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1. 

INTRODUCTION. 

It has been known since the inception of the 

science of microbiology that wines can be infected by 

bacteria. 

In 1873 Pasteur (according to Cruess, 1943), , 
by his famous treatise 11 Etudes sur le vin 11

, proved that 
certain of the European wine diseases such as upoussen 

(gaseous lactic spoilage and 11 tourne 11 (non-gaseous 
lactic spoilage) are caused by filamentous, rod-shaped 
bacteria. Pasteur, however, reportedly did not isolate 

and study the causative organisms. Experimenting with 
pure cultures of the wine bacteria began in the eighties 

only . 

Inspired by the first great successes achieved 

in medical bacteriology Muller-Thurgau, Koch, Moslinger, 

Seifert (according to Vaughn and Tchelistcheff, 1957) 
and their contemporaries, endeavoured to elucidate the 
phenomenon of 1-malic acid degradation in wines. Their 
investigations revealed a secondary bacterial fermenta
tion of malic acid, yielding lactic acid and carbon 
dioxide as major end-products (malo-lactic fermentation). 
The beneficial effect of malo-lactic fermentation on 
the relatively acid wines of Germany and Switzerland 
was then rapidly realised. 

It thus appears that, depending on the 
bacterial strain(s) and the chemical composition of a 
wine, the secondary development of lactic acid bacteria 
may have either a detrimental (lactic spoilage) or 
beneficial (malo-lactic fermentation) effect on wine 
quality. 

During ••• 
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During the past decade the lactic acid bacteria 
occurring in wines hnve been subjected to extensive 
research. These bacteria have now also been found in 
the wines of France, Portugal, Spain, Italy, Algeria, 
California, Australia and the Argentine. 

In South Africa knowledge of the wine bacteria 

is limited to reports by Fevrier (1926) and Niehaus (1932) 
on,the symptoms of bacterial spoilage of fortified wines. 
The results of Niehaus (1932) suggested that the spoilage 
organisms are of the mannitol-producing, lactic acid type 
(i.e. "mannitic bacteria"). While it is generally 
assumed that the bacteria known to occur in South African 
dry wines are also of this type, no research has been 
undertaken in this field. It is therefore not known 
whether all of these wine bacteria should be considered 
spoilage organisms, or if some of them possess beneficial 
characteristics such as the ability to affect malo-lactic 
fermentation. 

This study was consequently undertaken to 
establish basic facts concerning the taxonomy, incidence, 
nutritional requirements and biochemical activities of 
the lactic acid bacteria in South African dry wines. 
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MATERIALS AND METHODS. 
====z=--==~~...:=~======~=== 

~ Materials. _______ ,-.. ......... 

Four hundred and fifty samples of bottled dry 

wines (containing 10 to lL!- volume per cent ethyl alcohol) 
were collected at random from wineries, co-operative 
cellars and depots, representative of' the entire South 

African wine-producing region. These wines could be 

grouped into three categories:-

(1) Cheap, popular drinking wines (constituting 

90 per cent of' the samples). 

(2) Wines produced primarily for distilling 
purposes or rebate wines (constituting 5 per cent of 

the samples). 

(3) The more expensive table wines. 

As the latter wines are nsually aged for some 
time before being marketed, great care is exercised in 
their production and microbiological stabilisation. 
Consequently only a very small percentage of these wines 
exhibited signs of microbial infection. The wines of 
the first and second categories, on the other hand, 
usually receive little or no cellar manipulation. It 
was therefore not surprising that many of the wines in 
the first category, and most of those in the second, 
contained a flocculent sediment or exhibited a definite 
turbidity indicative of secondary microbial activity. 

In addition, eight strains of Gram-positive, 
catalase-negative, rod-shaped bacteria were received 
from Dr. J.P. van der Walt, C.S.I.R., Pretoria. All 
these strains emanated from 1'off-flavourn rebate wines. 

t1ethods ••• 
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Methods. ___ . __ .. __ _ 
Media: ------· 

XQ~§~-~~~olysa~Q~ Prepared by a modification of 

the Fornachon (1943) method. 

Four hundred and fifty grams of bakers yeast 

were added to 600 ml. quantities of sterile water, each 

containing 0.2 gm. magnesium sulphate, 0.1 gm. ammonium 

chloride, 1.0 gm. potassium dihydrogen phosphate and 

15 ml. chloroform. The flasks were plugged with cotton

wool and sealed with thick paper to counter evaporation. 

After eight days at 45°C, to permit autolysis, the flasks 

were steamed for 30 minutes in order to coagulate protein. 

The contents were then filtered, using Theorite No. 5 
filter-aid in a Buchner funnel. The clear autolysate 

was diluted by addition of an equal volume of distilled 

water to which one ml. of Tween 80 had been added • 

This medium contained readily detectable amounts 

of ~-alanine, arginine? lysine, aspartic acid, asparagine, 

proline, amino-butyric acid, histidine, serine, threonine, 

methionine, valine, tyrosine, leucine, iso-leucine, 

phenylalanine, glutamic acid, tryptophane and small 

amounts of glycine. The final medium invariably had a 

pH of 5.4 to 5.5 and was sterilised by steaming for 30 

minutes. 

XQ~§t_§;~~.<21Y~§.~Q~g1_u~Q~LQE.21h~ This broth con
tained 2 per cent (w/v) glucose and was solidified by 

addition of 2 per cent (w/v) agar. 

~QQ_£~1~£1iYQ_m~~i~_foJ::_!h~-i£21~tiQQ_and 

QQ~mQ~Qii2Q_Qf_1~£!i~-~£i~_Q~£lQEi~~ As developed 
and described by Rogosa, Mitchell and Wiseman (1951). 

Gelatin ••• 
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Q.§.1§:1in_1_ig_uefic.§:1l2Q.!. Agar (390 w/v), glucose 
(0.259'~ w/v) and gelatin (o.4% w/v) were added to yeast 

autolysate. 

~iirr.!~§._rg;!-_1~..:.. Bacto litmus milk was employed. 

QQ§_~Q~~f.ii.2.g_f£2!!Lg1.!dcose..:_ The medium contained 
0.4 per cent (w/v) agar and 5 per cent (w/v) glucose in 
yeast autolysate. 

QQ§ __ :Q£.2.£~2.ii2Q_:f!:2!IL!I!~.J..Q!.~.J.-2.ii£§:iQ._~nd ___ i~Et rat~.:.. 
Agar 0.4 per cent (w/v) and 0.5 per cent (w/v) organic 
acid in yeast autolysate constituted the basal medium 
for these tests. The tests were conducted at pH levels 
of 3.5, 4.0 and 4.5, obtained by addition of ION potas-
sium hydroxide. In cases where no gas production was 
observed, the fermentation tests were repeated in this 
medium without agar . 

.QQ!~1.~§~_act~Yii;z..:. Catalase tests were conducted 
with streak cultures on yeast autolysate glucose agar. 
As certain cocci give positive catalase tests only on 
media containing small amounts of utilisable carbohydrate 
(Felton, Evans and Niven, 1953), catalase production by 
the isolated cocci was also tested on the appropriate 
medium of Felton et al. (1953). 

Ammonia production from arP'inine: Glucose (59~ w/v) ______________________________ ,Cl _____ _ 

and arginine (0.39.-: w/v) were added to yeast autolysate. 

TI1i!:~iQ_£Q.~~£ii2!!..:.. The medium contained 0.1 per 
cent (w/v) potassium nitrate and 0.1 per cent (w/v) 
glucose in yeast autolysate. 

§l!~~-££Odg_g_:tion..:_ Yeast autolysate containing 
5 per cent (w/v) sucrose was employed. 

Oxygen ••• 
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Q~yg~g_£~1~~iQg£hi£~ In order to obtain a semi
solid medium O.L.j- per cent (w/v) agar was added to yeast 

autolysate glucose broth. 

QQm£1et~-~ypthetis_~~~i~~iQ~~=~~£i~~2~ This 
medium was in some ways similar to that used by Dunn, 
Shankman, Carnien and Block (1947) and had the following 
composition per 100 ml. :-

Glucose 
Ammonium chloride 

Sodium chloride 
Sodium acetate 
K H,POLL 

c_ ' 

K2HP04 
MgSOL~. 7H20 

FeS04.7H20 
MnS04.4H20 
Adenine 
Guanine 
Uracil 
Xanthine 
Thiamine.HCl. 
Pyridoxine 
dl-Ca-pantothenate 
Nicotinic acid 
Riboflavin 
Biotin 

p-Amino benzoic acid 
Folic acid 
Choline chloride 
Inositol 

Vitamin B12 

4.0 gm. 

0.6 gm. 

0.035 gm. 
1.2 gm. 
0.05 gm. 
0.05 gm. 
0.02 gm. 

0.001 gm. 
0.001 gm. 
0.002 gm. 
0.002 gm. 
0.002 gm. 
0.002 gm. 
0.1 mg. 
0.16 mg. 
0.2 mg. 
0.2 mg. 
0.2 mg. 
0.0005 mg. 
0.01 mg. 

0.0005 mg. 
1.0 mg. 

2.5 mg. 

0.1 ;ug. 

Tween 80 ••• 
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Tween 80 

1-Malic acid 

dl d_ -alanine 

Asparagine (natural) 

1 ( + )-Arginine·.BCl 

1(-)-Cysteine.HCl 
1(+)·-Glutamic acid 

Glycine 

l(-)-£istidine.HCl.H20 

dl--Isoleucine 
1 (--) ... Leucine 

dl--Lysine .HCl. 
dl~t1ethionine 

dl·-·Phenylalanine 

1 (-·)-Proline 

dl-Serine 

dl-Threonine 

dl-Tryptophane 
1(-)-Tyrosine 
dl-Valine 

d·-Amino butyric acid 
dl-Aspartic acid 

0.2 

5e0 

20 
II 

II 

II 

II 

it 

II 

11 

II 

li 

If 

II 

II 

II 

II 

li 

II 

II 

II 

II 

Final pH 5.4 (with cone. HCl). 

ml. 

mg. 
mg. 

The medium was distributed in eight ml. 

quantities in 1.2 x 15 em. test tubes and sterilised for 
five ~inutes at 12ooc. 

1-Malic acid was incorporated into the medium 
because of the finding of Skeggs, Nepple, Valentik, Huff 

and Wright (1950) that it improves the response of 

I:;.!._1.§.iCh!!_!~pnJ:i ( LJ.-797) to vitamin B12. 

Isolation ••• 
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Isolation: 

All samples were examined microscopically. 

If this examination revealed the presence of bacterial 
cells, isolation was attempted by application of the 

method of Fornachon (1943). The medium concerned was 

modified to contain fructose (0.57.~ w/v), xylose (O.l9b 

w/v), arabinose (0 .15~ w/v), as well as glucose (196 w/v). 

In the cases vrhere no isolates were obtained by this 

method, .9..!£2..9; one ml. of wine, drawn aseptically, v.,ras 
inoculated into a liquid medium allowing selective 

growth of lactic acid bacteria. If, after incubation 

for one month at 30oc, no growth had been observed in 

this medium, it was assumed that no viable cells of lac

tic acid bacteria were present in the particular samples. 

However, in all instances where isolation by means of 

the Fornachon (19L!3) method failed, no growth occurred 

in the selective medium. 

The younger, recently-infected wines readily 
yielded bacterial isolates by the above-mentioned method. 

As experienced by Fornachon (1943), most of the older 
infected wines were in an advanced stage of spoilage, 

containing a sediment of non-viable bacterial cells. 

The non-viability of bacterial cells from these older 
wines was confirmed by the fact that such cells could be 
directly stained by Henrici's method (Tanner, 1948). 

Subsequent to their purification all isolates 

were maintained in yeast autolysate glucose broth con

taining one per cent (w/v) calcium carbonate and trans
ferred monthly. 

According to their morphology and the Gram

reaction, some of the isolates appeared to be acetic 

acid ••• 
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acid bacteria. As the Gram-stain did not suffice as an 

absolute criterion for distinguishing between lactic acid 

bacteria and acetic acid bacteria the following procedure 

was employed: 

The isolates were cultured in yeast autolysate 

glucose broth for three weeks at 30°C, subsequently 
centrifuged and the culture supernatants analysed for 

lactic acid by means of paper chromatography. 

~h~__.9:iff§.!:~!l:t.i at i2!2:_Q;L...§£ e c i~.S.!.. 

The isolates were differentiated by means of 

the following criteria. 

t'!2II2.h2.1.Qg;y_:_ (1) Gram stain: Hucl1_er 's modifica
tion (Tanner, 1948). 

(2) Cell size and arrangement was 

measured one week after inoculation in yeast autoly

sate glucose broth. Due to considerable variation 
in the growth rate of the different isolates, the 
determination of cell morphology at a younger stage 
was ignored. 

(3) Motility: hanging drop 
preparations and Leifson's stain (Manual of Micro
biological Methods, 1957). 

(4) Spore production: tested by 
the met}Jod of Neisser (Tanner, 191.~8). 

(5) Capsule production: Muir's 
method (Tanner, 1948). 

Qul:t_:~2£§:1_Ch§;£§;.Q.te£isti.£§.!.. (1) Growth in yeast 
autolysate glucose broth. 

(2) Growth on yeast autolysate glucose agar 
slants. 

(3) 
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(3) Growth in yeast autolysate glucose agar 
(colony type). 

(4) Gelatin liquefication. 
(5) Growth in litmus milk. 

Q~Q~1h_£~g~i~~~~gts~ (1) Oxygen relationship 
(Manual of Microbiological Methods, 1957). 

(2) Optimum temperature, as well as growth at 

10°C, 35°C, 40°C and 45°C. 
(3) Sodium chloride tolerance in yeast autoly

sate glucose broth. 
(4) Heat survival (Briggs, 1953). 

~iQQQ§.!lli£.§:J-_9h§:£~£~~!:isi_!cs...:_ (1) Gas production 
from glucose employing the agar-closure technique of 
Gibson and Abdel Malek (1945). 

(2) Optical rotation of the lactic acid produced • 
(3) I'roduction of ammonia from arginine using the 

method of Briggs (1953). 
(4) Catalase activity (Manual of Microbiological 

Methods, 1957). 
(5) Nitrate reduction (Tanner, 1948). 

Jf~£meg:!1_~1iQg_;_ (i) Q~rbQh;z9:~.?:1~_f~£~~~!Qtion.:...= 
Fermentation tests were conducted on the 

following substrates at a concentration of 2 per cent 
(w/v) in yeast autolysate: L-arabinose, D-xylose, 
L-rhamnose, D-glucose, D-fructose, D-galactose, 
D-mannose, D-sucrose, D-maltose, D-lactose, D-melibiose, 
D-cellobiose, D-melecitose, D-raffinose, D-trehalose, 
D-mannitol, D-sorbitol, glycerol, inositol, dulcitol, 
arbutin, salicin, amygdalin, d. -methyl-D-glucoside, 
starch, inulin and dextrin. 

Aqueous ••• 
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Aqueous solutions of each of these substrates 

were sterilised and ad.ded to an equal volume of sterile, 

undiluted yeast autolysate immediately before inoculation. 

Prelimenary tests showed that arabinose, xylose, fructose 

and maltose could be sterilised without partial destruc

tion only by means of filtration. These sugars were 

consequently sterile-filtered, through sintered-glass 

filters. 

After the pH of each medium had been measured, 

using a control tube, the media were inoculated and cul

tured for sixteen to eigb.teen days at the optimum tempera

tures. The pH of each culture was then determined, 

using a pH-meter and. compared with that of the control. 

A decrease of 0.1 - 0.9 in pH was considered to indicate 

a weak fermentation, 0.9 - 1.9 a moderate fermentation 

and a decrease of more than 1.9 indicative of a vigorous 
fermentation • 

(ii) QE.e;§:g_!_g__acid_f§.Emeg!~!i2.n..:..:: 

Carbon dioxide production from 1-malate, 
citrate and tartrate was detected by the technique of 

Gibson and Abdcl Malek (1945). As this method may give 

false negative readings (Keddie, 1959), the results were 

verified by qualitatively analysing for lactic acid in 
all cases where no gas production was obse.rved. 

In cases where gas production occurred within 

five days after heavy inoculation by pipette, the fer

mentation was considered to be vigorous, otherwise the 
fermentation was considered moderate. 

The rrroduction of mannitol from fructose: This __ _....._ ~------.-....-~~--.. --·- ·---~--------------------
characteristic served, in conjunction with the gas

production tests, to differentiate between homo- and 
heterofermentative strains. 

The ••• 
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The cultures to be tested were inoculated into 
yeast autolysate containing 0.5 per cent (w/v) fructose. 
After 20 days at optimum temperatures the cultures vJere 
centrifuged, the supernatants evaporated to dryness and 
the residues extracted with ethyl alcohol. These 
alcoholic extracts were concentrated and analysed for 
mannitol. 

§.1iill~_P.f:.Q.Quc~i2n: This vias investigated on sucrose 
medium. 

~h~_9:§ . .:t.~£mina t i O!L.Q.f __ gg tr it i.Q.g~Lf~.9.~if:~ffi~g.:t.§..:.. 
Amino acid and vitamin requirements of the 

bacterial isolates were assessed by comparing the 
growth of a specific. strain in the eomplete synthetic 
medium (C.S.-medium) with that in the synthetic medium 
from which a speeific amino acid or vitamin had been 
omitted. The media were inoculated with loopfuls 
(diameter 2 mm.) of three day-old cells (grown in yeast 
autolysate glucose broth), which had been washed three 
times with sterile water and s~spended in sterile saline 
solution. The volume of the saline solution used was 
equal in volume to that of the medium in which the cells 
had been grown. All cultures were incubated at their 
optimum temperature until good growth had occurred in the 
C.S.-medium. Total growths of the cultures 1r1ere 
estimated turbimetrically 1 using a Coleman model 7 
photo-nephelometer. The growth in the C.S.-mediurn was 
designated as 100 per cent and the growth in the absence 
of a specific nutritive substance calculated as a per
centage of the growth in the C.S.-medium. 

If the omission of a nutritive substance in
duced a growth reduction of 30 per cent or less, the 

substance ••• 
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substance was considered to be non-essential. When 
the omission led to a growth reduction of 30 to 69 per 
cent, the substance was regarded as stimulatory, while 
substances which caused a growth reduction of 70 per 

cent or more were termed essential. 

~~gQme~~iQ_~~~hQ££~ 

Oxygen consumption and carbon dioxide evolu
tion was measured_ at 30°C, using conventional manometric 
techniques (Umbreit, Burris and Stauffer, 1957). The 
total volume of liquid in each Warburg vessel was 3.75 
ml., made up as follows: 3.0 ml. of a solution of the 
sugar (1.076 w/v) or organic acid (0.59:; w/v) in yeast 
autolysate, 0.25 ml. of sterile water or 20 per cent 
potassium hydroxide solution in the centre cup, and 
0.5 ml. of a washed cell suspension in the side-arm. 

As certain of the organisms proved to be 
extremely inactive towards the sugars tested, inocula
tion with dense cell suspensions was necessary to en
sure measureable reactions. Due to the absorption of 
light by such dense cell suspensions, accurate nephelo
metric standardisation of the different inocula was 
extremely difficult. Consequently the inocula of any 
two organisms were only of roughly equal density. 

In the cases where gas production was deter
mined under nitrogen or under carbon dioxide, the air 
in the Warburg vessel was replaced by the required gas 
for at least five minutes before immersing the vessel 
in the water bath. 

