milk and lipase enzymes
to provide a piquant flavour note to the final
cheese. On coagulation, the gel is cut into
2-3 cm cubes and, after standing in the whey
for 30-60 min (30-32°C) to become firm, the
curd is ladled into moulds or 'bags' of cheese-

" cloth to drain overnight (-20°C). The blocks
of firm curd are then cut info pieces (I kg)
and dry salted. Finally, the salted blocks are
stored for 2-3 weeks (prematuration stage)
in large holding tanks (or small cans holding
lO kg of cheese) of brine (6-8% NaCI at
18-20°C). The final storage temperature of
the cheese is -5°C and, at this temperature, it
will remain in the brine for a further 2-4
months prior to sale. .

The microbiology of feta and related
white-bnned cheeses is well documented+"
and. typically during the prematuration stage
for feta cheese, the population of non-starter
lactic acid bacteria (NSLAB) increases signif-
icantly while the pH falls as a result of acid
production." Thereafter, microbial counts
tend to stabilize for the remaining period
of maturation (60 days at 5-7°C). If used,
mesophilic starter cultures tend to die out
early during maturation and, in teleme for
example. lactococci were present only in the .
curd and in 5-day-old cheeses." This decline in .
laetoeocel is probably due to the inhibitory
action of the low pH and/or high salt-in-
moisture values in the maturing cheese," and
the same factors are also reported to lead to a
rapid reduction in the counts of staphylococci
and coliforms.? The latter group of microor-
ganisms is unaffected by the salt concentra-
tion in white-brined cheeses' and hence it is
the acidity that is usually lethal.! Isolates of
enterococci may also be present, but usually
at low numbers in cheeses such as feta and
telerne.' anthotyro? or nabulsi.'? In feta and
most brined cheeses, yeasts are not normally
cited as being amongst the dominant micro-
floras.II.12 but high levels of contamination
have been observed.'

Although the microbiology of feta cheese
is well established, few studies have been
made of the brine employed for storage, and
it is usually assumed that the microflora of
the brine will be the same as that of the
cheese. However, more recently the view has
.come under scrutiny on the grounds that
pathogens, such as Listeria monocytogenes
and Escherichia coli 0157;H7, have been asso-
ciated with brined cbeeses'<" and may sur-
vive for longer in the brine than in the actual
cheese. If such survival is widespread, then
there could be a strong case for sterilizing the
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brine before use, but any such treatment of
commercial brines would have to acknowl-
edge that many microbial changes occur in
brine throughout the maturation period, and
that at least some of these changes are like1~
to influence the flavour of the retail cheese. 6

Consequently, any means of removing
pathogens from brine should leave this desir-
able miereflora intact and, while such an
approach might be feasible,'? the first essen-
tial is to confirm which groups of micro-
organisms dominate the brine of a typical
white-brined cheese.

Consequently, the initial aims of this pro-
ject were: (i) to isolate the principal yeasts
and lactic acid bacteria of non-starter origin
in the brines of two different brands of feta
cheese manufactured in Greece; and (ii) after
identification, to characterize their enzyme
profiles to determine whether or not they
could playa role in the flavour and/or texture
development of the cheeses in question. IS

MATERIALS AND METHODS
Four tins of freshly manufactured feta cheese
(made from ovine milk) were obtained from
two different dairies (A and B) in Greece and
air-freighted at ambient temperature to the
laboratory in Reading, UK. For the premat-
uration stage, the cans were stored for lO
days at 18°C, but a cold store at SoC was used
for the remaining period of maturation. For
the microbiological analyses, representative
samples' of brine were taken from each can on
days 2, lO, 20, 30 and 60 of the maturation
period by shaking the can gently and extract-
ing the required samples (10 ml) with a sterile
pipette. Four samples, two from dairy (A)
and two from dairy (B), were taken for chem-
ical analysis on days 15, 30 and 60.

Chemical composition
The gross chemical composition of the brine
samples was determined using standard meth-
ods of analysis for total nitrogen, fat, salt.
ash, lactose, total free fatty acids and pH.19

TABLE I
Chtmlcal composItion or feta cheese brines at dilJ'trtnt stages durlna the maturation, pmod1

Jj days . JO days 60 days

Constituent
Dairy .~ Dairy Dairy
(A) , (B) (A) (B) (A) (8)

~H ' 4.4 4.1 4.S 4.1 4.S 4.2
:lit S.S 7.8 S.6 7.9 S.6 7.8
Filt .. Trace Trace Trace
Protein 2.9 0.9 2.9 1.4 3.0 1.0
Ash, 7.0 8.S 7.0 8.S 7.1 8.7
Lactose 2.0 O.S 1.1 0.3 0.1 0.3
VFFA· 122 74 160 76 82 22

'All figures Ire means of duplicate rendings and cited as gllOO ml of brine except
for volatl1e free ratty aci<fj (VFFA) which Ire given as mg.'IOO ml.

Jnttrnat{ollal-'Ollmal of Dairy Tt~/Ulology

Microbiological ana)yS@S
At the time intervals mentioned 'above, sam-
ples of brine from each can were examined
for. total colony count at 300e,lO coliforms,"
Enterococcus Spp.ll and yeasts and moulds.P
In addition, a total count for lactic acid
bacteria was made on MRS agar, while
Lactobacillus SPR' were isolated separately on
acidified MRS. .'

Although their presence was not. antici-
pated, there have been reports that certain
pathogens cao survive in brined cheeses/·IJ.-IS
so the samples of brine were also examined for
coagulase-positive Staphylococcus aLlrells,l~
Listeria Spp.1Saod Yersinla enterocoltticar'

Once the colonies on acidified MRS had
been counted, 10 typical isolates were Gram
stained and checked for the catalase reaction,
production of gas from glucose and growth
.at we. In addition, frequent isolates of
Lactobacillus, as judged by colony morphol-
ogy, were subcultured in MRS broth (30°C
for 1~h) and characterized using the API 50
CHL stripS.26

The yeasts were enumerated on yeast dex-
trose chloramphenicol agar" and a number of
morphologically distinct isolates was sub-
cultured and identified using the schemes
suggested by Kreger van Rij.17 Deak and
Beuchat" and Tzanetakis et at.'!9

As both the species of Lactobacillus and the
yeasts could be implicated in bringing about
desirable flavour changes during maturation,"
the cultures identified as dominant during the
enumeration procedure were examined by the
APIZ)m system to check for the production of
proteolytic or lipolytic enzymes.JG-ll

RESl'l TS AND DISCUSSION
Chemical composition
The chemical composition of the brines is
shown in Table 1. The salt and ash contents
appeared to be stable in the brines from both
dairies during the maturation period. There
was. however, a marked contrast in the
salt concentrations between the two brines.
Although the pH of brine (A) was higher than
that of brine (B), probably reflecting the
buffering capacity of the higher protein con-
tent. the acidity may have increased slightly
with time as the lactose in the brine was being
slowly metabolized to lactic acid by the high
counts of NSLAB in brine (A) (Table 2); in
brine (B), the higher salt content and reduced
lactose level could have tended to suppress
microbial activity.

The crude protein content remained con-
stant in both brines during the course of mat-
uration, but it is interesting to note that the
,concentration of volatile free fatty acids slow-
ly declined over the same period. This pattern
suggests that biochemical changes of various
types are occurring continuously in the brine
throughout the maturation period, and it is
likely that different substrates and/or propor-
tions of substrates are being fermented at
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TABLE2 .," ."
:. ~giis'ln the dominant microBoras of two brines used 'to store feta cheese o~er
~ ' ... '. a period of lO days at 16'C and 50 days at SOCI. '. . '. . '.

Time (days)

'. G;oup 0 la 20 .40 60

. TCe (A) 1.4 x 107 2.2 x lOS 1.3 x lO' 3.1 >do', 1.8 x lO'
(B) 1.4 x lO' . 8.0 x lO' 3.0 x lO' '5.5 X 107 2.4 X 107

Coliforms (A) 96 <10' <10 <10 <10
(B) 1.1 x 10' 3.0 x Ilr 2.2 x Ilr 2.1 x.io>. lA x llr

.Ente~ococoo (A) <lO <10 <lO . <10 <lO
'. (B) 9.8 x llr 6.8 x 101 2.2 x Ilr 1.2 x lQl 6.7 X Ilr

LAB (total) (A) 2.2 x 106 3.0 x 10~ 7.4 X 107 1.8 X 105 8.9 X 107
(B) 1.5 x 106 2.6 X 107 1.2 X 107 2.5 X 107 1.8 X 106

.. Yeasts :t" (A) 2.4 x 10' 1.1 x lOS 1.4 x 10' 1.3 X 106 1.8 X 106
(B) 12 x 10' 2.4 X 106 1.9 X 106 3.4 X 106 3.5 X 106

•. IAlI counts are mean number of colony forming units/ml of brine.
TCe, total colony count; LAB, lactic acid bacteria. . .

variable rates with. perhaps, different end-:
products being produced. These differences
may result in the manufacture of retail prod-
ucts with slightly different characteristics.

c

Microfloras of the brines
Even though L. monocytogenes, S. aureus and
.y. enterocolitica rnav survive in the harsh envi-
ronment of feta cheese brines, no isolates were
obtained from the brines tested. According to
Gilmour and Harvev.P the main factors that
influence the survÏ\'ai of S. aureus during mat-
uration of cheese are the activity and quantity
of the starter culture. nutrient uptake by the
starter bacteria and the inhibitive capacity of
certain NSLAB, and these same factors could
also affect other pathogens.

Despite the unfavourable environment of
the brine, high total counts were present in
both brines. The brine of dairy (A) was found
to have a mean total count of 1.4 X io'
colony fomling units (cfu)/ml at the beginning
of maturation, while the brine of dairy (B) had
a mean total count of 1.8 X lOS cfu/ml; neither
count changed significantly over the 60 days
of maturation. These microorganisms may
contaminate the brine from the surface of the
cheese blocks, the environment, the water, the
salt or from the inoculation of the fresh brine
with mature brine (a common practice in the
manufacture of traditional feta cheese). Since
the brine is rich in nutrient substances migrat-
ing from the cheese, it forms a good medium
for the specific microflora favoured by the pre-
vailinz ecological conditions.

Coiiforms- were found in the brine from
beth dairies on the first day of sampling. The
brine from dairy (B) was found to have a high
population of coliforms (estimate of 1.1 X lOS
cfu/rnl by the most probable number (MPN)
method) but, while this number declined
throughout the maturation period, it waso ,
notable that a residual count of 1.4 X Ier
cfu/ml of brine remained even after 60 days. If
this same count was present in the cheese, then
the level would be unacceptable in most coun-
tries,3J.J..Iand it would have been of interest to
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establish which genera were so persistent; the
more so, perhaps, as the pH of brine (B) was
lower than that of brine (A). Low numbers of
coliforms have been found in other cheese
brines," but usually when the brine was weak
« 6% NaCl) and the storage temperature was
high (l8-20°C). Klebsiella aerogenes, in partic-
ular, was found to be responsible for early
blowing and Eoor cheese -quality in white-.
brined cheese. 6 However, since coliforms are
often used as an indication of postpasteuriza-
tion contamination.ë-" the low numbers in the
brine from dairy (A) suggest that sound pro-
cessing conditions exist in that factory.

Enterococci are also used as indicators of
poor hygiene and/or possible faecal contamina-
tion in dairy products,J..I.3,·3sbut Enterococcus
spp. were detected only in the brines of dairy
(B) at low numbers (9.8 X l~ cfu/ml) and the
number remained constant throughout the
maturation period. Macedo et aP9 related a
high level of enterococci to poor hygiene
during milk processing, but the resistance of
enterococci to adverse conditions could also
be relevant." However, owing to their prote-
olytic activity and acid production, it has
been suggested that Enterococcus species may
playa beneficial role in the maturation of cer-
tain cheeses when they occur in high num-
bers. In addition, Enterococcus faecium and
Enterococcus faecalis have been reported to
produce bacteriocins that=might alter any
associated microflora."

NSLAB formed the dominant mieroftora
in the brines throughout the maturation peri-.
od. The combined effect of low pH and high
NaCI appeared to have a selective effect on
the NSLAB and, as can be seen from Table 2,
the numbers of NSLAB in the brines at
60 days were -107 cfu/ml in dairy (A) and
-106 cfu/rnl in dairy (B). Given the long mat-
uration period of feta cheese, this group of
microorganisms may make a critical contri-
bution to the biochemical processes that take
place prior to retail sale. In particular,
NSLAB are able to transform lactic acid, cit-
rate, proteins and fat into volatile compounds
which, together with amino acids and other
products -from the degradation of caseins,
play an important role in the development of
cheese flavour.42.43 .

All the isolates from acidified MRS were
Gram-positive, catalase-negative rods, unable
to produce gas from glucose and -capable of
growing well at 15°C. An examination of some
typical cultures was completed by monitoring
their biochemical reactions on API 50 CHL
strips." The results are shown in Table 3, and
these identified the most frequent isolate as
.Lactobacillus paracasei ssp. paracasei, with a
probability of 99.6-98.7%. The remaining type
of culture gave a low probability of identi-
fication with the API 50 CHL system as
Lactobacillus plantarum. Some biochemical dif-
ferences were noted between the' strains of
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'. . .' .. - :, .' Tt-Bl.-E 3 . . -,
SOlDe blocliemlc:al ructions of the isolateS of lActobacillus paracQSd ssp. parac4StI

arid lActobacillus pfantllrJl11ia]~ne with the r~ctlons of the type culturel ..•.

Lb. paracesel ssp. para~i Lb. plantarum

/ :2 J Type 1 . Typt

L-Arabinose
Ribose + + + + + +
D-Xylose - .:
Galactose + + + + + +

· D-Olucose i: ".+ + + +. +.
D-Fructose + ..+ + + + +:
D-Mannose + .. + + + + +
Mannitol + ".+ + + + +.
Sorbitol + +
·a-Methyl-D-mannoside - .. .+'
• N-Acetyl-g1ucosamine + ;:+ . + + + +.
· Amygdaline -+: .+ + + + +.
Arbutin + .+ + + + +

· Aesculin + ' ".+ + + + +
Salicin + .+ + + + +
Cellobiose + + + + + +
Maltose + + + + + +
Lactose + i: + + + +
Melibiose +
Saccharose + + + +
Trehalose + + + + +
Inulin. +
Melezitose +' + + + +
D-Raffinose
f)OeotibiOse + + + + + +
-Furanose + +

D-Tagarose +

IAlI tests were completed using.the API SO CHL system.

Lb. paracasei ssp. paracasei tested, but these
variations did not undermine the original iden-
tification. In addition. the presence of Lb. para-
case; ssp. paracasei was not unexpected as it
has been isolated from white-brined cheeses
made from goats·IO.~ and ewes' milk,"·IOJ9as
indeed has Lb. plantarum.

Nevertheless, differences between strains
could be important in commercial practice for,
if strains from within this microbial group are

40
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specific to a given dairy, they could impart
a distinctive flavour profile to the finished
cheeses. Thus, as shown in Fig. 1, the three iso-
lates of Lb. paracasei ssp. paracasei examined
by the API-Zym System for the activity of the
. certain enzymes each gave slightly different
levels of reaction. The presence of aminopepti-
dases could be relevant with respect to the
course of cheese maturation, but i.t.was notable
that none of the strains exhibited 1UlYesterase
or lipase activity." .

While yeasts are not normally the domi-
mint organisms in feta cheese,' they have been
reported to constitute a major part of the sec-
ondary mieroftora in feta and other cheese
brines as a result of environmental centami-
nation;4s.46 few yeast cells survive pasteur-
ization. The high salt concentration and low
pH of most brines favour the growth of
·yeasts,6 and a gradual increase in the number
. of yeasts was observed in the brines from
both dairies, with numbers reaching -106
cfu/ml in the brines. at 60 days (Table 2). On
the basis of colonial morphology (Table 4),
selected yeasts were identified using the
schemes suggested by Kreger van Rii.:n Deak
and Beuchat'I&and Tzanetakis et ae'Some of
the results of these diagnostic tests are shown
in Table 5 but, as with Lb. paracasei ssp.
paracasel, strain differences within the species
of Debaryomyces hansenil were evident (data
not shown). The species of yeast isolated from
the brines were identified as D. hansenii,
Candida versatills, Kluyveromyces marxianus,
Saccharomyces cerevisiae, Tondaspara del-
brueckii and Yarrowia lipolytica, but D.
hansenil was found to be predominant. The
presence of Y. lipolytica during the matura-
tion stage could be significant because the
proteolytic and lipolytic activities of this

a- ~'lJ ~'lJ ~e ~'lJ llJ e
~ »~~ »~'b ~~'b ~~~ bib"' bib"

c9 &"' ;.j ~~
o~e~ ~0q (:;-0 6> 'b~

~f;'
~(;-o ~'6 ~~ ~~ &c;

'b~ ~PJ '$:0'6 tp ~~Il? ~~ '<Jof;' ~(;-'?J 'Q'?J tp
,'lJ~

.f/) '<J
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Fig, I. Some biochemical reactions or three strains or Lactobaclllus paracusti ssp. paracQSr/lsollltd from brines used
for the storage of (eta cheese over Il 6Ooda)'maturation period.
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TABLE 4 ' .-:-".;, ..

Morphological characteristlcs of y~ isolated from iet~cbffié'br~~1 •

Species Characteristics , '

Debaryomyces'hansenii

Candida versatilis ,

Kluyveromyces marxtonus

Saccharomyces cerevisiae

Colonies: white; entire, smooth, dUn, 1.5 mm diam.
Cells: spherical ' ,,
Colonies: white; entire, convex, dull, 1.5 mm diam.
Cells: ovoid or spherical
Colonies: cream, entire, 1.5-2 mm diam.
Cells: ovoid . .: ,c' ' ". "
Colonies: cream, wrinkled, volcano-like, 1.5 mmdiam.
Cells: large; ovoid or spherical ' , " :
Colonies: white/transparent, convex, 2-2.5 mm diam.
Cells: spherical and often in short chains ',~" . "
Colonies: white; dull, 1-1.5 = diam. "
Cells: ovoid and some mycelial threads present:

Torulaspora delbrueckli

Yarrol\'ia lipolytica

,IAll colonies were: examined after growth on yeast dextrose agar at 2S·C for72 h.

species were much higher than those of the,
other isolates (Table 5). '

Depending on the special characters of the
yeasts, their population numbers and possible
interactions with other microorganisms present
in the brine, yeasts may have positive or nega-
tive effect on the quality of finished cheese. For
example, the comparative levels of enzymatic
activity revealed between the strains of

International Journal of Dairy Technology

D. hansenii could be i.ri1portant with respect to
flavour (Fig. 2), as all the strains showed quite
strong activity against the four-carbon sub-
strate (~-napthyl-butyrate) and the eight-
carbon substrate (~-napthyl-caprylate), indi-
cating esterase and esteraseIlipase activity,
respectively. Strong leucine aminopeptidase
activity was evident in all strains and, although
valine aminopeptidase was weak or absent, the
results suggest that the liberation of free amino
acids might follow from growth of D. hansenii.
~-Galactosidase was evident in all strains, and
Tzanetakis et aP9 observed a-glucosidase activ-
ity in other strains of D. hansenii isolated from
the surface of feta cheese.

The other species of yeast showed some
differences with respect to enzyme activity
(Fig. 3), but all species showed esterase,
esterasellipase and leucine aminopeptidase
activity. Again, these yeasts, owing to their
slightly proteolytic and lipolytic activity,
could affect the flavour of the cheese direct-
ly,47-49or indirectly through the formation of
substances which stimulate growth of the lac-
tic acid bacteria. In addition, as some strains
of D. hansenii fermented lactose, they could
have an influence on the flavour/aroma of

KG

"~;?~1~
.../,>-~~::~i

TABLE 5
Some further diagnostic characteristics or the yeasts isolated from the brines used to store feta cheese

Debaryomyces hansenil + + + + nd
Candida versatilis + + + nd nd +
Kluyveromyces marxlanus + + nd
Saccharomyces cerevisiae + nd
Torulaspora delbrueckii + + nd nd + + + + +.-;<;~:
Yarroll'ia lipolytica + + nd nd nd + +++ ++ +++ + '-':: .~',;':1------~~------------------------------------------------------------------------------~~~.,
N, nitrate assimilation; Cel, cellobiose assimilation; M. mannitol assimilation; Cyc, cycloheximide resistance; Cad, cadaverine assimilati~~;?~
Ra, raffinose assimilation: KG, 2-ketogluconate assimilation; 37·, growth at 37°C; Pel, formation of pellicle in liquid media; Trib, lipolysis 2i
observed on Tributyrin agar; Gel, liquefaction. of gelatin; Milk, proteolysis obser:ve? o.n milk agar (10%); 10''10,.growth in presence of 10% S~t;)j
IS%, growth 10 presence of 15% salt. AU species were negative for erythritol assimllation and the urease reaction. "5;(~,,i;
nd, not determined. <~:Jfj

Species Cyc Cad RaCel MN
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Fig.2. Some biochemical reactions of four strains of Debaryomyces hansenil isolated from brines used for the stor-
age of feta cheese over a 60-day maturation period.
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cheese such as feta, which.is manufactured
from pasteurized milk using starter cultures,
the microflora associated with in-brine matu-
ration comprises a complex mixture of bacte-
ria and yeasts.

Variations in the microfloras of the brines
from different dairies can be attributed to the
region of. milk collection, differences in man-.
ufacturing procedures and the background
mieroftora of the factory. Since such con-
tamination is random and, perhaps, almost
specific to a given dairy, the extent of bio-
chemical changes such as proteolysis and
lipolysis may vary from one dairy to another,
so giving rise to subtle variations in the
flavour of the retail cheese. The extent to
which consumers are conscious of sensory dif-
ferences between brands of feta has yet to be
established, but it is evident that any attempt
to employ sterile brine could dramatically
alter the nature of the endproduct.
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Davenport with the identification of the
yeasts. The type cultures of Lb. paracasei ssp.
paracasei and Lb. plantarum were kindly pro-
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Agricultural University of Athens.
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c Fig. 3. Some biochemical reactions of four species of yeast isolated from brines used for the storage of feta cheese
over a 6O-day maturation period. -

cheeses by producing volatile acids and car-
bonyl compounds. u

Antimicrobial activities of yeasts, including
the secretion of 'killer factors' with broad
antimicrobial spectra have been reported,"
but whether- or not such activity could be
attributed to the yeasts in this study or could
have influenced the survival of pathogens in
the brines was not investigated.

However, preliminary trials (data not
shown) suggest that the deliberate incorpora-
tion of selected yeasts into the storage brine
for feta cheese has a beneficial impact on the
organoleptic properties of the mature prod-
uct. Careful species/strain selection has
proved critical, for yeasts can also be respon-
sible for defects associated with an unpleasant
yeasty or ester-like odour." In other circum-
stances, yeasts may be responsible for gas
formation'? and, in the case of white-brined
cheeses, swelling of the cans can be caused by
yeasts which ferment lactose to ethanol and
carbon dioxide. Yeasts can also increase the
pH of a medium and encourage the growth of
S. aureus and possibly other pathogens and
spoilage bacteria,' Inr give rise to a more gen-
eral deterioration in qualitr: as the pH of the
cheese increases above 5.0. ~

CONCLUSIONS, -
The overall properties of brine, including the
presence of nutrients diffusing from the
cheese, pH, biochemical changes taking place
during maturation and possible microbial
synergisms or antagonisms, give rise to a very
special microbial ecosystem. These conditions
selectively influence certain species to grow,
survive or die according to their physiological
and biochemical characteristics, and even in a
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ABSTRACT

A survey of 1,101 samples of retail food items in the United
Arab Emirates (UAE) covering dairy products, fresh vegetables,
fresh/frozen meat and poultry and a range of "ready-to-eat" meals
indicated that the incidence of Listeria monocytogenes was, in
general, extremely low .. Only in imported frozen chicken was
L monocytogenes detectable with a high degree of frequency, but
fresh chicken and semi-processed meats of local origin were also
contaminated. No indication of the number of organisms present
in any given sample was sought, but as all the suspect foods
would have been cooked prior to consumption, risks to the
consumer should have been minimal. Listeria was not found in
any "ready-to-eat" meals, including those made from chicken.
Although Listeria innocua and Listeria welshimeri were detected
in some retail foods. these species are normally regarded as being
of little consequence with respect to public health.

Key Words: Listeria, methods, survey, retail foods.

Although four species of Listeria, namely L. innocua,
Listeria ivanovii. L. monocytogenes and Listeria seeligeri
have been implicated in diseases of man or other ani-
mals, the vast majority of human infections are caused
by L. monocytogenes (4). In man. most people will be
totally unaware that they may be harboring Listeria in
their intestinal tracts, and any bacteria that enter the
bloodstream are rapidly destroyed by the liver and,
perhaps, the spleen (3). However, in susceptible groups,
this normal resistance would appear to be deficient, and
L. monocytagenes has been associated with outbreaks of
listeriosis following consumption of coleslaw (17), pas-
teurized milk (6), Mexican-style fresh cheese (9) and a
soft, surface-ripened cheese from Switzerland (5). In-
fection probably follows invasion of the intestinal tis-
sues (19), but why some people escape infection is not
clear, Similarly, it is not known whether onset of the
disease is related t~ infective dose, but it is noticeable
that the colony counts of Listeria in suspect foods can
be extremely high; in the Swiss cheese mentioned above,
L. monocytagenes was present at levels of around 1.0 x
107 colony-forming units (CFU)/g.

Equally important is the fact the Listeria are ubiquitous
in nature, and L monocytagenes in particular has, in addi-
tion to the foods cited above, been found in raw milk (/1),
ice cream, salad vegetables (/2.18), several varieties of
cheese as well as oven-ready poultry (7,10). This wide-
spread occurrence of L monocytagenes suggests that the
poor storage of susceptible foods and/or cross contamina-
tion could lead to high colony counts being present at the
time of consumption, and it was for this reason that the
precautionary survey described in this paper was con-
ducted.

Thus, while the UAE enjoy an excellent record with
respect to food hygiene and no incidents of listeriosis have
been documented, the volume of food imports from around
the world is growing all the time, as is the range of locally-
made products. Consequently, it was decided to examine-a
wide range of imported and local foods in order to estab-
lish:
(a) some indication of the incidence of Listeria spp. on

retail items; and
(b) assess whether the level of contamination might pose

any risk to consumers.

MATERIALS AND METHODS

Collection of samples.
During the actual survey, retail samples were taken of pas-

teurized milk (fresh and reconstituted), several varieties of local
and imported cheeses, fresh vegetables: including sweet potatoes,
bean sprouts, cabbages and tomatoes, raw meat, poultry and fish,
frozen chickens and semi-processed meats, (e.g., meat balls and
burgers). as well as a number of locally-prepared, "ready-to-eat"
meals of Arabic or Western origin. The samples were collected at
regular intervals over a period of 6 months and. after transfer to
sterile bags, were returned to the laboratory in insulated contain-
ers; any foods not examined immediately were stored at <4·C for
a maximum of 24 h.

Composite samples of the above foods were prepared by
blending equal portions from three/five retail units either in a
sterile container (liquid milk) or using a Colworth Stomacher. A
test aliquot of 25 g was then removed and added aseptically to 225
ml of the appropriate enrichment broth (see below). In the case of
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chickens, the composite sample was obtained by removing skln
from the baclc, neck, breast. wings and thlgh of the five retail units
and maeenting to an homogenous mass.

Isoladon and ldtntificarion of Listeria spp.
The most widely used approache.s to the isolation and iden-

tification of Llsteria spp. are those based upon the Food and Drug
Administration (FDA) method for dairy products (Il) and the
U.s. Department of Agriculture (USDA) method for meat and
meat products (1]). The International Dairy Federation (IDF): (8)
has also published a method for dairy products, and aD these
procedures Include enrichment followed by isolation onto selec-
tive agar, confumatlon of suspect colonies .to generic level and,
finally, Identification of species by various biochemical tests,

In the present study, It was decided to employ the University
or Vertitont Medium (UVM I) • Fraser Bro~ method for all
routine examinations involving meat. poultry, fish and "ready-to-
cat" meals (Table I), and Listeria Enrichment Broth (LEB) for
examining all dairy products, as well as vegetables.

The composite samples (2S g) were added to chebroths (21$
ml) and, following enrichment (48 h at 3SoC in LEB, or 24 h at
3SoC In ~VM I lIIld Fraser Broth, respectively), loopfuIs from
elther LEB or Fraser Broch were streaked onto the surface or
Usteria Selective Medium (LSM • Oxford Formulation). The
slightly elevated temperature of Incubation for the enrichment
brochs (3SoC as against 30°C recommended by the lOF [8]) was
selected to comply wich the advice relating to Fr:uer Broth (1),
even though the lower temperature might have been more appro-
priate to resuscitate any cells thnt hnd been subject to stress (15).

The plates were examined after 48 h at 3S·C for colonies
producing blaclc zones of aeseulln bydrolysis. Colonies giving a
"positlve" reaction were then inoculated into Brain Heart Infusion
broth for a motility test after 24 b at room temperature, and also
streaked onto Tryptone Soya Yeast Extract Agar (TSYEA) to
provide colonies for gram staining and the catalase and oxidase
tests. Colonies from LSM that consisted of catalase-positive,
oxidase-negative. gram-positive, short bacilli with tumbling motil-
ity were further examined for Beta-haernolysis and the CAMP
reactions. Final Identification as to species waS carried out em-
'ploying tbc Analytab Products (API) Listeria System (2).

RESULTS AND DISCUSSIm'{

A total of 431 samples of dairy products were exam-
ined (Table I), and all the samples of pasteurized milk were
negative for Listeria spp. In contrast, four samples of
imported white-brined cheese were found to be positive,
and two of the isolates were con finned as L monocyte-
genes; the remaining two isolates were found to be
L innocua. The ability of Listeria to survive in brined
cheeses has been reported elsewhere (16), and hence a low
level of incidence (2.0% in the present survey) is not
unexpected, It is of note also that, while two of the positive
samples were available lIS "loose" cheese. the others were
taken directly from cans sealed by the manufacturers;
whether this latter observation indicates that raw milk was
used in production or post-pasteurization contamination is
not clear. However, the overall incidence was favorable in
comparison with reports from elsewhere (14), wbere rates
of contamination for Western-style cheeses were up to 7%.
Hence while cheese remains 0. possible vehicle for Listeria,
the risk to consumers in the UAE would appear to be below
average. The situation with fresh vegetables was encourag-
ing in that no isolates of L monocytagenes were found in

TABLE 1. Ruu/IS of a survty for th« presence of Listeria spp. in
dilftrtntfoods on salt In the Unittd Arab Emirates (Feb. 9J-Ju/y
9J).