The ••• 
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To ensure sufficient amounts of culture fluid 

for determining the metabolic products of bacterial 
fermentation, 150 ml. of each medium were used. The 
basal medium (75 ml. undiluted yeast autolysate plus 

60 ml. distilled water) was added to 3.5 x 20 em. test 

tubes of 200 ml. capacity and steam sterilised. Ten 
ml. quantities of sterile-filtered carbohydrate or 
organic acid solution were then added aseptically. The 

organic acids were added as their potassium salt buffers 
to obtain the desired final pH values. Before inocula

tion the oxygen in the medium was removed by scrubbing 
with sterile nitrogen for five minutes. \r:Tashed cells 
from a four day-old culture were suspended in enough 

sterile water to give, after inoculation, a final volum0 

of 150 ml. medium. Subsequent to seeding, nitrogen was 
again passed through the medium for two to three minutes 
and the tube then connected to a gas-analysis train. 
The gas train consisted of three U-tubes, the first of 
which contained anhyd~ous magnesium perchlorate 
(Anhydrone) and served as a drying tube. Carbon dioxide 
was absorbed in the second tube, containing an amount of 
Ascarite of known weight. The third tube also contained 
Ascarite to ensure that no carbon dioxide entered the gas 
train from the open end. After sixteen to eighteen days 
at optimum temperature, nitrogen was again bubbled 
through the fermentation solution. Since the nitrogen 
now also passed through the gas train it was ensured 
that all of the carbon dioxide was displaced from the 
medium and absorbed in the second tube. The medium 
was next deproteinised, clarified (Neish~ 1952) and made 

to ••• 
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to a volume of 250 ml. Determination of the non
gaseous products of fermentation was conducted on these 
solutions. 

li~~h.Qds_Qf_£££1r£i£~ 

Q:Qt i ££1_ ro~£~i2!l_Qf_:.t1.h~-1.~Q.~iL£.£i.9:_:Q£.QQ~.£~d : Each 
strain was cultured for two to three weeks in 200 ml. 
yeast autolysate which contained 5 per cent (w/v) glucose 
and 3 per cent (w/v) calcium carbonate. After fermenta
tion the culture fluids were heated to 600C to dissolve 
calcium lactate, and filtered. Organic acids present 
in the filtrates were then liberated by acidification to 
pH 2. Volatile acids were removed by distillation, the 
acid residues concentrated to a small volume on a water 
bath(at 500C) and subjected to ether extraction. The 
ether extracts were allowed to evaporate at room temp'er&
ture and the residues dissolved in 20 ml. distilled water 
each. These aqueous solutions were heated on a water 
bath to 800C and small quantities of zinc carbonate 
added until an excess had been attained. After removal 
of the excess zinc carbonate the filtrates were again 
concentrated on a water bath at 50 to 60°0. As soon 
as crystallisation of zinc lactate could be perceived, 
ethyl alcohol was ad_ded to a concentration of 50 

volume per cent. These alcoholic solutions were 
allowed to stand overnight and the zinc lactate crystals 
subsequently removed by filtration, employing sintered
glass filters. The crystals were washed with alcohol 
and dried in a desiccator to constant weight. Water 
of crystallisation of the zinc lactate was determined 
by ascertaining the loss of weight after two days at 
1600C. Inactive zinc lactate contains 18.2 per cent 

water ••• 
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water and active zinc lactate 12.9 per cent (Jorgensen, 

1956). These results were verified by determining the 

optical rotation of the lactates by means of a polari

meter. 

The presence of lactic acid was established 

by descendinr; chromatography on Whatman No. 1 paper, 
employing n-butanol : formic acid : water (8 : l : 5) 
as solvent system. After drying at 30°C for one to 
two hours the papers were sprayed with a solution of 

bromo-phenol blue (0.0490 w/v) in 95 volume per cent 
ethyl alcohol. The pH of the indicator solution was 
brought to 6.0 to 6.5 with O.IN sodium hydroxide before 
spraying. Organic acids appeared as yellow spots on a 

blue background. 

This polihydric alcohol was determined by 
means of descending chromatography on Whatman No. 1 
paper, n-butanol : acetic acid : water (5 : 1 : 2) 
serving as solvent system. The cliTo~;,atograms vlere 

subsequently dried, sprayed with a 5 per cent solution 
of silver nitrate containing excess ammonia (S.G. 0.88) 

and heated to enhance the colour reaction (Hough, 1950). 

(3) Amino acids:-------------
The amino acids contained in 20 ml. of yeast 

autolysate medium were partially freed from interfering 
substances by adsorbtion on Dowex 50 W (H) x 8 resin and 
subsequent elution with 5 N Ammonium hydroxide, as des
cribed by duPlessis (1960). After concentration of 

the ••• 
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the eluent fraction a m:titable amount was spotted. on 

Whatman 3 MM paper and subjected to two--dimensional 

chromatography. Butanone : propionic acid : water 

(15 : 5 : 6) (Clayton and Strong, 1954) and n-butanol 

acetone : water : dicyclohexylamine (10 : 10 : 5 : 2) 

(Hardy, Holland and Naylor, 1955) served as first and 
second dimensional solvents respectively. The chromato

grams were dried at 75oc and sprayed with a solution of 
ninhydrin (0.2556) in 95 volume per cent ethyl alcohol 

containing 7 per cent acetic acid (duPlessis, 1960). 

Q~~g!ii~ti~~-~~!h2ds~ (1) Analytical procedures 
as described by Neish (1952) were employed in the follow
ing determinations:-

Q§:EQQg_~i_gx_l£~-~ by absorption on Ascarite. 

R~si~~~1_£~gar~ by the Anthrone and/or copper 
reduction method. 

Q1yQe~21~ by colorimetric determination of 
the formaldehyde formed on periodate oxidation, after 
separation by partition chromatography on a Celite 535 
colurnn. 

Fe:£m~,gtatio:g2cig§...:. by partition chromato
graphy on a silica gel column. 

~-B~!~:g~diQ.l:. by colorimetric determina
tion of acetaldehyde formed on periodate oxidation, 
after separation by partition chromatography on a 
Celite 535 column. 

~ihy~__£1.Q.ohol~ through oxidation by acid 
dichromate, followed by measurement of the excess 
dichromate . 

Acetoin ••• 
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£Q~toig_21~£_1iQQQ~Z1~ colorimetrically with 

an equal mixture of creatine and alkaline l~naphtol. 

~ig~Q~Y1~ colorimetrically with hydroxylamine 

hyctrochloricle in the presence of urea in strong acid 

medium. 

(2) f1anni tol:-

No suitable method for the determination of 

mannitol in the presence of glycerol and residual fruc

tose could be found. Methods devising the crystallisa

tion of mannitol from a definite volume of fermentation 

solution (Coyne and Raistrick, 1931, Gayon and Dubourg, 

1894, 1901) were found to be too inaccurate. The follow

ing indirect method was thus developed . 

Total polihydroxy alcohols, mannitol and 

glycerol, were determined colorimetrically as glycerol, 

by the periodate oxidation method (Neish, 1952), a cor

rection being applied for the residual fructose. 

Glycerol was then separated from interfering substances 

by partition chromatography and determined, as already 

described. The difference between these two values 

thus represents the amount of mannitol present, ex-

pressed as glycerol. In order to ascertain the mannitol 

content, the difference between tho two values was multi

plied by 1.98. This is warranted since one gram of 

glycerol gives the same amount of formaldehyde on perio

date oxidation as 1.98 grams of mannitol. 

(3) 1-Malic acid:------------
After the last of the fermentation acids 

(lactic acid) had been eluted from the cbromatographic 

column ••• 
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column according to the Neish (1952) method, the packing 

was flushed with 20 ml. chloroform and the residual 

malic acid eluted witb 75 ml. of 50 volume per cent 
n-butanol in chloroform, saturated with 0.01 N hydro

chloric acid. 

Elution of the residual malic acid was first 

attempted with 50 volume per cent n-butanol in benzene. 

Considerably larger amounts of butanol/benzene, which 

impeded accurate titration of the eluent solutions, 

were then necessary for quantitative elution. 

As in the case of 1-malic acid, and for the 

same reason, a n-butanol-chloroform mixture was prefer

red as eluent for residual citric acid. As less 

tailing occurred when the eluents were saturated with a 

stronger acid, 0.02 N Sulphuric acid was used. This 
solvent system could not be used for the chromatographic 
determination of the fermentation acids as formic acid 

is known to decompose in the presence of strong acid 

(Neish, 1949). Consequently the residual citric acid 

was determined on a different column. 

Six grams of silica gel (Ramsey and Patterson) 

were well mixed with 3.0 ml. of 0.04N sulfuric acid, 

slurried in chloroform and packed into a column 1.8 em. 
in diameter and containing a sintered-glass disc to 

support the packing. The silica gel was compressed 
into a column about 4 em. long by placing a thick filter 
paper disc on top of it and then ramming it down with a 

glass plunger. A 0.5 gm. sample of dry silica was 
slurried in chloroform and packed on top of the wet 

silica ••• 
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silica, using another filter paper disc. The sample 
to be analysed was treated and brought on the column as 
described by Neish (1952). After the fermentation 

acids had been eluted with 75 ml. of 35 volume per cent 
n-butanol in chloroform, the residual citric acid was 
eluted with 90 ml. of 50 volume per cent n-butanol in 
chloroform and determined by titration, under nitrogen, 
with O.OlN sodium hydroxide . 
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THE OCCURRENCE OF LACTIC ACID 
~==========~==~~~~=~==~=~~=== 

BACTERIA IN WINE. ================= 

It became apparent from the exact observations 
of Pasteur (according to Cruess, 1943) that certain of 
the wine bacteria are of the lactic acid type. 

With the advent of pure culture methods the 
wine bacteria were subjected to intensive research. The 
information which came to light from these investigations 

facilitated the determination of the taxonomic relation
ship of these organisms. 

Several morphologically different bacteria 
were encountered by the earlier investigators; Kramer 
found a bacillus, Boersch a sarcina and Aderhold a 
diplococcus (according to Cruess, 1943). In a series 
of papers Gayon and Dubourg (1394, 1901) reported the 
isolation of a threadlike mannite-producing organism 
from wine. A mannite-forming organism isolated by 
Maze and Perrier (1903) was reported to resemble closely 
the "mannitic ferment" of Gayon and Dubourg (1894, 1901). 
When Seifert (according to Vaughn and Tchelistcheff, 
1957) described the malic acid degrading Mi~£~~occu~ 
ma~~~~~tjcu~ the important role of the lactic acid 
producing cocci in European wine-making became evident. 

After isolating and studying a great number of 
bacteria from both sound and spoiled wines, Muller
Thurgau and Osterwalder (1913) reported on the characte~

tics of four new species; ~~ct~r1um_~~ggii2£0G~~' 

~~_g~~£11~, ~1£~2£~£~£-YQEiQQQQ£~§ and ~~-ac1~2YQ£~~o 
In later papers these investigators described three other 

organisms ••• 
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organisms; ~~_1g~g£me~i~~ from Swiss red wine and 
J1~_g§:J::.Q!1l from Algerian wine (1918), and the tartrate-

fermenting ;!1_.,_ ___ 1_~rtaE2.Qh!h2.E~~ (1919). 

The work of Arena (according to Vauhhn and 
Tchelistcheff, 1957) yielded two more hitherto unnamed 

species; ~..!.~.9.J:~ov_Q;rza~ and t1.:._~~!!:.iY2.E.c:?:~.:. 

Berry and Vaughn (1952) isolated from Cali
fornian wine tartrate-decomposing bacteria; subsequently 

identified as strains of ~ac:t.QQ~£i11~~-£1~Q!£E~~· 

According to Luthi (1957) certain streptococci 
are involved in bringing about the malady known as 
"ropiness 11 of wine. Streptococci VJere also isolated 
from 1rdne by Hochstrasser (according to Vaughn and 

Tchelistcheff, 1957), who described §.:._~~1Qlact]:£~§ and. 
S. malolacticus var. mucilaFinosus. 
------------·----~-·-~--~----·---0-----

It is known that, apart from several species of 

!!~:t.Qba£111~§, the heterofermentative cocci Le:!d£2.llil..§.~.Q£ 

~§gntfE.Qi£Q£ and 1~_£g~~E~gi£:!d~ are also to be found in 
the wines of California, (Vaughn, 1955). 

Fornachon's (1957) investigations on malo
lactic fermentation revealed that organisms resembling 

descriptions of ~~£}!obacil1~§_hi1E~E~ii, ~~-br~§, 
~-Q~Qgger_i and 1_•_f~E~QQ!i occLIT frequently in Austra
lian dry vrine s. A coccus resembling .!'1.:._y§:ri_Q~O££~§. 

(Muller-Thurgau and Osterwalder, 1913) was also en
countered. 

Recently Ingraham, Vaughn and Cooke (1960), 
continuing the study of the bacteria in Californian 
wines, isolated a considerable number of both homo- and 
heterofermentative bacilli as well as cocci. 

It ••• 
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It is evident that the lactic acid producing 

rods encountered by the earlier investigators were 

placed in tb.e genus }2.§£!&El::!a:~· Most of these organisms 

are synonymous with species of the genus 1.§:£.!9. ba£.~11~~, 
or closely related genera. 

Charlton, Nelson and Werkman (1934), on the 

strength of morphological evidence, concluded that 

~~-g~~~ile is coccoid and therefore belongs to the genus 
1eucg~.Q§..t.2£. This opinion was sbared by Pederson (1938) 
and recently conceded by Peynaud (1955). 

£~£!erium_gQ~~i and ~-_!nte£~Q£ium are, 
according to Breed, Murray and Hitchens (1948), both 

synonymous with 1_•_f~E~~g!i· Vaughn (1955) suggested 

that ;!2_. _Q£:i£QVO£Q~ is a synonym for ~.!. __ :Q,l~g~~!:~~. The 
possibility that ~.!.-~~E~~EQQgthor~~ may also be a lacto
bacillus was considered but its present status is still 

in clcubt. 

Breed et al (1948) considered ~1£EQ£Q£CU~ 
~idovg~ synonymous with B.!._1_ut~~~· However, as 
emphasised by Vaughn (1955), the taxonomic position of 
the wine cocci is still obscure. 

~h~-t~~Q~.Q.rg;z __ ~nd _i!!£i£~!!:£.§._Qf_1~2. t ~£2£1~ 
bacteria in South African drv wines. -----------------------· --------"----------

In order to establish the taxonomy and in
cidence of lactic acid bacteria in South African dry 
wines, the said number of samples \vere analysed micro
biologically. This analysis yielded 64 lactic acid 
producing bacterial strains which could tentatively be 
divided into two main groups: 

1. Homofermentative ••• 
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Homofermentative strains. (No gas from 
glucose, fructose not reduced to mannitol). 
Heterofermentative strains. (Gas produced 
from glucose, fructose reduced to mannitol). 

On account of their morphology, optimum 
temperature and fermentation reactions, etc., the 
strains of group l could be subdivided into three types 
and those of group 2 into four types. 

As the literature concerning the taxonomy of 
the lactic acid bacteria lacks agreement and complete
ness in many respects, thus impeding the differentiation 
and identification of species, a full description of the 
characteristics of the isolated strains is given below. 

( i ) 1:J:£~ __ };_i12_2.~l t~E~~_h 

MOE.£QOl.Q.g;z..:_= Rods, 0. 2 jU - 0. 5 jU X 0, 8 - 4 ju, 
occurring singly, in pairs and in chains which may 
measure 22.5 ju or longer. Non-motile, Gram positive, 
non-capsulated, non-sporeforming. 

Eig~E~-1..:.. Cells of a homofermentative Type I 
culture after one week in yeast 
autolysate glucose broth ( x 1800). 

Yeast ••• 
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YeQ§.!_g~!21Z§.~!~_B1~~2§~-~g~~-~212~i~s~ Surface 
colonies white, circular, smooth with entire margins 
and slightly convex elevation. 
mostly spindle-shaped. 

Subsurface ·colonies 

X~~§.!_£~!21~P-~!~_gl~Q2§~~g~f_§1g~~~= Visible 
growth after two to three days incubation. Growth 
limited, effuse. Streaks exhibit greyish-white colour. 

-X~~§t a~!21Y§.~!~_g1~~2§~~Q£2~h~= The medium be
comes uniformly turbid after 24- to L!-8 hours incubation 
and exhibits a pronounced silky 1:..raviness when shaken 
gently. 

GrQ~!h.....Q!!:_§:!d.9.£2§~_rg~ di urn : - No s 1 i me production. 

Li!mg§_rgilk~= Some strains produce small amounts 
of acid. 

Q~!~1~§~~£tiyi!~ Negative. 

Eerrgf~!atiQg~ Vigorous acid production from 
glucose, fructose, galactose, mannose and trehalose. 
Moderate acid production from maltose, sucrose, cello
biose, mannitol, sorbitol, arbutin, salicin, amygdalin 
and ot -methyl glucoside. Slight acid production from 
glycerol. Most strains also produce moderate amounts 
of acid from melecitose. No acid from xylose, arabi-
nose, rhamnose, lactose, melibiose, raffinose, inositol, 
dulcitol, starch, inulin and dextrin. 

~l£~_of_1ac!1£_~~i~-~rodu~~~~= Laevo-rotary. 

R~~~ctiQg_Qf_ni!EQ!~..!..:: Negative. 

~E2~:!d~tiQg_Qf_~mm2g±~~fE2m_g£ginig~~= Most strains 
give weak positive tests. 
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Q~~g~~-~~1atiog§hi£l= Microaerophilic. 

1:~El£~~ture __ f~1~:t.J:on_§_:_= Optimum temperature, 
35 - 370C. Growth at 100, 450 and 48°C. 

§a1~_:!2_Q_!~ra~Q~..:..= Good growth in L~ per cent (w/v) 
sodium chloride, most strains exhibit weak growth at 
6 per cent. 

Heat survival:- Does not survive 6ooc for ninety 
minutes. 

~~~Qgoll}_iQ_9..2.~.§.l:2&~~!.~.2.Q.§...!..= If optimum temperature 
and pentose fer1nentation, which according to Pederson 
(1938) are the most important differential characteris
tics, are considered, these organisms agree with the 

description of ~~Q~QQ~cill~.§._l~iQhlliangJ:i Bergey et al, 
1925 (see Breed, Murray and Smith, 1957). This view 
is further substantiated by the finding of Rogosa, 
Wiseman, Mitchell, Disraely and Beaman (1953) that 
~_l~iQh~~nnJ:i produces laevo-rotary lactic acid. 
Although none of the strains of ~..!._l~iQh~anniJ: studied 
by Rogosa et al (1953) could ferment galactose, the 
original strain described by Henneberg (1903) could 
bring about a weak galactose fermentation. The produc
tion of ammonia from arginine is also characteristic of 
L._leiQhmg~~ii (Rogosa and Sharp, 1959). 

(ii) UP.§._l.I_i.Fiy~_cult~E.§..§2..:.. 

!jor:Qholog~..:..= · Rods, 0.2 - 0.6 ;u x 0.6 ~ 4 ?' 
occurring singly, in pairs or chains wl:lich may measure 
20 ;u or longer. Non-motile, Gram-positive, non
capsulated, non-sporeforming. 

Figure 2 ••• 
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Figur~_2: Cells of a homofermentat::.ve Type II 
culture after one week in yeast 
autolysate glucose broth ( x 1800). 

Xeast_~~~.21Y§~~~-gl~~Q§~-~~~-QQ1Qgi~~_£= Surface 
colonies white, circular, smooth with entire margins 

and slightly convex elevation. Subsurface colonies 

mostly spindle-shaped or irregular. 

X e a §~_£~~.21Yg~~~-gl~QQ§Q_§;g~~-§.1~:q!:_: . .:: Visible 
growt h after two to three days incubation. Growth 

limited , effuse. Streak whitish to grey. 

yeas~-a~~Q1ysa~~gl~QQ§~-Q~Q~Q~~ Uniform turbidi
ty after 24 to 48 hours incubation and shows pro

nounced silky waviness when shaken gently . 

Litmus milk :- Slightly acid . 

Ca~al~§~-~Q~ivity~ Negative. 

~~£~~g~~ii.£g~= Vigo~ous acid production from 

glucose, fructose, galactose, mannose, trehalose and 

salicin. Moderate acid production from xylose, mal

tose, sucrose, cellobiose, melecitose, mannitol, 

sorbitol, arbutin, amy-gdalin and o( -me·chyl glucoside. 

Slight ••• 
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Slight acid production from glycerol. No acid from 
arabinose, rhamnose, lactose, melibiose, raffinose, 
inositol, dulcitol, starch, inulin or dextrin. 

TY£~_of_1~£tiQ_aci~_£EQ~~Q~~~= Laevo-rotary. 

ged~£iiQ~_Qf_nitratQ~= Negative. 

Production of ammonia from aroinine:- Weakly -----------------------------0-------
positive. 

Oxyg~g_E~l§ii2Q~hi£~= Microaerophilic. 

Te,rrmer~:l2_l!re_E~1atiQQ~1.= Optimum temperature 
33 - 37°C. Growth at 10°C, 45° and 48°C. 

§~1i_!Q1~£~Q£~~ All strains exhibit good growth 
in 4 per cent (vv/v) sodium chloride, \\Teak growth at 
6 per cent. 

g~~t ~~EYiY£1~ No survival after ninety minutes 
at Gooc. 

~~2fOnQ.!.lllQ __ QQ~§_:h~~E.~:t i 2ns ...:..:: It is evident that 
these' organisms differ from those of Type I in but one 
respect; the fermentation of xylose. It therefore 
seems logical to consider these Type II organisms as 
xylose-fermenting strains of 1~-±~i£h~~g~ii. 

(iii ) ~Y£.§...._11.!_i12_£~11~E.§.~.2...:_ 

I:]orJ2.h21Qgy~= Spheres, 0. 2 - 0. 7 ;u in diameter, 
occurring singly, in pairs, threes and tetrods. Non-. 
motile, Gram-positive, non-capsulated, non-sporeforming. 

Figure 
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Cells of a homofermentative Type III 
culture after one week in yeast 
autolysate glucose broth ( x 1800) . 

X~~ st 8:~~.21Z§§;:!2.~_g1~£2§.~-.§!g~E-£2.12!!i~2 : - Co 1 oni e s 
small, develop slowly. Surface colonies circular, white, 
smooth, with entire margins and umbonate elevation. 
Subsurface colonies smaller, smooth, spindle-shaped or 
irregular. 

Yeast autolysate_glucose ag~E-~1~nt:- Visible 
growth after four to five days incubation. Growth 
limited, effuse. 

Ye§;st~utolY§.~te glucose broth:- Moderate turbidity 
after tvw to three days incubation. 

Litm~s milk_!_:: No change. 

Cata1~-~£:!2.ivi:!2.~= Negative. 

Fermentation .. • ---------
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Fe;£~~!!~.?J~.i2g . .:..= Vigorous acid production from 
trehalose. Moderate acid production from glucose, 
fructose, galactose, maltose, mannose, sucrose, cello
biose, arbutin, salicin, amygdalin ando( -methyl gluco-
side. No acid from xylose, arabinose, rhamnose, 
lactose, melibiose, melecitose, raffinose, mannitol, 
sorbitol, glycerol, inositol, dulcitol, starch, inulin 
or dextrin. 

~f:OdUQ~iog_Qf_g~~2£i~_f£Q~_g£gipig~~ Negative. 

Q~g~g_rel~iiQg~hi~= Microaerophilic. 

TemQer£i~£~-£~1~ii2g~~= Optimum temperature 
25 - 280C. Growth at 10°C, no growth above 35oc. 

Sal! tol~E~££~~= Good growth in 2 per cent (w/v) 
sodium chloride, some strains show weak growth in 4 per 
cent. 

f!f.~!._§.uryi_y_al:-· No survival after ninety minutes 
at 6QOC. 

~axQgQmiQ_QQQ§.i~~rati.Qg~~= As the main metabolic 
product of these cocci is lactic acid, these organisms 
belong to the family ±:~.9.12Q~S?.i1l~Q~§:~ 1;Jinslow et al, 
1917 (see Breed et al, 1957). According to Pederson 
(1949) such Gram-positive, homofermentative, compara
tively high acid producing, catalase-negative cocci, 
which occur in tetrods, singly and in pairs, should be 

excluded from the genera §!£~J2.!2.9..QQQUS and Le~.Q_Qnost.Q_.£ 

and. placed in the genus ~ediOQQ£Q1!§. Balcke l88L!. emend. 
Mees 1934 (see Breed et al, 1957) \~Tith ~ ...... _Q~Eev_:hsiaQ_ 

as ••• 
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as the type-species. After examl nlng a large number 
of cocci fro m fermenting ve getables, Pederson (19L~9) 

found that although many strains showed differences 
with re gard to carbon compounds ferment ed, i n no case 
could any significant trend be de monstrated. It was 
thu s concluded t hat all of t he strains belonged to one 
species. 

Keeping in mind these findings and the 
characteristics of tbB wine cocci, it seems t hat t hese 
organisms should, to all appearances, be considered 
strains of P. cerevisiae. The homofermentative cocci ------------
isolated from Californian wine by Ingraham et al (1960), 
were also tentatively placed in thi s genus. 

~~---~h~ hgieroferm~nt~tivQ_g£Q~~ 

( i ) T~ _ _I _ _(i~Q_.£~1!ure .~.2..:.. 

~QI£Q01QgY..!..= Rods, 0. 3 
occurring singly and in pairs. 

0. 8 jU X 1. 5 - 6 jU, 

Moderate tendency to 
form chains which may be 20 ;u or longer. Non-motile, 

Gram-positive, non-capsulated, non-sporeforming. 

Eigure 4 : Cells of a heterofermentative Type I 
culture after one week in yeast 
autolysate glucose broth ( x 1800). 

Yeast ••• 
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I~~§~-~~to1~££~~-g1~£Q£~~g~~-£212£i~§~= Colonies 
mostly subsurface, white, s!Ilooth, irregular or spindle-
shaped. Some subsurface colonies with slightly 

filamentous borders. 

X~~~~-~~to1~~at~_g1~£0S~~g~~-~1~£~~ Visible 
growth after two to three days incubation. Growth 
very scant, effuse. 

Ye~.§.L~:Y:~.2.1;l£~i~_g1~£Q§.~_J?.!'.9..ih:- Uniform turbidity 
after 24 to 48 hours incubation and shows a silky wavi

ness when shaken gently. 

~QE~~g~~~ion~ Vigorous fermentation of arabinose. 
Moderate acid production fro~ glucose, fructose, galac
tose, maltose, sucrose, lactose, melibiose, melecitose, 
raffinose and mannitol. Slight acid production from 
sorbitol. No acid from xylose, rhamnose, mannose, 
trehalose, glycerol, inositol, dulcitol, arbutin, 
salicin, amygdalin, cellobiose, «-methyl glucoside, 
starch, inulin and dextrin. 

Re_s1~Qt:i.:_on_of_nii!:~te:.:: Negative. 

~EQdU£~i2£_Qf_~mmQg_:i~_f£om_~!:ginig~~= Positive. 

Oxygen_£ela~iQnsgi£2.:: Microaerophilic. 

1:.§.!!!:Q.§.ra~}:!re __ !:~1.~~i2!];§...:.._:: Optimum tei!1,perature 37°C. 
Growth at 100 and 45oc. 

Salt ... 

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



" 

33. 

§..S1!_!2.1~E§:!?:£~..!.= Good growth in 4 per cent (w/v) 
sodium chloride, no growth in 6 per cent. 

!!.§.§;!_§."Y:E::ti~§:.l..!.= No survival after ninety minutes 
at 6ooc. 

~~2f2.!l2.!BiL.Q..9.P:.?:.i9:~!'.§:!i2.!?:§...!.= The characteristics 
of these isolates are in good agreement with those of 

certain strains of ~~f.!2.Q~f.i11~£.J2~£hf.!~Ei (Henneber~) 
Bergey et al, 1923 (see Breed et al, 1957), studied by 
~ogosa et al (1953). Breed, et al (1948) had defined 

~~-Q~£h!l~£i as fermenting both xylose and arabinose. 
Of the ninet~ strains studied by Rogosa et al (1953), 
only 14 per cent fermented both these substrates. The 
remaining 86 per cent fermented arabinose but not 

xylose, as did these wine strains. 

Certain of the strains isolated by Pederson 

(1929 a, b, 1930) from spoiled tomato products and 

sauerkraut were designated ~-~~ggitQ£Oe~§ which, 
according to Breed et al (1948), is synonymous with 
~.!.__Q~chne£i· Although these isolates fermented both 
arabinose and xylose, only approximately half as much 
acid was formed from xylose as compared to arabinose. 

Of all the heterofermentative lactobacilli 
studied by Pederson (1929 a, b, 1930) and Rogosa et al, 
(1953), only isolates which agreed Hith the description 

of ~-Q~£hg~ri fermented melecitose. According to 
I 

Rogosa and Sharp (1959) this fermentation is characteris-

tic of ~.!.-Q~£hn~ri. 

( i i) TY~_n_j_l6 _Q~1!~E.§.ili 

I:12.£J2hoJ::Qg;y..!.= Rods, 0. 3 - 0. 7 ;u x 1. 2 - 3. 8 ;U, 

occurring ••• 
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occurring singly, in pa i rs or in long filaments of 25;u 

or l onger . Non-motile , Gram-positive, non-capsulated , 

non-spore forming . 

I'· 
• • -. 

Ei5~f~2~ Cel l s of a heterofermentative Type II 
culture after one week in yeast auto 
lysate glucose broth ( x 1800). 

X~~~~-£~!OlY§~~e_gl~~ps~-~ar_QQ}Qgi~~= Colonies 
mostly subsurface, white, spindle-shaped or irregular 

with entire margins . Some subsurface colonies with 

slightly filamentous margins . 

Ye~~!-~~!21~~~te_g1~co~~-~g~~-£1£~~~= Visible 
growth after three to four days incubation . Growth 

limited, effuse. Streak cream-coloured . 

X~~?t_QUtQ1Y~£te_glUQQSe_QEQth~= Moderate turbidity 

after two to four days , more pronounced in the depths 

of the medium. After a few more days the turb i d i ty 

clears, leaving a flocculent sediment . 

Litmus .. . 
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~1~~us_~i1~1= No change. 

Qg~~1~£~-~Q~iYiiY~= Negative. 

~~~~~ptati2~= Vigorous acid production from 
xylose. Moderate acid production from glucose, fruc-
tose, galactose, maltose, sucrose, melibiose, raffinose 
and ol -methyl glucoside. Slight acid production from 
lactose. No acid from arabinose, rhamnose, mannose, 
melecitose, trehalose, cel~obiose, mannitol, sorbitol, 
glycerol, inositol, dulcitol, arbutin, salicin, amyg
dalin, starch, inulin or dextrin. 

~£~Of~1~9.~lQ_~ci~2~~£~~~ Optically inactive. 

E~g~Q~~-Qf_~i~Eat~~= Negative. 

~rodu~tiQ~_Qf_g~~oni~fEQ~_arginin~~= Positive. 

Q!yg~~-£~1~~iQ~Qhi£~= Microaerophilic to faculta-
tive anaerobic. 

~~~Qera!~E~-E~1?.~iQg~= Optimum temperature 
28 - 32oc. Growth at 10°C, no growth at 45°C. 

§§:1:L~21~EanQ~..:...:: Good growth in L~ per cent (w/v) 
sodium chloride, no growth in 6 per cent. 

li~g! su~YiY~1~ No survival after ninety ~inutes 
at 60°C. 

~£~gQ~iQ_QQ~~i~~EatiOQf~= The fact that these 
isolates ferment xylose vigorously but fail to ferment 
arabinose and mannose, accentuates the similarity 

between these organisms and LactQ}laci11l!£_hilg.§rdii 
(Douglas and Cruess), Vaughn, Douglas and Fornachon 
(1949) . 

The characteristics of these isolates were 

compared ••• 
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compared with those of a type-stra in of 1~_hi1g~rdii, 
received from Dr. J .C. I"' . Forna chon , and found to agree 

in practically all respects. 

C iii) ~;y~_JJ.Li£ o~!:~~l~-~~~§2..:. 

MO!:J2QQ1~:L!..:: Rods, 0. 5 - 0 . 8 jl X 1. 5 - 6 jU, 

occurring singl y and in pairs. A mi nimum of filaments 

are produced, Non - mot ile, Gram- positive , non

capsul ated , non-sporeformi ng . 

Ei~~~§~ ~ Cells of heterofermentative Type III 
culture after one week in yeast 
auto l ysate glucose broth ( x 1800). 

X~~.§:_L~~.t2.1Y.s~:t_~_g_1~~o~~-~g.§:!:~2.1.2.!:?:i~§_:_.:: Colonies 
mostly subsurface , irre gular, white , smooth . Some 
colonies possess filamentous margi n s . 

Yeast agto1y~~!~_g1~lCQ~~~g~~-~1~~t_:_.:: Visible 
growth after two to three days incubation . Growth 

limited, effuse, Streak white to cream-coloured • 
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X§.§:.§!_~ u t 21;z.s at ~---g1.~9.2.§.~_Q~9.ih..:.= Moderate turbid i
ty after two to three days incubation, more pronounced 
in the depths of the medium. After a few more days the 
turbidity clears to leave a flocculent sediment. One 
strain showed a tendency to produce a slight flakiness 

in the medium. 

Litmus milk:- No change. 

Ca:t£1ase_ac:tlYii;z~= Negative. 

Fer~~Q:tQ:tion~= Vigorous acid production from 
xylose, arabinose and glucose. Moderate acid produc
tion from fructose, galactose, maltose, sucrose, 
melibiose, raffinose and cJ. -methyl glucoside. Slight 
acid production from lactose. Some strains produce a 
slight acidity from mannitol. No acid from rhamnose, 
mannose, melecitose, trehalose, cellobiose, sorbitol, 
glycerol, inositol, dulcitol, arbutin, salicin, amyg
dalin, starch, inulin and dextrin. 

~;Y:£~_Qf_lacti~-~~id_£ro~~~~g~= Optically inactive. 

Re~~Q:t_iog_Qf_gitr~!e:= Negative. 

~~odu£!io~_Qf_£~~Q~i~_fEQ~-~£Einine~= Positive. 

Oxyg~g~~1§:1iQg§hi£l= Microaerophilic. 

~~~£er~tu.r~~EQ1§::ti2~.§~ Optimum temperature 
28 - 3ooc. Growth at 10°C, no growth at 45oc. 

Salt tolerance:- Growth in 2 per cent (w/v) sodium 
chloride, no grovJth in 4 per cent. 

H~Q!_§~E~i:'{~1_:_= No survival after ninety minutes 
at 600C, 
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Taxonomic considerations:- The characteristics of 
-----------~--------------

these isolates closely resemble the descriptions by Breed 

et al (1948 ) and Rogosa et al (1953 ) of ~ac!QQ~£illu£ 
brQvi~ (Orla-Jensen) Be+gey et al, 1934 (see Breed et al, 

1957). 

It is of interest to note that these isolates 
failed to ferment mannose, as did all the strains of 

~~_QE~Vi~ studied by Rogosa et al (1953 ). 

C i v) J:;y£§._ Iv __ _(f ouE __ _g_1!:1 tl!E§.£1~ 

ing 
dual 

~Q££Q01Qgy~= Rods, 0.4- 0. 8 ? x 1- 4;u, occurr
singly, in pai rs and in long filaments. Indivi
filaments up to 50jU have been observed. Non-

mot ile, Gram-positive, non-capsulated, non- sporef orming. 

J 

-t l 
J • 
I 
I 

I 
I 

.I , , 

~i~g£§._2~ Cells of a heterofermentative Type IV 
culture after one week in yeast 
autolysate glucose brot h ( x 1800) . 

Xeast_au!Q1Y§~i~-gl~fQ§Q_~~E_£OloniQ~= Surface 
colonies white with flat elevation; some possess 
slightly filamentous margins. Subsurface colonies 

white ••• 
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white, mostly irregular in shape. 

X~~§~-~~i21~£~1~-~g~f-§1~Qi~= Visible growth after 
two to three days incubation. Grovvth limited_~ effuse. 

:Streak vJhi te to creamish-whi te. 

X§.as:Lau~Q1J.£Qi~_glUf..QS§._Q.ro:th~= Uniform turbidity 
after one to three days incubation. Exhibits a pro
nounced silky vmviness when shaken gently. After a few 
more days the turbidity clears and leaves a flocculent 

sediment. 

Litmus milk:- No change. 

Q~:t~1~~~f.iiyit;z~ Negative. 

£§.rm~gtaii£n~ Vigorous acid production from 
xylose, glucose, fructose and mannose. l'Jloderate acid 

production from galactose~ maltose, sucrose, melibiose, 
melecitose, raffinose, cellobiose, mannitol, arbutin, 
salicin, amygdalin and~-methyl glucoside. Slight acid 
production from lactose and sorbitol. No acid from 
arabinose, rhaiD~ose, trehalose, glycerol, inositol, 
dulcitol, starch or dextrin. 

:;g_§.!!!£~E.~tu;t:'e __ E.~1.§:t:!:Q!l£..:..:: Optimum temperature 30oc. 
Growth at lOOC and at 45oc. 

§~1i_iol§_ragQ~~= Good growth in 4 per cent (w/v) 
sodium chloride, most strains grow weakly in 6 per cent • 

fi§.at ••• 
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g~~:t_§.~£Yi val.:_= No survival after n.inety minutes 
at 6ooc. 

Ta~QQ2!!!if. __ f.QQ§lde£§:t iQI!:§.l...= rrhe taxonomic position 
of this group of isolates is not quite clear. The 

isolates resemble L._Q~£gne£i when pentose and meleci
tose fermentation is considered. However, these orga
nisms ferment several more carbohydrates than the 

strains of ~.!.-Q~f.QQ.§.Ei studied by Rogosa et al (1953), 
or the heterofermentative Type I organisms, and have a 
lower optimum temperature. It therefore seems that 
the taxonomic position of this group depends upon 
which of these characteristics have the greatest differ
ential value. If the power of meledtose fermentation, 
as such, is a valid criterion for distinguishing 

~.!.-Q~~hrr~Ei (Rogosa and Sharp, 1959), then these iso
lates must be considered strains of this species. If, 
on the other hand, greater differential value is 
attached to the wider range of carbohydrates fermented 
and the lower optimum temperature, the isolates must 
be considered as strains of an unknown species of 
Lactobacillus. 
-----.-~------ ......... ~ 

A summary of the main differential characteris
tics of the isolated bacterial strains is given in 
Table 1. 