No. or gmplu
. W1yzcd

No. or positive
Rmplu

Category Imported LAxal Imported local

Dairy Products
Fresh and
reconstituted milk
(pasteurized)

Cheese
182

196 S3

(431)

o 0
4 0

(4)Total

Fresh Produce
Vegetables

Total

84 99 2 2
(183) (4)

Meat. Poultry, Fish
Raw meat
beef .
goat
sheep
camel

Fish
Fresh chicken
(S U/sample)

Total

IS
17
24

I
5

0
2
10

(19)

32

34

(66)

0 0
0 0

(0)

14
44
30

(144)

Frozen Predecu
Frozen chick.en 39
(5 U/sample)

Semi-processed meat 107

Total (146)

Rendy Mellis
Traditlcnal foods 90
From rCSlllurants 107

Total (197)

nny of the 183 samples tested, and only four positives for
L innoma were recorded. This apparent absence of
L monocytogenes confirms the view that fresh vegetables
are unlikely to be 0. source of listeriosis (12). Obviously, the
use of contaminated manure on fields can change the
position dramatically (17), as can the chopping and mixing
associated with the production of pre-packed salads. How-
ever, the actual level of contamination in pre-packed veg-
etables should still be too low to cause real concern, and it
has been suggested that < 100 CFU/g of
L manocytogenes in mixed salad vegetables would be an
acceptable standard (J2).

Out of 70 samples of raw meat examined (Table I),
seven were positive for L lnnocua, and the same organism
was isolated twice from samples of fresh fish. Fresh chicken
was found to be more prone to contamination. and ten out
of 30 samples tested positive; L monocytogenes and
L welshimeri were each isolated from one sample. and the
remaining eight "positives" were L ;nnoeua.
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The examination of imported frozen chicken found
that 32 out of 39 samples were contaminated with
Listeria, with 18 of the 32 "positives" being confirmed
as L monocytagenes. This latter .organism was also
isolated from 12 out of 107 samples of frozen semi-
processed meat products, while L welshimerl was found
in two samples and L innoclla in. a further 20. Whether
or not the high level of contamination of frozen chicken
(82%) as against 33% for fresh product is a reflection of
the contrasted sources of supply or differences in pro-
cessing was not established, but clearly poultry can act
as a significant carrier of L monocytagenes. However,
the fact that these retail items will .be cooked before
eating should eliminate any direct risk to consumers, for
only extensive cross-contamination of other foods could
lead to cell counts capable of causing disease.

The absence of contamination in any of the 197 "ready-
to-eat" meals suggests that, as long as sound methods of
food handling are employed in the home, "prepared foods"
need not pose any risk for the consumer - at least as far as
Listeria spp. are concerned.

A point emphasized, perhaps, by the fact that the meals
included dishes based on chicken and semi-processed meats.
as well as prepared salads. In other words, the range
included foods where the raw materials might, on the basis
of the survey, have been anticipated to be reservoirs of
Listeria, as well as foods which; under conditions of poor
hygiene, could have been subject to cross-contamination,
and yet the microbiological quality of the sampled products
was excellent.
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Review
Existing and potential applications of ultraviolet
light in the food industry - a critical review
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Abstract: Short-wave ultraviolet light (UVe, 254nm) can reduce dramatically the microbial load in air
or on hard surfaces free from food residues, and can eliminate pathogens from potable water filtered to
remove organic residues and 'clumps' of bacteria. More recently, approval of the Food and Drug
Administration (USA) has been sought for a system for the destruction of pathogenic bacteria in fruit
juices using UVC, and the same approach could perhaps be applied to remove spoilage organisms from
cider or wines. In contrast, long-wave UV light (UVA, >320nm) has limited microbiocidal properties,
and for practical applications its effectiveness has to be enhanced by the presence of photosensitive
compounds (eg furocoumarins) that will diffuse into a microbial cell prior to irradiation. The
penetration ofUV A into water is better than that ofUVC, and its bacteriocidal action in the presence of
photosensitisers can be rapid. However, pure furocoumarins are expensive and their addition to
foodstuffs might be questioned on safety grounds.
© 2000 Society of Chemical Industry

Keywords: ultraviolet light; microbiocidal action; furocoumarins; water and fruit juice treatments

INTRODUCTION
Food safety is one of the most important issues facing
the food manufacturing and service industries, for as
consumers demand an increasing variety of ready-to-
eat meals or dishes on a menu, so the risk of microbial
contamination of an ingredient or the finished meal
increases. The application ofHACCP (hazard analysis
critical control point) systems, heat treatments and
efficient cold chains helps to reduce the opportunities
for pathogenic micro-organisms to gain access to a
food and/or grow to levels that will pose a risk from
infection or toxin production, but, even so, the
number of incidents of food-borne disease continues
to rise in most industrialised countries.

Reversing this trend will not be easy, and yet many
restaurants serve hundreds of meals per day without
incident, and many food factories have equally
commendable records with respect to hygiene. Ob-
viously thete may be many reasons why a particular
company exposes the consumer, on occasions, to
microbiologically unsafe products, but any procedure
that could help to "improve the situation must be
welcome. One such procedure could involve the
irradiation of food contact surfaces, rinsing water for
food or process plant or air over a food preparation
area with short-wave ultraviolet (UV) light, for the
equipment is relatively inexpensive, the technique is,

subject to certain safety precautions, easy to use and
the radiation is lethal to most types of micro-organism.
Whether the technique could or should be more widely
applied in food preparation or production areas is a
matter for speculation, as are the possible beneficial
roles of long-wave UV light. Consequently, the aim of
this present review is to consider some of the current
applications of UV radiation in the food industry, and
attempt to assess whether the microbiocidal effects of
UV should be exploited further.

NATURE OF UV RADIATION
Ultraviolet (UV) light occupies a wide band of
wavelengths in the non-ionising region of the electro-
magnetic spectrum between X-rays (200 nm) and
visible light (400nrn). For practical purposes the UV
spectrum can be subdivided into three regions:

• short-wave UV (UVC) with wavelengths from 200
to 280nrn;

• medium-wave UV (UVB) with wavelengths from
280 to 320 nm;

• long-wave UV (UVA) with wavelengths from 320 to
400nm.

The intensity of UV radiation is expressed as
irradiance or intensity flux (Wm-2), while the dose,

• Correspondence to: Richard K Robinson, Department of Food Science and Technology, The University of Reading, Reading, Berkshire, UK
E·mail: r.k.robinson@afnovell.reading.ac.uk
(Received 29 September 1999; revised version received 10 December 1999; accepted 4 January 2000)
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which is a function of the intensity and time of
exposure, is expressed as radiant exposure Om-2).1

SOURCES OF UV RADIATION
Solar radiation
The sun emits radiation across a wide range of
wavelengths, but the relative intensities of ultraviolet
radiation reaching the earth's surface depend, to a
considerable extent, on attenuation by the atmosphere
through absorption and scattering. UVC is completely
absorbed in the upper and middle atmospheres by
ozone and molecular oxygen, but, while VVB is
similarly attenuated, some UVB does reach the
surface-much to the delight of sunbathers! However,
UVA is barely affected, and hence the terrestrial
environment is exposed mainly to ultraviolet radiation
between 290 and 400nm.2 The intensity flux ofUVA
is about 35-50Wm-2 at sea level,3 and under these
conditions a dose of 200 kJm-2 will be delivered over
about 1h of exposure. As a consequence, potentially
lethal photoproducts can be formed at a considerable
rate, and life in the open air would not be possible
without the action of repair processes that ensure a
drastic reduction in the damage caused by UVA. 4

Artificial sources
Long-wave UV lamps
The light from mercury vapour lamps can be filtered to
remove the visible spectrum and give an emission that
is primarily UVA. 5

Medium-wave UV lamps
Mercury vapour lamps are sometimes designed with
pressures that produce maximum radiation in the
VVB region, and using glass bulbs that freely transmit
this energy.

Short-wave UV lamps
Mercury lamps designed to produce energy in the
germicidal region (254 nm) are electrically identical to
fluorescent lamps, but they lack the phosphor coating,
and the use of glass allows the transmission of UVC. It
should be noted that radiation below 260 nm will
produce ozone which has to be monitored to prevent a
hazard to health; a working atmosphere should not
contain more than 0.2 mgl-1 of air.

SHORT-WAVE UV RADIATION (UVC)
Impact on living cells,
UV radiation in the range of 250-260 nm is lethal to
most micro-organisms, including bacteria, viruses,
protozoa, mycelial fungi, yeasts and algae. The
relationship between germicidal effect and wavelength
is illustrated in Fig 1,which shows the maximum effect
at 254 nm and a fall to practically zero at 320 nm; in
fact, the effectiveness at 320nm is 0.4% of the peak
value.

The damage inflicted by UVC probably involves
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Figure 1. Direct lethality of UV wavelengths (after Ref 6).

specific target molecules," and a dose in the range from
0.5 to 20Jm-2 leads to lethality by directly altering
microbial DNA through dimer formation. The main
types of photoproduct in UV-irradiated DNA are
cycloburyl-type dimers (pyrimidine dimers), pyrimi-
dine adducts and DNA-protein cross-links." Purines
are approximately 10-fold more resistant to photo-
chemical alteration than are the pyrimidines, and
because of this difference in sensitivity it has been
implied that the photochemistry of the purines is not
important biologically; by the time a significant
amount of purine damage has occurred, the cells
would have been inactivated by pyrimidine damage
anyway.s

Once the DNA has been damaged, the micro-
organisms can no longer reproduce and the risk of
disease arising from them is eliminated. Temperatures
between 5 and 37°C have little, ifany, influence on the
microbiocidal action of radiation.? but moisture exerts
a very marked effect. Where bacteria are suspended in
air, an increase in relative humidity results in a greatly
reduced death rate, especially at humidities greater
than about 50%. Similarly, bacteria suspended in a
liquid medium are much more resistant than those
suspended in air, even after making allowance for the
absorption of the medium.

Practical applications
The applications of the germicidal effects of UV fall
into three broad categories: (a) inhibition of micro-
organisms on surfaces; (b) destruction of micro-
organisms in air; (c) sterilisation of liquids.

Disinfection of surfaces
The first category under this heading includes the
sterilisisation of packaging materials, eg containers,
wrappers or bottle caps, by arranging appropriate
lamps over conveyors. The success of this application
depends on the material surfaces being clean and free
from any dirt which would absorb the radiation and
hence protect the bacteria.

During the manufacture of aseptically filled UHT

J Sci Food Agnc 80:637-64; (2000)
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dairy products, for example, UV sterilisation has been
applied to the foil caps of HDPE bottles l" and to
cartons for liquid products. II Similarly, the Hamba
BKI00I0/I0 has been used for aseptic yoghurt filling,
and all the packaging materials, eg plastic cups and
aluminium foil lids, are sterilised using uve lamps
working at 100-200mWcm-2;12 the shelf-life of fruit
yoghurt packaged in containers sterilised by uve
lamps was extended by about 2 weeks at 5-7°e. The
disinfection of working surfaces in food preparation
areas could merit serious assessment as well, but the
limiting factor could be the presence of irregularities
which would protect bacteria from incident UV.

Short-wave UV can also be employed to treat the
surface of an actual food. For example, it has been
used to control food spoilage micro-organisms such as
Bacillus stearothermophiZus in thin layers of sugar? or
Pseudomonas spp on the surface of meat. 14However,
meat that has been exposed directly to UV light
sometimes develops off-flavours, and a similar pro-
blem has been encountered with milk. It has been
suggested that these undesirable flavours arise owing
to absorption of ozone and oxides of nitrogen, as well
as to direct photochemical effects on the lipid fractions
of milk or meat. These latter effects can be reduced by
filtering-out the shorter wavelengths or covering the
product with a layer of inert gas prior to irradiation,"
but in any event there appears to be no evidence that
any of the photoproducts are harmful to humans.

Fresh fish is another product with a superficial flora
of Pseudomonas spp, and Huang and Toledol5

demonstrated the effectiveness of reducing initial
bacterial counts, using uve irradiation, in prolonging
the storage life offish. Kuo et aZI6 showed that uve
radiation is effective in reducing the total aerobic and
mould counts, along with Salmonella typhimurium, on
the surfaces of egg shells; this latter treatment may be
of little practical use, as the more important pathogen
with respect to hen's eggs, ie Salmonella enteritidis,
would be inside the egg and protected by the shell. In
the baking industry, contamination of fresh products
with mould spores has always been a problem, but,
with bread, irradiation of the loaves as they emerge
from the oven is reported to extend significantly their
shelf-lives."

A combination ofUVe radiation and heat has been
suggested by Tanaka and Kawaguchi 17 for the
production of high-quality raw meat. More specifi-
cally, the same authors envisaged that: (a) retail
portions of meat could be vacuum-packed using a
membrane that transmits U'VC, (b) the surface of the
meat would be sterilised with Uv'C; (c) the membrane
would then be heat-shrunk using water at temperature
sufficient to kill any bacteria that had survived the UV
treatment; and (d) the meat would then be cooled
rapidly to maintain quality.

Given the growing demand for 'organic' foods, the
potential use of Uv'C as an alternative to fungicides for
the control of post-harvest diseases of stored vegeta-
bles such as carrots has attracted attention.l" For
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example, a pre-storage treatment of carrots with uve
induces the accumulation of the phytoalexin 6-
methoxymellein (an isocoumarin), and this change
increases tissue resistance to fungal pathogens.

Disinfection of air
In hospitals, uve lamps have been used to create a
curtain or barrier of radiation through which air must
pass before reaching patients sensitive to infection, and
UV radiation at 254nm and 0.25Wm-2 has been used
in the United States since the 1930s to decrease the
number of air-borne bacteria in operating theatres.

For the handling of sensitive foodstuffs, a system
which combines a laminar flow of air through filters to
remove particles of size> 0.1 urn, and the use of UV
radiation to kill any live micro-organisms that remain,
has been suggested for the provision of clean sterilised
air in the workplace.'? Similarly, the microbiological
quality of mechanically peeled fruit and vegetables is
improved when UV-treated air is blown through the
peeling unit counter-current to the flow of product. 20
The microbiological quality of air in cold stores can
also be improved using an air sterilisation unit,21 and
the same technique has been applied to the air in egg
hatching cabinets.V

Disinfection of liquids
Treatment with uve is one of the simplest and most
environmentally friendly ways of destroying a wide
range of micro-organisms in water.23,24 It has been
used to disinfect sewage effluent, drinking water and
water for swimming pools, and the combination ofUV
and ozone has a very powerful oxidising action which
can reduce the organic content of water to extremely
low Ievels.f

As uve disinfects without any change in colour,
flavour, odour or pH, it is an effective means of
ensuring that drinking water is microbiologically
safe/5 the normal performance criterion is based on
a 99.999% reduction of micro-organisms with a
treatment time of < 1min. The major limitations on
the effectiveness of uve radiation in this context are
the following.

• Lack of penetration: in distilled water, UV radiation
at 254 nm will have suffered a 30% loss in intensity
40 cm below the surface, while sea water will cause
the same reduction over ,...,10 cm; a solution of
sucrose (l0%) or a natural spring water containing
high levels of iron will cause the same loss within
5cm.25

• In natural water supplies, any suspended solids must
be filtered-out prior to treatment, and occasional
'clumps' of bacteria can pose a similar problem, ie
the outer cells protect the more deep-seated ones.
However, as small-scale water filtration units have
become more efficient, so the ability of uve
systems to generate safe, potable water supplies
has improved. In Japan, uve radiation has been
used for disinfection of natural mineral water with
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no effect on the mineral content of the water or
generation of taints or off-flavours/6 the eradication
of Enterococcus faecalis was the essential aim of the
latter process.

In some food processing industries the situation may
be rather different, and a simple reduction in the
microbial load in a water supply may be more than
adequate. For example, in the brewing industry a
treatment that does nor alter the taste or quality of the
end-product is essential, and a number of breweries
have become major users of UV disinfection sys-

27-29D . bterns. osages ID rewery water treatment can be
quite high to ensure the absence of any spoilage
problems during the early stages of the brewing
process, and doses range from 300 to 600 J m-2

compared with 200 to 300 J m -2 for the treatment of
potable water.

Similar applications tend to be limited by the lack of
penetration of UVC into liquids containing organic
matter, but the disinfection of the brine used to salt
Mozzarella cheese bas been proposed,3o thus enabling
spent brine to be reused rather than replaced. The
brine has to be filtered to remove any cheese residues
before treatment, and, after replenishing the level of
NaCl, it is pumped back to the storage vats containing
the cheese.

The treatment of more opaque liquids is clearly a
problem, and yet Lodi et al31 used UVC to reduce the
total colony counts in samples of caprine milk by 50-
60%, along with a specific fall in coliform counts of
80-90%. However, while these latter reductions could
be valuable to prevent on-farm spoilage of milks with
high bacterial counts, the presence of 10% of the
original coliform populations would still render the
milk unacceptable for human consumption. Whether
or not the process could be made sufficiently reliable to
replace pasteurisation for milk is an open question, but
it may be relevant that, at one time, milk in Germany
and North America was treated with UVC to enhance
the concentration of vitamin D.32 The most successful
system was the Lembke plant in which turbulent flow
was achieved by pumping milk at high velocity through
transparent tubes of 1 cm diameter, and, as 80% of the
UV radiation reached the milk, it was found that over
99% of bacteria initially present in the milk could be
destroyed.V It is worth noting though that the keeping
quality of such milk was worse than that of heat-
pasteurised milk, even though the latter had a higher
microbial count, and this anomaly was ascribed to the
selective survival of coliforms.

More recently, it b~s been reported that the Food
and Drug Administration (USA) is considering allow-
ing UVC to be used to eliminate pathogens from fruit
juices.33 The alleged success of the system depends on
ensuring that the flow of the juice is turbulent rather
than laminar, holding the temperature of the juice
below 5°C and applying a rigorous HACCP pro-
gramme. It is suggested also that this 'light-processed'
juice retains its levels of vitamins A, B, C and E, and
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other processors of liquid products may well monitor
this development with interest. However, as unpas-
teurised fruit juice has been recorded as a source of
infection from Escherichia co/i 0157,33 the comments
of Burton32 about the ability of colifonns to survive
VCV treatments could be pertinent, as could earlier
reports on the treatment of cider'" and maple Syrup.35
In both cases the authors recorded reductions in
microbial counts following UVC treatments, but no
attempt appears to have been made to identify which
genera survived.

One final barrier to the use of UVC for destroying
pathogens in liquids appears to be the absence of any
test to confirm that a specified treatment has taken
place. Thus pasteurised milk can be subjected to the
classic alkaline phosphatase test,36 other heat treat-
ments below 100°C can be monitored by the acid
phosphatase test,37 but how can a Public Health
Authority check a UVC-treated product? The author
of Ref 33 suggests that records of product flow rates
and UV emissions should be sufficient to ensure
product integrity, but then a chart from a temperature
recorder does not confirm that raw milk is not
contaminating pasteurised product through a da-
maged gasket.

LONG-WAVE UV RADIATION (UVA)
Impact on living cells
As UVA is poorly absorbed by living cells compared
with UVC, little attention has been paid to any
potential biocidal role. However, remedies of sunlight
and herbs have been used for thousands of years to
treat dermatological conditions such as psoriasis, a
practice that confirms that some penetration of the
skin cells does occur. Similarly, UVA does affect
microbial cells, but it is far less effective than UVC.
For example, the incident energy required to bring
about a 50% reduction inmicrobial counts was 5Jm-2

using UVA, whereas UVC achieved the same impact
with only 1O-5Jm-2•38 Nevertheless, given that UVA
is much safer for an operator to use than UVC, eg less
risk of damage to the eyes if protective goggles are
defective, interest in the sterilising effect of UVA has
recently been revived.

The mode of action of UVA within cells is
significantly different from that of UVC,39 and the
most likely effect(s) of UVA on micro-organisms are
through:

(a) membrane damage-unsaturated fatty acids are
readily oxidised to hydroperoxides, thus inducing
changes in membrane permeability."?

(b) an oxygen-dependent reaction involving endogen-
ous photosensitizing pigments-this mechanism
involves the absorption of light by chrornophores,
resulting in their excitation, followed by reaction
with oxygen to form active oxygen species or H202
which may be the primary agents of cell da-
mage;3,7,40 the larter compound has been irnpli-
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cated as H202 pretreatment of cells of E coli
induced resistance to UVA, probably because a
repair system specific to oxidative damage was
induced.f '

A large number of compounds commonly present in
micro-organisms have been suggested as possible
endogenous target molecules, but the low lethality of
UVA against micro-organisms means that it has little
practical value unless the rate of kill can be enhanced
by means of exogenous photosensitisers absorbed into
the cell.42 One group of compounds that meet this
requirement are the tricyclic furocoumarins (see Fig
2), which are formed by the fusion of a furan ring with
a coumarin molecule.t? In general, Gram-negative
bacteria are more resistant to hydrophobic antimicro-
bial substances (eg furocoumarins) than are Gram-
positive.ispecies, principally because the outer cell
membrane of the former contains lipopolysaccharides
which can delay, or perhaps prevent, the entry of
hydrophobic molecules into the cell.45,46 Conse-
quently, it may be that the hydrophobic furocoumarins
are largely retained in the outer cell membrane of
Gram-negative bacteria, and cannot diffuse into the
cell to react with the DNA.47 In addition, since the
effectiveness of furocoumarins as antimicrobial agents
depends on contact with the DNA, their distribution

o

(I)

OMe
o

(II)

o

OMe
(III)

Figure 2. Chemical structure of some linear furocoumarins: (I) psoralen;

(II) bergapten; (III) xanthotoxin (after Ref 43).
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within a cell and interactions with other components
(ie proteins) may also influence their antimicrobial
activity.48

Potential use of the UVAlfurocoumarin system
Antimicrobial activity
The furocoumarins are best known for their use in
medicine, and a combination treatment involving 8-
methoxypsoralen and sunlightIUV A radiation has
found success in the control of psoriasis.V In a
different context, Lin et also employed 511gml-Iof
8-methoxypsoralen with UVA to kill bacteria in
human platelet concentrates required for transfusions.

Unlike the situation where UVA stimulates endo-
genous target molecules, the activated furocoumarins
form cross-links between complimentary strands of
DNA, so preventing the strands from replicating.Y In
addition, UVA plus furcoumarin produces DNA
monadducts which damage both eucaryotic and
bacterial cells, but the relative lethal impacts of
cross-link formation or monoadduct action may
vary.51 The amount of furocoumarin needed to
stimulate this reaction is very small, and, in a model
food system under UVA illumination, Ulate-Rodri-
guez et al52 tested the antimicrobial properties oflinear
furocoumarins at levels of2-5311g ml-I against Listeria
monocytogenes, E coli 0157:H7 and Micrococcus luteus.
L monocytagenes was inhibited, but E coli 0157:H7 and
M luteus were found to be more resistant; considerable
variation in sensitivity has been found even with a
single species." More recently, Bintsis (unpublished)
found that L innocua, E coli and Staphylococcus aureus
suspended in tubes of Maximum Recovery Diluent
(MRD Code No CM733, Unipath Ltd, Basingstoke,
Hants, UK) (5.0 x 106 colony-forming units (cfu) in
10ml) were inactivated rapidly by UVA and psoralen
(see Table 1), whereas Yarrowia lipolytica and Debaryo-
myces hansenii (5.0 x 105cfu in lOml) were slightly
more resistant.

These figures confirm that the UVA/furocoumarin
system can have a dramatic microbiocidal impact.
However, it was recorded in a separate trial (no micro-
organisms present) that the loss of irradiance through

Table 1. Inactivation of different types of micro-
organism following a 60 s treatment with UVA 8,
psoralen (5119mr")

Micro-organism %killing

Listeria innocua
Escherichia coli 0157:H7

99.8
99

Staphylococcus aureus 99.9
Debaryomyces bensenii 97.5
Yarrowia lipolytica 82.7

"The experiment was performed with a Black-

Ray Display Lamp (XX-15BLB) (Ultraviolet

Products, Cambridge, UK) with the surface ol
the liquid at a distance ol 10cm from the lamp.

At 10cm the intensity was 45Wm-2.
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MRD was 34% over 5cm, while in a simulated cheese
brine including casamirio acids (1.0%), lactose (0.5%)
and NaCI (6.0%) the loss was approximately 95% over
5em. As neither tap water nor sucrose solutions
« 10%) caused any loss of irradiance under the same
conditions, it may be the peptides and amino acids in
the MRD and brine that absorbed the radiation. For
practical applications this point needs further study,
because it has been reported elsewhere that UVA has
the advantage over UVC in that amino acids do not
absorb UV at wavelengths> 300 nm. 4

Potential applications in food processing
Natural furocoumarins have been isolated from five
plant families, namely the Umbelliferae (eg celery,
parsley and parsnip), Rutaceae (eg bergamot fruit and
lime), Moraceae (eg fig), Leguminosae and Orchidaceae.
Typical concentrations of furocoumarins are shown in
Table 2, and, while psora len is the most photoreactive,
it is likely that initial addition rates could be calculated
on the basis of total furocoumarins; the wide variation
in concentrations within the same species is a
reflection of differences between cultivars, season!
location of collection and methodes) of analysis.
However, it should be borne in mind that if the
UVAlfurocoumarin system was to be used rather than
UVC to sanitise a cheese brine, for example, each litre
of cheese brine would have to be dosed with a
minimum of 5000 J.1gof furocoumarin prior to irradia-
tion, so that some of the concentrations in parsley or
celery are clearly too low to be of practical or economic
value. Furthermore, a number of studies have high-
lighted the fact that handlers of celery are prone to
light-induced dermatitis due to UVAlfurocoumarin
interacrions.6:Hi5 Consequently, although it might be
attractive from a marketing standpoint to employ
natural plant materials as a source of furocoumarins,
the practical hurdles may prove insurmountable.
Nevertheless, it remains feasible to suggest that a

combination of UVA and photosensitisers could be
used to increase the shelf-life of perishable products,
with the furocoumarins being incorporated, perhaps,
into the packaging materials. If these same compounds
then diffused into microbial contaminants on the
surface of a product, they could be sensitised by
natural light.66 The direct addition of furocoumarins

to foods could be a further option, but on the negative
side it is important to highlight the facts that: (a) pure
furocoumarins such as psoralen are expensive; and (b)
although in the treatment of psoriasis the daily dose of
B-methoxypsoralen is about 20 mg, there is a recog-
nised toxicological risk to the patient.f" Inparticular,
the ingestion of natural furocoumarins has been linked
with the onset and/or development of cutaneous
carcinomas,68-70 and hence this risk alone will prevent
their commercial exploitation within the food context.
If the phototoxic side-effects could be eliminated,

then the UVAlfurocoumarin system might be worth
further evaluation, and it could be relevant that a
number of synthetic furocoumarins are available that
have the same therapeutic activity as 8-methoxypsor-
alen but, at least in mice, induce no toxic or
carcinogenic reactions.68.7t.72 At present, the cost of
such compounds would prohibit their use as compo-
nents of any food preservation system.

Practical applications of UVA alone
Detection of chemical residues
The principal application of UVA within the food
industry has been in relation to quality control,
particularly for the detection of aflatoxins from
Aspergillus fiauus or Aspergillus parasiticus on various
grains and nuts, eg maize, cottonseeds or peanuts,
during storage. The aflatoxins have absorption max-
ima around 360nm, and while aflatoxin B fluoresces
blue at 425 nm, aflatoxin G produces a green-blue
emission at 450nm; these reactions can be employed
to detect low levelsof aflatoxin.P UVA is also reported
to degrade aflatoxin MI in milk.74•75
In some stores and shops it may be necessary to

check for the presence of rodents, and while dry rodent
urine (fresh) glows blue-white under UVA, older
deposits give a yellow-white glow. Rodent hairs also
glow blue-white and are easily identified on sacks or
intermixed with food grains.76

In the dairy industry, fresh deposits of milk-stone-a
long-enduring problem-will fluoresce a strong yel-
low-white/bright blue-white under UVA.77

Detection of micro-organisms
The rapid identification of coliform bacteria inwater is
essential to ensure that public drinking water is safe,

Plant Psotelen? XanthotoxinC BergaptenC Tota/linear furocoumarins Reference

CelerY' 0.01-4.18 0.08-16.86 0.46-28.51 0.56-49.84 3-57
lime peelb 14±2 42±6 1406± 18 52
Parsleyb 32.3-104.7 5.3-53 56.7-479.2 94.3-541.5 47,58

52
Parsnlp" 0.01-10.5 170-682 213-430 58-61
AngelicaS 427.3 3477.0 59
Heracleurn" 6.1-6.5 140-150 64-68 220±9 62

·ConcentratlOll expressed on a fresh weight basis.
bConcentration expressed on e dry weight basis.

eSee Fig 2for the chemical strucrure.

,

rabie 2. Some reported luroooumarfn
conlents In various plants of the

Umbelliferae and Rutaceae; all figures

as IIgg-' on a fresh or dry weight basis
(see footnotes)
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and the auto-analysis test is performed in test tubes
pre-filled with a powdered, coliform-specific indicator
nurrienr." After incubation at 35°C for 24 h, any
indicator-positive tube is illuminated with UVA, and
fluorescence of the solution indicates the presence of E
coli and hence a risk of faecal contamination. The
bacterium Pseudomonas aeruginosa which causes rots in
eggs, meat and fish can also be detected by its yellow-
green fluorescence under UVA radiation.Ï?

In another application a redox dye, 5-cyano-2,3-
ditolyl tetrazolium chloride (CTC), has been em-
ployed for the direct epifluorescent microscopic
enumeration of live bacteria in environmental sam-
ples.78 The CTC competes directly with molecular
oxygen as an electron acceptor, and the reducing
power generated by the electron transport system
converts CTC into its reduced formazan, which
accumulates in metabolically active bacteria. When
illuminated with long-wave UV (>350nm), the
reduced CTC fluoresces bright red and is easily
detected. However, the application of this technique
to foods needs to be carefully assessed, as some foods
may contain significant levels of natural or artificial
quenchers.