Table 1 •••• ------
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Table 1: ~ifferential characteristics of tne lactic acid bacteria occurring in South African dry wines. 

--~-- --- I ------------·- -- F-e-r-me~-tation. :==i--
1 l ---· . ··--

0,)t. 

1 

Optical I Pr'cductim. <D 

temo. rotation of NH3 <D 'rl · 
- . (l) (l)tf.lC 

\OC). oflac- 1 1·rom m moo c 
tic ac1.d. 1 e3roinine. 0 <D <D <D o ·.-1 

I t:""'" <D s:::: tf.l tf.l tf.l -.-1 ..0 ., ,._, ' ' ...... ...... ,--, ..... -' "' 
. ~ •.-1 0 0 0 ..0 0 () •rl (\) •rl •.-1 0 s:; s:; r-1 'til () -

~ QJ<t-; C s:;..o H".-1•.-1 r.\l '·.-1 () 
rl ~ <D S:::: H <D -!.:l o '-cl £ rl •rl 
<Dr.\lHctlO O':::l,.-1 OOm m H 
SH+lStl.lP...Dr-1 P:.l::l s-!-) 
I I I I I rl H oj S I I •.-1 , 

Croup.! 
I 

Organism. 

·-----, . 

i • I ___l '-cl rl '-cl '-cl '-cl '-cl '-cl 

, > b_l~ichmannii f";~-3~-~l----+- ;----~~--=--:- + - ---+--x----~--=--:· 2'-~~--+ : ++ ++ ~~ 
0 :;j ( Ty1)e I) I I ! 
~ ~ L.L leic:h:il;8:;;r:;.u,_ 32 _ 3 ; 1 j + !++ _ ++ + _ _ ~--+ _ ~---:-·-~ + + ++ + -- + ++ ++I 

~ _ _j_Tvpe II _ - ' _______________________ _:__ __ _ ___ _j_ 

.lj i p. cer_evisiae 125-281 dl +--=---L=- _-__ +_~-=----~--: - *----~-----~ + +--~-~~---
~ l b ... l?~~hneri 1 35-3-;-t- dl ~ + ! - ++ - -r -r -r - -
:> j-- -~ -+------+---------· 

j b~ · L. hilgardii 28-32! dl j + :++ - - + + + 

I~~ ! b__)o;;vis - :_ 28-::;0 ~----dl-r· + ·-t~+-- ;- -:- -:----~~---- -
l'" ~ _ ~~~~~s~ 30-321 ___ d~ .I : j++ ~ * + ± + + _ _ _____________ J 
All strains fermented glucose, fructose, galactose and maltose, while none fermented rhamnose, inositol, dulcitol, 
starch, inulin, dextrin or tartaric acid. 

++ Vigorous fermentation (final pH 3.0 - 3.5) 
+ Moderate fermentation ( ,, II 3.5 - 4.5) 
+ Weak fermentation ( ii " 4.5 - 5.4) 
X Fermented by most strains tested. 

' 
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In order to relate the pH readings to total 

acidity, as certain investigators have done (Pederson, 

1929 a, b, 1930, 1936, 1938; Rogosa et al, 1953), the 
buffer curve of the basal medium (yeast autolysate) is 

presented in Figure 8. 

The relative frequencies with which the 
different species occurred are presented in Table 2. 
The wines from which the 64 bacterial strains were iso
lated emanated from thirty different cellars. The 
percentage frequency (in Table 2)was calculated on the 
basis of the number of cellars, out of this total of 
thirty, in the wines of which a specific species was 
encountered. 

~~£1~-g~ The source and incidence of the 
isolated bacterial species • 

Species. 

L. leichmannii 
---'{Type-r;---

L. leichmannii 
--('Type-YD--

~.!..-2.~!:~Yisi~.§. 
!!.!._Q::!cgg~ri 

±!.!._hilg~f:~ii 

±!.!._Qf:eV_!§. 
Jd~g!;ob_Q-_Qcill~§. sp, 
Total 

Source. 

White 
dry 
wine. 

16 

5 

16 
2 

15 

3 
4 

61 

Red 
dry 
wine. 

1 

1 
1 

3 

No. of 
cellars 
represented 
by wines. 

2 

1 

17 
1 

12 

3 
3 

96 
Frequency. 

6.67 

3.33 

56.67 

3.33 
40.00 
10.00 
10.00 
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Fig.8: Buffer curve of yeast autolysate medium. 
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~~£1£9.Q.Q.f.:d.§:_.Q.~£~Y!~~~~ and ~.!.._gilg§:£9:11 have, 
as indicated in Table 2, an exceptionally high incidence 
in South African dry wines. Both of these organisms, 

as well as ~.!.._Q£~Vi~ were encountered in Australian 
wines by Fornachon (1957). 1§:Ct.QQ2:.9.i11~.§._gilg~rdi_!, 

although not accepted by Bergey's Mannual (Breed et al, 
1957) is considered by Vaughn (1955) to be next in 
importance, among the lacto-bacilli, to 1.!._:121.§:g!ar~_!!! 

and ~.!._br.§Vi.§. in the spoilage of Californian table 

wines. ~~£!2Q~£il1~.§._Q~_g_gg~£1 was defined by Breed 
et al (1948) as being synonymous with ;!2.!.._.!!!Q:9::9:1to}2Q~:lli!!' 

the organism de scribed by I"I"Li.ller-Thurgau and Osterwalder 
(1913). 

According to available information b.!.._1~i£h= 
_!!!~nnii has not been ~ncountered in the wines of other 
countries. 
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NUTRITIONAL REOUI!lEJ\'IENTS OF T·HE _ _...m!llliiiil-~.....::=:===~===~=::::-:.=========.;;;.=;:== 
LACTIC ACID BACTERIA. 
~======~====z=======-

For cell synthesis all living organisms require 

a utilisable source of energy consisting of nitrogen and 
carbon containing compounds, as well as inorganic salts. 
The required substances must be supplied in appropriate 

concentrations in an environment favourable for growth 
of the organism. Considering these requirements, the 
lactic acid bacteria are among the most complex organisms 

so far studied. 

Yi1amig_~~g~i~~~~g1£~ 

Orla-Jensen, Otte and Snog-Kjaer (1936) showed 
that riboflavin and one or more other nactivators" are 
necessary for growth of certain lactic acid bacteria. 
They concluded from tentative evidence that one of these 

"activatorsn was pantothenic acid. Snell, Strong and 
Peterson (1938, 1939) substantiated this assumption by 
employing purified preparations of pantothenic acid. 
They found this vitamin, as well as nicotinic acid, 

essential for gro111rth of two ~~2.12Q~2.illus species in a 
hydrolysed casein medium. Additional factors were 
necessary for other species. 

Using a basal medium containing glucose, 
hydrolysed casein, inorganic salts, vitamin Bland the 
ether-soluble fraction of yeast extract, Wood, Anderson 

and Werkman (according to Wood, Geiger and Werkman, 1940~ 
confirmed the mentioned assumption of Orla-Jensen et al 

(1936). The activity of the acid and alkali labile, 
ether soluble factor for the lactic acid bacteria had 

previously ••• 
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previously been demonstrated by Snell, Tatum and 

Peterson (1937). 

The strains studied by M6ller (1938, 1939) 
required crystalline vitamin B6 in addition to the ether 
soluble factor. Biotin proved to be essential for some 
strains, while thiamine 1 nicotinic acid, riboflavin, 
¥-alanine and certain unknown factors also had an effect. 

According to Orla-J·ensen et al (1936) thiamine 
is not important in the nutrition of lactic acid bacteria. 
However, Wood et al (1940) found that their hetero
fermentative stl·ains required thiamine in addition to 
riboflavin and the ether-soluble fraction of yeast ex
tract. 

Other factors which have been found essential 
for some lactic acid bacteria include, amongst others, 
p-amino benzoic acid (Snell, 1948) and folic acid 
(Mitchell, Snell and Williams, 1941). 

Studies in this field during the last decade 
have greatly enhanced our knovlledge of nutrition and 
metabolism. Several of the growth factors, amongst 
others pyridoxal, pyridoxanine, folinic acid, lipoic 
acid and pantethine, were discovered through such studies. 
Others such as pantothenic acid and folic acid were dis
covered independently, but our knowledge of them greatly 
increased by making use of the lactic acid bacteria 
(Snell, 1952). 

Specific strains of lactic acid bacteria are 
currently employed in the determination of biologically 
active compounds such as vitamins (A. V. c., 1951), 
amino acid.s (Schweigert, Guthneck, Kraybill and Greenwood, 

1949) ••• 
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1949) and pyrimidines (I1errifield and Dunn, 1950), and 
have proved to be extremely useful aids in biochemical 
analysis. 

Intensive studies have been made of the 
vitamin requirements of the lactic acid bacteria from 

various other sources, including milk (Snell, 1Y~8), 

the human mouth (Rogosa et al, 1953), the rumen (Ford, 

Perry and Briggs, 1958), brewery material (Russel, 

Bhandari and Walker, 1954; Moore and Rainbow, 1955; 
Williamson, 1959) and apple cider (Carr, according to 
Luthi, 1959). A survey of the literature failed to 
yield data on the nutrition of the wine lactic acid 
bacteria. 

Knowledge of the vitamin requirements of these 
lactic acid bacteria seems essential to an understanding 
of the mechanism of their cell metabolism. Such know-
ledge may also provo to bo of value in the selection of 
a measure to control bacterial contamination of wines. 

According to Rogosa and Sharp (1959) data on 
the vitamin requirements can be advantageously employed 
as additional criteria for the differentiation of 

~~Q~Qba.£i11~£ species. 

A_ co I.!!ll ar i£2!L.QL_!h§. __ !:§.9.~.t~Q m§.Q~§_.Qf_~~!2.1Y§. 

£Q1§..£1!2.9:._.§tr ai!_1;§_;L£.QQ!_§..!.~..!.-~!:Y_~i,ge s -·~i~h 
~QO S §._.Qf_.Q~Q§.f_1~~:ti.£_§;f.l9:_Q.£f.i.§.f:l£..!. 

In order to gain an impression of the vitamin 
requirements of tbe wine lactic acid bacteria, twelve 

strains were selected and the determinations made, em
ploying the synthetic medium, as described. All the 

strains ••• 
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strains grew relatively well in the ncomplete" medium. 

The results are presented in Table 3. 

T~£1.§._.2....:.. Vitamin requirements of tvmlvo strains 
of lactic acid bacteria from South 
African dry wines. 

Homo
fermentative" Heterofermentative. 

Strain No. 1 2 1 2 1 2 1 2 1 2 1 2 

Nicotinic 
acid + + + + + + + + + + + + 

Ca-pantothe-
nate + + + + + + + + + + + + 

Riboflavin + + + + + + + + + + + + 
Thiamine s + + + + + + + + 
Pyridoxine + + + + s s s s s s 
Vitamin B12 + + s s s r1 s ,;:; 

Folic acid + + 8 s + 
Biotin + s s s s 
p-Amino ben-

zoic acid + s 
Inositol 
Choline 

chloride 
Incubation 
time (hmrs) 72 72 163 J68 72 72 72 72 72 72 86 86 -----........ -------~--.......... .__._._ _____ ....._._ ... _, _________________ ~ ___ .. _________ ..... _____ 

+ Requirement. 
s Stimulatory. 

No exogenous requirement. 

Nic-otiniCooo 
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Nicotinic acid, riboflavin and calcium 

pantothenate were required by all strains tested. In 

addition to these the eight heterofermentative strains 

required thiamine and the four homofermentative strains 

pyridoxine. The omission of any one of these essen

tial vitamins from the complete medium led to a growth 

reduction of at least 95 per cent. The omission of 

inositol and/or choline chloride, on the other hand, 

had no adverse effect on the growth of any of the 

organisms under these conditions. 

The finding that all strains required panto

thenic acid is in accord with the results of Cheldelin, 

Hoag and Sarett (1945), Rogosa et al (1953), Russel et 

al (1954), Moore and Rainbow (1955), Ford et al (1958) 
aud Williamson (1959) with lactic acid bacteria from 
other sources. These facts emphasise the importance 

of pantothenic acid in the nutrition of the lactic acid 

bacteria. According to Russel et al (1954) the com
ponents of pantothenic acid, whether supplied separate

ly. or together, cannot displace the intact vitamin in 
the nutrition of these bacteria. 

It was shown by Novelli and Lipman (1947) 
that 90 per cent of the pantothenic acid utilised by 

h-~~aQ__ino§.~§. can be traced to coenzyme A; a panto
thenic acid derivative. Cqenzyme A was subsequently 

found to be a general constituent of living organisms, 

being present in all the micro-organisms tested in

cluding species of ~~f.!.Qb9-cil1us, !:£212i2.QiQ~£:ter_t~3:!!!, 

~§.£h~ichi~, fEQ:t~u§. and Q1ps:tEi~i~!!!· A stimulation 
of pyruvic ac.id_ oxidation by pantothenic acid in panto

thenic acid deficient organisms was demonstrated by the 
work of Novelli and Lipman (1947). 

Many ••. 
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Many of the lactic acid bacteria studied by 

Shankman, Carnien, Bloclc, f·1errifield and Dunn (194?), 
Rogosa et al (1953), Moore and Rainbow (1955), Ford 

et al (1958) and Williamson (1959) require nicotinic 

acid in addition, as do the wine strains examined here. 

Certain strains have been reported which could, however, 

dispense completely with exogenous nicotinic acid 

(Shankman et al, 1947; Russel et al, 1954). 

Nicotinic acid is utilised by washed cells 

of ~~-g~~£inQ~~~ 17 - 5 in the synthesis of cozymase 
(Hughes and Williamson, 1950); a finding which stresses 

the importance of nicotinic acid in the nutrition of 

these bacteria. 

The requirement for riboflavin by all strains 

tested make the wine lactic acid bacteria different 

from those isolated from brewery products, only a frac

tional percentage of which required this vitamin 

(Russel et al, 1954; Moore and Rainbow, 1955; Williamso~ 
1959). Most of the rumen lactobacilli, on the other 

hand, require riboflavin (Ford et al, 1958). Different 

species of the lactic acid bacteria, and even different 

strains of a single species are known to vary markedly 
with respect to their requirement for this vitamin. 

Riboflavin, in the form of the coenzymes derived from 

it, serves as a catalyst for hydrogen transfer (Snell, 

1951). 

The results obtained in this investigation 

with thiamine are in agreement with those of Rogosa 

et al (1953), who observed that all strains requiring 

this vitamin are heterofermentative. This fact may 

represent ••• 

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



50. 

represent one of the fundamental differences between 

homo- and heterofermentative lactic acid bacteria as 

thiamine, after being converted to cocarboxylase or 
thiamine pyrophosphate through phosphorylation, exerts 

its catalytic effects in the decarboxylation of cer

tain .:J( -keto acids, including pyruvic acid (Snell, 1951). 

Biotin, essential for the growth of most milk 

organisms (Snell, 1948) and the strains studied by 
Rogosa, Tittsler and Geib (1947), is not required by 
the wine lactobacilli or those from the mentioned other 

sources, but is required_ by two strains of f:~~i.Q£2.~cus 
Q~reyi£ig~, as indicated in Table 3. The results of 
Ochoa, Mehler, Blanchard, Jukes, Hoffmann and Regan 

(19L~7), indicate that biotin is involved in the syn
thesis of enzyme systems mediating the fixation of 
carbon dioxide. It has been suggested that the re

lationship of biotin to such enzyme systems is less 
direct than that of a prosthetic group or a component 
of a prosthetic group (Blanchard, Korkes, del Campillo 

and Ochoa, 1950). 

Barring the strains of ~~_Q~~hg~£i, pyridoxine 
was stimulatory to all heterofermentative strains and 
essential for all of the homofermentative strains 
tested (Table 3). The present evidence indicates that 
one of the primary roles of pyridoxine in metabolism 
is to catalyse reactions involved in the synthesis of 
amino acids. Pyridoxine (as pyridoxal phosphate) is 
also an essential component of enzymes which catalyse 
the transamination reaction and the decarboxylation of 
several amino acids (Snell, 1951). 

No ••• 
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No organisms are known to require both folic 

acid and p-amino benzoic acid. Folic acid is syn

thesised by ~~-~f~£igQ~Us when the organism is grown 
in the presence of excess p-amino benzoic acid 
(Sarett, 191.! 7). The interchangeability of thymine 
and folic acid as growth factors for various lactic 
acid bacteria, supports the view that folic acid 
functions in the synthesis of thymine, which in turn 
is utilised in the synthesis of nucleic acid (Stokes, 

1944). The significance of p-amino benzoic acid is 
apparent from its role as a constituent of the folic 
acid molecule. 

The fact that the wine lactobacilli do not 
require choline chloride, inositol or p-amino benzoic 
acid make them similar in this respect to most of the 
many strains studied by Rogosa et al (1947) and 
Shankman et al, 1947). 

A~diiional_iaxQgQmiQ_£Qnsi£~~~o~~ 

The xylose non-fermenting (Strain 1) and 

xylose fermenting (Strain 2) strains of ~~-1eiQh~~nni1 
exhibit identical vitamin nutrition patterns (Table 3). 
This finding strengthens the view that these strains 
belong to one species. 

These strains of h_1~1Ch)E;§!nnii could dis
pense with exogenous vitamin B12' in spite of the fact 
that certain strains of this organism are employed in 
the biological determination of vitamin B12 (Skeggs 
et al, 1950). It is, however, doubtful whether a 
requirement for this vitamin can be considered charac

teristic of ~~-leichm~ggii? as Russel et al (1954) also 

described ••• 
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described strains of this organism for which vitamin 

Bl2 was non-essential. 

Rogosa and Sharp (1959) stated that ~~-1~icg

!!@:!1;:9:ii can dispense completely with exogenous ribo
flavin. The wine strains studied here all required 

riboflavin, as did a beer strain (Strain EE~ of 

1~-1~ichm£gg,i:,i: encountered by Russel et al (195Lj-). 

The vitamin requirements of the wine pedio

cocci are in fairly good asreement with those of the 

strains of ~~-Q~E~Yi£1£~ studied by Jensen and Seeley 
(1954). 

Most of the strains of b~_Q:S:.£QP:.§.Ei require 
riboflavin (Rogosa and Sharp, 1959) as do the two wine 
strains studied here. Riboflavin was non-essential 
for the growth of most of the brewery strains of 

~~-QgQgne£1 studied by Russel et al (1954). 

Rogosa and Sharp (1959) maintained that 

±!~.J2.revis does not require riboflavin and that this 
organism is the only known heterofermentative lacto
bacillus for which folic acid is indispensable. This 
view is not substantiated by ~he results in Table 3. 
Furthermore, the type-strain of ~~-hi1g~rd,i:,i: (received 
from Dr. J.C.r1. Fornachon) required folic acid in addi
tion to the vitamins required by these (South African) 
wine strains of this organism. 

QQEE~1at,i:Qg_Qf_yitgmin_E~gQiE~megi~-~g£ 

biochemical characteiistics: 
---------------------~------

Rogosa et al (1947), after studying approxi

mately 250 strains of La£i2Q~£i1lu~ made the following 

observations: ••• 
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observations:-

(i) Of Lf-7 strains which grew in the absence of 
folic acid, 45 fermented melibiose or raffi
nose or inulin or arabinose or xylose. 