In order to reduce the risk of microbial con-
tamination from flying insects, much use is made of
traps in which a UVA fluorescent lamp is mounted in a
unit containing a high-voltage grid. The insect,
attracted by the UVA lamp, flies into the unit and is
electrocuted in the air gap between the high-voltage
grid and a grounded metal screen. Such units are
commonly found in areas where food is prepared
and/or sold."

CONCLUSIONS
While the UV Alfurocoumarin system has a superficial
attraction for sanitising solutions, ie better penetration
of the radiation, it has yet to find a commercial niche.
By contrast, UVC enjoys a good reputation for
sanitising the air or food contact surfaces, and it seems
likely that its use will expand as the supporting
technology improves. For example, safe drinking water
can assured by exposure to UVC systems so long as the
associated filtration system is capable of removing all
particulates, and recent advances in North America
suggest that fluids containing suspended solids can be
treated as well. The security offered by this latter
system remains under scrutiny, for it is not clear at
present whether the radiation levels would be effective
if a sample of fruit juice, for example, was contami-
nated with E coli or" some other pathogen prior to
treatment.

Nevertheless, it is evident that the food industry is
faced with two conflicting pressures. On the one hand,
there is the need to produce microbiologically 'safe'
food, while on the other, consumers are seeking foods
with more natural flavours and textures. Conse-
quently, a resurgence of interest in UVC could well
be appropriate, for it does seem that UV radiation is

J Sci Food Agric 80:637-645 (2000)
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one of the least exploited antimicrobial treatments for
surfaces and, perhaps, foods themselves.
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ORIGINAL ARTICLE

The antimicrobial effects of long-wave
ultra-violet light and furocoumarins

on some micro-organisms that occur
in cheese brines

T. Bintsis', E. Litopoulou-Tzanetaki''.
R. Davies' and R. K. Robinson' *

Listeria monocytogenes and Escherichia coli 0157:H7 have been reported to survive in the brines
used to store cheeses like Feta or Ieleme. but such brines cannot be heat sterilized as the yeasts and
lactic acid bacteria essential for normal cheese maturation are present as well Long-wave UV light
(UVA~ 365 nm), acting in conjunction with photosensitizing compounds (e.g. furocoumarins like
psoralen) might have more limited microbiocidal properties, so that perhaps, pathogens could be
eliminated from the cheese brine but not the desired yeasts and lactic acid bateria. In laboratory trials,
UVA (intensity 45 Wm -2, exposure time 60s) with psoralen (5mgr1) was active against Listeria
innocua - chosen to mimic the behaviour of L. monocytogenes-Escherichia coli 0157:H7 and Sta-
phylococcus aureus in a physiologically neutral solution but E.coli 0157H7 (99% reduction in viable
cell count) and L. innocua (99·8% reduction) were slightly less sensitive than S. aureus (99,99% re-
duction). Yeasts from Feta cheese brines were less affected by the same UVAjfurocoumarin system-
Debaryomyces hansenii (97,5% reduction) and Yarrowia lipolytica (82· 7%reduction), as were typical
lactic acid bacteria, namely Lactobacillus paracasei subsp. paracasei (97-8% reduction) and Lactoba-
cillus plantarum (91'9% reduction). A UVA exposure time of 100s with psoralen (5 mg r 1) was lethal
to the 'pathogens' but against the desirable species, onlyYarrowia lipolytica (97·4% reduction) readily
survived the same treatment. It was concluded that the UVAjfurocoumarin system was microbicidal
but not at least in the form under test sufficiently selective in its action for use with cheese brines
where certain of the microfloras need to be retained. © 2000 Academic Press

Introduction cheeses have acted as carriers of foodborne in-
fections (Keceli and Robinson 1997).One group
ofespecial interest in this respect are the white
brined cheeses, for not only are they often
stored and consumed at temperatures > 20°C,
but poorly maintained brine tanks can become
ready sources of contamination. In particular,
Gohil et al. (1995),Katic (1995),Larson et al.
(1999), Papageorgiou and Marth (1989) and

In general, dairy products enjoya good reputa-
tion with respect to public health but, even
so, there have been a number of cases where
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Ramsaran et al. (1998)have all highlighted the
point that important pathogens like Escheri-
chia coli 0157:H7 and Listeria monocytagenes
can survive in the brines used to store Feta or
similar cheeses.
Obviously techniques like pasteurization or

microfiltratien could be employed to improve
the microbiological quality of brines (Otero-
Rodriguez et al. 1998,Ottosen and Konigsfeldt
1999), but such decontamination procedures
are seldom applied to the brines for Feta and
related cheeses (Zerfiridis 1994).This reluc-
tance to 'sterilize' cheese brines stems from the
fact that such processes will reduce also the
total counts of lactic acid bacteria (LAB) and
yeasts, and there is good evidence that both
groups play an essential role in the develop-
ment of the sensory properties desired in
brined cheeses (Litopoulou-Tzanetaki 1984,
Litopoulou-Tzanetaki et al.1993).
What is required, therefore, is a procedure

that will eliminate pathogens from brine while
leaving the desirable microfloras intact, and
one such approach could involve the irradiation
of thin films of brine with ultra-violet (UV)
light. Irradiation with short-wave length UV
("'"254nm) has been considered, but it has two
disadvantages in the present context, namely
penetration into liquids is limited and the
germicidal impact is non-selective (Bintsis
et al. 2000).However, long-wave UV (UVA),i.e.
wave-lengths in the region of 320-400 nm,
can penetrate further into water (Peak et al.
1981)and, because the lethalityofUVA against
micro-organisms is low compared with short-
wave UV light, inter-generic selectivity could
become a possibility.
UVAaffects microbial cells by causing mem-

brane damage, or by inducing the generation of
active oxygen species or H202; either of the lat-
ter may be the primary agents of cell damage
(Moss and Smith 1981, Kramer and Ames
1987). However, such effects have little
impact on microbial cells unless the lethality
can be enhanced by the coincidental absorp-
tion into the cells of an exogenous photo-
sensitizer (Mitchell 1978). One group of
compounds that meets this requirement are
the tricyclic furocoumarins which are formed
by the fusion of a furan ring with a coumarin
molecule (Cimino et al. 1985).The molecular

mechanism of the photodestruction of micro-
bial cells is believed to involve: the formation
of a complex with DNA via the intercalation
of furocoumarins between adjacent bases;
pbotobinding of the furocoumarins to the pyri-
midine bases; and cross-linking between furo-
coumarins located in different strands of DNA
(Cimino et al. 1985).
Once cross-links have formed, cell division

ceases and, unless the repair mechanisms are op-
erative, death of the cell follows(Scott et all976}
Five plant families, namely the Umbelliferae

(e.g. celery, parsley and parsnip), Ruiaceae (e.g.
bergamot fruit and lime), Moraceae (e.g.fig),Le-
guminosae and the Orchidaceae have been iden-
tified as natural sources offurocoumarins, and
dried plant materials, expressed juice or even
pure compounds like psoralen could be consid-
ered for direct addition to a brine prior to irra-
diation with UVA. However, as the natural
levels of furocoumarins in plants are low,large
volumes of harvested crops would have to be
handled if fresh or dried materials were to be
added to a brine. In practice, this approach is
likely to be unacceptable because: (a) moulds
or other undesirable contaminants could be in-
troduced into the cheese factory; and (b) rou-
tine skin contact with natural plant materials
containing furocoumarins needs to be con-
trolled to avoid tbe development of allergic
reactions (Bethea et al. 1999).
The use of concentrated plant extracts or

purified furocoumarins seems, therefore, to
offer the most likely route, the more so as con-
trol of the concentration of furocoumarin in
the brine would be much easier. Apart from
any practical considerations, this latter point
is important from a public health standpoint
for, although the anticipated dose rates of furo-
coumarin(s) in the brine are very low (see la-
ter), there are toxicological risks for humans if
the daily intake of psoralen, for example, ex-
ceeds 20mg (lARC 1983,Stern et a1.1984).How-
ever, as intakes for consumers ofbrined cheese
would be unlikely to exceed even a few micro-
grams per day, the risk of adverse reactions
would appear to be negligible. Consequently, it
was decided that the potential of the UVAI
furocoumarin system to selectively eliminate
pathogens like E. coli 0157:H7 and L. monocyto-
genes from cheese brine merited examination
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and, in particular, the aims of this present
study were to: (a)measure the killing power of
UVA, in conjunction with pure psoralen,
against some selected pathogens; and (b~com-
pare the activity of the same system agamst a
number of benign micro-organisms isolated
fromFeta cheese brine.

Materials and Methods

Selection of the cultures

Asthe ecologyofListeria innocua (NCTC11288)
is similar to L. monocytogenes and the species
has been reported to survive in cans of Feta
cheese (Gohil et al. 1995, Papageorgiou and
Marth 1989),this non-pathogenic species was
used to simulate the behaviour of L. monocyte-
genes. In addition, both E. coli and Staphylo-
zoccus aureus have been cited as potential
post-pasteurization contaminants of Feta
cheese (Erkmen 1995,Ramsaran et al. 1998),so
that one strain of E. coli 0157:H7 (PHLS-
819475:VT-) and one of S. aureus (NCTC1803)
were included in the trials.
As retention of the LAB and yeasts that are

typical of storage brines for cheese was re-
garded as essential, a number of yeasts and
LABwere isolated from samples of Feta cheese
brine from Greece. The cultures included
Debaryomyces hansenii, Yarrowia lipolytica,
Lactobacillus paracasei, subsp. paracasei and
Lactobacillus plantarum, and the UVAjfurocou-
marin system was tested against each of the
four organisms.
The two species of yeast were maintained on

slopes of Yeast Extract Dextrose Agar (Kreger
vanRij 1984),while the species of Lactobacillus
were maintained on slopes of MRS Agar (Ox-
oid Code No: CM361, Unipath Ltd., Basing-
stoke, Hampshire, UK.) Tryptone Soya Agar
[Tryptone Soya Broth (Oxoid Code No:
CM129)+1·5% Agar1was used formaintenance
Jf L. innocua, E. coli 0157:H7 and S. aureus.
ln every case, the freshly inoculated slopes
were incubated at 30°C until growth was
visible to the naked eye, and the cultures
were then stored at 5°C± 1°C. Each stock
culture was subcultured either prior to use or
monthly.
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Preparation of bacterial suspensions

It has been suggested that stationary phase
cells are much less sensitive than exponential
phase cells to photosensitization (O~insky
et al. 1959,Griego et al. 1981),and hence lt was
decided that the UVAjpsoralen system should
be tested against cells in the stationary phase
of growth. Growth curves for the 'pathoge~s'
were obtained by inoculating loopfuls of L. Ln-

nocua, E. coli 0157:H7or S. aureus from a stock
culture (see above) into sterile Tryptone Soya
Broth (duplicate lots of 50ml in 100ml flasks),
followed by incubation at 30°C.At 2-h inter-
vals, the flasks were shaken and duplicate 1ml
amounts of broth were removed and added to
universal bottles containing sterile Maximum
Recovery Diluent (MRD- Oxoid Code No:
CM733;9ml).At time zero, the cell counts were
obtained by direct plating (pour plates) of du-
plicate aliquots (1ml) of this initial dilution in
Tryptone SoyaAgar, but further dilutions were
made as the cell counts increased with time.
After 12h, another set of duplicate flasks ,:as
inoculated for each culture, and the platmg
procedure repeated beginning at 14hand
continued until 24h.
A similar procedure was repeated for the

yeast cultures inYeast Dextrose Broth (Kreger
van Rij 1984)at 30°C,but in this case the flasks
were sequenced so that the plating procedures
began at 0,14and 28h with cessation after 48h.
The counts for lactobacilli were obtained in the
manner employed for the 'pathogens; but in
MRS Broth (Oxoid Code No: CM359)at 30°C.
The onset of the stationary phase was calcu-
lated as 10-14h from the time of inoculation
for L. innocua, E. coli 0157:H7 and S. aureus,
12-16 h for the lactobacilli and 40-46 h for the
species of yeast. As a routine, therefore, 16-h
old cultures of L. innocua, E. coli 0157:H7 and
S. aureus were used to ensure that the bacteria
were in the stationary phase, and 18-hcultures
for the lactobacilli and 48-h cultures for tests
involving the yeasts.

Preparation of the standard solution of psoralen

To prepare the standard solution of psoralen,
10mg psoralen (Sigma Ltd., Poole, Dorset,
UK) were dissolved in 2ml of HPLC grade
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ethanol (BDH, Poole, Dorset, UK) and 98ml
sterile distilled water were added; this solution
(pH 6·5) was stored at 4°C.This concentration
was selected as each ml of stock solution con-
tained 0·1mg of psoralen so that, when 1ml
was added to 9ml to test bacterial/yeast sus-
pension, the final concentration was equivalent
to 10mgl I.This value is double that found by
Lin et al. (1994) to be effective against patho-
gens, and was the maximum concentration
tested in this present study.

Sources of UVA

A Black-Ray Display Lamp (365 nm, 15W) (Ul-
tra- Violet Products, Cambridge, UK) was used
for most of the tests, and the intensity, at a dis-
tance oflOcm, was 45W m-2. During many of
the experiments, the intensity of the lamp was
monitored, and the variation never exceeded
5%.
In addition, the effect of a 100watt lamp on

the lethality of the UVA/furocoumarin system
was examined, and the intensity of the
B-100AP lamp was reported to be I50Wm-2
at 15cm (Ultra-Violet Products).

Protocol for UVjpsoralen treatment

The test cultures were obtained by growing
L. innocua, E. coli 0157:H7 and S. aureus in
Tryptone Soya Broth (15ml) at 30°C for 16 h,
the yeast cultures in Yeast Dextrose Broth at
30°C for 48 h and the lactobacilli in MRS
Broth at 30°C for 18h. Then, for each organism
in turn, the culture was agitated with
a Whirlimix (Fisher Scientific, Loughborough,
Leicestershire, UK) and the entire content
transferred to a sterile centrifuge tube. The
cells were harvested by centrifugation at
4,000g for 10min at ambient temperature in a
IEC Centra-4X centrifuge and, after decanting
the original broth, the cells were resuspended
in sterile MRD at 20°C. This suspension was
then diluted, based on the results from some
preliminary tests, to give a working solution
containing _105 cfu ml-I; confirmation was
obtained in every case by means of total colony
counts at time zero (see later),

Volumes of 9·0-9·9 ml of a selected suspen-
sion containing ......105cfuml-1 of a bacterium

or yeast were pipetted into a sterile beaker
(lOOml), and mixed with O·I-lml amounts of
the stock solution of psora len to give 10ml in to-
tal; the addition of 1ml of the psoralen solution
gave a final concentration of 10mg psoralen 1-1,
and 0·1ml of the standard solution gave a final
concentration of psoralen of 1mg 1-1.The depth
of the suspension/psoralen mixture was ap-
proximately 1cm, and the concentrations of
psora len used were I, 3,5,7 and 10mg 1-1.

Each mixture was left for 10min for some of
the psoralen to enter the cells, and the beaker
was then placed under the UVA lamp; previous
experiments (data not shown) indicated that
cells subject to equilibration times for longer
periods (up 60 min) were not more susceptible
to UVA radiation. Tbe distance between the
lamp and the surface of the liquid under test
was 10cm.
The number of surviving micro-organisms

was determined at intervals of 20s by with-
drawing 0·1ml amounts from the suspension
with a sterile Gilson pipette (Anachem Ltd.,
Luton, Bedfordshire, UK) and preparing serial
dilutions in MRD. However, after the period of
60 s for the 'pathogens' and 80s for the lacto-
bacilli and yeasts, the numbers of cells had de-
clined sufficiently for the 0·1ml amounts to be
pipetted directly onto the surfaces of duplicate,
pre-poured plates of Yeast Dextrose Agar, MRS
Agar or Tryptone Soya Agar-depending on
the culture. For the less irradiated samples
and the 'control' (zero time), 0·1ml amounts
from dilutions 1O-1-1O-3-prepared after the
last extraction at 120s-were spread onto du-
plicate, pre-poured plates of the appropriate
medium. On completion of the counts at 30°C,
survival of the cells was calculated in order to
evaluate the anti-microbial effect of specific
time/concentration applications of the furo-
coumarin/UVA system. The percentage of or-
ganisms surviving at a given time was
calculated from nino. x 100, where n = number
of organisms (cfu ml -1) recovered at time t,
and no = initial number of micro-organism
(cfu ml-I) in the suspension.

Controls

In order to determine whether either UVA or
psora len alone had an effect on the survival of
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the micro-organisms, two control treatments
were carried out: UVAillumination at intensi-
ties of 45 and 150Wm-2 without the addition
of psoralen, and the addition of psoralen
(5mg1-1)without exposure to UVA.

Results and Discussion

Effect of different concentrations of
psora/en

The bactericidal effect of different concentra-
tions of psoralen plus UVA illumination
(45Wm-2) was studied over a period of 2min
against the bacterial pathogens and L. innocua,
and the results are shown in Table 1. It can be
seen that, in the presence of psoralen at a con-
centration of 5mg1-\ an acceptable inactiva-
tion rate for L. innocua, S. aureus and E. coli
0157:H7 was obtained over 60 s, i.e. the reduc-
tions in viable counts were 99·8% for L. inno-
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cua, 99·99% for S. aureus and 99·0% for
E. coli 0157:H7. Not unexpectedly, a concentra-
tion of 10mg1-1 increased the lethality of the
system but, as there would be good public -
health reasons for using the minimum practi-
cal concentration of psoralen in a commercial
system, a concentration of 5mg1-1 was se-
lected as providing a feasible option. Further-
more, it is evident that none of the 'pathogens'
could be detected with an increase in exposure
time to 100 s, and any practical application
of this technique could take this point into
account.
Overall, these results were broadly in agree-

ment with the reports of Oginski et al. (1959),
Manderfeld et al. (1997), Lin et al. (1994)
and Ulate-Rodriguez et al. (1997) who found
that some Gram-positive bacteria - S. aureus
is the example from this study-can be more
easily inactivated by furocoumarinsjUVA
than Gram-negative species. This comparative
resistance of Gram-negative bacteria to the

Table 1. Inactivation of suspensions of L. innocua, E. coli 0157:H7 and S. aureus in MRD using different
concentrations of psoralen between 1-10 mg 1-1 and exposed to UVA (45Wm- 2) irradiation

1 3 5 7. 10

L. innocua
Time/concentration
of psoralen (mg 1-1)
0 100 100 100 100 100

20 85 82 50 44 40
40 58 58 16 5 2
60 36 16 0·2 0·05 < 0·01
80 29 0·8 0·04 < 0·01 ND
100 24 0·02 ND ND ND

S. aureus
0 100 100 100 100 100
20 77 89 39 16 6
40 33 38 0·06 0·02 0·01
60 6 0·05 0·01 ND ND
80 2·8 ND ND ND ND
100 0·7 ND ND ND ND

E. coli 0157
0 100 100 100 100 100
20 67 53 50 11 3
40 50 31 18 0·2 0·2
60 32 5 1 0·07 0·04
80 7 0·07 0·03 ND ND
100 0'5 ND ND ND ND

ND =Not detected.
All figures as surviving fraction (%) of the original cell counts.
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such cells are shielded by UVabsorbing mater-
ial in the surrounding cytoplasm (Smith and
Hanawalk 1969).

High intensity lamp

Although the use of the lower intensity
lamp might be advantageous in ensuring the
survival of the yeast cells, the system would
become more secure if total lethality against
the Gram-negative bacteria and L. innocua
could be attained. To this end, the use of a
high intensity (150Wm-2 UVA) lamp was
studied with psoralen at a concentration of
5mg J I.The results are shown in Fig. 1, and
again S. auretiS was most susceptible to the
synergistic action of psoralenfUVA. Escheri-
chia coli 0167:H7 was also severely inactivated
by the 100W lamp, and a 60-s treatment

O~~~----------------I

Table 2. Inactivation of Lb. paracasei subsp. paracasei, Lb. plantarum. D. hansenii and Y.lijX)lytica inMRD
dosed with 5 mg I I of psoralen and exposed to UVA (45W m 2) irradiation

Time (s) Lb. paracasei Lb. plantarum Il.hansenii Y. lipolytica
subsp. paracasei

0 100 100 100 100
20 75·5 94·1 43·6 3H
40 24·5 70·6 14'5 24·4
60 2·2 6'1 2'5 17-3
80 0·05 0·06 1·3 8·2

tOO ND 0·008 0'9 2·6
120 ND NO 0·6 2·2

NO = Not detected.
All figures as surviving fraction (%) of the original cell counts.

penetration of hydrophobic compounds (e.g.
furocournarins) may be a reflection of the fact
that the outer cell membrane contains lipo-
polysaccharides which can delay, or perhaps
prevent, the entry of such molecules into the
cell and reaction with the DNA (Freese et al.
1973).It was notable also that some cells of L.
innocua appeared to be more resistant to the
system than the Gram-negative species, so that
clearly generalisations about the reactions of
Gram-negative/Gram-positive genera must be
somewhat tentative ..
When some micro-organisms that constitute

the natural micro-flora of Feta cheese brine
were exposed to UVAand psoralen at a concen-
tration of 5mg 1-1 (see Table 2), it was notable
that, while the yeasts showed initial sensitivity
to the treatment, several thousand cells sur-
vived exposure for lOOs-the exposure time
necessary to eradicate the 'pathogens' under
the same conditions. The isolate of Lb. plantar-
um was slightly less susceptible than the Gram-
positive 'pathogens; but Lb. paracasei subsp.
paracasei was no longer detectable after 100s.
The contrasted degrees of inhibition shown by
the yeasts and lactobacilli may be due to differ-
ences in either their cell membrane structures
or repair processes, or to differences in the dis-
tribution of the furocoumarins within the cell
and/or interactions with other components,
such as proteins and/or fatty acids (Murray
et al. 1982. Sastry 1997,Specht et al. 1988).In
addition, the photochemistry of molecules
other than nucleic acids becomes of great im-
portance in eucaryotic cells, since the nuclei in
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Figure 1. Inactivation of L. imuxua (-0-) E.
coli 0167:H7 ( .-) and S. aureus (-.-) in MRD
dosed with 5 mg 1-1 psoralen and exposed to UVA
(150Wm-2) irradiation. Data reported as log nlno.,
where n = number of organisms (cfu mIl) recovered
at time t, and IlO.= initial number of micro-organism
(cfu ml -I) in the suspension.
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resulted in a 99·97% reduction in the viable
count, It has been reported that large dosages
Jf UVA increase the permeability of cells to
various substances (Giese 1997), and the same
effect may have caused the increased suscept-
ibility of the cells of E. coli 0157:H7 to the psor-
'llenjUVA system. In a separate test (data not
shown), cell counts of the beneficial cultures,
namely D. hansenii, Y. lipolytica, Lb. paracasei
subsp. paracasei and Lb. plantarum showed the
same pattern of inactivation as shown in
Iable 2, except that inactivation was more rapid.
Clearly the higher intensity UVA was more

microbicidal but whether, in a practical situa-
tion, the timing could be controlled with suffi-
cient accuracy to make the system selective in
favour of yeasts and lactobacilli would require
further study.

Experimental controls

ln order to ensure that both UVA radiation and
the photosensitiser were essential for inactiva-
tion of the micro-organisms, a final trial exam-
ined the effects of psoralen at 5mg 1-1 in the
absence of UVA radiation, and UVA radiation
alone at intensities of 45 and 150W m -2 for
120 s.The results are shown in Table 3.
The treatment with psoralen (5mgl-1) alone

proved that furocoumarins require the synergis-
tic action of UVA to inhibit microbial cells and,
moreover, that the ethanol used to dissolve the
psoralen had no detectable effect on the micro-
organisms. Similarly, UVA alone at 45W m-2

had little effect on the survival of the micro-
organisms, at least over the exposure time used,
and even the higher intensity lamp only achieved
'1 reduction of around 20% with the Gram-posi-
tive species. Yousef and Marth (1988) found that
irradiation of cells of Listeria spp. with UVA for
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up to 10min did not result in any significant de-
crease in the counts, but Kramer and Ames
(1987)postulated that, while microbial cells may
be resistant to short exposures to UVA radiation,
they will begin to die rapidly after treatment for
3-4h.

Conclusion

The above results suggest that a furocoumarin/
UVA system could destroy those pathogenic
bacteria which are considered to be the major
risks associated Feta and other white-brined
cheeses. Some of the species of yeast that are
essential components of the natural micro-
floras of Feta cheese brines seemed to be more
resistant, but the counts of Lb. paracasei subsp.
paracasei and Lb. plantarum were seriously de-
pleted under the furocoumarinjUVA regime
needed to eliminate pathogens. Although the
exact role(s) of yeasts and lactobacilli in the
maturation of Feta cheese is not known in de-
tail, it is likely that the reduction in numbers
observed in these present tests could prove un-
acceptable. However, if the furocoumarinjUVA
could be made selective by, perhaps, using one
of the new synthetic furocoumarins that are
more photoactive than natural psoralen (Dalla-
Via et al. 1999, Lin et al. 1997, MargolisNunno
et al. 1997, Santana et al. 2000), then considera-
tion would need to be given also to the fact that
cells exposed to harsh, but full nutrient, envir-
onments like cheese brines, can invoke protec-
tive mechanisms against a variety of inhibitory
treatments (Raja et al. 1991). For example, acid-
adapted cells of L. monocytogenes were found to
be more resistant to bacteriocins than normal
cells (van Schaik et al. 1999), or showed en-
hanced survival 'in milk fermented by cultures

Table 3. Surviving fraction (%) of the organisms indicated from suspensions in MRD exposed to UVA
It the intensities indicated or psoralen without UVA

Treatment E. coli Y. lipolyticaL. innocua S. aureus Lb. paracasei
subsp. paracasei

Psoralen'
15Wm-2
L50Wm-2

96
92
83

92
100
93

92
92
84

92
90
79

99
100
99

'Concentration of psoralen was 5mg 1-1.
1\11results were for exposures of120 s.
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of lactic acid bacteria (Gahan et al. 1996).
Similarly, cells of E. coli incubated at a mildly
acid pH (pH 5) showed an increase in UV resis-
tance compared with cells grown at pH 7
(Goodson and Rowbury 1991).

Overall, this study has confirmed that the
UVAjpsoralen treatment does bave potential as
a novel decontamination process for liquid pro-
ducts but, at present, the high cost of the pure
psoralen, together with its toxicity at high con-
centrations, may prevent the system from being
widely applied. However, if one of the synthetic
furocoumarins proves to be less expensive, less
toxic to humans and selective in its action-
lethal to bacteria, for example, under UVA but
not yeasts, then tbe use of the system to deconta-
minate cheese brines could become a reality.
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A study of the manufacture and characteristics of Bafut,Bafut:

a Cameroon
a local cheese produced at a convent in Cameroon.
By A Kameni and J N Mbanya, Institute of Animal and

Vet~rinary Research, Bamenda,
Cameroon, and R KRobinson,
University of Reading, UK

cheese
Inthe Cameroon, milk production

is comparatively undeveloped, and
most of the available cow's milk is

produced by the Fulani cattlemen
from the Adamaoua Plateau or the
north-west regions of the country. The
system of farming is still semi-
nomadic, with the cattle being held in
the vicinity of the village during the
wet season, and then taken to lower
pastures during the hot months.
Milking is all done by hand, and any

milk not required by the owners is
either boiled and sold as liquid milk,
or allowed to sour naturally to provide
a base for a sorghum or maize por-
ridge. However, the Fulani cattle do
not give high yields (7,13), and hence
the volume of milk placed on the mar-
ket tends to be limited.
More recently, attempts have been

made to introduce cattle capable of
providing higher and more consistent
yields of milk, either alone or after
crossing with native cattle, and one
such herd was sited at Wum,
Cameroon (5).
As a result, fresh milk became avail-

able for processing into cheese, for it
was considered that a hard/semi-hard
variety might both withstand the
rigours of sale at the local market, and
bring a valuable source of nutrients to
the urban population. From this tenta-
tive start, cheese production has
spread to a number of locations
in the north-west, including the
village of Bafut.
Today, Bafut cheese has come

to be recognised locally as a
hard, cylindrical cheese of
around 2kg in weight, and cov-
ered with a dry, hard rind
formed by moisture loss during
maturation.
However, in spite of its avail-

ability on the market, no attempt
has been made to standardise
the product, and hence the aim
of this present study to (i) docu-
ment a typical procedure of
local manufacture; and (ii)
analyse some typical examples
of the finished cheese, both
chemically and microbiologic-
ally, so as to obtain an indica-

II'June 1994

tion of the charac-
teristics of Bafut
cheese.
With this infor-

mation, it might be
possible to stan-
dardise both the
process of manu-
facture and the end
product, so open- ,
ing the way for possibly expanding pro-
duction from either fresh, recombined
or even filled milks.
Although Bafut cheese is produced

at a number of locations, one operation
capable of manufacturing cheese of
consistent quality is located at the
Convent of the Sisters of St Emmanuel
at Bafut, and it was the essential fea-
tures of this particular process that
were recorded.