(ii) All strains which grew without folic acid 
also grew well in the absence of pyridoxine, 
but the converse was not true. 

(iii) All gas-forming strains and also those which 
fermented either arabinose or xylose, grew 
well in the absence of pyridoxine. 

All of the wine lactobacilli which could dis

pense with folic acid fermented melibiose, raffinose 

and either xylose or arabinose or both (Tables 1 and 3). 

The wine-strains of b~-1~i£hmangii (Table 3) 

required both folic acid and pyridoxine, thus differing 

in this respect from the strains studied by Rogosa et 

al (1947). 

The gas forming strains all grew well in the 
absence of pyridoxine, as did all the strains which 
fermented xylose or arabinose or both, except for the 

xylose fermenting strain of ~~-1eiQg~angi!· 

These results seem to suggest that vitamin 
requirements~ as such, should be used only as additional 
criteria for the identification of species of the lac
tic acid bacteria. These requirements are possibly 
influenced to a varying extent by the substrate (through 
competition and natural selectiori) from which the iso
lates emanate. 

Amino ••• 
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Unlike the vitamins, amino acids are major 

structural components of tho cell. 

Orla-Jensen ct al (1936) studied the amino 
acid requirements of a large number of lactobacilli. 

As a determination of essential amino acids the work 

was not conclusive since the semi-synthetic basal 

medium used contained whey, which was probably not 

free from traces of amino acids. 

The results of Snell et al (1937) and Wood 

et al (1940) indicated that both homo- and hetero
fermentative lactobacilli require a complex mixture 

of amino acids for growth. 

The amino acid requirements of 23 strains 
of lactic acid bacteria vmre investigated by Dunn et 

al (1947), while Jensen et al (1954) studied those of 
the pediococci. Except in the case of those strains 
employed in the biological determinationci amino acids 
(Snell, 1945; Schweigert et al, 1949; Schweigert, 
Guthneck and Scheid, 1950; Skeggs, Driscoll, Taylor 
and 1tvright, 1953), the amino acid requirements of the 
lactic acid have not been intensively studied. 

The number and identity of the amino acids 
required by lactic acid bacteria are highly dependent 
upon the vitamins present in the medium (Stokes and 
Gunness, 1945; Snell, 1952). 

The lactic acid bacteria from South African 
fortified wines studied by Niehaus (1932) could not 
grow in normal, sound wines. When, however, these 

bacteria ••• 
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bacteria were inoculated into the same wines which 
had been left on a yeast sediment for a fortnight, 
growth readily occurred. Burroughs (1955) en
countered a more or less analogous phenomenon in 
the production of apple ciders and showed that the 
growth of lactic acid bacteria in bottled ciders is 
directly related to the extent to which yeast auto
lysis had been allowed to occur during fermentation 
and storage. Burroughs and Carr (1956) established 
a definite correlation between the growth of these 
bacteria and the amino acid content of the ciders. 

Although many sound wines probably contain 
sufficient vitamins to uphold growth of the lactic 
acid bacteria (Castor, 1953), the amino acid content 
possibly determines, at least in some instances, its 
susceptibility to this type of bacterial infection. 
Apart from contributing to our understanding of meta
bolism, knowledge of the amino acid requirements of 
the wine lactic acid bacteria may contribute to an 
understanding as to why some wines made from specific 
grape varieties (e.g. Hanepoot) seem more susceptible 
to infection by these bacteria. 

A_£Qill2~E1~g_of_!h~-E~~irem~gts_Qf_!~~1Y~ 

~~1ec!t£-~!ra1g§_fEQill_§~!~_£EZ_wig£~-~it£ 
those of other lactic acid bacteria: 
---------~-------------...-~----------

The amino acid requirements of the selected 
twelve bacterial strains are presented in Table 4. 

Table 4 .•• ------
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~~£1Q_~~ Amino acid requirements of twelve 
strains of lactic acid bacteria 
from South African dry wines. 

Homo-
fermentative. Heterofermentative. 

L. £.!.. L. L. L. Lacto-·· 
Species. ±~I~~; ~~£~~!~ £~~~~ brevis. hii= £~£~--

~~gg~!· §.±.9:.~.!. g~£! . .!. --·-··-- ~~i~ sp • _____________________________ ..J. __________________________ _ 

Strain No. 1 2 1 2 1 2 l 2 l 2 l 2 

Glutarrrlc acid 
Valine 
Arginine 
Leucine 
Is o-Jeu::: i ne 
Methionine 
Threonine 
Lysine 
Asparagine 
.Asp3rti c acid 
'Jryptophane 
Serine 
o(-Am:lno bu-

tyric acid 
Proline 
Histidine 
Glycine 
d.-Alanine 
Phe ny Ja1:m:ine 
Tyrosine 
Cysteine 

+ 
+ 
+ 
+ 
+ 
+ 
s 

+ 
+ 

s 
s 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
s 

+ 
+ 

s 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
8 
s 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
s 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
s 

s 
s 

+ 
s 

+ 

+ 
+ 
+ 
+ 
s 

+ 
s 

s 
s 

+ 
s 

+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
s 

+ 

+ 
+ 
+ 
+ 
+ 
s 

+ 
+ 

+ 
s 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

s 
s 

s 

s 

+ 
+ 
+ 
+ 
+ 
s 

s 

s 

s 

+ + 
+ + 
+ + 
+ + 
+ + 
S' s 

+ + 

+ s 

s 
+ s 
+ + 

s 
Incubation 
t:imeQ10urs) 72 72 l'tl8 168 72 72 72 72 72 72 86 86 

+ Requirement. 
S Stimulatory. 

No exogenous requirement. 

The number of essential amino acids ranged from 

five (b.!._hi1g~~~ii Strain 2) to seventeen (~9e£Q~i~iae 
Strain 1). Glutamic acid, valine, arginine, leucine 

and ••• 
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and iso-leucine were required by all strains, while 
methionine was either essential or stimulatory. Only 
~-amino butyric acid had no effect whatsoever on 
growth of any of the strains. The number of strains 
requiring the following amino acids are shown in 
parenthesis: tryptophane (8), serine (8), tyrosine (8), 
cysteine (7), phenylalanine (6), proline (4),o(-ala
nine (3), histidine (2 ), threonine (2), glycine (2), 
aspartic acid (2), lysine (0) and asparagine (0). 

Glutamic acid and valine were also found to 
be essential for the growth of all of the 23 strains 
of lactic acid bacteria studied by Dunn et al (1947). 
Of these 23 strains, nineteen required leucine, while 
iso-leucine was essential for twenty of the strains. 

The amino acid requirements of the two strains 

of .f:.!...-£.~EQViQ1~~ a13ree closely with those of the strains 
studied by Jensen and Seeley (1954). These wine 
strains of ~.!.._1_eich~~gi1 exhibit amino acid require
ments fairly similar to that of ~.!..-1~i~hrg§:gnii ATCC 
4797 (Skeggs et al, 1953). The type strain of 
~.!.._hi1E~~di1, tested under these conditions, required 
phenylalanine and cysteine in addition to the amino 

acids required by ~-hi18~E~ii Strain 2. There is, 
on the other hand, only slight similarity between the 
amino acid requirements of the wine strains of 

~.!.. buchg.§_ri and ~..!._Q!:~~l.§ and the requirements es
tablished for other strains of these organisms (Wood 
et al, 1940; Dunn et al, 1947). 

It appears that the amino acid requirements 
of the lactic acid bacteria are influenced by the 
presence of substances other than vitamins. In this 

respect ••• 
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respect Carr (1959) reported tentative evidence that 

3-methyl-2,3-dihydroxybutyric acid and 2-methyl-2,3-

dihydroxybutyric acid, thought to be excreted by 

yeasts, can be used by certain lactic acid bacteria 

instead of valine. 

Of the organisms occurring in South African 

dry wines (Table 2) the pediococci, although having 

the most exacting nutritional requirements, exhibit 

the highest incidence. Of the lactobacilli, however, 

1~_hilb~£dii occurs the most frequently and requires 

the smallest number of vitamins and amino acids. 

The results presented in Tables 3 and L-!

suggest that these wine bacteria may be readily em

ployed in the biological determination of most of the 

vitamins and amino acids which had been termed essen

tial. 

Q~seoug_£~~ir~me~~s_Qf_£Q~~ of_!h~ 

i£.21~:t.~.§._f£Qill_§Qu t h_..Af£i.9.~!l-dry_~ig~.§.-· 

Th~gf1uegc~_Qf_£~£Q.Qn diQ~i£~_Qg_!he 

Eat ~-Qf_Ee.§._Q!:Qd u.Q!i.2!L frQ_g}_g1~£.2QQ.!. 

This influence was ascertained by comparins 

the rate of gas production under aerobic conditions, 

in an atmospbBre of nitrogen and in an atmosphere of 

carbon dioxide. The most typical strain of each 

species (see Table l) was selected for this purpose, 

gas production being determined manometrically. 

All the strains tested evolved gas more 

rapidly under aerobic conditions than under nitrogen. 

Ine •• 
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In the presence of carbon dioxide the two homofermenta
tive organisms evolved gas at a rate more or less 

similar to that under nitrogen. The heterofermentative 
organisms, under carbon dioxide, initially produced gas 

from glucose at a rate slightly less than under aerobic 
conditions. After two to six hours, however, the cells 
under carbon dioxide invariably exhibited a sudden sharp 
increase in gas production. 

The extent to which these conditions in
fluenced the rate of gas production by ±!.!. __ Q~S?.h£~£1: is 
represented by Figure 9, which is considered typical 
for all of the heterofermentative strains tested. 
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F"ig.9: Gas production from glucose by L. buchner'i 
under three different conditions . 
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SOME PHYSIOLOGICAL CHARACTERISTICS OF TEE 
ca--:ll!!ll:c~-z:~~~~~-~==~=.::::~·-:-==:=""':"":~=::'..::~~==~::=:=~~~~~= 

ISOLATED SPECIES COMPL~ED WITH THOSE 

OF OTHER LACTIC ACID BACT~q;RIA. 
~===:.~O:~:'!"':=:':.=:=:i._~~~~~~~~~~~~L!.~:=::~:......._~tto;:......;~~= 

South African wines contaminated by lactic 

acid bacteria usually exhibit high volatile acid con
tents, and are organoleptically inferior. The products 

responsible for these defects are imparted to the wine 

by the reaction of these bacteria with the utilisable 

substances contained in wines. Several of the carbo-

hydrates, polialcohols, glycosides and organic acids 

accessible to these bacteria (Table I) are known to 

occur in sound, normal wines. 

The hexoses, glucose and fructose, may occur 
in dry wines in small quantities as an aftermath of in

complete alcoholic fermentation. Certain of the pen

toses, not fermentable by yeasts, have also been found 

in dry wines. 1-Arabinose has been encountered in 
quantities of up to 1.26 gm. per liter, while small 
amounts of d-xylose is also usually found (Vogt, 1953). 
Other utilisable substances which are known to occur 
in wines include 1-malic acid, citric acid and small 
quantities of giycerol (Theron and Niehaus, 1938). 

In order to acquire more knowledge of the 
changes brought about in wines by the lactic acid 

bacteria in the presence of these wine components, 
seven bacterial strains, representing five known species 

and one of uncertain identity, were selected for further 
study. In each case the mast typical strain (Strain l) 

of the species was taken, the only exception being 
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~..!.--l~i~h!!!§;!!!!i! where two strains were selected, Strain 1 
and a xylose-fermenting variant (Strain 2) of which only 

its xylose fermentation was studie_d. 

Preliminary tests indicated that glycerol is 
not utilised at pH levels below 4.7. The utilisation 
of this compound was not further investigated as it is 
extremely doubtful whether it is of importance at the 
low pH values of dry wines. 

All of the selected strains could utilise 
d-glucose and d-fructose, while only three could utilise 
1-arabinose and four d-xylose. 

Oxygen consumption and carbon dioxide evolu
tion during the utilisation of these carbohydrates by 
washed resting cell suspensions were studied manometri
cally at pH 4.7 to 4.8. Prior to their application 
in the Warburg experiments the cells were grown in yeast 
autolysate containing a mixture of small amounts of all 
these sugars. 

The results obtained in this study are re
presented by Figures 10 to 15. From these the fo-llow
ing observations can be made:-

(i) Cell suspensions of the heterofermentative 
organisms consumed more oxygen during glucose utilisa
tion as compared with fructose utilisation. The 
reverse holds true for the two homofermentative 

organisms ~1Q1chm~gnii and ~..!._Q~re~i§1~~· 

(ii) All ••• 
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Fig.10: Oxygen consumption and carbon dioxide evolution 
during utilization of fructose. glucose and arabinose by 
cell suspensions of L.buchneri. 
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Fig.11: Oxygen consumption and carbon dioxide evolution 
during utilization of fructose. glucose and xylose by 
cell suspensions of L.hilgardii , 
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Fig.12: Oxygen consumption and carbon dioxide evolution 
during utilization of fructose. glucose, arabinose and 
xylose by cell suspensions of a Lactobacillus species. 
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xylose by cell suspensions of L. brevis. 
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Fig.14: Oxygen consumption and carbon dioxide evolution 
during utilization of fructose and glucose by cell suspen
sions of L .. leichmannii and during utilization of xylose by 
cell suspensions of L.leichmannii strain 2. 
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(ii) All the heterofermentative strains evolved 
carbon dioxide at a faster rate from fructose than from 
glucose, except L._Q~Qhg~£1 for which the reverse was 
true. 

(iii) The homofermentative :r:~-.1~i.2.hmaggii 

evolved carbon dioxide at a faster rate from glucose 

than from fructose, the reverse being true for E~-.2.~~~ 
visiae. ------

(iv) With ~~-Q£evi~ the rate of oxygen consumption 
and carbon dioxide evolution during 1-arabinose utilisa
tion was of the same order as that during d-xylose 
utilisation. The organism designated I;§Q!Ob~£il1~~ 
sp., consumed oxygen at a more or less similar rate 
during utilisation of these two pentoses, but produced 
considerably less carbon dioxide from arabinose than 
from xylose. 

(v) In all cases where both pentoses and hexoses 
were utilised, carbon dioxide was produced at a con
siderably faster rate from the hexoses than from pen
toses. 

(vi) The small amounts of oxygen consumed and 

carbon dioxide evolved by E~-£~£~Yi~i~~ reflect the 
relatively inactive nature of this organism. 

In order to investigate the dissimilation of 
the carbohydrates by growing cultures of the seven 
selected bacterial strains, large-scale fermentations 
were conducted on these substrates (at pH 4.7 to 4.8), 
(see Page 14). The number of strains used in the 
different experiments varied according to their ability 
to ferment the substrates employed (see Table 1). 

Fermentative ••• ----------
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The results of Pederson 
(1929) showed that as much as 88 per cent of the Elucose 

fermented by the homofermentat i ve I!.!._:Ql.§:!X.~.§l£2::!:!!! is con
verted to lactic acid. In addition only traces of 
acetic acid and ethyl alcohol were found. On the other 
hand it appears tb.at thE:t product-patterns of glucose 
fermentation by the heterofermentative lactic acid bac
teria vary in degree from carbon dioxide, ethyl alcohol 
and lactic acid in eguimolar quantities (Peterson and 
Fred, 1920; Pederson, 1929) to complex mixtures in
cluding, in addition, substantial quantities of acetic 
acid and glycerol (Nelson and Werkman, 1935). 

Data representing the fermentative dissimila
tion of glucose by six lactic acid bacteria from South 
African dry wines are given in Table 5 • 
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~QQ1~~~ Fermentative dissimilation of d-glucose 
by six lactic acid bacteria from South 
African dry wine~. 

Homofermentative. Heterofermentative. 
_,_ .. ____ _.....,,,~~---......, .. -..,_,.,._,.a __ , _,.._,H •--- ,,._,.,. __ .,.. _,_,~_...._..,. ________ ....._.. ..... ~._,._.,._ ,_._ ____ .._,,_...._,. ____ ..._, ________ ........,._, ___ .._ _..........,...,.......__.._.~-...--..-.~-...~ .... .,,,, _._ •·~-- -~· , . ......,~.-.· _, _...._. __ ,_~..,.,-~, • .....,, .• .._.. ....... , .... , ••~~· ---.3.- •• .. ___ __.., ,__.....,.._.~, .,.._, ,, ... ~-~ ~··-• , v ,,._,_._ 

L. leichmannii !:.!._£~!:~ V~§J::~~ , L. brevis b.!__hi1g.§£9:ii Lactob. sp. b.!.._R.~2.QP.~Ei ______ .... __ ...... _ ....... __ , _____ .. _..,_, ________ ---------
90 ** 9~ 96 96 c' % jo' 

mMol/L Carbon. mMol/1. Carbon, mMol./1. Carbon. ml"'ol./1. Carbon. mMol./1. Carbon. mMol./1. Carbon 
-----·-------~-·-.n-.__._.-.....~--------·~---......----"'·-------·""'--'"'---

__ _,.,......._., ...... ..._...____, ____________ ...... _--=-~--------- .... ------....----------------.. -~-------................... -.. . ._ .............. -....... ------
Residual glucose * 61.48 78.14 10.82 32.67 44.44 13.38 

Glucose fermented 38·.52 21.86 89.18 67.33 55:56 86.62 

£:£2.9::!:!2.~£_f2.E.!l1~9:,.;,. 
Carbon dioxide 6.49 2.81 5.64 4.30 82.46 15.41 67.44 16.69 50.77 15.23 86.56 16.66 

Ethyl alcohol 6.33 5 .L~S 4.83 7.37 58.33 21.80 63.80 31.59 46.08 27.65 73.33 28.22 

Acetic acid 1. 31+ 1.16 1.52 2.32 26.88 10.05 10.81 5.35 3.09 1.85 16.19 6.23 

Lactic acid 67.49 87.60 34.87 79.76 69.03 38.70 55.29 41.06 58.20 52.38 62.75 36.22 

Glycerol 1.45 l.c38 1.1+0 3.20 20.19 11.32 6.28 4.66 1.04 0.94 16.70 9.64 

Acetoin 0.10 0.17 0.08 0.24 

Diacetyl 0.06 0.10 0.05 0.15 

% Carbon recovery 99.2 97.3 97.3 99.4 98.1 97.0 

,. _______ ..._.,,_. .. _,_ ... .._,. __ , ____ ~..,-~ .. ~---.._.-.-~--~-------....--------------------------~3 --....-------.....~---------------------------------------------·---·------a._,__ _ _...._,., ____ ,__.._.,_,~•••~-·---~ 

~lucose added - 100 mMol/1. 

** Calculation for 96 Carbon. 
~----

Example for C02: 6.49 x 12 (~_Q02} _x 100 

38.52 x 72 (C in glucose) 

= 6.49 X 12 X 100 ---------
38.52 X 72 

= 2.81 
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The homofermentative organisms, especially 

f~_ce~~~isi~~' utilised a relatively small amount of 
the added glucose. In both cases 80 per cent or more 
of the carbon dissimilated is accounted for as lactic 
acid; a fact which makes these two organisms similar 

in this respect to the homofermentative strains studied 

by Pederson (1929). 

Our present knowledge of the mechanism of 

homofermentation is based primarily on the results of 

studies employing isotopic glucose. (Gibbs, Dumrose, 

Bennett and Bubeck, 1950; Gibbs, Sokatcb and. Gunsalus, 
1955). The results of these investigations imply 
that the homofermentative lactic acid bacteria fermen

tatively dissimilate glucose via a classical Embden

Meyerhof glycolytic route. 