Normal manufacturing methods
Fresh morning milk is taken from a

mixed herd of Jersey, Jersey X White
Fulani and Baran X White Fulani cows
(see figure 1), and this milk is mixed
with an equal quantity of skimmed
milk, ie separated milk from the previ-
ous evening. After warming the mixed
milks to 35°C, around 0.5g of rennet
powder/l0 litres of milk is suspended
in water (4-500 ml), and then added to
the vat. Stirring for 2-5 minutes
ensures an even distribution of the

Figure I. The mixed herd of cattle that
provides the milk for Bafut cheese

rennet, and the milk is then allowed to
stand for 40-50 minutes for a firm
coagulum to form.
The gel is then cut with a knife into

coarse cubes, and the mass is left
undisturbed for 15-20 minutes for the
initial separation of the whey and
additional acid development. The
natural microflora of the raw milk
provides the source of lactic acid, and
the overnight storage of the evening
milk may encourage the build-up of a
desirable population of lactococci
and/or lactobacilli. The pieces of curd
are then further reduced in size and
allowed to settle to the bottom of the
vat. After a further rest period, the sur-
face whey is drawn off until about 4-5
litres remain, and salt is added to give
a level in the finished cheese of
around 1.5%.
A holding period of 3-5 minutes

allows the salt to become evenly
distributed, and the curd is then
ladled into a basket lined with
cheese cloth. The cloth is drawn
around the curd to form a 'ball',
and manual pressure encourages
the curd to coalesce with the
expulsion of any residual whey.
When the cheese no longer sticks
to the cloth, the cloth is removed
and the cheese is placed back in
the basket; the final shaping of
the cheese takes place at this
point.
The cheeses, still in their indi-

vidual baskets, are then trans-
ferred to a well-ventilated matu-
ration room (17-20°C). Daily
turning within the basket takes
place until the surfaces of the
cheeses are thoroughly dry, at

27

Stellenbosch University http://scholar.sun.ac.za



heese

an area where cheese was previously lit-
Ue known; and (b) the product appears
to be popular with consumers.
Obviously, there is a need to further
standardise the process before expan-
siou of production could be contem-
plated, but the Sisters of St Emmanual
deserve every credit for creating a sound
basis for further development
Acknowledgements
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Figure 2. The cheese is stored at ambient temperature for one month to achieve the
desired flavour

which point they are placed on a
wooden shelf to complete their matu-
ration ovor a period of 4-6 weeks (see
figure 2). Regular turning and washing
with saturated brine is essential to pre-
vent the growth of adventitious
moulds on the surface, but the brine
may well encourage the development
of yeasts and bacteria, including
Brevibacterium linens; it is likely that
this latter miereflora contributes to the
flavour of the retail cheese.
Characteristics of Bafut cheese

Twelve cheeses were obtained from
the Convent of the Sisters of
Emmanuel at the end of four weeks
maturation. and each was subjected to
the following chemical analyses:
• Moisture content: determined by the
method described lo (9);
• Crude protein: estimated by the
Kjeldahl method as suggested by the
AOAC (2);
• Fat: determined by the Gerber proce-
dure (9);
• Titratable acidity: measured by titra-
tion against N/9 NaOH with phenolph-
thalein as the indicator (12);
• Volatile substances: the level of total
volatile substances was determined by
the method described in (4), and that
of free fatty acids by the distillation
procedure of Dulley and Grieve (3);
• Salt content: determined by the
procedure described in (10);
• Tyrosine index: this measure of
proteolysis was based on the method
of Hull (6).
The same cheeses were subjected to

appropriate microbiological assess-
meots (9) by taking 20g sub-samples
and macerating them io 180ml of sodi-
um citrate (2%); dilution series were
prepared in one quarter strength
Ringer's solutions (9m1). Total colony
counts and aerobic spore counts were
obtained by the pour plate method
(30°C) employing Milk Agar (11). while
counts for the colt-oerogenee group
were made on violet red bile agar.
Tubes of brilliant green bile broth

were inoculated with colonies selected
from tho latter plates, and incubated at
44°C along with tubes of peptone
water. Gas production in the broth and
an indole-positive reaction in peptone
water was taken as confirmation for
Escherichia coli. The pour plata proce-
dure was employed also for total yeast
and mould counts (rose Bengal chlo-
ramphenicol agar) and Lactobacilli
(MRS agar), and surface spread plates
(Baird Parker Medium) were prepared
to estimate the numbers of coagulase-
positivo staphylococci present (11).
Practical constraints meant that it was
not possible to confirm that the sus-
pect colonies wero coagulase-positive.
The mean values for the principal

components. namoly fat, protein and
moisture. were found to be not unlike
many semi-hard cheeses, such as
Edam or Gouda (see Table 1). while

II 1994

the wide variations in composition are
merely a confirmation that the basic
process lacks certain essential con-
trols. The mean pH is, of course, much
lower that would be found with many
European cheeses but, given the
avenues for microbial contamination
of Bafut cheese, the element of inhibi-
tion offered by the elevated acidity
may not be unwelcome.
The high ambient temperatures of

storage are conduci ve to enzymatic
activity, and the level of _free fatty
acids, together with the degree of pro-
teolysis, confirms that the biochemical
reactions associated with maturation
have been fairly rapid. The strong
flavour that results is appreciated by
local consumers, but the levels of salt
recorded for these particular samples
were much lower than those found in
many African cheeses (1).
The poor microbiological quality of

the cheese compared with similar
products from Europe is a reflection of
the use of raw milk, and milk that has
been held overnight at ambient tem-
perature. The high counts of the 'coli-
aerogenes' group, in particular, sug-
gests that the cheese 'as consumed'
contains appreciable numbers of
Escherichia coli (see Table 2).
However, it would appear that this
aspect of quality could be controlled
without too much difficulty, for at
least one of the cheeses sampled gave
counts of <10 cfu/g for both
Staphylococcus sp and genera in the
'coli-aerogenes' group.
Despite some concerns over microbial

quality and compositional variability, it
is important that (a) a form of cheese is
being produced, on a routine basis, in
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PAPER

Preservation of raw milk by
activation of the natural
lactoperoxidase systems

M.S. Haddadin,t S.A. Ibrahim" and
R.K. Robinson'"

The preservation of raw ovine, bovine and caprine milks by activation of their
natural lactoperoxidase (LP) systems was investigated. Milk samples with different
concentrations of thiocyanate ions (SCN-) ranging from 15 to 150 mgll and
hydrogen peroxide (H20J) ranging from 10 to 100 mgll were stored at 4°, 22° and
30°C. Changes in titratabie acidity, total colony counts and coliform counts of the
milk samples were followed during storage. No significant differences were
observed between samples with different concentrations of the added reagents, and
this indicated that concentrations of 15 mg/l(SCN-) and 10 mgll (H20J) would
be adequate for preserving milks of different mammals - at least at 4°C. At higher
temperatures, the effectiveness of the LP systems was, as monitored by the
increases in acidity, of much shorter duration. Copyright © 1996 Elsevier Science'
Ltd.

INTRODUCTION

The lactoperoxidase (LP) system is a naturally occur-
ring, antimicrobial mechanism found in raw milk. It
can exert a bacteriostatic effect on both Gram-
positive and Gram-negative bacteria, including those
psychrotrophlc bacteria which decrease the shelf-life
of liquid milk at 4°C (Bjorck, 1978; Marshall et al.,
1986; Kamau et al., 1990; Wolfson and Sumner,
1994). The preservative action of the LP system in
bovine milk has been well established (Reiter et al.,
1976), and Pruitt and Reiter (1985) reported that
activation of the system depends on the concentra-
tions of two reactants, thiocyanate (SCN-) and
hydrogen peroxide (HzOz). In particular, the LP
system h3.5 the ability to catalyse the oxidation of
thiocyanate by hydrogen peroxide with the produc-

'Department of Nutrition and Food Technology, University
of Jordan, Amman, Jordan, 'Department of Food Science
and Technology, The University of Reading, Whiteknights,
PO Box 226, Reading RG6 2AP, UK. -re whom corre-
spondence should be addressed.

tion of the antibacterial hypothiocyanite (OSCN-)
and other intermediates (Modi et al., 1991). These
compounds, which can be further oxidized to
end-products that are harmless to humans, have the
ability to reduce bacterial growth by damaging the
cell membranes and inhibiting the activity of many
cytoplasmic enzymes. .
The normal concentrations of lactoperoxidase in

bovine and ovine milks are reported to be above the
minimum necessary for antibacterial activity, and
hence the limiting factors are thiocyanate and
hydrogen peroxide (Bjorck, 1978; Medina et al.,
1989). In some circumstances, thiocyanate is present
in bovine milk at levels sufficient to support an
antimicrobial effect, eg up to 15 mgll (Reiter, 1985)
but, in ovine milk, the level can decline to 0.4 mgll
(Medina et al., 1989). Therefore, if the concentrations
of SCN- and HzOz could be standardized, the milk of
the important domestic mammals should show
enhanced shelf-life even, . perhaps, at ambient
temperatures. However, while there are some reports
on the effect of different concentrations of sodium
thiocyanatelhydrogen peroxide on the activity of the
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LP system at different temperatures (Ewais et al.,
1985), most of these studies pave dealt with bovine
milk.

The purpose of this present study was, therefore, to
evaluate the ability of the LP system to extend the
shelf-life of ovine and caprine milks at refrigerated.
and ambient temperatures, using different eoncentra-
tions of thiocyanate ions/hydrogen peroxide. The
behaviour of bovine milk with the same levels of
reactants was included for purposes of comparison.

MATERIALS AND METIIODS

The experiment was repeated four times (each in
duplicate), and samples of fresh ovine, caprine and
bovine milk were collected as required from the
University of Jordan farm. Each bulk sample was
kept on ice during transport to the laboratory, and
was always used within 24 h of collection. More rapid
usage of the milks would have been desirable, but
logistical problems meant that some time delay was
inevitable; in any event, the storage period would
have only served to lower the bacteriological quality
of milk.

At the start of each experiment, the three milks
were divided into portions (450 ml) in sterile, screw-
cap, Duran bottles. The LP system of the samples was
then activated by adding different amounts of sodium
thiocyanate (Fisons, Loughborough, Leicestershire,
UK) and sodium percarbonare (Fluka Chemie AG,
CH-9470, Switzerland) - the latter acted as a source
of hydrogen peroxide - to give four different coneen-
trations of SeN- and HzOz in the ratios of 15: lO,
75: 50, 125: 75 and 150: 100. The control samples of
raw milk received no treatment.

After the addition of the different amounts of
sodium thiocyanate/percarbonate, the samples were
thoroughly mixed and duplicate bottles were stored at
each of three temperatures. Samples at simulated
ambient temperatures (30°C or room temperature,
22°C) were incubated in water baths, and a further
pair of samples was kept in a refrigerator at 4°C.
After 0, 3, 6, 9, 12, 15 and 18 h at 30"C or room
temperature (22°C), portions (20 ml) were withdrawn
from each bottle of milk for analysis; from samples

stored at 4°C, portions were withdrawn once every 24
h over a period of 6 days.

Bacteriological and chemical analyses ..

For measurement of tbe titratable acidity, a portion
(10 ml) of each sample was mixed with 10 ml of
distilled water and titrated with sodium hydroxide
(N/9) to an end-point of pH 8.5 using an analytical-
grade pH meter (Hana Instrument Model li 8416,
Limena, Italy). The volume of sodium hydroxide
.dispensed was divided by ten to give the titratabIe
acidity as percentage lactic acid. .

The bacteriological analyses were applied only to
batches stored at 4°C, and these milks were tested for
total colony counts and coliform counts on receipt
from the farm, and then over six days storage. Dupli-
cate sub-samples (1 ml) of the three milks were
diluted in a series of peptone solutions (9 ml, 0.1%)
down to 10-8, and 1ml aliquots from the appropriate
dilutions (10-1_10-4 for coliforms and 10-$-10-7 for
the total counts) were transferred to Petri dishes (9 (:
cm). Yeast milk agar (Unipath Ltd, Basingstoke, UK)
was employed for the total colony counts as recom-
mended by BS! (1968), and the plates were incubated
at 30"C for 72 hours; coliforms were enumerated on
Violet Red Bile Agar (Unipath Ltd, Basingstoke,
UK) after incubation at 3rC for 48 hours.

Statistical analysis

All data were analysed using the General Linear
Models of the Statistical Analysis System (SAS, 1988)
to determine the significance between treatment
means.

RESULTS

When the different milks were stored at 4°C, the
acidities of the treated samples of bovine milk were \
almost unchanged over four days (P <0.01) and, even
after six days, the increases were, at least in practical
terms, negligible (see Table 1). Thus, it is widely
accepted that the maximum acidity in bovine milk for
cheesernaking, for example, should be 0.16% lactic

Table 1 Effect or different concentrations or SCN- and H.O. (mgll) on the developed acidity (% lac tie: acid) or ovine, bovine and caprine
milks stored at 4·C fer up to 6 days

Control 15: 10 75:50 150: 100·
Tune/ratJos
Cd) (0) (B) (C) (0) (B) (C) (0) (B) (C) (0) (B) (C)

0 0.18 0.14 0.13 0.17 0.14 0.12 0.17 0.13 0.12 0.17 0.12 0.12
1 0.20 ••0.14 0.14 0.17 0.14 0.11 0.18 0.14 0.12 0.17 0.12 0.12
2 0.2l. 0.16 0.15 0.18 0.14 0.11 0.20 0.14 0.12 . 0.18 0.12 0.12
3 0.25 0.19 0.17 0.20 0.14 0.15 0.20 0.14 0.13 0.20 0.13 0.13
4 0.29 0.22 0.20 0.22 0.15 0.17 0.22 0.15 0.14 0.22 0.13 0.15
5 030 0.24 0.28 0.23 0.15 0.19 0.22 0.16 0.16 0.22 0.13 0.16
6 0.40 OJO' OJ3 0.26 0.16 0.24 0.27 0.16 0.18 0.22 0.14 0.19

CO}-ovine milk; (B)-bovine milk; (C)-caprine milk.
"The results for 125:75 were similar.
Least square means: standard error _ ± 0.05, replications - 4.
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acid (Tamime, 1993), so that even the lowest coneen- combination was disappointing. The more so as,
trations of thiocyanate and hydrogen peroxide were according to Medina et al. (1989), sheep milk should
sufficient to keep the milk in an acceptable state for contain sufficient lactoperoxidase to produce a
processing for six days. By contrast, the untreated bacteriostatic effect and the colony counts. were little
samples showed an increase in titratabie acidity after different from the caprine milk. Whether or not the
only two days (P < 0.01), and would have been too . .level of catalase in the ovine milk was higher than in
acidic for normal processing thereafter. The total ;~_~~-the caprine milk was not established, but a catalase-
colony counts shown in Table 2 tend to support this mediated loss of hydrogen peroxide might explain, at
pattern, for the counts tended to remain stable or least in part, the contrasted results. However, given
even decline slightly (coliform counts - P <0.1) in the that high bacterial counts in sheep milk' are not
treated samples; the higher concentrations of uncommon (Nunez et al., 1984), activation of the LP
additives exerted little extra control of the micro- system clearly cannot conceal poor microbiological
floras. In the control samples, the counts increased quality (Bjorck et al., 1979).
significantly (P <0.01). 'At 22°C, the untreated samples of bovine milk
The reactions of the caprine milk were broadly became unacceptable after 3 hours, and the rate of

similar, but it was noted that only the higher coneen- deterioration accelerated dramatically after 6 hours
trations of reactants held the titratabie acidity at or (see Table 3). However, activation of the LP system
below 0.16 for 5 days at 4°C (see Table 1). Neverthe- increased the shelf-life of milk samples up to 18
less, even at the lowest concentration, there was a hours (P <0.01). At 30°C, the acidity of the treated
significant delay (P <0.01) in the onset of acid bovine milks had increased little after 6 hours,
development for two/three days. Exactly why the whereas the acidity of the untreated samples became

( lactoperoxidase appears to lose its activity with time totally unacceptable (P <0.05). Indeed, even after 18
is not clear (Bjorck, 1978), but it was notable that hours at 30°C, all the treated samples of cow milk
both ovine and caprine milks had higher initial counts would have been usable for processing, while the
than the bovine samples. -control had an acidity of 0.66% lactic acid. Valdez et
The high initial total counts for the ovine milk (see al. (1988) found that the natural LP system was

Table 2) probably explain the high acidity of the milk, inhibitory against microorganisms for up to 8 hours in
but the limited response to the thiocyanate/peroxide samples of bovine milk stored at 30°C, but it is clear

Table 2 Effect of different concentrations of SCN- and H.O. (mg/l) on the bacteriological quality of ovine, bovine and caprine milks
stored at 4·C; all counts as colony-Iorming units/ml of milk

Time of storage, 6 days

Ratios Zero Control IS: 10

Total colony count
(0) 1.2x 10" 50.0 x 10" 1.0 x lO'
(B) 5.3 x 10" 10.6 x 10"-- 9.4 x lO'
(C) 4.1 x 10" 8.5 x 10" 3.1 x lO'

Coliform count
(0) 2.2 x 10' 8.5 x 10' 1.9 x 10'
(B) 2.9 x 10' 5.1 x 10" 1.5 x 10'
(C) 3.5 x 10" 3.2 x 10' 9.5 x 10'

75:50 100: 150·

3.5 x lO' 8.5 x io:
6.5 x 10" 8.2 x 10"
8.5 x io: 2.0x ID'

1.9 x 10' 2.5 x 10'
1.8 x 10' 7.5 x 10'
2.5 x 10' 4.0 x 10'

(0)=ovine milk; (B) = bovine milk; (C) = caprine milk.
"The results for 125:75 were similar.
Least square means: standard error= ±0.13, replications=4.

Table 3 Effect of different concentrations of SCN- and H.O, (mg/l) on the developed acidity (% lactic acid) of ovine, bovine and caprine
milks stored at ambient temperature (2TC) for up to 18 hours

Control 15:10 75:50 150: 100·
Time/ratios
(d) (0) (B) (C) (0) (B) (C) (0) (B) (C) (0) (B) (C)

0 0.18 0.14 0.12 0.18 0.12 0.12 0.18 0.13 0.12 0.18 0.14 0.12
3 0.20 0.·15 0.16 0.18 0.12 0.12 0.18 0.13 0.12 0.19 0.14 0.12
6 027 0.24 0.22 0.18 0.13 0.13 0.19 0.14 0.13 021 0.15 0.13
9 0.38 0.44 0.30 0.21 0.14 0.14 0.19 0.14 0.16 0.21 0.15 0.16
12 0.45 0.53 0.38 020 0.14 0.14 0.20 0.15 0.17 025 0.15 0.18
15 0.50 0.60 0.45 0.35 0.15 0.16 021 0.16 0.18 0.35 0.15 0.18
18 0.60 0.62 0.52 0.38 0.16 0.25 0.38 0.17 0.30 0.38 0.16 0.26

(O) .. ovine milk; (B}=bovine milk; (C)=caprine milk.
"The results for 125:75 were similar.
Least square means: standard error .. ±0.07, replications=4.
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that raising the levels of thiocyanate and hydrogen.
peroxide can double the span of the bacteriostatic
effect. . Bjork, L. (1978) Antibacte'rial effect of the lactoperoxidase system

The acidity of tbe treated samples of caprine milk on psychr~trophic bacteria in,milLJ. Dairy Ru..45, 109-118
held at both room temperature and 300C was stable BJor~ L.. CI~tsson, O. a.nd ScbultbUl,. ~1. (1979) The laeroper-

- oXldase/thiocyanateJhydrogen peroxide system as a temporuy
for 9-12 hours even at the lowest concentrations of .. ' _ preservative for raw milk in developing countries. Mdchwis-
added reactants, while the acidity of the control was'.:_.· s~flSchaft 34, 726-'m
above 0.30% lactic acid. After 15 hours, the acidity of BSI (1968) British Standard 4285. British Standards Institute,
the treated caprine samples (both temperatures) was London.
just on the borderline of acceptable, but the stability £WatJ, S.M" HernaWJ, 5h.A. and AM EI-Salam, MA (1985) Ubli-
declined sharply thereafter. zation of lactoperoxidase system in preservation of raw mille '

Once again, it was the ovine milk that derived least under local conditions. Egyption J.'Dairy Sci. 13, 1-7
benefit from activation of its LP system, with 6-9 Kamau, D.N" Doores, 5. and Pruitt. !UtI. (1990) Enhanced

thermal destruction of Llsteria monocytogtnes and Slaphylo-
hours being the maximum period for comparative pH coccus aureus by lactoperoxidase system, Appl. Environ. Micro-
stability. Obviously these values are an improvement blol: 56,2711-2716

over the controls, but it would appear that the Marshall, V.M.E., Cole, W.M, and Bramley, A.J: (1986) Influence
practical benefits of adding thiocyanate I peroxide to of the lactoperoddase system on suscepbl>Dity of the udder to
high count ovine milks are likely to be small in the Streptococcus ub~ris Weedon. J. Dairy Res. 53,507-514
absence of refrigeration, Medina, M., Caya, P. and Nunn, M. (1989) The lactoperoxidase

Overall, the results show that, by activation of the system In ewe's millc: levels of lactoperoxidase and thiocyanate.ut. Appl. Microbiol. 8, 147-149
LP system in raw milk, it is possible to store ovine,
bovine and caprine milks at 4°C for several days. Modi, S" Deodbar, 5.S., Behere, D.V. and MItra, S. (1991) Lacto- ( _.

peroddase-catajysed oxidatlon of thiocyanate, by hydrogen
High concentrations of sodium thiocyanate and peroxide. BiocMmistry 30, 118-124
hydrogen peroxide were only marginally more Nunn, JA" Chavlm. EJ. and Nunez, M. (1984) Psychrotrophic
effective than the minimum levels tested, and hence a bacterial flora of raw ewe's milk ~th particular reference to
level of thiocyanate ions of 15 mg/l and H101 of 10 Gram-negative rods. J. Appl. Bacteriol: 57,23-29
mg/l of milk should be sufficient to delay the risk of Prultt, K.M. and Reiter, B. (1985) Biochemlstry of peroxidase
spoilage prior to processing; at this level, the poten- system: antimicrobial effects, in K.M Pruitt and J. Tenovuo

(eds), Th« Lactoperoxidase SY1ttm, 143-178, Marcel Dekker
tial health risk of the thiocyanate to humans sbould Inc, New York, USA

be negligible (Bjorck et al., 1979). At higher tempera- Reiter, B., Marshall, M.E" BJortk, 'L. and Rosen, L.G. (1976)
tures of storage, the major advantage was observed Nonspecific bactericidal activity of the lactoperoxidase-thlo-
with bovine milk, and any serious increase in acidity cyanate-hydrogen peroxide system of milk 8g3inst Esch~richi.a
was inhibited for around 18 hours. With caprine and coli and some Gram-negative pathogens, Infect: ImmUM. 13,

800-807
ovine milks, the high initial cell counts of the test
samples tended to nullify the preservative effect of
the LP system at ambient temperatures, but even s<?!
acid development was suppressed for several hours
vis-a-vis the control samples; 4°C and a 15: 10 (mg/l)
ratio of thiocyanate: hydrogen peroxide are recom-
mended for retention of the quality in raw ovine and
caprine milks, The effect of the system on the nutri-
tional value of the milk merits further study but, even
if there is an associated destruction of vitamins for
example, the loss may be preferable to wasting entire
batches of milk in regions where supplies are already
limited.

PreservatIon of raw milk: M.S. Haddadln et al.
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THE PRODUCTION OF BAFUT 'OHEESE - A LOCAL OHEESE.

FRoM CMIEROON - WITH RECOl\ffiINED
AND FlLT,ED l\IILKS

By

A. KAMENI and J; N. MBANYA
. ,. Institute of Animal and Veterinary Research, Bamenda. Cameroon

. '.'

and R.K. Robinson, University of Reading, Reading, UK

.:... ,'.: " SUMMARY
...... : - .

...... Bafut cheese is 'an Edam-style cheese that is po-
pular in rural areas óf the Cameroon, but short-
ages of fresh cow's milk limit its availability.
.However, chees-es made by the traditional proes-
dure, but from filled milks (18% TS) as the raw
material, proved equally acceptable to a trained
panel of tasters. Locally-produced and refined .palm
oil was found to be a suitable SOUTceof fat (4.5%
in the cheese milk), and the milk-solids-not-fat were
supplied by skim-milk powder reconstituted to a
level of 13.5% 'I'S ; soya lecithin and calcium chlori-
de ·wére employed as aids to reconstitution and
coagulation, respectively.

The finished cheese (fat 34% ; crude protein
27% ; moisture 34o/Q ; salt 1.0%) were matured at
room temperature for one month prior to consump-
tion. It is suggested that the simple equipment and
procedures involved in the production of Bafut che-
ese from filled milk could make the process suit-
able for commercial operation on a small-scale.

INTRODUCTION

The system of farming in the
Camercon is stUI semi-nomadic, milk-
ing is done by hand and, because the
local Fu1ani cattle do not give high

yeilds, the volume of milk available
for the manufacture of dairy pro-
ducts is extremely limited. In recent
years) the introduction of small

Egyptian. J. Dairy Sel., 23 : 211~220 (1995)
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herds of cattle capable of providing
higher yields of milk has met with
some success (Herwig and Schwerd-
. feger, 1980) and, as a result, cheese
production has started-up at a num-
ber of locations .in the North-west óf. .
the country, including the village of
Bafut.

The high ambient temperature,
together with a lack of facilities for
refrigeration, has meant that hard
ar semi-hard cheeses made from raw
milk have become the preferred
option. Many such cheeses are
purely ~or local consumption, but
one variety that is now produced in
limited commercial quantities is
Bafut cheese. This variety is a semi-
hard, cylindrical cheese-around 2 kg.
in weight, with a dry rind, and
typical analyses of the major com-
ponents are shown in Table 1. Al-
though the values fall broadly with-
in the category for semi-hard cheeses
(Chapman and Sharpe, 1990), vari-
ability between batches is a major
problem. Given larger volumes of
process milk, standardisation would
become possible but, in practice, it
may he many years before local
agriculture can support such a de-
mand for fresh milk.

Consequently, attempts to meet
the growing consumer demand for

. '_ ...
Bafut cheese will have to rely on
the use of recombined or filled milks,
with the latter option being favour-
ed by the ready availability of palm
oil in Cameroon, However, .a fur-
.ther factor that might limitdevelop-
ment is the absence capital for
large-scale plant and equipment, but
this problem might be eased some-
what if filled milks with high levels
of total solids could be used ; assum-
ing . that proportionately higher
yields in' terms of kg cheese/given

. volume of vat, can be obtained as
.the total solids are increased.

It was decided, therefore, to in-
. vestigate the possibility of manufac-
turing Bafut cheese from recombin-
ed and filled milks and, in particular,
to :

(i) prepare stable filled milks with
different levels of total solids
(12, 19 and 24%) ;

(ii) manufacture cheeses from these
same milks to give product
that were physically and che-
mically comparable to traditio-
Dal Bafut cheese ; and

(iii) expose suitable cheeses to sen-
sory analysis by a taste panel
to determine whether or not
the test cheeses might be ac-
ceptable in the market-place.

The skim-milk powder was obt-
ained from Besnier Bridel Aliment-

aire, France, and applying the pro-
cedures spec~fied .in Ego.n ~t .al.,
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1981, the important analyses of du-
plicate samples from a typical batch
~~ found to be .: fat < 0.5%
protein 33.7% and lactose 51%.

Three sources of fat were con-
o sider.ed, namely anhydrous milk fat
(AM]') of .Iocal origin, crude palm
.oil ,(Trade Name - "Mulla Palm")
and refined palm oil (Trade name -
"Palm d'OT") both available from
,the Societe Camerounaise des
P~~, Cameroon. Some import-
ant characteristics of these materi-
als are shown in Table' 2. The values
for the vegetable' oils are typical of
the materials in question (Egan et
al., 1981) and, although the figures
for the local A!MF were rather sus-
pect, it was decided that all three
materials would be appropriate for
the manufacture of the test ronks.
The basic recipes for the milks were
as follows :

12% TS from' 9% SNF (milk pow-
der} + 3% AMF or Oil + 0.75%
lecithin.

18% TS' from 13.5% SNF + 4.5 %
AMF or Oil + 1.13% lecithin.

24:% TS from 18% SNiF + 6% AMF
or 011 + 1.5% lecithin.

Food-grade soya lecithin (Fis-
sons Laboratory Supplies, Dorset,
UK) was added to aU the milks at

o~

levels suggested by the manufac-
turer, along with 0.002 % calcium
chloride as recommended by Ani-
fantakis (1991) •., ~

Reconstitution involved heating
the required quantities of fat I. oil
and emulsifier in, a stainless steel

o '

vessel to 65°C while, at the same
time, around 70% of the water was
warmed, t(;·40°C. At the de&~
temperature, the milk .powder was
incorporated into the water with a
Silvers on High-speed Mixer. Once
the powder had dispersed, the re-
maining water and fatloil were add-
ed, and the' final mixture was emulsi-
fied for '15 minutes.

o 0

Control samples of local Bafut
cheese Vi_éte produced 0 from fresh
morningmilk taken from a mixed
. . ~ .
herd of , Jersey, 'Jersey X White
F'ulani and Beran X White Fulani
cows mixed with an equal quantity
of skimmed milk, i.e. separated milk
from the previous evening ; this pro-
eedure gave milks with mean values
for fat of 2:6%. Raw milk was used
throughout for making the control
cheeses, but th.e formulated milks
were heat treated, after reconstitut-
ion to 12~18 or 24% total solids (TS) 0,

at 65°C for 30 minutes.

After adjusting the temp rrature
of the fresh or reconstituted milk to
35°C, around 4.5 ml of standard calf
rennet (Chr. Hansen's Laboratory,
Reading, UK) IlO litres of milk was
diluted with water and poured into
the vat along with. required weight of
calcium chloride. In the case of the
recombined and filled milks, a meso-
philicstarter culture (CH 44) from
Chr, Hansen's Laboratory was added 0
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back in its basket; the' final shaping
of the cheese took place at this point.

"

KAMEN! ET AL.

at the rate of 2% v/v ; the Iiquid
-starter was pre~red using the pro-
cedure recommended by Tamime
'(1990). 'StJrring for 2,-5minutes en-
sured an even distribution of the ren-
net and culture, and the milk was

, ,

then allowed to stand for 40-50
,minutes for á. firm coagulum to form.

: 0" • • •

4t this 'pokt, :'the 'gel was cut
.with' a knife 'hïto coarse cubes, and
the mass left undisturbed for 15-20
'minutes for the '~it~l separation of
the whey and additional acid develop-
ment ;. the natural miereflora of the
.raw 'milk provided the source of lac-
tic acid in the "control'tcheeses, and
the overnight storage of the 'evening
milk may have encouraged the build-
up of a desirable population of lacto-
cocci and/or lactobacilli CKameni et
al., 1994), The pieces of curd were
'then further reduced in Size and al-
lowed to settle to the bottom ~ the
vat. After a further rest period, the
surface whey' was drawn-off until
about 4-5 litres of ,curq.J;whey rema-
ined, and salt was added to give a
level in the finished cheese of around
1.0%,

A holding period' of 3-5 minutes
allowed the salt to become evenly
distributed, and the curd was then
ladled into baskets lined with cheese
cloth. .The cloth was drawn around
the curd to·form a "ball" , and manu-

\ ,

al pressure encouraged the curd to
coalesce. When any given cheese no
longer stuck to the cloth, .the latter
was removed and the cheese placed

, -

. .. ~ ..

The cheeses were then transfer-
red to a well-ventilated maturation
room (,17-20°0). Daily turni~g_took

, place until the surfaces of the cheeses
were thoroughly dry, at which point
the cheeses were placed on wooden
shelves to complete their maturation
aver a period of 4--6 'weeks. -Regular
turning and washing with saturated
brine was essential to prevent. the
growth of adventitious moulds ón the
surface of the cheeses .:- -

The final complement consisted
of ten cheeses made with raw milk,
a-ndninety test cheeses,' each manu-
factured with either A:MF., .crude
pabn oil or refined -palm oil,
i.e. ten cheeses at each - level
of .total solids . for each, spurce
of fat/ oil. Sub-samples from each.'
cheese were subjected at- maturity, .
i.e. four weeks from manufacture, to
the follQWing chemical analyses ;
moisture content (Martb, 1978) ;
crude protein (AOtAe, 1975)' -; fat
(Marth, 1978) ; pH (Tamime and
Robinson, 1985) ; and salt content
(Egan et al., 1981)". When necess-
ary, the sub-samples of the four
week-old cheeses were stored in a
deep-freeze at -20°C until a speci-
fic analysis could be completed.

, .
On the basis of the analyses for

fat and moisture (see Table 3) and
the desire to use. a high solids milk.
to economise on plant, it was decid-
ed that a cheese made with a filled
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or recomb'ned milk at 18 %',would cheese-like) and faulty notes (yeasty
be the best option, but that :.the and musty) -: ';rhese terms were then
choice of oil/fat should involve a listed on a single sheet of A 4 paper,
taste panel analysis as well. Con- and a ·14 cm line drawn alongside
sequen.tly, three samples from each each term ; vertical lines were added
group of cheeses, i.e. three raw milk at points 2 cm from both ends of
products and nine test samples (3 each line. The vertical line nearest
sources of fat/oil)· were subjected . the left-hand margin was "labelled
to sensory appraisal by a taste panel "0" indicating a low level response,
, drawn from workers at the IRZV at whilst the opposite vertical was de-
Bamenda. The' system employed, signated "10". At each" session,
was the Qualitative Descriptive .A:n-' , 'seven tasters were presented with
alysis approach described by Powers': each of the four types of cheese in
(19M)', and the first step involved a random order, 'and were asked to
the panel deriving a series of terms score 'eách of!thé 'selected features.
to describe typical Bafut cheese. Each session was repeated on three
These terms were selected to. cover separate occasions with the order of
flavour (acidity, saltiness, sweet- presentation of the samples changed
ness. and peppery), physical proper- each time, and the overall scores for
ties {elasticity, hardness, smooth- each type of cheese were analysed
ness (absence ef "grainy" mouth- statistically using a standard analy-
feel) and close texture) and aromas sis of variance procedure .
.(including a pleasant "aroma" , i.e.

RESULTS AND 'DrscIJSSION

The mean values for the prin- than would be found with many
cipal components, namely fat, pro-
tein and moisture, in the control
cheeses (see Table 3) were found to
be not unlike many semi-hard varie-
ties, such as Edam or Gouda (Kosi-
kowskl, "1982). However,'the experi-
mental cheeses tended to be lower in
moisture than the local Bafut cheese,
a pattern that no doubt reflects the
increased level of fat/oil present.
The mean pHs arelof course, lower

Emropean .cheeses but, given the
avenues for microbial contamination
of Bafut cheese, the element of in-
hibition offered by the elevated
acidity may not he unwelcome. The
, high ambient 'temperature of stor-
age are, no doubt; conducive to
post-production acidification, and
the other biochemical reactions as-
sociated with maturation will be en-
couraged by the same conditions.
However, the strong flavours that
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Table 1 : Typical analysis of samples of Bafut cheese produced in th~
Cameroon jall figures as g/l00 g 'of cheese as consumed,

and the means of twelve eheeeses .. ., .

Fat.
. Protein-
Moisture' .
. Fat-in-Dry-Matter ,..
:ii" .:p .
•'. ...! "..-1':: :;:.' • '.'":'"",::..'
Salt .. .
., :. '." • ''! ••

25.0
26.1
41.6
42 ..8

4.3
1.3

17.5 -- 29.5
22.2 _, 33.6
4O.3·- 45.i
38.5 _ 49.5
3.9 - 4.6.·
1.0 - 1.5 "

.. J • ' ••

. .. ........ ......
• • I

Table 2 : Some chemical features of the lipid ingredients employed to
manufacture Baïut cheese from recombined or filled milks.

.Acid Value
Iodine Index
.Peroxide value

0.50
48.32
3.02

0.59
76.10
2.69

0.58
'66.08
8.05

'Fat/Oil Mulla. Palm Palm d'Or

•.-..(.,.,.
.,(~ figures are the means of. four analyses performed according to
the methods recommended by AOAC, 1975).

",
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, Table 3 : Typical analyses of samples of Bafut cheese produced from
either raw milk, recombined milk or a filled milk made with
either crude palm oil or refined palm oil ; all figures as g/l00
g of cheese as consumed, and the means of ten cheeses for each
of the levels of total solids indicated.

Fat/Oil Fat Protein Moisture pH Salt

Raw milk 26.3 2.6.2 39.8 4.5 1.5

A.MF
~ 12% TS 30.4 26.4 35.5 4.5 0.7

. -i 18% TS 33.3 26.8 32.8 4.0 0.8
- 24% TB 32;4 23.8 34.2 4.1 0.8

Crude Palm Oil ' .
- 12% 'I'S 30.3 25.2 38.2 4.5 0.8
- 18% TS 34.4 24.6. 34.9 4.3 0.8
- 24% TS 34.1 24.7 33.1 4.2 1.0

Refined Palm Oil

- 12% TS 30.7 27.2 36.1 4.5 0.8
- 18% TS 34.3 26.5 33.5 4.3 0.9
- 24% TS 34.3 26.7 31.7 4.2 1.0

might be associated with lipolysis
tend to be appreciated by local con-
sumers in Cameroon, and hence it
was anticipated that the taste panel
might find the quality acceptable.

'It was of note also that the
fat levels of cheeses manufactured
from reconstituted milks at 12% TS
were lower than those recorded for
the comparable cheeses. This pro-
blem was. caused by a degree cJ

cheesemilk instability associated
with the lower total solids and, while
the losses of fat during coagulation
and cutting were not quantified,
casual observation confirmed the
presence of free fat/oil. Although
the cheeses made with 18 and 24%
TS were broadly comparable, the
higher moisture contents of products
made with the lower level suggested
that 18% TS milk might be most
promising for potential exploitation;
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all the cheeses made for taste panel cheeses; a.part. from the prese.née of
analysis were, therefore, made with some mechanical 'openings in the
18% .TBmilks. The results of the cheeses made with .crude palm oil,
taste panel analysis suggested that suggested tha.t no objectional char-
the members found it difficult to dis- acteristics .would be perceived in
scriminate between the samples or, cheeses made from the reconstituted
through a lack of familiarity with . milks. Nevertheless, the somewhat'
sensory werk, were somewhat con- "neutral" scores for the test cheeses
fused by the need for quantification. indicated that there is a need to im-
Nevertheless, some significant dif-. prove ;the' flavour and aroma of the
ferences did emerge for certain cheeses 'made firom filled milks, par-
characteristics. The prominence of ticularly as these oh-hased cheeses
a "yeasty" aroma was unexpected, will have' to compete in the market
because total counts for yeasts were with imported cheeses .of European
< 200 cfu/g. However, a Iow level origin. Lf this impovementis possi-
of "cheese-like" aroma and a higli ble, then the production of .filled
level of perceived "off-flavour" in milk cheeses could 'provide a means
cheeses produced, from crude palm . of utilising facilities during .the dry
oil suggests that it is not a suitable ' season and/pr, by expanding the vo-
source of fat for cheesemaking.·· lume of locally-made' prOducts, re-
Overall, the reactions to flavour -ducing the current dependence on
were broadly comparable, and a expensive, imported varieties.
marked "saltiness" detected in the
control Bafut cheese was confirmed .
by the analysis (see Table 3).

The physical features of the

One of the authors (AR;) is
grateful to the Institute of Animal
and Veterinary Research, for finan-
cial support.
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Ali, Feta-style cheese

Aspects of the structure of a Feta-style cheese made by
direct recombination

By M.Z. ALP
Department of Food Science and Technology, University of Gezira, Wad Medani, Sudan

and R.K ROBINSON
Department of Food Science and Technology, University of Reading, UK

1. Introduction
A number of papers have confirmed that cheeses,

such as Camembert and certain soft, brined types, can
be made from recombined milk in which the total solids
and fat/casein ratio are the same as in fresh cow milk
(12,13). However, DAVIS (4) suggested that acceptable
cheeses might also be produced by directly recombin-
ing milk solids-nan-fat and butterfat so as to give a
cheese base with the total solids and compositional
analysis to be expected in the finished cheese.

In principle, this latter approach would appear to be
totally feasible, in that the proposed cheese base would
not, at least in compositional terms, be unlike that
obtained by ultrafiltration, and MAUBOIS and MOC-
QUOT (11) and others (1) have shown that cheeses
can be manufactured successfully from membrane-
concentrated bases.

Nevertheless, there is little information available to
suggest that the structure of a cheese made the direct
recombination route would be similar to its traditional
counterpart. Consequently, the aim of this present study
was to produce a Feta-style cheese - Gibna Baida -
employing the system proposed by DAVIS (4), and to
determine:
(i) whether the textural characteristics of the test
cheese would be similar to normal commercial sam-
ples purchased in the Sudan; and
(ii) whether any observed differences could be cor-
related with contrasts in the physical structure of the
cheese as revealed by electron microscopy.

2. Materials and methods
The test sample of cheese was made from a base

cream composed of skim-milk powder and anhydrous
milk fat blended together at 60 "C with a Silverson
mixer. This cream was then ripened with a culture of
Streptococcus lactis subsp. lactis and Str. lactis subsp.
cremoris to give a pH of 6.5, prior to blending with
sodium caseinate to give a final total solids level of
40 %, and a fat: protein ratio of 1 : 1. After renneting
according to the procedure described by DAVIS (4),
the cheese base was poured into plastic containers
holding 1 kg. The individual containers were then
transferred to an incubator room at 30 "C, and held at
this temperature until the pH of the curd had fallen to
5.0-5.2. At this point. the solid cheeses were cooled to
room temperature and removed from the containers.
The individual cheeses were dry-salted (60 g/kg), and
allowed to stand on draining mats overnight at 20 "C.
Next morning, the cheeses were transferred to large
containers of brine (10 %), and were then stored at 7 "C

1 Present address: Department of Aminal Proouetiert University of the
UAE., P.O. Box 17555. Al Ain, United Arab Emirates

schaft 45 (111 1990

for one month to allow the texture of the cheese to
develop.

Representative samples of:
(a) the 'cream' made from skim-milk powder and an-

hydrous milk fat;
(b) the cheese base, i.e. 'cream' plus sodium caseinate
(c) the cheese base after renneting and ripening for set

periods of time; and
(d) one day-old and one month-old cheeses
were examined by both scanning and transmission
electron microscopy, and the procedures are outlined
in Fig.1.

Sample

SEM TEM
.1 1

Sample size preparation (1-2 mm3 cubes)
1 1

Fixation in glutaraldehyde, 1 h (pH 7.2)
1 1
Cooling below 5 °C in buffer (pH 7.2)
1 1

Post-fixation - osmium tetroxide (1 %}.1 h (pH 7.2)
1 1

Washing in distilled water

Dehydration in acetone series
1

Critical-point drying
I

Intermediate embedding
(propylene oxide/resin)

I
Embedding in resinMounting on stubs with

silver cement
1

Coating with gold Moulding and polymerization
(54 aC)

1
Thin-sectioning

1
Examination by TEM

Examination by SEM

Fig. 1: General scheme for the preparation of milk and cheese sam-
ples for electron microscopy
Based upon: CARROL et al. (3); GREEN et al. (5); KALAB (8) and
TARANTO et al. (1.4)

For liquid samples, an additional step involved pipet-
ting 2 ml samples into test-tubes containing equal
volumes of 25 % glutaraldehyde in 0.2 M sodium
cacodylate-Hïf buffer at pH 7.2. After fixing for 1 h, the
samples were mixed with an equal volume of molten
agar (2 %), and poured onto a glass slide to solidify.
The gel was then cut into 1-2 rnm? cubes and stored at
2 "C in 0.2 M sodium cacodylate-HCI buffer ready for
further processing.
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In every case, duplicate samples of material were
examined.

3. Results and discussIon
Although the 'cream' was not homogenized, it was

anticipated that the mixing would be sufficient to prod-
uce a stable emulsion, and Fig. 2 shows a thin-section
micrograph of the emulsion prior to the addition of the
sodium caseinate. It can be seen that the fat has as-
sumed a globular form surrounded by a membrane-
like surface, to which casein micelles have been ad-
sorbed. As the lipid in the AMF would have lost most of
the globule membrane material during processing, the
affinitybetween the casein micelles and the fat globules
In the aqueous phase is not unexpected. However, it is
of note that the adsorption of the intact casein micelles
was discontinuous, and that some of the micelles ap-
peared to be flattened onto the surfaces of the fat
globules (see Rg. 3).

Once the caseinate had been added, it formed what
appeared to be a three-dimensional, background
matrix providing support for the fat globules and the
casein micelles. The reality of this network is suggested,
in addition, by the fact that the cheese base was more
viscous than the original cream. It would be expected
also that this network would hinder the action of the
rennet enzyme, and this conclusion was supported by
the observed results.

Thus,the thinsections of cheese base shown in Fig. 4
indicate that the enzyme has had no noticeable effect
on the casein micelles and/or caseinate matrix even
5 min after addition. This lack of activity is in marked
contrast to the behaviour of rennet in fresh milk (2, 5).

Whether the extreme buffering capacity of the sys-
tem, and resultant high pH of the base, played a part is
not clear, but the work of GREEN (7) implies that a
reduction in the mean free path for the micelles, in
comparison with normal milk, may be mor~ important.

Ali, Feta-style cheese

Tenminaftertheadditionof the rennet,a fewmicelles
were observed to form a chain structure of some 2/4
units, but it was not until 1 h later that electron-trans-
parent 'gaps' could be seen in the protein matrix, in-
dicating, in all probability, shrinkage of the caseinates
towards thecaseinmicellesand/or furthercoalescence
of the micelles themselves.

However, after 1 day, the young cheese had de-
veloped a definite texture, and as shown in Fig. 5, the
micelles and caseinate had coalesced :into large,
rough-edged aggregates which trapped fat globules·
between them;some interspaces,probablywhey-filled,
were also evident. .

This structure was confirmed by the scanning elec-
tron micrograph (Fig.6) ofaone day-oldcheese,which
shows quite long, continuous massesof intimately re-
lated fat and protein; after 1 month, the picture was
broadly similar, except that the protein chains had
tended to become somewhat shorter.The structure of
the 'Gibna Baida' was, however, entirely different, in
that the curd exhibited a directional pattern of fusion
with clearly ruptured fat globules (seeFig.7).Whether
this contrast is a reflection of the factthat 'Gibna Baida'
is a structured cheese, i.e. subject to pressing,where- .
as the test cheese is unstructured is a: matter for

. speculation, but it is of note that the overallstructure of
the experimental cheese closely resembled the cream
cheese described by KALABet aI, (10) inwhich the fat
globules were cemented together bythemilk proteins.

For some practicalapplications, thesedifferences In
the fine structure of the finished cheesesdid not prove
to be important. In particular, both the testcheese and
the Sudanese cheese showed the same tendency to
fracture in aclean, conchoidal manner,and both could
be crumbled rnaouallywith equal facility,Thesprinkling
of either cheese over a salad would, therefore, cause-
no problems, but the melting properties of the two
cheeses were markedly different. Inparticular,the test
cheese tended to lose coherence, and the contrast in
structures (see Fig. 6, 7) would tend to support this .
pattern of behaviour.

Transmission electron micrograph of
a thin-section of the 'cheese base'
made from sodium caseinate, skim·
milk powder and anhydrous milk fal
The casein micelles (C) can be seen
flattened CHer the membrane·like sur-
face (FM) of the fat globules (F); the
background matrix (M) formed by the
caseinate is also in evidence.

••
Fig, 2: Transmission electron micrograph of

a thin-section of the 'cream' made
from skim·milk powder and anhydrous
milk fal The casein micelles (C) can
be seen dispersed In the aqueous
phase (A), or adsorbed to the mem-
brane-like surface (FM) of the fat glo-
bules (F).

Fig.3: Rg.4: Transmission electron micrograph of
a thin-section of the 'cheese base' fIVe
min alter the addition of rennet. The
rnembrane-nke surfaces (F~) .of the
fat globules (F) appear somewhat
'sharper', but the background matrix
(M) seems to have been unaffected by
the enzyme.
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Fig. 5: Transmission electron micrograph of
a thin-section of a one day-old cheese.
Chains of coalesced protein (P) are
now evident joining the fat globules
(F), and the matrix of caseinate appears
to be contracting to give denser re-
gions (A) and 'gaps' which, at this
stage, probably contain whey.

Fig. 6: Scanning electron micrograph of a
one-day old cheese. Chains of co-
alesced protein (P) are evident around
the fat globules (F), together with
whey-filled spaces (A).

Nevertheless, despite some limitations in respect of
functional properties, the manufacture of a Feta-style
cheese by direct recombination is clearly a feasible
proposition, and from readily available raw materials.
The advent of high-protein skim-milk powders offers
yet another alternative, and certainly some regions of
the world will find this technology most attractive. -
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5. Summary
ALI, M.Z., ROBINSON,RK: Aspects of the structure of a

Feta-style cheese made by direct recombination. Milchwis-
sensehaft 45 (11) 699-701 (1990).
51 Feta cheese (recombination)

A Feta-stylecheesewas produced by the direct combina-
tion of anhydrous milk fat, sodium caseinate and skim-milk
powder. The texturaland organoleptic properties of the end-
product were similar to a popular Sudanese cheese 'Gibna
Baida', but the fine structure, as revealed by the electron
microscope, was markedly different. Contrasts in the fat!
protein relationship were especially notable.

ALI, M.Z., ROBINSON,RK: Aspekte der Struktur eines
Feta-áhnlichen Káses. Milchwissenschaft 45 (11) 699-701
(1990).
51 Feta-Kase (Rekombination)

Ein Feta-áhnlicher Kase wurde durch direkte Kombina-
tion vonwasserfreiemMilchfett,Natriumcaseinatund Mager-
milchpulver hergestellt. Texturund organoleptische Eigen-
schaften des Endprodukts ëhnelten denen eines verbreite- _
ten sudanesischen Kases .Gibna Baida",Allerdings war die
Feinstruktur,wie sichunter dem Elektronenmikroskop zeigte,
deutlich abweichend. Eswaren insbesondere Unterschiede
im FettlProtein-Verhaltnisfestzustellen.

ALI, M.Z., ROBINSON,RK: Aspects de la structure d'un
fromage du type Feta produit par recombination directe.
Milchwissenschaft 45 (11) 699-701 (1990).
51 Fromage Feta (recombination)

ALI, M.Z.,ROBINSON,RK: Aspectos de la estructura de
un queso del tipo Feta manufactorado por recombinación
directa. Milchwissenschaft 45 (11) 699-701 (1990).
51 Oueso Feta (recombinación)

Stellenbosch University http://scholar.sun.ac.za



- - - - --- ..,~""
- l'

66

'SUDAN NOTES
AND RECORDS

. _.
. . -...~...

incorporating .
Proceedings of the

Philosophical Society
of the Sudan

+-,

..

.é)'~ ~1=;;'-JJa4i'~i tb;\t:'it~ • I

... .
./:.

VOLUME LXIII 1982

Stellenbosch University http://scholar.sun.ac.za



by

~rOHAMMED ZEIN' ALI and R KRoBINSON

......

A SURVEY OF CHEESEMAKING ..IN THE .AL-DUWAYM AREA
".

. . .
The cheese traditionally produced in the Sudan is a white-br ined variety

known locally as jioY'.a. 1:;ayqa' ('\o,'hite cheese')', and is widely consumed by
people of all socio-economic classes. it is used in different "rays, for--.... . .
example, as a dressing for salads and fu.lmi~ri (a kind of Dean) and in
sandwiches. t-bst of it is made in farmhousesvwhi Ie snal l quantities are
manufactured by government institutions such as animal resources departments
and the universities. . .

1 Historical Background

Although the lack of his~orical records makes it difficult to date ex-
actly the evolution of the process, 'Abdulla (1975) mentions that cheesemaking
around ak-Dcwaym: (200 kilometres south of Khartoum on the west bank of the
\\1Ute Nile) was, during the period of the Turko-Egyptian regime,. a rather
s~le process. Once cot Iected , the milk was placed in conta iner s ,: and the
crushed fruits of a wild plant known locally as jv.ba.yn (Solanum dubiw:r) were,
added to curdle it; the whey .....as then 'filtered off, leaving a .5o.lid m~ss.
Tne process remained largely unchanged until a Greek couple, K~tharina and.
Panaio t i l-1aestro,' settled at a I-Din...aym in 1908 and pioneered the production
of feta-type cheese. Initially, cheesemakmg was a small-scale, backyard
industry, and the product was distributed to relatives and fr iends and then
to high-ranking British and' Egypt ian officials. 'Stimulated by the growing
demand, the t-laestro family ooened their first factory in 1920 (EI Huda 1964;
El Sayed 1971). ... . -.

A second factory was' established in 1932 by another Greek merchant,
Philip Kadaras (Abdulla 19i5). The industry grew quickly, and more investors,
including Sudanese and Greek merchants, joined in, tempted by the low price
of milk collected from the nearby villages and the high prof i.ts . However;
the expansion of the industry Has not accompanied bj' any concern on the' part
of the local authorities about public health measures .or quality control,
though land charges and taxes were levied, and licensing regulations had
becomeI officially, more strict by the 1960's (Trilsbach 1978). Riyac;l(1977)
est iraated "the amount of cheese produced in die Sudan during 1975/76 at 8
million kg, and that of clarified butter at 5 million kg.

Jibr.a. bayqa.' is a crumbly white variety of cheese similar to the Egyp-
tian dimya.~~ and Greek feta as far as flavour I sal ty 'taste and texture are

1 Sit
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concerned', There are some other varieties of cheese produced in the Sudan,
though -in negl igibl.e quanti ties) such as cream cheese and -rr.a.qáfa:ra; the
Larter is of Syr ian origin and is textured by stretching the heated coagulum
in r flakes' • .

Cheese consumption has been increasingly encouraged by both governmental
and pri vate agencies over the Last three decades, and cheese has became one
of the rr.~st important items of food for breakfast and sUpper served by the
catering departments of schools and untvers i ties. Trilsbach (1978) estimated
the cost of production of 10 kg or jibna bayqa' at LsZ.lO in 1971 and LslZ.77
in 1980, while the retail price of one kilogram increasea from. about LsO.60
in 1971 to Ls8-9 bv early 1984. . .

It is expectedthat cheese con;~pt'i'~~- ~ilTincrease significantly over
the next fel~ decades, and this trend r coupled with shortages and rising
retail prices, ~~ll put considerable pressure on the dairy industry to in-
crease supplies of local cheeses.

2 The Su:{'vey

The north-Hestern part of the Jazira Region, fcrme rLy the northern part
of \fuite Nile Province, is the area best known. for cheese production in the
Sudan. Lying wi thin the geographical boundaries of the semi -deser t , low-
woodland savannah z.one, it is characterized by a seasonal rainfall betYieen
July and October 'and is 'traversed by the White Nile. It is an important
Livesteek-rear ing area, wi th cows (Zebu-type), sheep and goats for milk
production under nomadic and se:ni-nomadic land-use patterns. Vast quant it ies
of milk from these different species are produced in the region, and owing
. to the Limited local consumption the surplus goes. into cheesemaking . ~bst
of the farmhouses are in the vicinity of the town of 'al-Th.ua:.:,lar.....d are usu-
ally namedafter the location of the farai Iy which owns them. Officially, the
North-west wnite ~ile District Council, the local authority of the cheese-
making area, recogni:es 140 farmhouses where cheese is made, the greatest
concentration being to the south and west of the town. r

In order to survey the method of manufacture of jibr.a bay4=-' in the Sudan,
one of the authors ~l Z A) travelled to the region early in 1983 and, taking
al.-Dn ...aym as a centre, visited six .small' cheesemaking farmhouses within a
radius of 45 km.

The basic method of cheesemaking is outlined below, together w~th the
results of some physico-chemical ~Lalyses of typical cheese sarr.ples (see
Fig. land Table ',I) . . __

3 The Farmhouse Process. .

The milk, usual lya mixture d.tcowS', sheep's and goats' milk, is col-
lected in the rr~rning, startin~ at about 6 o'clock, from the sellers, who
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bring their produce to the cheesemaking premises, and stored in'galVaLized
steel drums of 200-220 litres I capacity. Collection may extend over 5-6
hours , and cheesemaking commences' when a full drum of milk has accurul.ated. " ,
The amount of milk collected by a farmhouse varies in accordance 'With the
annual fluctuation of rainfall; the r.ange is betveen two and five drunful.s
a day in the dry and wet seasons respectively. After collection, the milk
is poured into another clean drum thro~gh cheesecloth stretched across the
top, and salt (10-15 kg, 5-10%) is added by placlng it on top of the, cloth.
Although the rat ...milk is' not pasteurized, it is comnon practice to warm it
to 3O-35°C during the winter season. 'The quantity of salt con vary consider-
ably, and may be up to 20% (\..;fv) during the summer. ' .

Four or five standard rennet; tablets .(8 or 10 g)(Chr._Hansens, Laboratcr ium
AIS, Denmark, or Glad and Co. A/S, Denmark) are crushed, dissolved in a small
amount of water and then added to a drum of salted milk; slightly higher
levels (10-12 g) may be used in winter to achieve better coagulation., The
mixture is stirred manually wit~ a long wooden paddle for one or.two minutes,
and the drum is covered hi. th clean, cheesecloth and left undisturbed for 4-6
hours to coagulate.

Milk coliection 6-11 a m
stored in ZOO-litre drums

Addition oE sale
(cca rse or f ine grains, ;-20~,\>t/v)

milk poure~ over salt and strained through cheesecloth;
mixture stirreq thoroughly,

.J..

Addiëion oE rennet •(8-10 9 of rennet tablets per 200-220 I of mi Ik)
tablets crushed, dissolved in a little,water,

added to milk and stirred for 1-2 minutes;
left to coagulate for 4-6 hours

Moulding and draining
curd,transferred to moulds lined with cheesecloth and left overnight

to drain on wooden tables; whey collected in clean containers._
,

Packing
in 5-10-kg tins, submerged in whey and hermetically sealed..

Fig. 1: Basic Schedule for the Production of Jibna Bay~' in the Farmhouse
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The firm curd, as assessed .by visual, and tactile observat icn, is gent ly .
broken, t.ransfer'red to moulds lined 'rIi th ch·eesecloth and lef~ to drain .cn
wooden ~ables· for about. fifteen hours, and the whey is collected in clean
metal containers. The yOlUlgcheese is placed in tins of 5-l0-kg capacity,
which are left unsoldered overnight to al Lowadditional drainage. The cheese·
is then covered wi th the collected whey, and the tins hermetLcaLl.y sea)ed.
These ar~ transported to al-Duwaym, .....her-e the farmhouse LabeLs are affixed,
and either .transported directly to areas. of demand, such as the Three To....ns, .
.,or stored for a few days before mar-keting.

4 ResuLts of Physico-chemicaZ Ar~Z2sas o ï' Jibna Baydá 'J .• ,

Cheese samples were obtained frem the retail shop of eac~ ~f the sL~
farmhouses and analyses carried out to detennine the moisture content, tit-
ratable acidity (TA), PH, and percentages of protein, fat and salt; Tne
resul ts are shownin Table I. The moisture content ranged betveen 55 and
59%,and according to Scott (1981) Sudanese jibr~ bay~' could w~erefore be
classified as a soft .cheese, The salt c~ntent, one of the important charac-
teristics of this cheese, showedsou.~va~iation bet .....een s~ï:?les obtair.ec
from different farmhouses (6-9%); it is similar to that of Egypt ian di."r."~ë.~"f.
and Greek feta ..

, ..- ~.:.'

Tabl:e I: Result:s ot ;'r~!!,ses of Sa:r:pl.es of Jibna Bay~'

~bist'Jre IBrit. Stand, 'I I . I I I I. I I1 5ó.11 I 58.91 55.62 56.80 54.3? Sï.91 i 56.63 1.49content 19ï6

I,., I Reference Cc=e!":!U!l. Cheese ~lesA I .'./~~-.I S~-_":, I
Ho, .<'arcmeter Met:t..:od '. ~'.!r. 1 I <1 ! . J I .~ IS" 6 !Det,-~?,..!