The homofermentative organisms appear to 
possess at least some carboxyl~se activity, as re

flected by the small amounts of carbon dioxide pro
duced during fermentation. In both cases the molar 
quantity of carbon dioxide is more or less equal to 
that of the acetic acid plus the ethyl alcohol. 

The formation of small amounts of glycerol 
is seen as evidence supporting the view of Gibbs et 

al (1950) that dihydroxyacetone or dihydroxyacetone 
diphosphate is probably formed as an intermediate 
during homofermentation of glu~ose. 

The presence of the neutral volatile pro
ducts acetoin and diacetyl among the end products of 
the homofermentative organisms, is of considerable 

interest to the enologist. These products are known 
to be the major causes of off-flavours and odours 

developed, •• 
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developed in concentrated orange juice and have also 

been associated with "beer sickness 1
' (Vaughn and 

Tchelistcheff, 1957). 

Diacetyl production seems to be characteris

tic of ;L__£~!:.~YiE.i.9& (Jensen and Seeley, l95L~), as for 
many homofermentative lactobacilli (Christensen and 

Pederson, 1958. Moreover, Rowatt (1951) has shown 

that ~~-£1~~!~E~~ produces acetoin and carbon dioxide 
from pyruvate. This reaction is known to occur in 

numerous bacteria~ amongstothers Q1os1E!Qi~~-~£~!2= 
:Q~!;z1i£um (Wilson, Peterson and Fred, 1927), Aef:Qba,g_!_~.E 

aegg_g.r~m~_§ (Silverman and Werkman, 1941) and I:1i£f:OCQ£.9.~.§ 

£YQ.E&!l§...§_Y§:~~-§:~!:~~§. (Watt, 194-9). 

The heterofermentative organisms, especially 

~~-Q£~yis and ~~-bu,g_gnef:i, dissimilated considerable 
quantities of the added glucose. These two organisms, 
whilst producing relatively greater amounts of acetic 
acid than the other organisms tested, produced compara
tively more glycerol. The quantity of glycerol pro
duced was in most cases less than that of the acetic 
acid. The heterofermentative strains of Nelson and 
Werkman (1935) produced, during anaerobic dissimilation 
of glucose, quantities of glycerol equivalent to twice 
that of the acetic acid. Under the conditions in 
which these fermentations were carried out, the hetero
fermentative wine lactobacilli produced these compounds 
in approximately a l : l ratio. However, the data in 
Table ~) alone does not warrant the assumption that 
acetic acid and glycerol are produced in a fixed ratio 
during the fermentation of glucose by heterofermenta
tive lactobacilli. 

In ••• 
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In contrast to the homofermentative organisms, 

only 36 per cent (~_._Q~~g~eri) to 52 per cent (~~£~2= 

Q~£ill~1S sp.) of the carbon dissimilated by the hetero
fermentati ve organisms is accounted_ for as lactic acid. 

The mechanism of glucose fermentation by the 
heterofermentative lactic acid bacteria was elucidated 
mainly by the investigations of De Moss, Bard and 
Gunsalus (1951) and studies employing a tracer tech

nique (Gunsalus and Gibbs, 1952; Gibbs et al 1 1955). 
The results obtained by these investigators indicate 
that these bacteria lack aldolase and that their fer
mentative pattern conforms to the present concept of 
an anaerobic hexosemonophosphate pathway as the 
mechanism of glucose fermentation. 

With all four heterofermentative organisms 
the carbon dioxide evolved per mole of substrate 
dissimilated approaches a rat5o of 1 : 1. This 
result supports the view that the first step in the 
heterofermentation of glucose is the splitting of the 
hexose molecule to yield carbon dioxide and ribulose-
5-phosphate (Eltz and Vandemark, 1960). 

The results of Gunsalus and Gibbs (1952) 

with ~g~£QQQ~~9~-~~£~~~~~Qi~~~ indicated that the 5-
carbon compound is subsequently split to yield a 3-
carbon and a 2-carbon intermediate. Furthermore, 
Eltz and Vandemark (1960) have shown that sonic ex
tracts of fructose-grown cells of b~_QEgYi£ actively 
dissimilate ribose-5-phosphate, in the presence of 
glutathione, phosphate, magnesium and thiamine pyro
phosphate, to acetyl phosphate and glyceraldehyde-3-

phosphate. ~ • 

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



68. 

phosphate. Last-named investigators were able to 
demonstrate in these sonic extracts the presence of 
triosephosphate dehydrogenase, phosphoglycerate kinase 
and lactic acid dehydrogenase. This finding, together 
with the evidence in the literature for the presence 
of enolase (Stone and Werkman, 1937) implicate the 
classical route of lactate formation from glyceralde-

hyde-3-phosphate. Other enzymatic data indicate that 
glycerol is formed t:b...ro1..1.gh reduction of dihydroxy
acetone phosphate to d. -glycerol phosphate by a DPN
linked d -glycerol phosphate dehydrogenase, followed 
by hydrolysis of the latter by a specific phosphatase 
(Schlenck, 1951). Since aldolase eould not be 
demonstrated in the heterofermentative lactic acid 
bacteria (De Moss et al, 1951; Eltz and Vandemark, 
1960) and since no formation of a symmetrical 3-
carbon compound could be shown during hetero-lactic 
fermentation (Gibbs et al, 195j), the mechanism of 
glycerol formation by these bacteria remains to be 
determined. 

Eltz and Vandemark (1960) showed acetokinase 
to be present in extracts of J.:.!.._Q~e~is to catalyse the 
formation of acetate from acetyl phosphate. It is 
known that acetate added during hetero·-lactic fermen
tation is reduced. to ethanol (Gunsalus and Gibbs, 1952). 
Since Eltz and Vandemark (1960) demonstrated the 
presence of ethanol dehydrogenase in J.:.!.._br~v=b.§ this 
finding does not exclude the possibility that ethanol 
may arise via other mechanisms. However, no route 
of acetaldehyde formation from acetic acetate or 
acetyl phosphate could reportedly be shown in this 
organism. 

If, ••• 
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If, as indicated by the results in Table 5, 
the first step in the fermentative dissimilation of 
glucose by the heterofermentative wine lactobacilli 
is tbB liberation of carbon dioxide from the hexose 
molecule, the molar quantity of the ribulose-5-phos
phate formed to substrate utilised should also approach 
a l : l ratio. Furthermore, the theoretical molar 
quantity of ribulose-5-phosphate required for the for
mation of the end products, as found, can be calcu
lated; assuming that the 5-carbon intermediate is 

split into a 3-carbon compound, which yields lactate 
and glycerol, and a 2-carbon compound which yields 
acetate and ethanol. Theoretically the total of the 
molar quantities of 3-carbon end products (lactate + 

glycerol), and that of the 2-carbon end products 
(acetate + ethanol) should then be equal to the amount 
of ribulose-5-phosphate. 

The data obtained with the heterofermenta
tive wine lactobacilli (Table 5) were analysed in 
this manner and the results are presented in Table 6. 
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Table 6: 
~----........ -~----

The molar amounts of total 2-carbon and 
total 3-carbon compounds produced during 
dissimilation of d-glucose by the four 
heterofermentative lactobacilli. 

L. L. L. Lactob, 
bucEneri brevis !1!1g~f:£ii 

----.------------s··) • _____ ... ____ , .. ___ ----....... -... 

mMol/ 1. mMol/L mMol/1. mMol/1, 

Glucose utilised 86.62 89.18 67.33 55.56 
Lactate + glycerol 79.45 89.22 61.57 59.24 

Acetate + ethanol 89.52 85.21 71+. 61 49.17 

Ri-5-P 
(theoretically) 8L~.49 87.22 68.09 54.22 

____ _Ri-2~~-----
Glucose utilised 0.98 0.98 1.01 0.98 
___ ..,_.,_.,. _____________ ...... _.. ....... ____ ___.~ .... ----.a----··-----------.......... 

•~ ~~~---..c......._.,._~._..,.._....._,._,.,..._"'-

In this scheme the theoretical amount of 5-
carbon compound formed is represented by two values; 
lactate + glycerol and acetate + ethanol. The theo
retical amount of ribulose-5-phosphate in Table 6 
represents the average of these two values. It is 
evident from Table 6 that the molar ratio of ribulose-
5-phosphate to substrate utilised approaches i : 1 in 
all four cases. These results indicate~ as do the 
amounts of carbon dioxide produced, that the hetero
fermentative wine lactobacilli use the hexosemono
phosphate pathway for glucose dissimilation. 

It is of interest that no acetoin or 
diacetyl was produced from glucose by any of the 

heterofermentative organisms. The strain of ~-·-Qf:.§.Y:i~'-

studied •.• 
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studied by Walker (1959), while producing no acetoin 
from pyruvate under ordinary conditions, appeared to 

possess a latent acetoin-forming system demonstrate
able only in the presence of inhibitors of the 
suitable pathways. 

(ii) £=E!:~£!.9..§~:.= The fermentation of this 
hexose by the hornofermentative 1.!._£lag!,§£~£Il differs 
very little from its fermentation of glucose (Pederson~ 

1929). 

The heterofermentative lactic acid bacteria 

are unique in their ability to form mannitol from 
fructose. Yields of mannitol accounting for as much 

as 70 per cent of the fructose fermented were found 
by Peterson and Fred (1920). 

Data obtained for the fermentative dissimi-
lation of fructose by the wine lactic acid bacteria 

isolated during this investigation are given in 
Table 7. 
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Fermentative dissimilation of d-fructose 
by the six lactic acid bacteria from 
South African dry wines. 

Homofermentative. 

L. leichmannii, 
-----~-·-...... ....-..~----- .......... 

o/. 
/'-' 96 

mMol/1. Carbon, m~1ol/l. Carbon. rnMol ;1. 

-,; 

Residual fructos:;"'" 70.83 

Fructose fermenced. 29.17 
Products formed: -------.. ~- ........ ·~-- ..... -~..._ ...... _._. . ... ~.--~--

Mannitol 
Carbon dioxide 
Ethyl alcohol 
Acetic acid 
Lactic acid 
Glycerol 
Acetoin 
Diacetyl 
% Carbon recovery 

* 

9.41 
8.58 
1.86 

4?.50 
l 0 Li-5 
0.12 

0.05 

5.38 
9.81 
2.13 

81.42 
,...., Li_9 c::. • ' 

0.27 
0.11 

101.6 

Fructose added - 100 mMol/1. 

87.39 
12.6\l 

7.20 

4.75 
1.49 

17.53 
0 • 5L~ 
0.09 
0.08 

No ••• 

8.07 
91.93 

39.94 
9.52 48.92 

12.56 37.01 
3.94 16.91 

69.51 4~.68 

2 ,lL~ 1.79 
0.48 
0.42 

98.6 

9~ 
Carbon. 

Lj-3 Ji-5 
8.87 

13.42 
6.13 

23.21 

0.97 

96.1 

Heterofcrmentative. 

96 9~; I 

mi1ol /1. Carbon.. mMol /1. Carbon, 

1.82 24.10 
98.18 75.90 

51.60 52.56 52.96 69.78 
45.96 7.80 18.95 4.16 
28.76 9.76 6.88 3.02 
lLJ-. 37 4.88 9.60 4.22 
28.42 1L~.47 21.02 13.85 
12.61 6.42 1.80 1.19 

95.9 96.2 

L. buchneri. 
----~-----·· .. ~~--....-

96 
mMol/1. Carbon. 

21.21 

78.79 

49.08 62.29 
29.39 6.22 
9.17 3.88 

19.40 8.21 
26.84 17.03 
0.40 0.25 

97.9 
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No mannitol production by the homofermenta

tive organisms could be demonstrated. 

Although the fermentation of fructose by the 

two homofermentative organisms agrees qualitatively 
with that of glucose (Table 5), quantitative differ-

Gnces exist. Comparatively less of the added sugar 

vms utilised 1r·Ihile relatively more carbon dioxide, 
ethanol and acetic acid were produced. 

The molar amount of carbon dioxide produced 

by the two homofermentative organisms was approxi
mately equal to that of the acetic acid plus the 
ethanol, as in the fermentation of glucose by these 
organisms. These results indicate that acetic acid 
and ethanol are probably formed from pyruvate via a 
common precursor by means of the following reaction:-

Ethanol 

t DP:1 + 

Zn ++ alcohol dehydrogenase 
DPJ:.! + H + 

~ 

CH
3 

CO COOH -·-·-·'>- CH
3 

CHO + C02 

H+ 

DPN + 

aldehyde oxidase 

DPN + H+ 

The •.. 
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The results obtained with fructose as well as 

those for glucose fermentation by the homofermentative 
lactic acid. bacteria, are compatable with an :Cmbden

Meyerhof glycolytic route. 

It is evident from Table 7 that, in contrast 

to the homofermentative strains, the heterofermentative 

organisms produced considerable amounts of mannitol. 

The quantity of mannitol formed accounted for from 

45.5 per cent (1~_Q£~Yi£) to 69.8 per cent (~~~i2= 

Q§:£i1.!g§. sp.) of the fructose fermented. 

All the heterofermentative organisms except 

J:..!._Q.Q:Qhn~ri utilised greater amounts of the added fruc
tose as compared to glucose, a fact whic1} is in accord 

with the manometric data (Figures 11 to 15). 

~§;C ~QQ§:.C il1:!:1:~-.. :hi1S§:£2:ii for me d. c ens id.era b ly 
more glycerol from fructose than the other hetero
fermentative organisms which praduced. but trace amounts 
of this compound. No acetoin or diacetyl could be 

demonstrated among the end products of these fermenta
tions. 

Studies by Nelson and Werkman (1936,191+0) 

indicated that fructose acts as its own hydrogen 
acceptor during fermentation and is reduced to mannitol" 
Eltz and Vandemark (1960) demonstrated, in sonic ex

tracts of fructose-grown cells of 1!.:.._QE~Y1:£, the presenr· 
of a DPN-specific mannitol dehydrogenase which catalyseL 
the reduction of fructose but not of glucose. They 
also presented evidence for the presence in these 
extracts of fructokinase, hexosephosphate isomerase, 

glucose- ••• 
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glucose-6-phosphate dehydrogenase and 6-phosphogluconate 
dehydrogenase which, in the presence of adenosine tri
phosphate and suitable hyctrogen acceptors, affect the 
overall oxidation of fructose to carbon dioxide and 
ribulose-5-phosphate. These results indicate that the 
utilised fructose which is not reduced to mannitol, is 
dissimilated via the hex:osemonophosphate pathway. 

The molar ratio of carbon dioxide evolved to 
fructose oxidised, i.e. molar quantity of fructose fer
mented minus that of the mannitol formed, should accord
ingly approach 1 : 1. The theoretical molar quantity 
of ribulose-5-phosphate necessary to yield the 2-carbon 
and 3-carbon compounds found (Table 7) can also be cal
culated as in the case of glucose fermentation (Table 6). 

~.§:Q1~ .. ~-.§..!. The molar amounts of carbon dioxide, 
total 2-carbon and total 3-carbon 
compounds produced during fermenta
tive dissimilation of d-fructose by 
the four heterofermentative lactobacilli. 

L. L. L. Lactob. 
Ql!.9.hi1Slr.1 Qf:ev~s. h_ilg~_&. 

---~ .. --~ 
sp. 

mMol/1. mMol/1. mi"'ol/1. mr-1ol/L ___ ... _,_.....__._........_~ .. -----· -~ ~- . ·~---... ------.. ~· ··-------------........ -~-.. -~-· ~ 
Fructose oxidised 29.71 51.99 46.58 22. 9L~ 
Carbon dioxide 29.39 48.92 45.96 18.95 
Acetate + ethanol 28.57 53.92 43.13 16.48 
Lactate + glycerol 27.24 44.47 41.03 22.82 
Ri-5-P (the oreti.cally) 27.91 49.20 42.08 19.65 

C02 0.99 0.94 0.99 0.83 Fructos·-e·-oxid:Isea: 
_______ Ri=2-P ____ 

0.94 0.95 0.90 0.86 Fructose oxidised ____ ........ _ -·-----.....·-.. --------------· _ .. _ . .___ ......... ____ .,.._.._ __ .. __ .,. _ _. ............. ---.. ··---·--..------~~---~--·--- ------ ···--- -

The ••• 
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The theoretical amount of Ri-5-P in this 
case was calculated as in Table 6. 

It is evident that the molar ratio of carbon 
dioxide evolved, as well as that of the theoretical 
quantity of ribulose-5-phosphate to fructose oxidised, 
approaches l : l in all four instances. These results 
are in agreement with the view that the dissimilated 
fructose not reduced to mannitol is fermented via the 
hexosemonophosphate pathway. 

;!:.§.g:t.Q.§.§. s : ( i ) £=XY1.Q .. s e..:...:: It is known that many 
of the lactic acid bacteria from European wines are· 
able to utilise this pentose in addition to glucose 
and fructose (Nt:tller-Thurgau and Osterwalder 9 

1913, 1918). For some time xylose fermentation 
was associated with studies involving spoiled wines 
(Weinstein and Rettger, 1932). 

Fred, Peterson and Anderson (1921) showed 
that both homo- and heterofermentative lactobacilli 
produce one mole each of lactic acid and acetic acid 
per mole of xylose utilised. lrJeinstein and Rettger 
(1932) reported that 88 to 90 per cent of the xylose 

utilised by ~~-2.§.g:t.Q~££ii£US (syn. ~~-Q~evi~) was con
verted to volatile and non-volatile acids. 

Table 9 shows the results obtained for the 
fermentation of xylose by four lactobacilli from 
South African dry wines. 
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Fermentative dissimilation of d-xylose 
by four lactobacilli from South African 
clry wines • 

........................ ~-,._.....-~~..._.,_·-~ 0 ••-•-.....o~- ... ~---._._._ ..... _ ................ ~---..o=--~L .. .._..->-0"-~• -- ,_H ___ .....,, __ ·-----·· ,.__, ..... ______________ _ 

Resid"l)_al xylose * 
Xylose fermented 

Products formed: _. ___ _..__.........,. _ __.~-~--... --............... ....-

Carbon dioxide 

Ethyl alcohol 

Acetic acid 

Lactic acid 

Glycerol 
Diacetyl 
c./. Carbon recovery f../ 

Homo
fermentative. 

_.._ ... -·· --- ..... _ .. .._.~- --- ..................... ___ ,., ....... ._. ......... ~~~-------------~ ... -................. "',_...._....__ --~--.......__-

L. leichmannii. 
----~s=t:ra:rn:·~-·2) __ _ 

% 
mMol/1. Carbon. 

13.'-i-4 

86.56 

15.52 3.59 

7.19 3.32 

80.06 37.00 

75.41 52.27 

1.81 ~-. 26 

0.02 0.02 

97.5 

% 
mi1ol/l. Carbon. 

25.24 

74.76 

17 .Li-6 LJ-. 67 

6.35 3.40 

67.64 36.19 

56.94 45.70 

5.44 4.37 

94.3 

1~ Xylose added - 100 mMol/1. 

It ... 

Heterofermentative. 

76 
mMol/1. Carbon. 

22.85 

77.15 

7.85 2. OL!-

3.96 2.05 

7LJ. • 55 38.65 
69,67 51.~.12 

2,17 1.69 

98,6 

(ll 
/V 

mMo1/l. CD.rbon. 

19,52 
80. L~8 

10.68 2.65 
1+. 79 2o38 

77.62 38.58 
7L~, 32 55 • L~J. 

1.27 0. c5 

~00.0 
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It appears from these data that the organisms 
produce from xylose small amounts of products other 
than volatile and non-volatile acids. However, acetic 
acid and lactic acid accounted for from 81.9 per cent 

(l!.!.._Q!:~Vi§.) to 94 per cent C!d.§:f.i.Q.£.§:~111~~ sp. ) of the 
xylose utilised. 

The presence of small amounts of carbon 
dioxide among the end products are in accordance with 
results obtained with other lactobacilli, both homo
and beterofermentative (Fred et al, 1921). It is 

noteworthy that the homofermentative l!.!.._1~if.h~~gg!! 

Strain 2 produced more carbon dioxide from xylose 
than two of the three heterofermentative lactobacilli. 
This fact and the similar product yields, suggests a 
xylose fermentation pathway essentially common to 
both the homo- and heterofermentative lactobacilli. 

Results of tracer st,J.dies on xylose fermen
tation (Lampen, Gest and Sowden, 1951; Gest and 
Lampen, 1952) strongly supported the hypothesis that 
the pentose molecule is cleaved into 2-carbon and 
3-carbon units, as implied by the results of Fred et 
al (1921), and indicated that cleavage occurs between 
the second and third carbons. The results of 
Bernstein (1953) confirmed this view. 

According to enzymatic data recently ob

tained with l!.!.._2l~g!~E~~ (syn. ~.!..-~g!.Q.~~§.) xylose is 
fermentatively dissimilated via the following path-
way (see Heath, Hurwitz, Horecker and Ginsburg, 1958 b):-

d-xylose •.• 
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d-xylose .... ~~~g~~g~~~~~~~ d-xylulose 
(I'1itsuhashi and Lampen, 1953) 

2fY1~1.Q~§:)~.~tg.a .l?.~..'l.-.!~!:.! .. -:;>· xy 1 ul o s e -5-P , 

(Stumpf and Horecker, 1956) 

QQQ§QhQ~~~Q,b~~~-~1--~ 
thiamine pyrophosphate Acetylphosphate + d-glyceralde

hyde phosphate. 
(Heath et al, 1958 b) 

It was also shown by Heath et al (1958 b) 
that crude extracts of this organism contain aceto
kinase to catalise the formation of acetate from acetyl 

phosphate. The triose phosphate is reportedly con

verted to lactic acid via the Embden-Meyerhof route. 

The molar ratio of acetic acid to lactic 
acid in Table 9 approaches 1 : 1 with all four wine 
lactobacilli. These results are thus compatible 
with the existing data mentioned above. However, the 
scheme proposed by Heath et al (1958 b) for xylose 

fermentation by ~~-£l~QigF~ does not elucidate the 
mechanism by which glycerol, ethanol and carbon 
dioxide are formed. 

Diacetyl was produced from xylose only by 
the homofermentative organism. 
could be demonstrated. 

No acetoin production 

(ii) l~~rabiQos~= The lactobacilli studied by 
Fred et al. (1921 ), including both homo- and hetero
fermentative types, fermented 1-arabinose to end 

products ••• 
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products similar to those produced from d-xylose • 

Peterson (1929) showed that certain lacto
bacilli from spoiled tomato products dissimilate 

1-arabinose to form acetic acid and lactic acid in 

equimolar quantities. 

Data representing the dissimilation of 
arabinose by three heterofermentative lactobacilli 
from South African dry wines are given in Table 10. 

Table 10: Fermentative dissimilation of ____ .... _.._._ .. __ _ 
1-arabinose by three hetero
fermentative lactobacilli from 
South African dry wines. · 

_....._... .. _ •• .......,...__. ....... .___._..,.,~._~ ... -......._. ••. ~•---.-·••~----·--------.....,..---.....--....-.__._.,._,..,_ • ..__._ ___ .... w..._._.....,._ ___ ~-----------

L. buchneri. L. brevis. Lactob. sp. 
---~-----~--- -------~-- ------

~ ~ 0 
mMoJ/L. Carbon, mMol/L Carbcn. mMol/l. Caroon. 

* Residual arabinoee 17.85 30.06 91.38 

Jrr: ab inose fmm mted 82.15 69.94 8.62 

~~Q~~Q~£_£Q~med~ 
Carbon dioxide 6.89 1.68 12.12 3.47 4.63 10.74 
Ethyl alcohol 5.21 2.54 5.78 3.31 1.92 8.91 
Acetic acid 76.10 37.06 63.14 36.11 8.23 38.19 
Lactic acid 75.04 54.81 57.64 49.45 6.47 45.03 
Glycerol 1.09 0.80 4.62 3.96 
% Carl:x:ln recovery 96.9 96.3 102.9 

,. 
~~Arabinose added - 100 mMol/1. 

vigorously fermented 1-arabinose. The organism 

designated ~~£~Qgg~il1us sp. fermented d-xylose vigorous
ly (Table 9), but utilised only a fractional part of the 

added ••• 
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added arabinose. 1-Arabinose fermentation by ~~-Qreyi§ 
on the other hand, resembled closely its fermentation 

of d-xylose, both in end product yield and amount of 

pentose dissimilated. 

The results of Fred et al (1921) implied that 

the lactobacilli ferment 1-arabinose and d-xylose by 

essentially similar mechanisms. This view was sub-

stantiated by the results of isotopic studies (Rappa

port, Barker and Hassid, 1951). 

Recent investigations on the enzymatic con

stitution of arabinose-grown cells of ~~-:21.~P.~.§:F_l!~) 

have elucidated the mechanism of 1-arabinose fermenta-

tion by the lactobacilli. The results of these 
studies indicate that the fermentation proceeds accord

ing to the following reactions (see Heath et al, 

1958 b):-

1-arabinoseisomer~se 1-arabinose ------ ------"·-·---------·--·-----::... 1-ribulose 
.,-----------·~·"·~·-----··-----·- .. _,_, ------

(Heath, Horecker, Smyrniotis and Takagi, 1958 a) 

ribulokinase ATP. . 
-----------..1.--------~ 1-r 1 bul o se-5-P. 

(Burma and Horecker, 1958 a). 

~---~---~----·----- --------·-· --- d-xylulose-5-F. 
(Burma and Horecker, 1958 b). 

According to Heath et al (1958 a) xylulose-
5-phosphate is subsequently converted, through phos
phoketolase action, to acetyl phosphate and triose
phosphate. These compounds are then converted to 
acetate and lactate respectively, as in the case of 

d-xylose ••• 
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d-xylose fermentation by this organism, making xylu

lose-5-phosphate the key intermediate in pentose fer

mentation by 1~_Q1~g~~~~~ 

This scheme, as that established for d-xylose 

fermentation, does not elucidate the mechanism by which 

carbon dioxide, ethanol and glycerol are formed during 

pentosc fermentation. 

Glycerol is presumably formed from the 3-
carbon intermediate by a mechanism similar to that 
functioning during hexose fermentation by these orga-

nisms. 

There seems to be two pcasbili.ties cstoibe way :in which 

the ethanol may arise during pentose fermentation:-

(i) Through the reductive decarboxylation of 

the intermediate pyruvate formed in the 

Embden-Meyerhof route, and 

(ii) From the 2-carbon intermediate, as in the 
hexose monophosphate pathway. 

However, the considerable amounts of carbon 
dioxide encountered during pentose fermentation (Tables 
9 and 10) suggest that ethanol arises by reaction (i). 

The rest of the carbon dioxide encountered 
possibly arises from the secondary fermentation of 
lactate. 

Heath et al (1958 b) concluded that pentose 
fermentation is utilised primarily for the production 
of energy. They demonstrated that ono equivalent of 
ATP is consumed during fermentation, while three 
equivalents of ATP are produced through phosphoketolase 

action ... 
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action. The net yield of two equivalents of ATP 

per mole of sugar fermented is the same as that de-

rived from the fermentation of hexose. 

The high amounts of acetic acid produced 

from pentose by the wine lactobacilli are signifi

cant, since a sudden increase in the volatile acidity 

of a wine is usually among the first symptoms of this 
kind of bacterial contamination. 

It has been known for many. years that tb.e 

fixed acid content of wines can be decreased through 
bacterial action. 

The earlier workers Nollner, Nickles and 

Pasteur (according to Vaughn ar.d Tchelistchcff, 1957) 
were primarily interested in the decomposition of 
tartrates. Consequently, it was not until after 
the investigations of Muller-Thurgau (according to 

Vaughn and Tchlistcheff, 1957), that proper attenti-on 
was given to the fermentation of malic acid in wines. 

Soon afterwards Koch (according to Luthi, 1957) suc
ceeded in isolating a bacterial strain with the as
sistance of which he could artificially reduce the 
malic acid content of wine. Most of the organisms 

studied by Muller-Thurgau and Osterwalder (1913) could 
ferment 1-malic acid, yielding lactic acid and carbon 
dioxide. 

The ••• 
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The malo-lactic fermentation is known to 

have a definite beneficial effect on the quality of 
many European wines. Ferre (according to Suverkrop 

and Tchelistcheff, 1949) indicated that this fermen
tation during tbB early stages of storage was largely 

responsible for the quality of wines from the French 

Burgundy district. Ribereau-Gayon (according to 

Vaughn and Tchelistcheff, 1957) confirmed that the 
malo-lactic fermentation is desirable for the ''Grand 

Vins 11 of this wine-producing region. In Northern 
Portugal the successful production of the 11 Vinhos 
Verdes 11 is dependent on a vigorous malic acid fer

mentation (Gomez, da Silva, Babo and Guimaraes, 

1956 a). These investigators (1956 b) were also 
able to demonstrate that wines which had been de
acidified by the use of selected bacterial strains 

are superior to those produced by spontaneous bac

terial fermentation. It is tho.s understandable why 
malo-lactic fermentation is not only considered 
desirable in many European wine-producing areas, but 
is fostered as the second fermentation. 

The mechanism of the malo-lactic fermenta
tion was elucidated by the isolation, first from 
pigeon liver (Ochoa, Mehler and Kornberg, 1947) and 

later from 1-malic acid adapted cells of ~~-~~~Qi~Q~~~ 
(Korkes, del Campillo and Ochoa, 1950), of a 11 malic 11 

enzyme, mediating the conversion of 1-malic acid to 
lactic acid and carbon dioxide. Evidence presented 
by last-named investigators indicated that in 

~-g~~QinQSU§ this reaction is a DPN-linked dismuta
tion between 1-malate and pyruvate, resulting from 

the ••• 
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the interaction of lactic dehydrogenase with a DPN
specific ''malic 11 enzyme as shown by the following 

reactions:-

1-malate + DPN 
OX 

Pyruvate + DPN d re . 

Mn ++ ____________ -:.,.. 
~-- ... ------~--

---·-·--·-·-··-~ 
~----·-----

Pyruvate + co2 + DPN ~ rea. 
C' malic" enz;yme ) 

lactate + DPN ox. 
(lactic dehydrogenase). 

lactate + C0 2 . 

The reversibility of this reaction was 

demonstrated with isotopic carbon dioxide, but its 

equilibrium position is overwhelmingly in favour of 

decarboxylation. 

Jerchel, Flesch and Bauer (according to 

Luthi, 1959) recapitulated the work on the decomposi

tion of 1-malic acid, using purified enzyme extracts 

from both ~~-Q~~QigQ~us and ~~-g£QCi1~ (syn. ~~~cogQ~= 
:l?.29..~~_senteEQ1:.9&.§). They found that there were two 
pathways by which 1-malic acid could be decomposed, 
depending upon the method used for the lysis of the 
cells. By careful treatment, using the method of 

Korkes et al (1950), the breakdown proceeds directly 
from pyruvic to lactic acid. By using other enzyme 
preparations, a further intermediate (oxalacetic acid) 
could be obtained. This intermediate was subse
quently converted to pyruvic and lactic acid. 

Schanderl (1950) was apparently one of the 
first to note that the malic acid breakdown reaction 

is ••• 
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is in reality endothermic. A satisfactory explana

tion of this reaction is as yet lacking. As a 
result of various reports claiming an increase in 

ammonia-nitrogen in wine following malo-lactic fer

mentation, the possibility of a concomitant break
down of higher nitrogen compounds has been suggested 

(Schanderl, 1950). Luthi (1959), on the other hand, 
l:•rhile convinced that higher nitrogen compounds do play 

a role, does not believe that there is an accumulation 

of ammonia during this acid breakdown. 

Malic acid decomposition has been reported 

in ~.!.._l21.§:f!!?-r::a:!12, ~.!..-Q~§.Yi£, ~.!...J~!:a:£hD~r i , ~-·_f.§. rmQgt~l: 

and b.!.._.hi1g~!:9:ii (Vaughn et al, 19LJ-9; Vaughn, 1955). 
It is thus clear that malo-lactic fermentation is a 

characteristic widely distributed in the genus 
Lactobacillus. - ·---~-.......... --.---...... -...,.___, ... __ _ 

Preliminary tests with the agar-closure 
-t:;schnique indicated the presence of the malic enzyme 
in the lactic acid bacteria from South African dry 
wines. To verify this finding and to gain an im-
pression of the speed of the reaction, oxygen con
sumption and carbon dioxide evolution during 1-malic 
acid utilisation by resting cell suspensions of six 

of these bacteria were studied manometrically. This 
study was conducted at pH levels of 3.9 and 4.4. 
The results obtained at pH 3.9 are presented in 
Table 11 and Figure 16. 

Table 11 ... 
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Fig.16: Decarboxylation of 1-malic acid, at pH 3·9. by malate 
adapted cell suspensions of lactic acid bacteria from wine, 
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Table 11: ---------- Oxygen consumption ( 1.-l 1) during· 
1-malic acid utilisation at pH 3.9, 
by 1-malate adapted cells of six 
lactic acid bacteria from South 
African dry wines. 

Homo
fermentative. Heterofermentative. 

Time • --··-- -·--~---·---·----·------ --·-·-··· .. ·---.. ·--~---·-·--··· -·---·---·-- ··· -·--·--·----
(hours) L. P. L. L. L. 

leich- cere vi- £r:evi§!_ hi I= bucii- Lactob. 
mannii. g~~~Ji.:. neri:" ----~ 

.._ ........ _ ........ _____ siae-:--·- -~ ... ----·- sp" 
-----

------------------------- ---~ ......................... _._ . ._..._~~-- ....................... _.~_ ·~ --·~d_...,. .... .....__,._.... _ _.._. ........ -.-.-.. ............... -----

1 12.57 2.51 6.05 14.58 23.63 24.4-8 
2 18.09 3.01 19.62 22.12 47.26 36.15 

3 22.61 3.51 29.67 29.16 70.38 42.32 
4 27.63 4.52 39.23 34.19 91.49 47 ° 7 . ./ ... ) 
5 31.92 5.00 50.29 41.73 113.10 53.54 

Considerable quantities of carbon dioxide were 
evolved during 1-malic acid utilisation while compara
tively small amounts of oxygen were consumed. Cell 
suspensions which were not adapted to malate evolved 
only small amounts of carbon dioxide, demonstrating 
the presence of malic enzyme in these organisms and 
confirming the adaptable nature thereof. 

All the organisms tested evolved less 
carbon dioxide and consumed more oxygen at pH '+.4 than 
at pH 3.9. It is obvious that the optimum pH for 

malic ••• 
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malic acid decomposition by these organisms is con
siderably lower than that for sugar utilisatj_on. 

In order to study the dissimilation of 1-

malic acid by growing cultures of these wine lactic 

acid bacteria, fermentation tests were conducted on 
this acid at pH 3.9. Material balances for these 

fermentations are given in Table 12. 

I~£1~_1g~ Fermentative dissimilation of 1-malic 
acid, at pH 3.9, by six malate-adapted 
lactic acid bacteria from South African 
dry wines. 

-----·~-- ......... --._.... _____________ ., -·~---~ .. -------:-------------........ ----------· ... ___ .., __ _ 

Resid1.1al malic 
-.:; 

acid~~ 

1-Malic acid_ fermented 

~r o£l?:.£1.~--f o !:~.§. d : 
Lactic acid 

Carbon dioxide 
Acetic acid 
Ethyl alcohol 

Acetoin 

Diacetyl 

% Carbon recovery 

= 

Homofermentative. 

L. leichmannii. ____ ... ___ ,_ _______ _ 
96 

mMol/1. Carbon. 

21.00 
29.00 

23.36 60.41 

29.04 25.04 
1.07 1.85 
6.02 10.38 
0.20 0.69 
0.08 0.28 

98.7 

P. cerevisiae. 
-~.__~----·--"!"'-~----

96 
mMol/1. Carbon, 

18.09 
31.91 

28.33 66.59 
31.80 24.91 

...., 

4.02 6.30 
...., 

0.06 0.19 

98.0 

~~ 1-I"1alic acid adcJ.ed - 50 m~1ol/1. 

It G ., 0 

Heterofermentative. 

~..!._Qr~:y:i§._~. I-.!.!.._hilg§.£9:.:1h 
% % ,; 

/b 
ml"Iol/1. Carbon. mr1ol/l., Carbon. mMol/1. Carbon. 

17,Li-Q 20.76 41. L:-2 
?2.60 29.24 8.58 

27.59 63 .~-7 26.79 68.72 8.50 7LJ-. 30 
34o85 26.73 28.12 2L!-" 04 7.82 22. 7S, 
1.84 ,....... --)~ 

c_obC::: 1.01 1.73 0.07 0 • LJ.-1 

5.05 7.75 2.43 '+.16 0.68 3.S6 

100.8 98.7 101.5 

76 
mMol/1. Carbo11. 

15.37 
3-'+. 6::5 

30.13 65.25 

36.53 26.37 
1.34 1.94 
Lj .• 85 7.00 

100.6 
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It appears from these data that the organisms 
fermented ~he major part (58 to 73%) of the added acid, 

except in the case of ~~_Q~Qhg~E1 where only 17 per 
cent was dissimilated. 

The molar ratio of carbon dioxide evolved to 
1-malic acid fermented approaches 1 : 1 with all six 
organisms. These results are therefore compatible 
with the equation established for 1-malic acid break

down in ~--· ~Eab1gQ~g~ (Korkes et al, 1950)& 

All the organisms formed small amounts of 
ethanol, presumably from the intermediary pyruvate. 
Small quantities of acetic acid were produced by all 

the organisms except ~~~E~Xi~i~~~ These results, 
as those of the sugar fermentations, do not reveal 
whether the acetic acid is produced via pyruvate or 
by the secondary fermentation of lactic acid. 

Both homofermentativ~ organisms produced 
diacetyl from 1-malic acid while ~~-1~ich~~gnii formed 
acetoin in addition. Vaughn and Tchelistcheff (1957) 
already suspected the production of minute amounts of 
these substances during malo-lactic fermentation. 

It is clear from the evidence obtained in 
these fermentation experiments that there is no clear
cut differentiation between "spoilage'' bacteria and 
11 malo-lactic" bacteria. An organism may cause either 
spoilage or malo-lactic fermentation, depending on the 
conditions existing in the contaminated wine. 