2 TA: per cent 1 Egan et: al. 0.98,' 0.S61
1

'0.941 1.20 I 0.92J' 0.951 0.9751 O.IOi ,I
lc~:ic acid 1981

i--+--"-,

IBrit. Stand. I I I 1 I 13 pH 1976 4.9 5.1 4.8 4.7 5.0 4.9 4.9 0.13

I
Fat content lorit. Stand. I I I I I' I5 (\) 1~ó9 14.5 12.0 13.5 16.0 IS.S 12.5 14.0 1.47

Salt content I.Brit-.~S-tan--:d:-'!----.!.I---I!,_-~----71---+I· ---TI---i1r-....,·,---l
6 (~) I 1976 6.S 6.9 8.6 8.5 9.1 7.7 7.9 0.87

.lEach readinq is an aue:-age of ;;'.a~e obtained j!'~m d:.lp~icaee sc::':?Ï-es

'_

5 Comments on Farmhouse Cheeser.ak~r~

It is clear that most cheese~~king in the Sudan is basically a cottage
industry, the equipment is simple and can be madelocally, and the procedure
is suited to small-scale production. It is ....or th mentioning that most of the
fannhouse·o....ners have more than tvo plants in different loca tiens, so that
staff and equipment can be movedfrom one site to another according to the
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availability of milk; that is, they can fo11O\-Ithe nomads as they search for
pasture and. water. " Al.though this flexibility in production is essential,
the authors beli~ve that the standards of hygiene in the farmhouses visited
were very POo!, and that the quality of the cheese ....ras adver-se Iyaffected.
The farmhouses are by their nature very difficult to control, and the.fol-
lowing observations· reflect this probleml '.
~ The location of these plants in re;.~te pastoral areas has made it very
difficult for them to have access to such basic industrial assets as
water, eIectrr ic ity and paved roads. Also, the seasonality of milk produc-
tion dictates that these premises may be unmanned for much of the year.

n There is no sci.ent i.f ic check on the quality of the milk, and the staff,
usually 1-4 casual labourers, .are mostly unaware of the bas ic essentials
of hygiene: for example, ~heir bedding can ofte~ be seen in the cheese
store or th~ processing room. .

iii The local authorities, in particular health officers, cannot cope ~~th
the inspection of such a large geographi.cal, area as jhat which is within
their jurisdiction. . .

iv The problem of animal feed shortages under the existing nomadic pattern
of livestock rearing could well affect the quant izy and the quality of the
product, as could improper and Inadequate medication of the livestock.

t) Finally, the production process is not standardized and can be influenced
.bymany factors, such as location, season, consumer preference, intended
storage period and quality of. the milk ..
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~Selection of starter cultures for. . .

the ferrnentatlon of soya' milk

S. Chumchuere and R. K. Robinson*

Thegrowth of four cultures selected on the basis of their ability to produce lactic aeid in soya
milk and/or utilize oligosaccharides, namely Streptococcus thermophil us, Lactobacillus del-
brueckii subsp bulgaricus, Lactobacillus fermenti and L.actobacillus fermenturn, was exam-
ined in reconstituted, low fat, spray-dried soya milk powder (12% total solids). The single
culture of S. thermophil us produced a drop in pH from 6·5 to 4·7 over a 10-h period, and
reduced the level of stachyose from 8·5mgmr' in the original milk to 3·2 mg mr'; after 24 h
fermentation, pH fell to 4·5, and the stachyose concentration to 3·0mgmr'. The.paired
culture of S. thermophilus and L. fermentum behaved in a similar fashion, but with only a
slight improvement in stachyose utilization. When yeast extract (O·3%)and glucose (1·0%)
were added to the soya milk, acid production by all the cultures increased dramatically, and
L. delbrueckii subsp bulgaricus alone or in combination with S. thermophil us lowered the pH
of the milk to 4·3 over 10h. This combination ofS~ thermophil us and L. delbrueckli subsp
bulgaricus was considered to be a likely combination. for the production of a fermented

, product from sóya milk or modified soya milk, as neither' L. fermenti nor L. fermenturn were
appreciably more effective in lowering the concentrations of oligosaccharides.

© 1999 Academic Press

Introduction

The soya bean, Glycine max. L. Merr., a
member of the family Leguminosae, origi-
nated in the Far East, and has provided food
for that part of the world for thousands of
years. Thus, although soya beans are one of
the most important oilseeds in the world
(Smith and Huyser 1987), they are also high
in protein, and a typical analysis (dry weight
basis) might be 20% lipid, 40% protein, 35%
carbohydrate and 5% ash (Pearson 1983).

"
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0740-0020/99/020129 + 09 S30·00/0

However, despite this attractive composition,
whole soya beans are consumed only infre-
quently, and most Asian populations use
them as a base for the production of fer-
mented foods (Fukushima 1981). In such
foods, the soya protein is more than 90%
digestible-approximately the same as meat,
egg and milk protein and, in recent years,
these traditional soya .foods have attracted
interest among various populations in West-
ern countries (Messina and Messina 1993).

Some soya dishes use tofu (soya bean curd)
as a base, while products like soya sauce and
miso are popular as flavourings (Cook 1993).
Various soya cheeses are made in countries
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like Taiwan, Vietnam, The Philippines,
Thailand, Hong Kong and Korea (Hesseltine
1993) but, as many rely on the use of heat
and saltsjlactic acid (magnesium sulphate,
calcium sulphate or glucono-8-lactone) to pro-
duce the gel, the texture of the final products
is often unsatisfactory (Kohyama and
.Nishinari 1993). However,' if cheese-like
products could be made using soya milk and'
lactic acid bacteria, then the slower coagula-
tion might give rise to a product with a more
consistent texture.

Many attempts to follow this route have
failed because: (1) soya milk has sucrose as
the main fermentable sugar and only limited Materials and Methods
amounts of glucose; (2) even if the lactic acid
bacteria have grown, a vile tasting product is Preparation of soya milks
formed (Hesseltine 1993). Furthermore, the
oligosaccharide constituents of soya milk, Low fat, spray-dried soya milk powder
such as raffinose and stachyose, are not hy- supplied from Allergycare, Pollards Yard,
drolysed by most lactic acid bacteria, and Taunton, UK was used as the base material, '
hence remain a problem with respect to their and it was dissolved at the rate of 120g-1 in
flatulence-inducing properties (Rackis et al. water deionized by reverse osmosis. After
1967); some problems with a residual 'beany' mixing with a high-speed emulsifier/mixer
flavour have been cited as an additional bar- (Silverson Machines Ltd., Waterside,
rier to exploitation. Nevertheless, a number Ohesham, UIO, the suspension was trans-
of factors would seem to suggest that a soya ferred to 250ml screw-cap bottles (100ml
cheese would be popular with many con- amounts) and sterilized by autoclaving at
sumers: (1) cheese made from mammalian 12rC for 15min; the milks were then cooled
milk is a major food jtem around, the world, and stored at 4°C before use.: : , ' ,
and has an excellent 'image'; (2) countries As a more nutrient-rich alternative, yeast
like Thailand or Indonesia have an abun- ' glucose soya milk (YGSM) (pinthong et al.
dance of soya beans, but little surplus cow or 1980a) was prepared by adding 3 g yeast
other milk; (3) in Thailand in particular, extract (Code L21, Oxoid, Basingstoke,
imported cheeses like Cheddar are too Hants, UK) and 10gD-glucose to 11 of soya
expensive for many consumers. milk; the medium was handled as described

It is also important that many countries in for the standard soya milk.
the Far East grow and consume many types
of legume in addition to soya, so that a tech-
nology applicable to soya might be consid-
ered for the exploitation of other beans as
well. However, if a legume-based cheese is to
become a reality, the first essential is the
selection of a bacterial culture capable of
completing the coagulation stage; hence the
aims of this project were to:

130 S_ Chumchuere and R. K. ~9bJ~~on

(1) examine the performance in soya milk of
a range of lactic acid bacteria that might

, be used as starter cultures in a cheese-
making process; only thermophilic cul-

,

tures were considered as: (a) fermenta-- ,
tion at 87-40°C should achieve more','
rapid acidification-optimum gel forma- _
tion of soya milk occurs at pH 4·5, and (b) .
thermophiles have been used successfully
to make soya yoghurt (Tamime and
Robinson 1985); ,

(2) determine whether or not the same,
cultures would 'utilize, the flatulence- .
inducing "oiigosaccharides during
fermentation.

Starter cultures

The standard cultures employed for yoghurt
making, namely Streptococcus thermophilus
NCDO 1496 and Lactobacillus delbrueckii
subsp bulgencue NCDO 1489, were obtained
from the Dairy Microbiology Laboratory,
Department of Food Science and Technology,'
Reading University, Reading, UK. However,
although these isolates were known to be
capable of growth in soya milk, it was not
known if they could ferment oligosaccha-
rides. Consequently, cultures of L. fermenti
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mentum. Mixed cultures (1:1 ratios, 1% vjv)
of S. thermophilus and L. delbruechii subsp
bulgaricus, S. thermophilus and L. fermenti
and S. thermophilus and L. fermentum were
also tested. The inoculated media were incu-
bated at 37°C and, at the time of inoculation
(Oh) and at 2-h intervals thereafter, dupli-
cate bottles of each cultureypair of cultures
were withdrawn from the incubator. A
sample (1ml) of culture was aseptically
withdrawn from each bottle in order to
record the total colonycounts, and additional
samples (10ml) were extracted for measure-
ment of pH.

Serials dilutions ofthe samples (1ml) were
made in maximum recovery diluent (MRD)
(Code: CM733) supplied by Oxoid Ltd.,
Basingstoke, Hants, UK and 0·1ml amounts
from dilutions 10-2-10-7 were spread onto
the surfaces of predried plates of M17 agar
for S. thermophilus and acidified MRS agar
(pH 5·4) for L. delbruechii subsp bulgaricus,

Physico-chemical analysis of soya L. fermenti and L. fermentum. Duplicates
milk powder plate were incubated for up to 48h at 37°C.
The moisture and total solids of a sample of The pH values of the samples were deter-
powder were determined according to ADAS mined with a pH meter (Kent ElL 7020)
(1986), as was the ash content. The fat con- provided with a combined electrode (BDH,
tent was measured by extraction with Gelplas, UK); the machine was calibrated
petroleum ether in a Soxtec extracto:r;(ADAS· before use with buffer solutions of pH7'0
.1986), while the concentration of starch was and 4·0.
determined by enzyme hydrolysis (Macrae
and Armstrong 1968).The water-soluble car-
bohydrates were extracted with water and,
after filtration, the extract was treated with
0·133Msulphuric aeid before analysis using
a continuous flow autoanalyser (Smith et al.
1964).The total nitrogen content of the sam-
ple was found using a Leco Nitrogen Deter-
minator (Leco Instruments Ltd., Stockport,
UK), and the protein content was calculated
as total nitrogen multiplied by 6·25.

...'.... . '

NRRC 207 from the Northern Regional Re-
search Laboratory, Peoria, USA and L. fer-
mentum NCDO 1750 (National Collection
Food Bacteria, Aberdeen, UK) were selected
as complementary species that might
degrade raffinose or stachyose.

.. ,;.. ,

Propagation ot-the starter cultures .
Stock cultures of the bacteria were grown in
the followingmedia: S. thermophilis in M17
broth, L. delbrueckii subsp bulgaricus in
skimmed milk, and L. fermenti and L. fer-
mentum in MRS broth; all cultures were in-
cubated at 37°Cfor 24h and then kept at 4°C
until further use. The subcultures employed
for the experimental work were prepared
weekly by inoculating 1% (vjv) of an exist-
ing culture into 100ml of sterilized soya milk
and incubating at 37°Cfor 12-16 h.

Determination of growth and acid
production in soya milk and veest
glucose soya milk
Bottles of sterile soya milk (100ml, 12% TS)
or YGSM were inoculated (1% vjv) from
24 h-old cultures of the following single
species: S. thermophilus, L. delbrueckii
subsp bulgaricus, L. fermenti and L. fer-

\

Utilization of oligosaccharides
in soya milk
The same cultures were inoculated (2% vjv
in order to provide a high cell as soon as
possible) into 100ml amounts of soya milk
(12% TS) in 250ml bottles, and the inocu-
lated milks were incubated at 37°C. At the
time of inoculation (Oh), and after 10 and
24h samples (10g) were removed for analy-
sis of sucrose, stachyose and raffinose.

The extraction method was based on those
described by Pinthong et al.· (1980b) and
Knudsen (1986). The overall procedure. is
outlined in Fig. 1, and it differs from the
published methods in that the extraction with
chloroform was completed first; Pinthong et
al. (1980b) carried out the initial extraction
with ethanol, and then removed residual fat
from the ethanol extract. The final solution
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The chemical composition of the soya milk
powder was crude protein 49·3%, water-
soluble carbohydrates 9·4%, starch 1·0%, fat
9,2%, ash 5·1% and moisture 3,1%, so that
the composition of the milk (12%, \V/v) was '
5·9 protein and 1·1% fat. It was confirmed
that the major sugars in the soya milk pow-
der were sucrose (5%), raffinose (1·1%) and
stachyose (3·8%). Since sucrose is a readily

Vacuumevaporat.or(below50°C) fermentable sugar, appropriate species of
bacteria should be able to produce substan-
tial amounts of, lactic acid in soya milk

. (Angeles and Marth 1971), but supplementa-
tion with other carbohydrates' (glucose)
and/or growth stimulants (yeast extract)
may be necessary to ensure adequate acid
production by some cultures.

S. thermophilus grew rapidly in soya milk,
and achieved a maximum population of
1·74 X 1010cfu ml"! after 10 h, while in
YGSM a count of 1·01 X 1010cfuml"! was
only reached after 24 h in YGSM, however,
there was a stimulation of acid production,
and the pH of the milk reached 4·2 in 24 h
compared with 4·5 in soya milk. The growth
of L. delbrueckii subsp bulgaricus was simi-
lar in both YGSM (2·85 X 1010cfuml" ') and
soya milk (4·00 X 1010cfuml-l) over the first
10h,'but then the populations stabilized (see

. Tables 1 and 2). There was, however, a con-
Figure 1. Procedure for the extraction of trast with respect to pH; a value of 4·3 was
oligosaccharides. reached in 10 h in YSGM but, in soya milk,

the pH was only 5·1 after 24 h. Whether or
not the glucose acted as a stimulant for acid

was used directly for high pressure liquid production was not established, but the
chromatography (HPLC), the observed restricted ability of L. delbrueckii subsp

132 S. Chumchuere and R. K. Robinson

Sample(lOg)+ chloroform(lOml)

I
Mixing

I
Centrifuge(2000 g) for 10 min

I ' '
Upper phase Lowerphase

(fat and chloroform)

I,absoluteethanol do ml)
discard

mixing

Centrifuge (2000 g) for 10 min

I
I

Precipitate

I
I

Supernatant (sugar extract)

I
discard

evaporate

Residue,

10 ~l ofacetonitrile:water (70:30) I
Deprotein

I shaking
I

Supernatant

I
filtrate

I

I
Precipitate

I
discard

Solution for chromotography
, (makevolumeto 10 ml)

,

,

• T- •.•

peaks were compared with the peak'
height of standards of known concentration:
The chromatography system included an '
evaporative-light--scattering detector, and 8:"
Techsphere-NH2 micro-column (150 X 2min'
internal diameter) from HPLC Technology .: .
Company, Macclesfield, UK. Sample iIijec-
tion was carried out by means of a fixed loop
(10 ul). ,The mobile phase was acetonitrile-
water (70:80; v/v) with a flow rate of.
0·2mlmin-l.

Results and Discussion

",,', .. ':.
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bulgaricus to utilize the oligosaccharides (see
Table 3) may be relevant.

The growth of L. fermenti in YGSM was
much better than in soya milk, even though
utilization of oligosaccharides might have
been expected to reduce the contrast
(Pinthong et al. 1980b); however, the inabil-
ity of this isolate to metabolize sucrose could
have retarded its growth in soya milk, Thus,
the maximum count in YGSM was 1·48X
1010cfuml "! after 10h, but only 2·83 X
lOBcfuml-1 in soya milk; this contrast was

reflected in pH values recorded, for while L.
fermenti reduced the pH in YGSM to 4·5 in
.approximately 10h, the pH of soya milk had
only dropped to 5·9. .

Even though L. fermentum should be able
to utilize oligosaccharides and grow more
rapidly in soya milk, the final pH values
were 4·3 in: YGSM 8.n9.' 4·9 in soya milk
after 24h; this pattern is close. to that of L.·
delbrueckii subsp bulgaricus,

The final counts of S. thermophilus and L.
delbrueckii subsp bulgaricus (1:1) in the

Table 1. pH of the milk and numbers of colony fanning units (cru)oflactic acid bacteria growing
at 37°C for 10 and 24 h in soya milk (12% TS)

Soya milk (12% TS)
Initial range After 10h After 24h

Micro-organisms pH cfuml "! pH cfuml "! pH . cfuml-1
"

S. thermophilus 6·5 1-01X 107 ± 0·45 4·7 1-74X 1010± 0·05 4·5 3·20 X 109 ± 0·02
L. delbrueckii

subsp bulgaricus 6·5 2·41 X 107 ± 0·06 5·5 4·00X 1010± 0·08 5·1 3·23 X 1010± 0·08
L. fermetiti 6·4 2·24 X 107 ± 0·27 5·9 2·83X 108 ± 0·09 4·9 1·24 X 108 ± 0·04
L. fermentuni 6·4 7·93 X 107 ± 0·47 5·0 9·35X 109 ± 0·29 4·9 5·88 X 109 ± 0·22
S. thermophilus +

6·45 X 106 ± 0·35 2·08X 1010± 0·15 5·54 X 1010± 0·12L. delbrueckii 6·5 4·8 4·5
subsp bulgerleus 1·77X 106 ± 0·06 2·59X 1010± 0·19 7'18 X 1010± 0·20

S. thermophilus + 6·5 2·10 X 106 ± 0·09 5·1 1·04X 109 ± 0·45 4·4 3·20 X 108 ± 0·43
L. fermenti 6·35 X 105± 0·01 .8·57X 108 ± 0·05 5·65 X lOB± 0~38

S. thermophil us + 6·5 H8 X 107 ± 0·20 4·7 '9:00X'109 ± 0·25 4·6 7·00 X 109 ± 0·01
L. fermentuni 7·05 X 106 ± 0·16 4·48 X 109 ± 0·47 6·95 X 109 ± 0·26

All results are the means of two identical experiments.

Table 2. pH of the milk and numbers of colony-forming units (cfu) oflactic acid bacteria growing
at 37°C for 10 and 24 hours in yeast glucose soya milk

Yeast glucose soya milk
Initial range After 10h After24h

Micro-organisms pH cfuml"! pH cfu ml "! pH cfuml "!

S. thermophilus 6·3 1-45X 107 ± 0·30 4·6 2·70X 109 ± 0·17 4·2 1·01 X 1010± 0·36
L. delbrueckii

subsp bulgorleus 6·4 1·83X 106 ± 0·10 4·3 2·85X 1010± 0:22 4·1 4·39 X 1010± 0·02
Lcfermenti 6·3 2·0~X 107 ± 0'?7 4·5 1-48X 1010± 0·24 4,5 6·71X 109 ± 0·11
L. fermenturn 6·4 4·00 X 107 ± 0·24 4-4 1-20X 1010± 0·07 4·3 2·09 X 109 ± 0·06
S. thermophilus +

2·69 X 106 ± 0·37 4·3 1·39X 1010± 0·18 1·57 X 1010± 0·24L. delbrueckii 6·2 4·1
subsp bulgaricus 7·60X 105 ± 0·02 HO X 1010± 0·16 2·18 X 1010± 0·13

S. thermophilus + 6·3 .p·38 X 106 ± 0·09 4·3 1·56X 1010± 0·19 4·3 3·38 X 108 ± 0·12
L. fermetui 2·29 X 106 ± 0·04 1·84X 1010± 0·17 2·53 X 109 ± 0·14

S. thermophilus + 6·4 2·36 X 106 ± 0·32 4·3 1-38X109 ± 0·59 4·2 1·42 X 109 ± 0·52
L. fermentum , 1·79X 107 ± 0·34 7·37X 109 ± 0·13 4·03 X 109 ± 0·56

All results are the means of two identical experiments.
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Table 3. Carbohydrate contents (mgml" I) in soya milk (.12%1'8) after 10 and 24 h fermentation by lactie acid bacteria
Soya milk (12$ TS)carbohydrate contents (mgml-I)

Initial range After 10h .AAer24h
M.ic:ro-organisms Sucrose Raffinose Stachyose Sucrose Raffinose Stachyose Sucrose Raffinose Staeh,yo.e

S. thomophibu 22'59:1: oeo "'94 :1:0'10 8'50:1:0-42 3·35 :I: ()-()8 4-87 :I:~76 3'17:1: 0-26 0·36:1:~26 2-8l:f:~71 2-99:1: ()028
L. thlbruecJrii suMp bulgarictu 22-59 :1:0-90 4-94 :1:0·10 8'50 ±0-42 8·73 ± 1,20 5-28:1:~32 6-43 ± 2-09 6'89:1:2-29 5-33:1:2-18 8-50:1: ()093

L.f,~nti 22'59:1:0'90 4·94 ±0'10 8'50:1:0-42 17,30:1: H)O 4-17:1:0'54 3'03±0-34 21·2l:f: 4·69 3·85 :1:0-76 2-O2±0'20
L. fermentum. 22·59:1:0'90 4'94 ±0'10 8'50:1:0.42 3-45 ± 0-17 4-57 ± 0-21 2-49:t 0-40 3'80:1:0-69 '2-98:1: 1-00 2-70:1:0-42
S.lMmllJphiJlU +L. thlbruteJUi
subsp bulgaricul 22'59 :t 0'90 4'94:t 0-10 8-50 ± 0-42 7-05 :1:0-50 6-44:1: 1-01 4·37±0-68 0·27 :1:0-20 50()4:1:2 ...... 3·71:1:0-85

S. IMmllJphiJIU +L. fU11Wlti 22'59:1:0-90 4·94:1: 0'10 8'50 :1:0-42 7-06:1:0'35 7-41±0-72 S·74:1: 1'34 0-00 :1:0-00 2-19:1:0-17 2-68:1:0-34
S. thomophillu +L. fU11Wltum 22-59 :I: cso 4,94:1: 0·10 8'50:1:0-42 2-60:1:0-86 5-40:l:~3 3'57 :1:0-85 1-00:1: 0-08 3172:1:0-67 2'76:1:0,7.

All results are the means from two identical experiments.
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mixed culture were only slightly different between pH4'5-8'0, but exhibit pH optima
from .those in the individual cultures and, in the rather narrower range of 5·2-5·9 (Mital

_once again, the drop in pHwas more rapid in et al. 1973).-__
YGSM (pH4·1 at 24h) comparedwith 4·5 in The quantification of the oligosaccharides,
soya milk. It was notable that these figures together with the main disaccharide, sucrose,
broadly correlate with results for L .. del- was achieved by comparison of peak heights
brueckii subsp bulgaricus alone, so that the with standards of sucrose, raffinose (Merk
. obvious synergisism that occurs between Ltd., Lutterworth, UK) and stachyose
these species in bovine milk (Tamime and .(Sigma-Aldrich Company' Ltd.;. Poole, UK).
Robinson 1985)did not manifest itself. With the exception of L. fermenti (see Table

The counts of S. thermophilus (1·56X 3), all the lactic acid bacteria tested could
1010) and L. [ermenti (1·84X 1010) inocu- utilize sucrose in soya milk. S. thermophilus
lated as a mixed culture (1:1)were higher in exploited this substrate more efficiently than
YGSM after the first 10h than those in soya the lactobacilli, and the substantial acid pro-
milk-1·04 X 109 and 8-57X 108, respee- duetion in soya milk confirms the findings of
tively. The S. thermophilusjL. fermentum Mital and Steinkraus (1975). Among the lac-
combination produced similar counts in soya tobacilli, the metabolism of sucrose by L.
milk at 10h: 9·00X 109 and 4·48X 109

, re- fermentum was most active over the first
spectively, but in this case, YGSMdid not 10h (see Table 3), but in the mixed cultures,
cause any increase. Again in YGSM, both the pattern was affected by the presence of
combinations achieved pH values of 4·3 in Streptococcus.
10h, but while S. thermophilusjL. [ermen- The comparative values for the utilization
tum reduced the pH of soya milk to 4·7 in of stachyose over the 24-h period were: S.
10h, S. thermophilus and L. fermetui only thermophilus, 64·8% of the original coneen-
generated sufficient acid to reach 5·1 in the tration was metabolized, L. delbruecki subsp
same time. bulgaricus, 0,0%, L. fermenti, 76·2% and L.

Overall, it would appear that the addition fermentum, 70-4%, while the mixed cultures
of glucose and yeast extract to soya milk did showed the following pattern-S. ther-,
produce a marked stimulation-in the rate of mophilus and L. fermenti.: 69,6%, S. ther-
.acid production by the selected cultures .. 'mophilus and L. fermentum, 68·4%, 'and B. --
The final pH values were reduced also in thermophilus and L. delbruecki subsp bul-
YGSM, and it may be that, for some pur- garicus, 55·7%. This breakdown may well
poses, enrichment of the soya milk will be involve hydrolysis of stachyose to gal acto-
necessary to achieve a pH - 4·5(the coagula- biose and sucrose or, alternatively, to
tion point of soya protein) within an accept- manninotriose and fructose, with both the
able time-frame. In addition, it was notable sucrose or fructose being readily utilized by
that the performance of cultures expected to the cultures. Whether or not this reduction
be oligosaccharide-positive, e.g. L. fermen- in stachyose concentration would have any
tum, did not differ appreciably from the nutritional significance is a matter for
oligosaccharide-negative L. delbrueckii speculation.
subsp bulgaricus, suggesting that other The raffinose contents in the soya milks
carbohydrates are utilized in preference to also decreased over the period of fermenta-
oligosaccharides. tion, except in the presence of L. delbruecki

subsp bulgaricus. The hydrolysis of raffinose
to melibiose and fructose could 'be one path-
way involved (Liener 1981, Meredith et al.
1988),and it may be that L. delbruecki subsp
bulgaricus masked any such degradation by
synthesizing raffinose from sucrose and
galactose through the mediation of «-
galactosidase. If raffinose has the same flatu-

Utilization of oliqoseccherides
The principal oligosaccharides in soya
milk, raffinose and stachyose, are galacto-
oligosaccharides that can be hydrolysed
by the enzyme, a-galactosidase. The (l-

galactosidases from lactobacilli are active
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lence-inducing properties as stachyose, then
clearly any reduction in concentration will be
a benefit, but only the combination of S.
thermophilus and L. fermenti produced a
decrease of over 60%.

Nevertheless, the results of this investiga-
tion confirmed that lactic acid bacteria. can
.grow well and produce acid in soya milk and,
in most cases, utilize at least one of. the
oligosaccharides which are believed to con-
tribute to the discomfort associated with eat-
ing soya beans (Rackis 1981). Since high rates
of growth and lactic acid production-at least
pH4'5 (the coagulation point for soya pro-
tein) after overnight incubation (16-18 h)-in
unfortified soya milk would be considered to
be desirable characteristics for a culture to
be used in the production of a fermented
soya product, the mixed culture of S.
thermophilus and L. delbruecki subsp bul-
garicus (1:1) would appear to be the most
appropriate combination. Thus, while the
pairing of S. thermophilus and L. fermenti
generated a broadly comparable pH, an in-
formal assessment of the flavour profiles of
the end products indicated that the latter
combination gave a fermented milk with a
distinct off-flavour compared with the clean,
acidic .flavour imparted by the. yoghurt
. culture:
.. It was also' evident that S. thermophilus
was the essential member of any pairing and,
in a commercial operation using direct-to-
vat cultures, there may be advantages in
employing this organism alone.
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soya milk
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Summary A semi-hard soya cheese, with mean moisture content 61.5%, crude protein 21.8% and fat
2.6%, was produced from reconstituted soya-milk powder using a starter culture of Strepto-
coccus thermophilus and Lactobacillus fermentum. The physical properties of the cheese, as
determined with aTexture Profile Analyser, were similar to a cheese made to the same compo-
sitional standards from bovine milk. A taste panel of Far Eastern subjects did not find the fla-
vour of the fresh soya cheese acceptable but, when cubes of the cheese (1cnr') were deep-fried
in corn oil, the hedonic rating improved significantly. It is suggested that the cheese could be
used as a protein-rich component of a meal, e.g. to replace meat in a stew, or as a 'snack food'.

Keywords Fermention, lactic acid bacteria, soya milk, cheese, texture and flavour.

Introduction

Soya beans are an excellent source of high quality
protein that has many uses as human food (Liu,
1997). In Asia, for example, soya beans have been
consumed for centuries and, although use is made
of soya flours and similar fractions (Lusas & Riaz,
1995),about 90% of soya-bean protein is consumed
in the form of soya-bean curd or tofu. However, be-
cause of its high moisture content (90-94%), tofu is
prone to spoilage, and it is generally prepared and
consumed daily; in addition, it has a bland taste.
In order to obtain a longer shelf-life for tofu,

Smith (1958) suggested that the curd might provide
a suitable base for making other cheeses. This idea
was followed-up by Kenkyusho (1965) who made a
cheese-like product from soya milk coagulated by
Enterococcus faecalis, rennet extract and calcium
chloride, while Hang & Jackson (1967a, 1967b)
made a cheese from soya milk using Streptococcus
thermophilus as the starter; the latter product had a

• Correspondent: Fax: +461189310080;
e-mail: r.k.robinson@.afnovell.reading.ac. uk

C 2000 Black.....n Scienc, lil(

clean and fresh flavour, but the moisture content
(74-77%) was still too high for prolonged storage.

In an attempt to improve the characteristics of the
soya-based cheeses, EI-Elia (1980) made' a hard
cheese from soya milk treated with Lactococcus lac-
tis sub-sp./actis, an emulsion of ripened 'Ras'cheese
and calcium lactate. The resulting curd was treated
in the manner of 'Ras' cheese and, although the
body and texture of the ripened cheese were accep-
table, the colour and flavour were reported to be
poor. Incorporating a percentage of bovine milk im-
proved the flavour, texture and colour of the test
cheese and, more recently, Rani & Verma (1995)
made an acceptable soya cheese from a mixture of
soya and bovine milks. Kim et al. (1995) used a si-
milar approach to make a low fat Mozzarella-style
cheese.

Although there might be advantages in some
countries in extending scarce bovine milk with soya
milk, in Thailand and other regions where lactose
intolerance is a problem, the production of a hardl
semi-hard cheese from soya milk alone could be of
benefit. Consequently, it was decided to investigate
the possibility of making a semi-hard cheese by fer-
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menting soya milk with Streptococcus thermophilus
and Lactobaclllus fermentum, and then processing
the curd in the manner described by Robinson &
Wilbey (1998) for white-brined cheese. In order to
obtain some measure of the success or otherwise of
the trial, the chemical and physical properties of the
soya cheese were compared with those of both a
White Stilton cheese and a 'control' cheese made in
the manner of the soya cheese but from bovine milk.,
However, as the taste and flavour of the soya cheese
were not expected to match those of the normal
cheeses, the sensory evaluation was confined to the
soya cheese.

Materials and methods

Preparation of soya milk

Low-fat, spray-dried soya milk powder supplied
from Allergycare (pollards Yard, Taunton, UK) was
used as the base material, and it was dissolved at a
rate ofl20 g L-1 in water deionized by reverse osmo-
sis. After mixing with a high-speed emulsifier/ mix-
er (Silverson Machines Ltd., Waterside, Chesham,
UK), the required volume, 5 litres per cheese, was
transferred to a stainless steel container with a
dose-fitting lid. .

Propagation of the starter culture

The selection of the culture was based upon some
preliminary studies that showed that this specific
combination gave satisfactory growth, acid produc-
tion and utilization of oligosaccharides in soya milk
(Churnchuere & Robinson, 1999). Aculture of Srrep.
thermophilus NCDO 1496 was obtained from the
Dairy Microbiology Laboratory, Department of
Food Science aod Technology, University of Read-
ing, UK and the culture of Lb. fermentuni NCDO
1750 was provided by the National Collection of
Food Bacteria, Aberdeen, Scotland.

After resuscitatioo of the freeze-dried cultures,
Strep. thermophllus was growo io Ml7 broth and
Lb. fermentum in MRS broth; these cultures were
incubated at 37°C for 24 h aod then kept at 4 oe.
The cultures for cheese making were sub-cultured
weekly by inoculatiog 1% (v/v) of an existing, single
species culture into 100 mL of sterilized soya milk
aod incubating at 37°C for 12-16 h. The resultant,

culture was used immediately or kept at 4 °C for later
use andlor routine transfer.

Procedure for cheese making

Five litres of soya milk (12% TS) were heat treated at
63°C for 30 min in the stainless-steel container, and
then cooled to about 37 oe. Individual cultures of
Str. thermophllus and Lb. fermentuni were each
added at a rate of2.5% and, after thorough stirring,
the milk was incubated at 37°C overnight (16 h). By
this time, the pH had dropped to about 4.5, and the
jelly-like curd was then cut witha knife into pieces of
approximately 1 cm3• After cutting, a slight shrink-
age/hardening of the curd was achieved by placing
the container in a water bath at 70 ·C and holding
for 1h, preliminary trials confirmed that this time-
temperature combination produced tbc optimum
degree of coagulation of the soya proteins. The effect
of stirring 100 g of calcium sulphate into the curd-
whey mixture to assist witb the firming of the curd
pieces was investigated also (Fukushima, 1980;
Wang, 1985).

Although the conventional procedure for making
white-bnned cheeses involves the transfer of the soft
curd to moulds for draining and pressing, it was
found that the soya curd retained above 70% moist-
ure even after pressing at 0.6 MPa. Consequently, the
traditional system used for Cream cheese (Robinson
& Wilbey, 1998) or concentrated yoghurt (labneh)
(Tamime &Robinson, 1999) was used for initial de-
hydration of the curd. This process involved ladling
the heat-treated curd into a bag made of a double
layer of cheese cloth, and then hanging the bag at 4
°C overnight. In an attempt to assist this drainage
of the whey, a further trial was completed inwhich
dry salt (2% NaCl, w/w) 'was sprinkled onto the
curd as it was transferred to the cloth bag.

In all cases, the partly-drained curd was, on the
following morning, tipped into a stainless-steel
cheese-mould (30 X 10 cm) and pressed for 12 h;
the pressure was gradually increased by 0.1 MPa
every 45 min until the final pressure ofO.6MPa was
attained. On removal from the mould, the cheese
was shrink-wrapped and stored at 4 ·C until re-
quired for physical, chemical and sensory analysis.

For comparison, a cows' milk cheese was made
employing the same basic procedure as that derived
for the soya cheese. A commercial sample of a semi-

rntê'tnational Journal of Food Science and Technology 2000,35, sn-ssl C 2000 BI.cI<Y.~~Sd,nc, Lid
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hard cheese designated asWhite Stilton provided an
additional control sample.

Physical and chemical analysis of soya-milk
powder and the cheeses

The moisture and total solids of samples of soya
powder and the three cheeses were determined ac-
cording to ADAS (1986), as was the ash content.
The fa;tcontents were measured by extraction with
petroleum spirit in a Soxtec extractor (ADAS,
1986),and the total nitrogen contents of the samples
were found by the Dumas method using a Leco Ni-
trogen Determinator (Leco Instruments Ltd.,
Stockport, UK); the protein content was calculated
as total nitrogen multiplied by 6.25. .
The physical properties of the cheeses with re-

spect to hardness, cohesiveness, springiness, adhe-
siveness, gumminess and fracturability (brittleness)
were determined with the Texture Profile Analyser
(Blackdown Rural Industries, Hasiemere, Surrey,
UK).

Sensory analysis

As soya products are widely consumed in the Far
East, a taste panel ofl4 post-graduate students from
Thailand and Indonesia was established ..The panel
was asked to evaluate samples of a one-week old
cheese for flavour, texture, colour and appearance
using the method of Quantitative Descriptive Ana-
lysis (Stone & Sidel, 1985;Powers, 1988).The list of
attributes selected by the authors as appropriate for
defining the quality of the cheese is shown inTable 2.
A linear scale (100 mm) was used, and the terms
were anchored with a nil level for any given attribute
on the left margin and the extreme level to the right.
The distances from the left-hand margin (zero) to

Table 1 Physical characteristics of
two soya cheeses (see text for
addition ofCaSO.) and acows'milk
cheese made by hanging the curd
overnight at 4 ·C in a cloth bag and
then pressing the drained curd in a
mould at 0.06 MPa; all figures are
the means of twenty measurements
made for two separate cheeses. The
commercial White Stilton was
included for comparison

Cl 2000 SlackwenSeiencel.td...\
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the scored points on the scale were then measured,
and the mean scores for each attribute reported.

Results and discussion

The chemical composition of the soya-milk powder
(means of five replicates) was crude protein 49.3%,
water-soluble carbohydrates 9.4%, starch 1.0%, fat
9.2%, ash 5.1% and moisture 3.1%, so that the ap- .
proximate composition of the 12% suspension was
5.9% crude protein, 1.1% fat and 1.13%soluble car-
bohydrates. It was established by HPLC (data not
shown) that the major sugars were sucrose (5% of
the total water-soluble carbohydrates), raffinose
(1.1%) and stachyose (3.8%).

The analysis of the soya 'cheese (means of dupli-
cate samples from five separate cheeses :t standard
errors) was moisture 61.5% :t 0.9, crude protein
21.8%:!: 0.2 and fat 2.6%:!: 0.3; the moisture content
of the cows' milk cheese (control) was 59.5% :t 0.5,
and that of the White Stilton was 44.8% :t 0.2.

The physical properties, as measured with theTex-
ture Profile Analyser, are shown in Table 1, and in-
terpretation of the profiles was based on the
suggestions of Brennan (1980). In particular, it
should be noted that the hardness and fracturability
of the soya cheese gave values of28.5 and 27.0N, re-
spectively, compared with 36.3 and 28.5 for the test
cheese made with cows' milk; these differences were
not significant (P > 0.05): However, although the
White Stilton had a lower moisture content, it was
softer than both the experimental cheeses, and
crumbled much more readily. Clearly any resem-
blance to the soya cheese was totally superficial,
and no attempt was made to match the characteris-
tics ofthe soya cheese with those of theWhite Stilton.

In cheeses like Cheddar, sodium chloride is em-
ployed to control moisture content and texture but,

Sample Hardness Cohesiveness Springiness Fracturability Gumminess
(N) (N)

Soya cheese 28.5' 0.2 0.6' 27.0' 4.5'

Soya cheese
+ CaS04 29.9' 0.1 0.6' 30.5' 4."
Cows' milk 36.3' 0.2 0.7: 28.5' 3.7'
White Stilton 21." 0.1 0.4' 17.1 2.4

Differences between the samples were determined using Duncan's multiplerange tests a: t~<0.05
level - samples with the same superscript letter within a column are not significantlyditier.c.:.
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Tabl. 2 Mean scores for selected sensory attributes orCresh
soya cheese and for portleus orthe same cheese cooked in
corn oil

Attribut. Fr.sh aoya eheese Fried loya ch.. se

Colour Intensity 43.6 85.1' •••

Body end Texture
Firmness 73.7 83.1····
Open t.xtur. 26.5 . 42.3'

Teste
Acidity 53.4 S4.6
Salty 17.3 19.9
Bitt.me .. 19.0 19.6
Asuingency 48.9 34.'"

Fillvour
Strong 32.1 47.3"
Cheesy 24.0 17.9
Fermented 43.3 31.5'
Beany 69.6 45.7"
RIncId 14.2 24.S·
Hedonle RIling 33.5 54.1'"

Signifgnt diHerences between theAmp!H were detenrillad using
Duncan', multiple rang. ttsts It: '. 0.1 • ". 0.5••••• 0.01 Ind
····.0.001 levels •• amples within a row without superscripts
have similar properties.

in the present context, the addition of NaCI (2%) to
the curd in the bag lead to. a decrease in hardness,
cohesiveness and fracturability 'of the resultant
cheese; the moisture content remained unchanged.
This effect can be explained by the fact that the na-
tive soya-protein molecules unfold during heating,
so exposing numerous free SH groups, disulphide
bonds and hydrophobic groups. If these groups can
be linked through neutralization of the negative
charges, irreversible aggregates result, but this irre-
versible coagulation needs an ion with two positive
charges that can bind to both negatively-charged
amino acid residues and the sulphide groups of the
unfolded protein molecules (Fukushima, 1981); it
can be assumed that univalent sodium ions simply
neutralize the negative charges but cannot forge
links between the molecules.

However, the salt that is generally used to coagu-
late soya milk in tofu making, namely CaSO. (Fu-
kushima, 1981), does possess the necessary divalent
ions, and the addition ofCaSO.lead to both a reduc-
tion in moisture content and an increase in hardness
of the soya cheese; the moisture content was reduced
to 60.5%, and the values for hardness and fractur-

ability rose to 29.9 and 3005 N, respectively (see
Table 1). However, even though the additional cal-
cium might offer a nutritional benefit, the physical
differences induced by the salt were not significant
(/'> 0.05).
The results of the sensory analysis are given in

Table 2.The hedonic rating (dislike extremely like-I
extremely) was only 33.5 out of a possible 100 for the
fresh soya cheese. It is likely that certain' flavour
notes like 'beany', 'astringent' and 'acidic' helped to
depress the hedonic score, while the culture did not
produce any metabolites capable of masking the un-
desirable components of the profile. The addition of
a strong, artificial flavour might have proved helpful
but, instead, it was decided to explore the possibility
'of~sing the soya cheese as a component of a meal.
. Consequently, a typical soya-milk cheese was cut
into cubes (1 em dimensions), and the cubes were
either added to a stew in place of meat (informal as-
sessment only) or was deep fried in corn oil. When
the same taste panel was served with individual por-
tions of the deep-fried cheese, tbe mean hedonic
score improved significantly to 54.1.The descriptive
attribute responses of the panel are shown inTabie 2,
and it is noticeable that cooking improved both
Iirmaess and texture, and that some of the less desir-
able features associated with soya beans, e.g. astrin-
gency and 'beany' flavour, were reduced in intensity.
Differences arising from the cooking process, such
as enhanced colour and overall flavour (strong) were
not unexpected, but the changes did not appear to .
prompt any adverse reactions.

Given that the soya cheese could prove to be an ac-
ceptable source of dietary protein and fat, it was dis-
appointing that: (a) the moisture content of the test
cheeses could not be reduced below 60%, for this le-
vel would leave the product susceptible to mould
spoilage especially at the ambient temperatures
likely to be encountered in Asia; and (b) the re-
sponse of the taste panel to the fresh cheese was not
more positive. Nevertheless, portions of the cheese
were acceptable as deep-fried 'snacks', and tbc use
of the material as a meat-substitute in stews remains
a possibility. In addition, the low pH of the cheese
(mean of 4.4) sbould mean that any spore-formers
present in the original milk will not germinate dur-
ing storage of a cheese at 4 ·C, while any ccliforms or
similar micro-organisms acquired as post-heating
contaminants should decline in numbers ahead of
handling in the kitchen and/orconsumption.

.,
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UK food technologists ran a
trial to see if consumers
could distinguish between
raw and pasteurised milk
cheeses. By Karen Nicol
and Richard Robinson*

Over the years, a number of inci-
dents of food-borne infection
have been linked with the con-

sumption of cheese made from raw
bovine milk (1). In spite of this, sales
of cheeses produced from non-pas-
teurised milk continue to increase.
It is also well known that top quality

batches of many cheese varieties, such
as Cheddar, can be made from milk
that has been heat treated to eliminate
all vegetative pathogens. So why do
people still insist on consuming raw
milk cheeses?

Complex flavour profile

The usual answer to this question is
that cheeses made with raw milk have
more complex flavour profiles than
their pasteurised counterparts. In this
way, it is suggested, they give the con-
sumer more pleasure (2,3).
However, objective support for such

sensory reactions is rarely available,
although it is accepted that a number
of primary biochemical pathways are
implicated in the development of
flavour compounds in cheese (4).
It is also accepted that the operation

of these pathways depends on the
presence of enzymes associated with
the types of bacteria found in raw
milk. It is agreed too that significant
concentrations of fatty acids are desir-
able in cheeses like Roquefort or
Parmesan (5), and that the release of
amino acids can contribute to flavour
development (6).
Equally important is the release of

the many secondary metabolites that
can, given suitable conditions of mat-
uration, enhance the complexity of a
flavour, eg the floral note associated
with the synthesis of phenylethanol in
some cheeses (7).
However, the very derivation of

these essential flavour profiles implies
that the components of the milk have
been subject to degradation by
enzymes of microbial origin. Clearly,
many of the non-starter bacteria
responsible for the biochemical
changes are harmless saprophytes, but
the fact remains that they must be pre-
sent in the base milk in high numbers
if they are to have any impact.
For example, detectable lipase activ-

ity in raw milk suggests a colony count
of Pseudomonas or similar genera of
over 1.0 x 107 colony-forming units
(du) per ml (5). Meanwhile, the non-
starter population of lactic acid bacte-

II'August 1999
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ria in raw milk cheeses can rise above
1.0 x 108 du/ml during maturation (8).
Clearly these relatively harmless

bacteria are generating compounds
perceived by many consumers as
essential, but the sheer numbers must
raise the spectre of pathogens being
present as well.
For cheeses like Parmesan, which

are matured for 12 months or more,
contaminant pathogens are of less con-
cern, as conditions within the cheese
tend to become increasingly inhos-
pitable with the passage of time. The
same conclusion does not apply, how-
ever, to hard-pressed or semi-hard
cheeses which may be consumed with-
in six months of production.
Producers of such cheeses from raw

milk may argue that good quality raw
milk does not pose a significant risk as
total viable counts of bacteria should
not exceed 10,000 du/ml. But, if that
is the case, will there be enough
microbial activity of non-starter origin
to generate a distinctive flavour?

Put to the test

Given this apparent contradiction, it
was decided to produce semi-hard
cheeses from both good quality raw
milk and pasteurised milk, and then to
determine by means of a taste panel
whether there was any difference in
flavour between the cheeses. The
entire trial was carried out twice.
Sufficient raw milk (90 litres) for

each trial was obtained from the
University of Reading Farm, with typi-
cal total colony counts of less than
10,000 du/ml. One batch of milk (45
Iitres] was then pasteurised at 72°C
for 15 seconds and cooled to 32°C. The
other batch was warmed to 32°C only.

Beyond this point, both vats of milk
were treated in an identical fashion, in
that the milk was subject to the follow-
ing steps (9).
• Inoculation with a culture consisting
of Lactococcus Jactis subsp laetis and
Lactococcus Jactis subsp cremoris.
• Ripening for 45 minutes prior to the
addition of rennet.
• Coagulation over 60 minutes until
ready for cutting.
• Scalding by increasing the tempera-
ture to 36°C over 50 minutes.
• Draining of the whey at pH 6.1.
• Piling of the curd along the sides of
the vat.
• Cutting and draining of the blocks of
curd until the pH of the whey was 5.5
• Milling and salting (2% w/w) of the
curd.
• Moulding and application of mini-
mum pressure to encourage whey
drainage.
• Increasing pressure to 0.5 MPa over
the next hour and leaving overnight.
• Vacuum packing, cooling to 2°C and
holding for five days.
• Maturation at 10°C for 12 weeks.
At the end of the maturation period,

duplicate samples of lOOg were
removed from each cheese with a trier
and analysed for Listeria monocyto-
genes (10), Salmonella spp (11) and
faecal coliforms (11). Additional sam-
ples were then taken for analysis for
pH, moisture, sodium chloride, crude
protein and total fat (12, 13).
However, potential consumer reac-

tion was taken as the central issue, and
the following aspects were assessed.
Texture - Cubes of cheese (lcm3)

were placed, in turn, under the probe
of the General Food Texturometer
(Instron, High Wycombe, UK). The
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more extensive range of attributes
might have proved more informative.
Nevertheless. as the tasters were typ-

ical consumers of medium grade.
medium price cheeses of tbe type
found in any supermarket, their reac-
tions cannot be dismissed. This is espe-
cially true in light of the answers to the
question of overall preference. The
answers gave a split of ten in favour of
the raw milk cheese and eight for the
product made from pasteurised milk.
Obviously it is not claimed that the

results of this trial are conclusive. But.
assuming tbat the cheese making
process could have been modified to
obtain a better match of the pbysical
characteristics. then it seems tbe
cheeses would, to all intents and pur-
poses, have become indistinguishable.
In other words, it would appear that

raw milk cheeses will only become
detectable by typical consumers if the
microbiological quality is low enough
to allow active catabolism of the pro-
teins and fat in the milk. along with
the build-up of flavour-enhancing pep-
tides. fatty acids and their derivatives.
However. as the numbers and range of
bacteria in this 'desirable' miereflora
increases so. on occasions. will the
risk from pathogens occupying the
same ecological niches.
It is perhaps curious, therefore, that

the amount of raw milk cheeses on
supermarket shelves is increasing all
the time. This means that either con-
sumers are unaware of or unconcerned
about the potential problem of food-
borne disease, or there is genuine
desire for cbeeses witb more pro-
nounced and complex flavour profiles.
If this latter point is valid, then

rather than expose consumers to the
risks associated with raw milk
cheeses, perhaps the supermarket
chains and major cheesemakers should
join forces to raise the quality of
cheeses made from pasteurised milk.
Twin targets
Technically, the twin targets of high

quality and large volumes of produc-
tion are not incompatible. Longer
maturation times offer an obvious
solution. but the additional expense of
storage could well prove unacceptable
to the major retail chains.
Alternatively, if the non-starter lac-

tic acid bacteria are essential sources
of the enzymes associated with flavour
production, there is no reason why
selected strains of food-grade. flavour-

resistance of the cheese to deformation
gives Corce/time values which can be
interpreled in terms of hardness. cohe-
siveness, chewiness, springiness and
adhesiveness (14).
Sensory attributes - A list of attrib-

utes covering appearance (white/yel-
low, open/close texture), odour (inten-
sity of 'cheesy' and lactic aromas), tex-
ture (soft/firm, crumbly/coherent) and
flavour (cheesy, lactic, creamy. persis-
tent) was compiled from qualities pro-
posed by Muir and Hunter (15).
Each of 18 panellists was presented

with two randomly coded samples
under artificial daylight illumination
in an Isolated, air-conditioned booth.
A form was provided that listed the
above features beside lOcm line-scales
with anchor points. Assessors were
asked to rate each attribute in turn for
one sample. The operalion was then
repeated for the second sample.
The order of presentation of the sam-

ples was randomised to avoid prefer-
ences caused by the consumption
sequence. The data were analysed by
Multiple Variance Analysis (ANaYA),
and the Least Significant Differences
were calculated. In addition, each of
the tasters was asked which sample of
cheese he or she preferred.
Free from pathogens
Both types of cheese were found to

be free from the pathogens considered
to be possible contaminants, a result
that served both to confirm the view
thal good quality raw milk need not
always pose a risk to consumers and to
give confidence to the taste panel.
Chemical analyses of lhe cheeses

revealed the results shown in Table 1.
As the original milks and the process
conditions were - for all practical pur-
poses - identical. the difference in
moisture content is likely to have
resulted from the influence of heat on
the whey/casein fractions of the milk.
In particular, any denaturation of

whey proteins and their absorption on
the caseins tends to reduce syneresis
(16), and it is feasible to suggest that
this retention of excess whey gave
cheeses of higher moisture content.
From an economic point of view. an

additional sag of water per kilo of
cheese could be attractive, but only so
long as the consumer is not deterred
by any possible changes in texture.
As shown in Table 2, the physical

properties of the two cheeses were
quite different. In particular, the value

II'August 1999

for hardness of the raw milk cheese
was almost double the figure recorded
forthe pasteurised milk cheese. The
related attribute of chewiness showed
a contrast that was almost threeCold.
These differences do not imply, of

course, that one cheese is better, but
the figures do suggest tbe process for
handling pasteurised milk would need
to be modified if the end-products
were to become. at least in pbysical
terms. directly comparable.
The differences revealed by the tex-

turometer were also apparent to the
panellists (Figure 1). The perceived
differences for firmness and crumbli-
ness were significant (P < O.O~).
The lower moisture content may

have been responsible. at least in part,
for the firm texture of the raw milk
cheese. But the more crumbly texture
and visibly fissured appearance
('open' texture) of the pasteurised milk
sample suggests that the heal treat-
ment had modified the extent of pro-
tein-protein bonding as well.
However, any physical differences

did not affect the perceptions of
flavour or aroma. As shown in Figure
2, there were no significant differences
between the two cheeses for any of the
attributes examined. Whether or not a
trained panel would have been more
discriminatory is an open question,
and it might be argued that the use of a
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enhancing lactobacilli should not be
added to pasteurised cheesemilk (18).
In a study carried out separately

from the one under discussion here -
but which also employed a taste panel
- Lactobacillus paracasei subsp para-
casei was added to pasteurised milk
used for the production of a white
brined cheese. It gave an end product
that was barely distinguishable from
the traditional cheese made with raw
milk and no starter culture.

To suit UK territorial varieties, a
modification of this system might
involve the employment of two
cultures, ie acid-producing strains of
lactococci for rapid ripening in the vat,
and a second culture to enhance
flavour production during maturation.
Once such a routine has been estab-
lished, the increase in manufacturing
costs is negligible.
The outcome would be the provision

of cheeses that: (a) barring a major fail-
ure at a critical control point, should
be free from vegetative pathogens; and
(b) have the desirable flavour charac-
teristics of their raw milk counterparts.
Whether dairies would be willing to

adopt this route remains to be seen. But
this present study does suggest good
quality raw milk does not make cheeses
with flavour profiles any different from
those identified in similar products
made from pasteurised milk. •

pecial feature

*The authors are from the University of Reading's Department of Food
Science & Technology. Tel: (+44) 118 931 8700. Fax: (+44) I 18 931 0080.

E-mail:food@afnovell.reading.ac.uk

The Tetra Almix series of mixing modules avoids the problems
found with conventional recombination methods by means of:
• A unique vacuum technique that removes air and odours,

prevents foaming and enables automatic powder addition.
• A mixing unit that gives a stable product free from lumps, which

can be stored overnight without any fat separation. Superior mixing
also enhances pasteurisation, prolongs shelflife, and allows
simultaneous addition of fat and powder to the mixing vessel.

• A liquid-filled mixing vessel that avoids powder clogging.
Both recombination and reconstitution can be carried out for a wide
range of milk-based products and juices.

You also get more out of Tetra Almix in the form of higher product
quality, handling of dry matter contents over 50%, and a maximum
capacity of 20 000 l/h recombined milk.

r.~Tetra Pak
More than the packagfr

Contact your nearest Tet~aPak company or visit www.tetrapak.com

Stellenbosch University http://scholar.sun.ac.za

mailto:food@afnovell.reading.ac.uk
http://www.tetrapak.com


CHEESE

Putting raw
milk cheeses
to the test

UK food technologists ran a
trial to see if consumers could
distinguish between raw and
pasteurised milk cheeses. The
authors, Karen Nicol and
Richard Robinson, are from
the University of Reading's
DepartlT!ent of Food Science
& Technology.

from milk that has been heat treated
to eliminate all vegetative pathogens.
So, why do people still insist on con-
suming raw milk cheeses?
The usual answer to this question is

that cheeses made with raw milk
have more complex flavour profiles
than their pasteurised counterparts.
In this way, it is suggested, they give
the consumer more pleasure.v"
However, objective support for such

sensory reactions is rarely available,
although it is accepted that a number
of primary biochemical pathways are
implicated in the development of fla-
vour compounds in cheese." It is also
accepted that the operation of these
pathways depends on the presence of
enzymes associated with the types of

bacteria found in raw milk. It is
agreed that significant concentrations
of fatty acids are desirable in cheeses
like roquefort or parmesan.i and that
the release of amino acids can contrib-
ute to flavour development."
Equally important is the release of

the many secondary metabolites that
can, given suitable conditions of
maturation, enhance the complexity
of a flavour, e.g. the floral note asso-
ciated with the synthesis of
phenylethanol in some cheeses."
However, the very derivation of

these essential flavour profiles im-
plies that the components ofthe milk
have been subject to degradation by
enzymes of microbial origin. Many of
the non-starter bacteria responsible

Over the years, a number of inci-
dents offoodborne infection have

been linked with the consumption of
cheese made from raw bovine milk.'
In spite of this, sales of cheeses pro-
duced from non-pasteurised milk con-
tinue to increase.
It is also well known that top-

quality batches of many cheese vari-
eties, such as cheddar, can be made
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scales with anchor points. Assessors
were asked to rate each attribute in
turn for one sample. The operations
were repeated for the second sample.
The order of presenlation for the

samples was ra nrlnm ised to avoid
preferences caused by the consump-
tion sequence. The data were ana-
lysed by Multiple Variance Analysis
(ANOVA), and the least significant
differences calculated. In addition,
each of the tasters was asked which
sample of cheese he or she preferred.

Free from pathogens
Both types of cheese were found to

be free from the pathogens considered
to be possible contaminants, a result
that served both Lo confirm the view
that good-quality raw milk need not
always pose a risk to consumers and
to give confidence to the taste panel.
Results of the chemical analyses of

the cheeses are shown in Table 1. As
the original milks and the process
conditions were - for all practical pur-
poses - identical, the difference in
moisture content is likely to have re-
sulted from the influence of heat on
the whey/casein fractions of the milk.
In particular, any denaturation of

whey proteins and their absorption on
the caseins tends to reduce syner-
esis" and it is Ieasible to suggest that
this retention of excess whey gave
cheeses of higher moisture content.
From an economic point of view, an

additional 50g of water per kilogram
of cheese could be attractive, but only
while the consumer is not deterred by
any possible changes in texture.
As shown in Table 2, the physical

properties of the two cheeses were
quite different. In particular, the
value for hardness of the raw milk
cheese was almost double the figure
recorded for the pasteurised milk
cheese. The related attribute of chewi-
ness showed a contrast that was al-
most threefold.
These differences do not imply, of

course, that one cheese is better, but
the figures do suggest the process for

CHEESE

for the biochemical changes are harm-
less saprophytes, but the fact remains
that they must be present in the base
milk in high numbers if they are to
have any impact.
For example, detectable lipase activ-

ity in ruw milk suggests a colony
count of Pseudomonas or similar gen-
era of more than 1.0 x 107 colony-
forming units (cfu) per mL.~
Meanwhile, the non-starter popula-
tion of lactic acid bacteria in raw milk
cheeses can rise above 1.0 x LOs cru/
mL during maturation.f
Clearly, these relatively harmless

bacteria are generating compounds
perceived by many consumers as es-
sential, but the sheer numbers must
raise the spectre of pathogens being
present as well.
For cheeses like parmasan. which

are matured for 12 months or more,
contaminant pathogens are of less
concern, as conditions within the
cheese tend to become increasingly
inhospitable with lime. The same con-
clusion does not apply, however, to
hard-pressed or semi-hard cheeses,
which may be consumed within six
months of production.
Producers of such cheeses from raw

milk may argue that good-quality raw
milk does nol pose a significant risk,
as total viable counts of bacteria
should not exceed 10,000 cfu/mL. But.
if that is so, will there be enough
microbial activity of non-starter ori-
gin lo generate a distinctive flavour?
Given this apparent contradiction, it

was decided to prod uce semi-hard
cheeses from good-quality raw milk
and pasteurised milk, And then to de-
termine, by means of a taste panel,
whether there was any difference in
navour between the cheeses. The en
tire trial was carried out twice.
Sufficient raw milk (90 litres) for

each trial was obtained from the Uni-
versity of Reading Farm. with typical
total colony counts of less than 10,000
cfu/mL. One batch of milk (45 litrest
was then pasteurised at 72°C for 15
seconds and cooled to 32°C. The other
batch was warmed to 32°C only.
Beyond this point, both vals of milk

were treated in an identical fashion,
in that the milk was subject to the
following steps."
• inoculation with a culture consist-

ing of Laetoeoecue laetis subsp laetis
and L. laetis subsp cremoris;

• ripening for 45 minutes before the
addition of rennet;

• coagulation over 60 minutes until
ready for cutting;

• scalding by increasing the tempera- I
ture to 36°C over 50 minutes;

• draining of the whey at pH 6.1:
• piling of the curd along the sides of
the vat;

• cutting and draining t he curd
blocks until the whey pH was 5.5;

• milling and salting (2% w/w) of the
curd;

• moulding and application of mini-
mum pressure to encourage whey
drainage;

• increasing pressure to 0.5MPa over
the next hour and leaving over-
night;

• vacuum packing, cooling to 2°C and
holding for five days; and

• maturation ut 10°C for 12 weeks.
At the end of the maturation period,

duplicate samples of lOOg were re-
moved from each cheese with a trier
and analysed for Listeria mono-
cytogenes,IO Salmonella spp!' and
faecal coliforms.'! Additional samples
were taken for analysis for pH, mois-
ture, sodium chloride, crude protein
and total fat.12 13

Potential consumer reaction was
taken as the central issue and the fol-
lowing aspects were assessed.
Texture - cubes of cheese (Lem")

were placed, in turn. under the probe
of the General Food Texturometer
(Instron. High Wycombe. UK'. The
resistance of the cheese to deforma-
tion gives force/time values which cao
be interpreted in terms of hardness.
cohesiveness, chewiness. springiness
and adhesiveness 14

Sensory attributes - A list of at-
tributes covering appearance (white/
yellow, open/close texture), odour (in-
tensity of'cheesy' and lactic aromas),
texture (soflJli rrn, crumbly/coherent>
and flavour (cheesy, lactic. creamy,
persistent> was compiled from quali-
ties proposed by Muir and Hunter.l~
Eighteen panellists were presented

with two randomly coded samples
under artificial daylight illumination
in an isolated. air-conditioned booth.
A form was provided that listed the
above features beside 10cm line-

Table 1: Chemical compositions
of raw and pasteurlsed milk
cheeses.

Raw milk Pasteurlsed
cheese milk cheese

pH 4.7 4.7
Fat (%) 32.9 31.6
Crude protein 26.2 22.9
MOisture 35.4 40.9

Australian Dally_.:.F..:.ood.::..:.:s:..._ December 1999

Table 2: Physical characteristics,
as measured by the Instron
Texturometer _

Raw milk Pasteurlsed
cheese milk cheese

Spnngrness 065 0.65
CohesNeness 043 0.31
Chewlness 19.0 7.04
Adhesilleness 1.38 -0.71
Hardness 67.54N 34.99N
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handling pasteurised milk would
need to be modified if the end-
products were to become, at least in
physical terms, directly comparable.
The differences shown by the text-

urometer were also apparent to the
panellists (Figure 1). The perceived
differences for firmness and crumbli-
ness were significant Cp <0.05).
The lower moisture content may

have been responsible, at least in
part, for the firm texture of the raw
milk cheese. But the more crumbly
texture and visibly fissured appear-
ance ('open' texture) of the pasteur-
ised milk sample suggests the heat
treatment had modified the extent of
protein-protein bonding as well.
However, any physical differences

did not affect the perceptions of fla-
vour or aroma. Figure 2 shows there
were no significant differences be-
tween the two cheeses for any of the
attributes examined. Whether or not
a trained panel would have been more
discriminatory is an open question
and it might be argued that the use of
a more extensive range of attributes
might have proved more informative.
Nevertheless, as the tasters were

typical consumers of medium grade,
medium price cheeses of the type
found in any supermarket, their reac-
tions cannot be dismissed. This is es-
pecially true in light of the answers to
the question of overall preference.
The answers gave a split of 10 in fa-
vour of the raw milk cheese and eight
for that made from pasteurised milk.
Obviously, it is not claimed that the

results of this trial are conclusive.
But, assuming that the cheesemaking
process could have been modified to
obtain a better match of the physical
characteristics, then it seems the
cheeses would, to all intents and pur-
poses, have become indistinguishable.
In other words, it would appear that

raw milk cheeses will only become
detectable by typical consumers if the
microbiological quality is low enough
to allow active catabolism of the pro-
teins and fat in the milk, along with
the build-up of flavour-enhancing
peptides, fatty acids and their deriva-
tives. However, as the numbers and
range of bacteria in this 'desirable'
microflora increases so, on occasion,
will the risk from pathogens occupy-
ing the same ecological niches.
It is perhaps curious, that the

amount of raw milk cheeses on super-
market shelves is increasing. This
means that either consumers are una-
ware of or unconcerned about the po-

100.0
involve the employment of two cul-
tures, i.e. acid-producing strains of
lactococci for rapid ripening in the
vat, and a second culture to enhance
flavour production during matura-
tion. Once such a routine has been
established, the increase in manufac-
turing costs is negligible.
The outcome would be cheeses that:

a. barring a major failure at a critical
control point, should be free from
vegetative pathogens; and

b. have the desirable flavour charac-
teristics of their raw milk counter-
parts.
Whether dairies would be willing to

adopt this route remains to be seen.
But, this present study does suggest
good-quality raw milk does not make
cheeses with flavour profiles any
different from those in similar prod-
ucts made from pasteurised mille 0
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• Figure 1: Scores for appearance and
texture (above). Figure 2: Scores for fla-
vour and aroma (below). Bars at left of
pairs represent raw milk cheeses, bars
at right pasteurised milk cheeses.
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tential problem of foodborne illness or
disease, or there is genuine desire for
cheeses with more pronounced and
complex flavour profiles.
If the latter is valid, then rather

than expose consumers to the risks
associated with raw milk cheeses,
perhaps the supermarket chains and
major cheesemakers should join
forces to raise the quality of cheeses
made from pasteurised milk.

Twin targets

Technically, the twin targets of high
quality and large volumes of produc-
tion are not incompatible. Longer
maturation times offer an obvious so-
lution, but the additional expense of
storage could well prove unacceptable
to the major retail chains.
Alternately, if the non-starter lactic

acid bacteria are essential sources of
the enzymes associated with flavour
production, there is no reason why
selected strains of food-grade, flavour-
enhancing lactobacilli should not be
added to pasteurised cheese milk. is
In a study carried out separately

from the one under discussion here -
but which also employed a taste panel
- L. paracasei subsp paracasei was
added to pasteurised milk used for
the production of a white-brined
cheese. It gave an end product that
was barely distinguishable from the
traditional cheese made with raw
milk and no starter culture.
A modification of this system might

December1999
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R. K. Robinson

THEMILK INDUS: J' .70

A method for the objective assessment of
.cheese flavour

THE view that foodstuffs should be
graded according to quality was at

one time accepted as normal practice,
but as retail sales have grown in the
direction of convenience foods and/or
packaging, so consumer attitudes have
been conditioned to accept mediocrity
as the "norm".
It can be argued, of course, that im-

provements in quality must involve
higher prices but, for a product like
Cheddar cheese, this reasoning ap-
pears somewhat suspect. Thus, tech-
nical innovations over the last 20 years
have raised productivity to an un-
precedented degree so that, assuming
the process is being effectively con-
trolled, there is no reason why a pro-
duct that is both competitively priced
and of top quality should not be made
available to the consumer. The validity
of this view is supported by the fact that
some factories consistently market
cheese that cannot be faulted for tex-
ture or flavour, and if high standards of
quality can be achieved at one plant,
then why Ginnot such standards be
accepted universally?

One procedure that could assist in
removing low grade cheese from the
retail market would be a National
Grading Scheme along the lines em-
ployed in Scotland, and a similar
scheme was, of course, operated in
England for many years. Advocates of
this approach argue that if all home-
produced and imported cheese were to
be subjected to an objective scrutiny,
then the housewife could be assured
that a given grade would be of a speci-
fied quality. The advantages of a grad-
ing scheme seem, as far as the con-
sumer is concerned, to be self-evident,
but the proposal is opposed on the
grounds that: .
(i) "in-house" schêmes run by the

major producers have rendered a
national approach unnecessary;

[ii) the advantages would not justify
the additional cost;

(iii) that skilled personnel to carry out
the scheme are not available .:

The first point is, of course, a
reasonable one, but the fact that bloch

Address: Department of Food Science, Uni-
versity of Reading, Berkshire, England.

of "compressed casein" can appear on
the market labelled as "Cheddar
cheese" would tend to indicate that a
fair percentage of cheese is evading
effective scrutiny. The cost of eliminat-
ing the observed fluctuations in quality
would have to be borne by the con-
sumer, but the advantages of product
reliability would more than compen-
sate for any minor increase in price.
Implementation of a grading scheme
does depend, naturally enough, on the
availability of skilled graders, and it is
argued that, with existing expertise
confined to the major producers, any
national approach could not be oper-
ated.
This latter view is based on the tradi-

tional attitude that cheese grading is
essentially an "art" rather than a
science, and that the almost intuitive
skills of the grader cannot be duplicated
by more modem techniques of ap-
praisal. Obviously no one would dis-
pute the ability of a professional grader
(Harper, 1956 and 1961), but in the ab-
sence of such skill, an alternative ap-
proach may have to be sought.
It is the aim of this paper, therefore,

to examine one method of quality ap-
praisal to assess whether it could:
(a) be employed to characterise the

flavour associated with Cheddar.
cheese;

(b) provide an objective, quantitative
estimate of the relative intensity of
cheese flavour;

(c) be capable of operation using un-
trained personnel.

Thus, if this aspect of quality could
be effectively monitored by non-
specialists, then a grading scheme
becomes a feasible proposition, and the
finite reservoir of expertise need no
longer be regarded as a limiting factor.

Materials and methods
The general problems associated

with organoleptic appraisal have been
reviewed elsewhere (Gridgeman, 1967,
Amerine et al, 1965), and it was de-
cided that, in the present context, the
most appropriate method of examina-
tion would be to employ a rating sys-
tem for certain qualities pertinent to
cheese. Consequently, a list of 15 terms
associated with cheese flavour was

drawn up, covering a range of mild,
mature and "off-flavours", and the
format of the final "score-sheet" is
shown in Figure 1. The "off-flavours"
("alternative terms"-Figure 1) were
deliberately isolated from the more at-
tractive cheese flavours in order to
avoid any distraction of the tasters.
Four samples of cheese were then

bought from a local supplier, two being
designated as "mild" and two as
"mature", and these samples were
then cut into small portions and
numerically coded. Each taster was
offered a "mild" sample and a
"mature" sample for examination, and
requested to complete the score sheet
as instructed; a standard palate
cleanser of water and a dry biscuit was
taken between samples. Identical pairs '.
of samples were evaluated by 10
tasters chosen at random from the
student population, and the second
pair of samples was similarly e~-
ined by a further panel of 10. Panel size
was based on the minimum number of
untrained tasters required to identify
the essential flavour notes (Harper et
al, 1968), but with a short period of
training, this number might be reduced
for certain practical purposes.

Results
The results from the two panels are

summarised in Table 1, and it is notice-
able that the overall scores assigned to
the cheeses are broadlv similar. How-
ever, if the expected charateristics of
Cheddar cheese are grouped according
to whether the flavour is associated
with "mild" cheese or "mature"
cheese, then it is evident that totally
inexperienced tasters have little diffi-
culty in characterising a particular
sample.
In some respects, it would have been

surprising if the scheme had not dis-
criminated between the samples, but
what the exercise served to emphasise
was that the proposed scheme pro-
vided a simple method of quantifying
the differences between cheese
samples. It was also noted that the pat-
tern of "faults" reflected "maturity"
but this association probably indicates
merely that some tasters find the
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mature characters too harsh for their
liking.

Nevertheless, it is likely that a
mature cheese that was really defective
would be isolated by the same scheme.
It may be relevant also that, assuming
the "mature notes" are the main indi-
cators of flavour intensity, then the
mature Cheddar has roughly twice the
"flavour" score of its mild counterpart,
and this comparative feature of the
analysis could prove useful in other
contexts.

Discussion
The very nature of sensory analysis

creates problems for the experimenter,
for the choice of terminology is in itself
a highly arbitrary facet of the project.
Thus, in the present context, some,
terms, such as "rich" and "salty",
turned out to be be more descriptive
than discriminatory, while some tasters
felt that "bland" was not a judgment
that could be quantified. However,
such disagreements are an inevitable
part of the evolution of any scheme of
quality appraisal, but the important
feature of the scheme is that it enabled a
panel of untrained personnel to distin-
guish between different samples of
cheese in a manner comparable to that
of an expert.
Obviously the number of samples is

too small to allow for dogmatic predic-
tions, but the results suggest that de-
signations like "mild" and "mature"
are capable o~ objective, numerical
rating. If this view is correct, then it
implies that certain types of Cheddar
cheese could be expected to generate a
specific numerical "profile", and that it
would be possible to state that a mild
Cheddar (Grade 1)would have to reach
a total score (10 assessors) for "mild"
characters of x ± y. The establishment
of similar targets for other types/grades
of hard-pressed cheese could, there-
fore, make it feasible for a national
grading scheme to be introduced irre-
spective of the availability of skilled
graders.
It must be admitted, of course, that

texture is an equally important feature
of a good cheese, but there is no reason
to believe that this feature is not also
capable of objective analysis. Thus,
Szczesniak (1963), Szczesniak et al
(1963) and Civille and Liska (1975)have
shown that techniques for texture pro-
filing can be applied to a range of food
products, and hence it is dearly pos-
sible that an "optimum" profile -for
Cheddar cheese could be derived in the
samewav.

The erection of a fully operational
scheme for cheese grading based on
pelnel assessment would require elgreat
deal more data than has been presented
here, but what these results do indicate
is that the "art" of the cheese grader is
capable of duplication. If this con-

.'

..

3

Figure 1. The r..ting system employed to characterise the flavour of samples of
. Cheddar cheese

C"~ characterisation
The following list of terms have been selected from those often used to describe

cheese. You are asked to work through the list with the sample provided, and to
indicate the degree or extent to which any of the terms applies to initial flavour 0
after-taste using the 0-5 scale..

(0 = none,S = strongly.)

Assessor: Date:

Creamy 0 1 2 3 4 5 Sweet 0 1 i 3 4 5
Sharp 0 1 2 3 4 \ 5 Salty 0 1 2 3 4
Buttery 0 1 2 3 ·4 5 Acidic 0 1 2 3 4
Tangy 0 1· 2 3 4 5 Rich 0 1 2 .3 4
Bland .0 1 2 3 4 5 Bitter 0 1 2 3 4

Alternative terms:

Sweaty 0 1 2 3 4 5
Aromatic 0 1 2 3 4 5
Burning 0 1 2 .3 4 5
Sour 0 1 2 '-3 4 5
Metallic 0 1 2 3 4 5

Sample code:

Table 1. Profile analyses of two types of Cheddar cheese; figures ..s total score
awarded by 10 assessors. Scores for each panel are recorded separately.

Characteristic Total score
Mild Cheddar Ma/urt ChtJda
A B A B

Creamy 25 17 6
Rich 22 20 22 1
Buttery 22 14 7
Sweet 19 23 7
Bland 15 30 1

Score for "mild" characters 103 IC» 43

Sharp
..

309 13
Bitter 1 7 13
Tangy 16 10 29
Acidic 17 10 25 2~
.Salty 17 16 17

Score for "mature" characters 60 56 114 11

Sweaty 3 2 5
Aromatic 8 13 13 2
Burning 1 1 5
Sour 7 3 12
Metallic 2 1 4

Score for "off-flavours" 21 20 39 4

Footnote. Although this technique can be criticisedin that it involvesthe "addition" of scor
fo~somewhat dissimilar terms, it has been used. in the present context. to "highlight" di
ferencesbetween samples.

elusion is correct, then a national grad-
ing scheme for hard-pressed cheese
can no longer be discounted on the
grounds that the necessary expertise is
unavailable. Whether the political will
can be found to implement such n
scheme is open to debate, but at lenst
one argument against the introduction
of quality ~rades for cheese looks less
convincing than is sometimes sup-
posed.
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NIZO test report on self-desludging
separator

At the request of Alfa-Laval NV at
Amstelveen, the Netherlands Institute
for Dairy Research (NIZO) carried out a
series of 18 tests on the skimming effi-
ciency of a newly developed, self-
desludging hermetic milk separator,
type MRPX 318HGV, and compared it
with that of a second-hand conven-
tional hermetic milk separator, type S
2181 M. Doth separators had been
manufactured by Alfa-Laval NB,
Sweden.
The tests were carried out under

practical conditions. Both separators
worked at their nominal capacities. The
whole milk was first passed through a
plate pasteuriser and after that was
divided between the two separators.
The milk was obtained from various
sources, while some tests were carried
out with down-stream pasteurisation
and others with up-stream pasteurisa-
tion. During each test 11 samples were
taken from the skim-milk outlet of each
separator during two hours. These
samples were mixed, and from this
milk two samples were used for the
determination in duplicate of the fat
content by the Róse-Gottlieb method.

Of the two samples of skim-milk
taken from each separator the average
fat content was calculated. In 17 out of
18 tests the fat content of the skim-milk
from the self-desludging hermetic
separator was somewhat lower than
that of the skim-milk from the older
hermetic separator. These results are
related to the given experimental cir-
cumstances and the separators used.
.The skimming efficiency of the self-
desludging hermetic separator is, on
average, also somewhat better than
that of the hermetic separator. The
average difference over 18 tests was
0.0073 per cent. This average difference
is significant, its standard deviation
being O.CXXl72. ~....
These tests cannot give much infor-

mation concerning the effect of differ-
ences in milk properties and treatment.
The results do not seem to be in contra-
diction with the observation that the
skimming efficiency is somewhat bet-
ter for can milk, which was fresh or
approximately 12 hours old in these
tests, than for cold-stored milk. This
observation is well known. The skim-
ming efficiency decreases after cold

storage, which in practice is related to
extra physical effects produced in the
milk by pumping and stirring. .
After the time relay for switching

from starting to operation position had
been adjusted, the bowl had the correct
speed when skimming started; ap-
proximately 20 minutes after the motor
of the self-desludging hermetic separ-
ator had been switched on, the first
milk was supplied.
The older hermetic separator was in-

spected visually after cleaning. The
rubber seals were also checked at the
same time. These were replaced on
some occasions to prevent breakdowns
and well before they were likely to be
faulty. The test separator was inspected
inside visually five times during the test
period after cleaning had taken place.
In the beginning this was done more
frequently than later on. It was ob-
served that after the cleaning pro-
gramme had been carried out correctly,
the discs and the bowl were properly
cleaned. Sometimes a few small hard
pieces were found in the distribution
holes of some upper discs. Probably
these had been released during clean-
ing from places somewhere else in the
equipment outside the separator.
About three months after installation

of the self-desludging hermetic separa-
tor, the axial seals were replaced be-
cause the rubber parts of the top seal
began to separate from the steel parts,
and the seal just below the top seal
showed some swelling of the rubber
parts. The carbon rings were still in
reasonably good condition so that leak-
age should not have been expected.
These seals were replaced after about
-1,000 working hours, approximately
300 of which had already elapsed be-
fore the seals were installed at the
Coberco dairy (as indicated by the
manufacturer). During the test period
the automation of the cooling system of
the separator and its seals was im-
proved. Sometimes in the beginning it
was not quite safe in relation to the
special test lay-out, so that at some
times the seals were without cooling

. water during starting up or running
down. The manufacturer pointed out
that all the machines will be provided
with a safe and fully automatic system
for this section ..
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Generally the impression was ob-··
tained that this new separator can
operate in a sufficiently reliable.
way.-NIZO report Rl07,

New £13m MMS creamery
comes on stream

The Milk Marketing Board's latest
creamery-Sevemside at Stroud in
Gloucester-has come on stream.
Work began on the £13.million pound
project in May 1977and the first load of
milk was processed ~n 20 March 1979,
only 22 months later ..

Sevemside represents the latest in
dairy industry technology and, during
peak production will process a maxi-
mum of a million litres daily. This re-
presents a daily total of 45 tonnes of
butler and 92 tonnes of skim milk pow-
der. The highly mechanised plant will
eventually employ 150 staff.
The creamery is part of the Board's

overall plan to deal with increasing
milk production and when fully opera-
tional it will serve milk producers in the
west country, South Wales and the
south midlands. It will also be of con-
siderable significance in handling the
seasonal fluctuations of milk produc-
tion.

Commenting on the importance of
the new creamery, Mr Steve Roberts,
MMB chairman, said recently: "Severn-
side represents a major investment by
the Board and is proof of our continu-
ing confidence ·iil the future {Jf the UK
dairy industry. It will make a valuable
contribution to the work of the Board
and the milk producer. The construc-
tion of the creamery and its transition
from drawing board to commissioned
plant in such a short time is a major
achievement by main contractors, Em-
berbrook Engineering Ltd and all those
involved". .

Annual report on research
and development 1977

A report, published in May, on the
Ministry of Agriculture's responsibili-
ties for research and development de-
scribes, among other things, the
progress of the commissioning of
research and the conclusions of the re-
views of commissioned research. It
shows the funds made available by the
Ministry during 1977/78 for research
and development in agriculture, fish-
eries and lood, and refers to the de-
velopments of the national pro-
grammes for these areas. Copies of the
report can be obtained from HM
Stationery Office, price £2.00 (by post
£2.12).

The Secretary of State for Employ-
ment has appointed Mr Geoff W. Jones
as an employer member of the Food
Drink and Tobacco Industry Training
Board.
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ma riMad! is a refreshing yogurt-like drink popular
.iu certain parts of Kenya and produced by traditional __
.metbods.] M Kimonyeand R K Robinson investigate _
-the lactic Ilore involved and thereesons underJy:in.g_~\_-:
. filemethod of production -<~f.k~:6~.L~C~-

Iria ri Matii -
_ -

a traditional fermented
milk from Kenya

Fig 1:A typical gourd used by the Mmlfor incubationolrhe milk.

In rural Mrica, the microbiological
juaUty of raw milk is poor and it is not
surprising therefore, that 'soured' milk
products became a normal part of the
diet. The constant use of the same vessel,
or the addition of fresh milk to an on-
going fermentation, bas gradually led to
the evolution of a number of locally
popular milks (1).

In Kenya, such a method is practised among
the Masais, Turkanas, Kalenjins, Somalis and
Merus. The Merus live on the Eastern slopes
of Mount Kenya andthe community com-
prises about one million people. They are
mainly agrkdrurists who also keep cattle,
sheep and goats and while the tattle provide
milk and meat, the goats and sheep are reared
solely for meat. Like any' community that
keeps large herds of cattle, there is plenty of
surplus milk.

Traditionally, this surplus is preserved
through a lactic acid fermentation process that
yields a yogurt-like product known locally as
'Iria ri Matii'. Like many such fermentations,
the making procedure follows precise guide-
lines handed down from one generation to the
next, but despite the widespread popularity of
the product, the scientific basis for the various
steps is poorly understood. In the absence of
this knowledge, there is no possibility of
expanding production beyond the present
limits; hence the aim of this study was to:
i) investigate the microbiology of the process;
ii) highlight those aspects of the traditional

procedure that are essential for the success-
ful completion of the fermentation, and the
derivation of a flavour attractive to the local
population.

The traditional process

A gourd is prepared by taking a mature,
dried fruit of the plant, Lagmaria leucantha;
removing the seeds and smoothing the inside
thoroughly with glowing splints of one parti-
cular tree, the Mutero (Olea africana). The
inside of the gourd is carefully scratched with
the charcoal from the burning wood and this

Address
Department of Food Science, University
of Reading, Whiteknighcs, PO Box 226,
Reading RG6 2QP

71

process is repeated until the inside is smooth
and even; the gourd must feel reasonably hot
from the outside. After it has been properly
sooted, the excess dust from the charcoal is
removed gently using li whisk made from a
cow's tail. The gourd is now.considered ready
for use, and is covered and left to cool.

Early lactation milk is then put into the
gourd to condition it. This procedure is
repeated several times, with allowance between
each preparation for Ilcomplete fermentation
to take place and discard of the product. A
re-application of charcoal follows' the discard
of the final batch. The object of treating the
gourd in this way would appear to be to .
introduce a culture from the raw milk and to
absorb it onto the inner wall of the gourd ready
for future fermentations.

Milk for the production of a batch of 'Iria ri
Matii' may be boiled or unboiled. Ifraw milk is
used, it is cooled immediately after milking and
poured directly into the gourd. Otherwise, the
milk is heated close to boiling, before cooling,
partial removal of the cream and filling into the
gourd.

In either case, the full gourd is capped with a
special cap of animal-skin and left to stand at
ambient temperature for three or four days (See
figure 1).

At the end of the incubation period, the
coagulum is stirted and decanted as a refreshing
drink (titratabIe acidity around 1.0% lactic
acid). The attractive flavour/aroma of wood
smoke is an essential characteristic of the
product. Mter consumption, the gourd may be
refilled immediately and the fermentation
repeated, but if there is to be a delay between .
consecutive batches, then the .gourd is rinsed
out and dried; re-treatment with hot charcoal
is required immediately before the next time it
is used.

Microbiology of the process

Although a detailed study of the 'charcoal'
process has not been made, the most likely
scenario is that certain components of the
smoke serve to inactivate potential spoilage
organisms in the milk, so allowing lactic acid
bacteria from the wall of the gourd to become
the dominant flora.

Whether . the lactic flora has acquired
resistance to the volatiles in the smoke, or
whether the cells are merely protected within
the walls of the gourd is a matter for
speculation, but either way, the routine
procedure docs lead to a seemingly well-
controlled fermentation.

The validity of this view was confirmed, to
some extent, by an examination of the 'lactic
flora' of traditional products employing Rogosa
Agar to enumerate lactobacilli, and Neutral
Red Chalk Lactose Agar for streptococci(2).
Although no lactobacilli were iso1ated, strepto-
cocci were found on three separate occasions,
and at levels of 57x 106 to 32 x loa per ml of
end-product, The difference between the
counts is probably a reflection of variations in
incubation time/'mitial count within the
gourd, but the counts do indicate that, at least
for the milks examined, streptococci are the
dominant organisms.

Counts for yeasts and moulds (Malt Extract
Agar at pH 4.5(3))were >10 du/ml for all
three samples.

Dairy Industries Intemationall991, 56 (2)
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A tentative examination of colonies isolated
from the miIlt suggested that the dominant
orpnism is broadly limilar in character to
Sruproccoau tllnmop1ri1us(4). Tbc thermo-
philic nature of the organism isDOt unapcctcd,
because as pointed out by Marshall(S), there is
a distinct correlation between climate and the

. type of miaoflora found in indigenous
fermented milks.
. In this particular case. this expect.ed re!ation-
.ship would be reinforced bj the heating of the
gourd between consecutive' batches, because
only a distinctly thermoduric species would be
likely to survive such a treatment.
Stanclarlsadon of the process

Tbc yogurt-like nature of the end-product
and the involvement of thermophilic strepto-
cocci as the organisms dominating the fer-
mentation, suggested that a typical process for
the production of natural yogurt could be
exploited to achieve a standard system for Iria
ri Matii. The selected procedure is shown in
figure2.
Tbc traditional route, je incubation in a pre-

smoked gourd, was introduced so that a typical
sample of !ria ri Matll would be available for
comparison with both the experim.ental batch
and a local batch acquired in Kenya.

In terms of viscosity, acidity and overall
organoleptic aa::eptability, all three products
were indistinguishable to an informal taste
panel of food scientists, but the smoked flavour
of the miIlts incubated in the gourds was rated
as 'highly desirable'.

It would be fair to cooclude, therefore, that
the basic product could be lIWlufactured on a
cocnmerc:ial~scalewithout difficulty, but match-
ing the traditiooal flavour may prove more
difficult. Some authorities have argued that
urban communities are unlikely to appreciate
the 'smoked' flavour anyway(6). However, the
validity of the comment must be open to

Figure 2. Flow diagram of the
propoS4:d process for the

manufacture ofIrJa TiMaw

. Whole Milk (I~ TS)

~
Heat treat at 85°Cl3O minutes

.J,
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I
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~"
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debate, as there is no evidence that the
products tested by Shalo and Hansen(6) had
the authentic taste acquired from Mutero.
Discussion
It is clear that the traditiooa1 procedure for

.malting Ina ri Matll gives rise to a pleasant
flavoured, fermented milk and that the
fermentation is dominated by streptococci.
The precise role of the 'smoking'.with wood of
the wild olive has yet to be establishea but the
evidence suggests that components of the .
smoke suppress naturally-occuring 'yeasts and
moulds, as well as bacterial contaminants
brought in by the raw milk.

This el.imin.ationof competition enables the
streptécocci embedded in the wallof the gourd
to develop strongly and so give rise to the
desired end-product, even though the usual
incubation temperature - around 25°C - is
well below the optimum for the dotninant
species. .
This view is further supported by-commCDts

from the Meeu themselves in that if (a) a
'rested' gourd is not charcoal-treated prior to
re-use, or (b) treated with charcoal from a
different tree, then the product fails to develop
correctly and is usually heavily contaminated
with yeasts. Obviously, there are no experi-
mental data to authenticate these comments
but it does appear that the fermentation is yet
another example of a traditiooa1 food process
that, as a result of astute manipulation of
conditions, has evolved into a highly successful
technique for preserving an otherwise Cragile
foodsruff - milk. Tbc thermophilic character
of the dominant microflora suggests that the .
basic fermentation stage could be Scaled-up
without difficulty, but matching the essential
'smoked' flavour of the end-product may not
be so easy.
Nevertheless, productS are available for

imparting a 'smoked' flavour and aroma to
foods and such materials could provide a route
for producing -Iria ri Maw on a commercial
scale.
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BREW +BEV TECH '9i :.

.. ;0: ...-;"

Brew + Bev Tech, an fnte~ii~~':;
exhIbition of d.rinks and dri.Db'
technology is a new event t2ldog thé:i
place ofBREWEX and BREW. It Will !'.
be staged at the National &hIbitiou':..
Centre, Birmingham: on !G-i.3:'
September 1991. . : \.~~J~i

Dairy Industries' In~mational.:~kii~:
Wilf Hipkins, chairriwi .of Bre~'~!'i
Technology Services what benefits Brew~!
+ Bev Tech will have for the .~;
'd .~~
m ustry. . .:~::-f~~~

Dairy Industries International: Why-a;::
you think that there is a need, ParticUlarlfi
from the dairy industry point of vieW, for~
another exhibition? ~:}.tt:'!,
Wilf Hipkins: "The drioks' iadustrv -.:::_-"';?

• --J .....~ ..

and the tech.oology It encompases - isa ;i
global business. The dairy side of tlié_~
industry is a major IlJ.a!Ut place toi.:
companies selling many kinds of pro::
cessing and packaging equipment." 'tf:.

"I take the view that BREW + BEV'1
TECH '91 will be an excellent showcase:
for the dairy industry because there haS'
not been a UK-based exhibition oppor- .
tunity for the dairy industry for many.:'
years. :~:'
Dairy Industria Iniemational: What is ..•.
BREW + BEV TECH '91 setting out to'.
&hcieve? - "
WiJfHipkins: "Its objectives are to providc'·.:
a UK-based ahibition for all sectors of '.
the drinks' technology industry and an-'
opporrunity for UK companies to do'
business with potentia! buyers from the .
UK, but particularly from overseas'
countries." . '_:
Dairy Industries International: Is· the':
uhibition going to achieve what it ~.
setting out to do? _
Wilf Hipkins: "One factor in its favour ~
that it is being regarded by the industry as
the industry's ahibition and is supported
by all the major trade associations - the
Society of Dairy Technology, Allied
Brewery Traden' Association, Institute
of Brewing, Incorporated Brewers' Guild
and the British Soft Drinks' Association. .
From the above list you can see the
breadth of support from industry areas
additional to dairy, with whom there is
much overlap. •

"One initiative launched to emphasise
the importance of the dairy industry at
the show is a Dairy Trail. This trail,
supported by Dairy Industries Inur-
national, will enable key dairy companies.
to be clearly and quickly identified by
prospective customers.

"We are confident that the exhibition
will be a great success,"
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