Blanchard et al (1950) have shown that amino 
acids and glucose are required for maximum malic en
zyme formation by L. ara~ino§g£~ Vitamins were not 

required ••• 
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required for induction if the bacterial cells were 

harvested from a medium sufficient in these sub-

stances. However, cells grown in media deficient 

in biotin or nicotinic acid required these vitamins 

for optimal enzyme induction. Recently Deal and 

Lichstein (1961) demonstrated that the nutritional 

requirements for malic enzyme synthesis by this or

ganism closely paralleled tbose necessary for growth. 

The presence of malo-lactic bacteria in 
South African dry wines suggests that, contrary to 

general belief, malo-lactic fermentation very likely 
occurs in at least some of these wines. It may be 

added that this fermentation has been demonstrated 

in the dry wines of both Australia (Fornachon, 1957) 
and California (Suverkrop and Tchelistcheff, 1949), 
two countries possessing 1rJine-producing conditions 
similar in many respects to those existing in South 
Africa. 

Bacterial decomposition of citric acid, 
like the malo-lactic fermentation, has been known 
for many years. The work of Muller-Thurgau and 
Osterwalder (1913) indicated that this phenomenon 
leads to the formation of volatile acid. 

Deffner (according to Peynaud, 1956) studied 
citric acid fermentation by certain lactic acid bac-
teria in neutral media. Under these conditions 
acetic acid, formic acid, suc'cinic acid, carbon 

dioxide and traces of alcohol and acetaldehyde were 
found as end products. Under the same conditions 

oxalacetic ••• 
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oxalacetic acid gave.rise to the same products and 
in the samu proportions, except for acetic acid of 
which one molecule less was found. These results 
caused the author to suggest that during the first 

stage of the acid breakdown the cit~ic acid mole
cule is split to yield oxalacetic and acetic acids. 

On account of results obtained with ~~~~= 

QQQQ~Q_cr~mQri§ and Str~Q~QQQQQ~§_£i~£9.£hilu§i van 
Beynum and Fette (1939) concluded that pyruvic acid 
probably is an intermediate in the citric acid fer

mentation. 

It is known that §treQtQ£QQQ~§_£££acitrQ= 
YQE~§ is unable to utilise citrate as sole source 
of carbon for growth? but that in the presence of 
readily fermentable carbohydrates the acid is rapid
ly attacked (Slade and Werkman, 1940). It was de
monstrated soon afterwards that cell suspensions of 
this organism grown in the presence of citrate and 
lactose, subsequently fermented citric acid in the 
absence of carbohydrate (Slade and Werkman, 1941). 
These results were interpreted as suggesting that 
the presence of citrate in the growth medium was 
responsible for the formation of the enzymes neces
sary for the fermentation of this acid. By studying 
the fermentation of citric acid, as well as that of 
pyruvic and oxalacetic acids, Slade and Werkman 
(1941) obtained data confirming the view that citric 
acid brea.kdown by the lactic acid bacteria proceeds 
via oxalacetic and pyruvic acids. 

The ••• 
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The predominant products of citric acid fer

mentation, in neutral media, by three enterococci and 

two homofermentative lactobacilli were shown to be 
acetic acid and carbon dioxide (Campbell and Gunsalus, 

1944). Formic acid and lactic acid accounted for 
most of the remaining carbon. Traces of acetylmethyl

carbinol and ethanol were also produced. 

Charpentie, Ribereau-Gayon and Peynaud (ac

cording to Peynaud, 1956) and Charpentie (according to 
Peynaud, 1956) studied the fermentation of citric acid, 
both in neutral Dedia and in wines enriched with the 
acj_cL The end products of the fermentation were re-
ported to be carbon dioxide, acetic acid, small quanti

ties of lactic acid, acetoin and 2,3-butylene glycol. 
Apparently no formic acid was encountered under these 

conditions. 

Preliminary tests, bot~ by the agar-closure 

technique and paper chromatography, had already indi
cated that most of the lactic acid bacteria from South 

African dry wines can decompose citric acid in addi
tion to 1-malic acid. In order to study the utilisa
tion of citric acid and 1-malic acid by resting cell 
suspensions of the organisms concerned, manometric 

determinations were simultaneously conducted at the 
same two pH levels. The manometric data confirmed 

that ~-~-.Q.§..~§.Y.~.§..:i~§.. and ~.!..._Rl!.Q.fl!!~£1 are unable to dis-
similate citric acid. Oxygen consumption and carbon 
dioxide evolution during citric acid utilisation by 

the other four organisms (at pH 3.9), are indicated 
in Table 13 and Figure 17. 
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Fig.17: Carbon dioxide production by citrate-adapted cell 
suspensions of lactobacilli from wine , dur1ng citric acid 
utilization at pH 3·9 
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Oxygen consumption ( 1u 1) by citrate
adapted resting cell suspensions of 
four lactobacilli from South African 
dry wines, during citric acid utili
sation at pH 3.9. 

Time. fermentative. Heterofermentative. 
~OJI'S) -------------------···-·----·-------·-------· 

:1.!._le]:Qhmanpi,i. :1.!._1?_~~-~is. ~.!._hi1.5.§:~· la-2~.29.· sp. 

1 13.96 9.00 10.49 13.98 
2 18.97 18.48 20.47 22.97 

3 20.98 26.46 26.96 30.96 
4 23.97 31.48 35.95 36.45 

5 27.12 36.96 44.00 41.94 

It appears from these data that the oxygen 

consumption by each of these organisms during citric 
acid utilisation was very similar, both in rate and 

quantity, to that during 1-malic acid utilisation 

(Table 11). It is also evident that carbon dioxide 

was produced at a much faster rate from 1-malic acid 
than from citric acid. 

Cell suspensions of these organisms which 

had not been citrate-aaapted could evolve only small 

quantities of carbon dioxide from citric acid, suggest
ing that the citric acid degrading enzymes are adap
table in nature. 

~Q£~2QQ£i11~~-!?_revis and ~.!.-hi1.5Q~~ii pro
duced carbon dioxide from citric acid at a faster rate 

at ••• 
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at pH 3.9 than at pH 4.4 9 while the reverse was true 

for the other two organisms. 

As in the case of 1-malic acid, the dissimi

lation of citric acid. by growing cultures of the orga

nisms concerned was studied at pH 3.9. 

Fermentative dissimilation of citric 
acid at pH 3.9, by four citrate
adapted lactobacilli. __ ....... _____ ,_ _____________________________ ~---·-· -------------------··-

Homo-
... ~~-------,_-~ ... --._- ........ ~~---~ ....... ~,--.--.....-... .._~--.._.-- .. ------.----.. --------~ 

fermentative. Heterofermentative. 
-~--...,-........,-~------'.._. __ ------------------ ....,._-..,...-..--.__._-~ ........ ...._.a_.._...,___...__ ..• _.____,__ _____ o~-·--•~ ....... ,~..,,..,.0_,.., __ 4 __ ,_,, • .,.,..,, .. , _ _,..,,.,..... 

L. leichmannii. L. brevis. 
-----------7::7-~- ·------·---···-Ofv_-9o 70 
mMol/1. Carbon. mMol/lo Carbon. 

L. hilgardii. 
-----------~ .... --.• Q(-...-

Iu 

mMol/1. Carbon. 

L£2.:t.2Q.!_ sp. 
96 

mi"Iol/1. Carbon. 
------------------·----.. ¥~..-···"'~'"--...... ·----·--.. ---... -------·----..... - .. , ... ___ .__....__.. .. ....a~~~-- ........... _,_......, . ...._.~.------~- .... -· ................. ____ ,.. __ ,__,.,.,._ ............ _., ______ ~··-·---·-

Residual citric acid:n 2L!- • 65 l~l. 46 42. 4LJ. 28.3[) 

Citric acid fermented 25.35 8. 5Li- 7.56 21.62 

E~2Q~Ct§_f2£~~~~ 
Carbon dioxide 28.25 18.57 8.40 16.39 7.72 17.02 27.66 21.32 

Acetic acid 26.18 34.43 9.41 36.73 6.82 30.07 24.78 38.21 

Formic acid 4.86 3.20 1.21 2.36 1.07 2.36 5.21 4.02 

J.1actic acid 16.57 32.68 7.43 43.50 6.30 41.67 12.53 28.98 

Succinic acid 0.31 0.82 0.10 0.78 0.12 1.06 0.67 2.07 

Ethyl alcohol 2.82 3.71 0.84 3.28 0.68 3.00 2.61 4.02 

Acetoin 0.65 1.71 

% Carbon recovery 95.1 103.0 95.2 98,6 
___ ..;.... _____ a __________ .,....., _______ ,.._, ____________________ ,_.,_.., ____________ •_ 

E Citric acid added - 50 mMol/1. 
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~~ctQQQci11g£_1~ichman~ii and the organism 
designated ~~QtOQ~£i11g~ sp. dissimilated considerably 
more of the added citric acid than did the other two 

organisms. 

The homofermentative L._leiQh~~~Qii produced 
considerably more acetoin from citric acid than from 

the other substrates tested. No diacetyl or 2,3-
butylene glycol formation could be demonstrated under 

these conditions. 

Except for the small quantities of succinic 
aci~the end product yields obtained here were essen
tially the same as those obtained in neutral media by 
Campbell and Gunsalus (1944) with other laetic acid 
bacteria; considerable quantitative differences were 
hov-rever observed. In such neutral cultures the 
lactobacilli studied by these authors formed lactic 
acid accounting for only six to eight per cent of the 
citric acid fermented. The wine lactobacilli, under 
these acid conditions, produced considerably more 
lactic acid, accounting for from 29 per cent (~ac~Q= 

Q~Qi11g£ sp.) to 43.5 per cent (~~-QE~vis) of the 
citric acid fermented. This finding is not unexpec
ted as it is known that acid conditions favour the 
formation of lactic acid (Gunsalus and Niven, 1942). 

It was suggested by Campbell and Gunsalus 
(1944) that the formic acid produced from citric 
acid by lactic acid bacteria arises from the inter
mediary pyruvate by the phosphoroclastic reaction, 
since formic acid is known to be formed from pyru
vate and from glucose by certain streptococci (Barron 

and ••• 
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and Lyman, 1939; Gunsalus and Niven, 1942). It was 
subsequently shown by Utter and \rJerkman (1944) that 

this reaction, which also occurs in :§..§.£.Q§.Ii.£.hiQ_£2.1i, 
is in reality a phosphoroclastic split of pyruvate 
into acetyl phosphate and. formic acid according to 

the equation:-
CH3 CO COOH + H

3
Po4 :;:..-:==~ CH

3 
CO (OP03H2 ) + HCOGrL 

Keeping in mind that oxalacetic acid (Deffner, 
according to Peynaud, 1956; Slade and vverkman, 1941) 
and pyruvic acid (Slade and Werkman, 1941) are known 
to be intermediates in the decomposition of citric 
acid by lactic acid bacteria, the following scheme is 
suggested for citric acid fermentation by the wine 

lactobacilli. 

OH 
I 

HOOC CH2- C - CH2 COOH 
I 

COOH 
(citric acid) 

,---~-------_j_ ___ ,,, .. ,_._.~·-·-···--:~ 
HOOC CO.CH2 COOH ~cetic acid 
(oxalacetic acid) 

r----------· ·-----------, 
Succinic a~cid CH3 CO COOH~-C02 . 

H
3
Po4 · (pyruvic acid) · + 2 (H) 

E20 1+ 2(H) 
Formic acid + acetic acid Ethyl alcohol 

Lactic acid. 

The acetoin formed by 1~_1eichmQnn,!i pre
sumably arises from the intermediary pyruvate by the 
reaction 2 Pyruvate ----"' Acetoin + 2 co2 , as in 

1~_£1~Q~~rgm (Rowatt, 1951). 
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It is assumed that the small amounts of suc

cinic acid are formed from the intermediary oxalacetate? 

as in §.!.-P-~f:~ci~!:2Y.Q.f'U£ (Slade and Werkman, l SV+l). 

According to the proposed scheme one mole 

of citric acid fermented yields one mole of inter

mediary oxalacetic acid. The theoretical quantity 

of oxalacetic acid required for the formation of the 

end products as indicated in the scheme, may be cal

culated by adding the molar amount of succinic acid 

to (i) the molar amount of carbon dioxide formed from 
oxalacetate, or (ii) the molar quantity of inter-

mediary pyruvate. It is evident from the proposed 

scheme that the amount of carbon dioxide formed from 

oxalacetate is found by subtracting the ethanol, o::e 

the ethanol plus twice the amount of acetoin (in the 

case of H~-1~i£h~~gg11), from the total quantity of 
carbon dioxide produced. The molar quantity of 
pyruvic acid may be calculated from the amounts of 
end products arising from it. Thus, the value ob
tained by adding the molar quantities of formic acid, 
lactic acid and ethanol represents the intermediary 

pyruvic acid. In the case of 1.!.._1.~1£.h~~gg,i.i twice 
the molar quantity of acetoin found must also be 
added. 

To further satisfy the suggested scheme, 
the value obtained by subtracting the molar amount 
of formic acid found from that of the acetic acid 
should equal the quantity of citric acid fermented. 

The data obtained with the four wine lacto
bacilli ~Table 14) were analysed accordingly and the 

results ••• 
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results are given in Table 15. 

The molar amounts of oxalacetic acid 
(theoretically) and that of acetic 
acid minus formic acid produced, and 
their ratios to citric acid fermented 
by four lactobacilli from wine. 

Citric acid fermented 
Oxalacetic acid (theor.) 
according to: 
(i) C02 produced 
( ii) Pyruvic ac:id required 

(( i!2_±_ .iii .2 )) 
Average 2 

Acetic acid - formic acid 

Q~~1ac~ti£_Qfi~_l§~~l
Citric acid fermented 
Acetic acid - formic acid 
citric-acia-rermente~---

rnJVIol/1. mMol/L. 

8.54 

24.44 7.66 
25.86 9.58 

25.15 8.62 
21.32 8.20 

0.99 1.01 

0.84 0.96 

IJ. 
hil::- Lactob. 
B~Ef11i-

_ ........ --~·-_..-.. .. 
sp. 

mi"loJ/1. mMol/1. 

7.56 21.62 

7.16 25.72 
8.17 21.02 

7.67 23.37 

5.75 19.57 

1.02 1.08 

0.76 0.91 

It is evident from Table 15 that the results 
obtained are in good agreement with the theoretical 
values, and are therefore compatible with the proposed 
scheme for the homo- and heterofermentative dissimila
tion of citric acid by the wine lactobacilli. 

It was shown by Korkes et al (1950) that the 
malic enzyme can also decarboxylate oxalacetic acid. 
Several of the bacterial strains studied here, although 
grown in a medium containing both 1-malate and citric 

acid ••• 
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acid, thus possessing the malic enzyme, were unable 
to degrade citric acid. The limiting step in the 
citric acid breakdown in such cases therefore appears 
to be the initial splitting of the citric acid mole
cule into acetic acid and oxalacetic acid. 

l 
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CONCLUSIONS. ----------w-~~ ..... --------

Contamination of South African dry wines by 

lactic acid bacteria is more common than is generally 
realised. This is especially true of the lower-priced 

drinking wines and of rebate wines. 

'rhe causative organisms, homo- and hetero

fermentative rods as well as homofermentative cocci, 
can be divided into seven distinct types representing 

at least five species of two genera of the lactic acid 

bacteria (family ~~~~QQ~£il1~Q~Q~). All the rod

shaped_ forms belong to the genus 1!~£1.2.:2~£i1!!:.1:.§.~_ The 
cocci, which in many ways resemble the spherical 

forms known to occur in beers and in fermenting vege

tables, in t1.1rn belong to the genus J:~.sii2.Q..2.£.CUS. 

Of the lactic acid bacteria found in South 

African dry wines J:~-.Q.~r~yi~i~~ and ~-hilg~E~ii ex
hibit by far the highest incidence. 

All the lactic acid bacteria isolated and 

especially £:~_Q§.rey_:isiae, exhibit complex nutritional 
requirements. Among the vitamins nicotinic acid, 

calcium-pantothenate and riboflavin are the most im
portant. The heterofermentative lactobacilli further

more require thiamine, while pyridoxine seems to play 

a special role in the nutrition of these homofermenta
tive lactic acid bacteria. In addition all the bac

teria require a complex mixture of amino acids, of 

which glutamic acid, valine, arginine, leucine and 
iso-leucine have the greatest influence on growth. 

There appears to be no definite correlation 
between the complexity of the nutritional requirements 

of ••• 
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of an organism and its frequency of occurrence in dry 

wines. 

All the wine lactic acid bacteria studied 
are able to utilise both d-glucose and d-fructose • 

The homofermentative organisms, in all probability, 

dissimilate these tvw sugars via the Embden-Meyerhof 
glycolytic route. These homofermentativc strains do 

not produce mannitol from fructose. 

The results obtained for glucose fermenta

tion by the heterofermentative lactobacilli, on the 
other hand, are compatible with a hexosemonophosphate 

pathway. During fructose fermentation by the hetero
fermentative strains a substantial fraction of the 

dissimilated hexose is reduced to mannitol. The frac-

tion of the utilised hexose not reduced to mannitol is 

probably dissimilated via the same pathway by which 

glucose is fermented. 

Many of the wine lactic acid bacteria are 
able to utilise cl-xylose or 1-arabinose or both, in 

addition to glucose and fructose. The results ob
tained for pentose fermentation suggest that the pen

tose molecule is split into 3-carbon and 2-carbon 
fragments which yield lactic acid and acetic acid res
pectively. This pentose fermentation pathway func
tions in both homo- and heterofermentative organisms. 
It seems possible that the fermentation, by these 

organisms, of the pentoses contained in dry wines may 
contribute to the high volatile acid content by which 
such contam:inal:Ed wines are usually characterised. 

The .•• 
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The production of malic enzyme can be in

ducecl in the wine lactic acid bacteria. It may there

fore be surmised that, depending on the 1-malic acid 

content of the wines, at least some malo-lactic fer
mentation can take place in South African dry wines. 

Citric acid is degraded by most of the wine 

lactobacilli. The enzymes which catalyse this reac-

tion are adaptable, as in the case of tb~ malic en-

zyme. The citric acid in young wines is probably 

another important source from which acetic acid_ is 

formed during bacterial contrnrination. \rJi th the lactic 

acid bacteria which possess the malic enzyme, but are 

unable to dissimilate citric acid, the limiting step 

in the reaction appears to be the initial cleavage of 

the citrate molecule to yield oxalacetic acid and 

acetic acid. 

One or both of the neutral volatile com

pounds, acetoin and diacetyl, are produced by these 

homofermentative wine lactic acid bacteria from the 

utilisable c.arbohydrates and organic acids contained 
in dry wines. The production of these compounds by 
the heterofermentative strains on the other hand could 

not be demonstrated. These facts suggest that the 
homofermentative lactic acid bacteria are probably 

responsible, at least to some extent, for t}1e 11 off
flavour 11 of some South African dry wines. 

The lactic acid bacteria occurring in South 
African dry wines are in many ways similar to those 

occurring in the wines of Europe, California and 
Australia. 
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SUMf11L.~Y • -·---------~-----

By employing an enrichment technique, 6L~ 

strains of lactic acid bacteria were isolated from 

South African dry wines. The isolates included homo

fermentative cocci as well as both homo- and hetero

fermentative rods. 

The cocci closely resembled the description 

of Pediococcus cerevisiae. All the homofermentative 
_..,...,___,..~-----.. .. --...-...~-----r_..,._ ___ •~·•--

rods corresponded, more or less, to the descriptions 

of ~.§:~.~QQ.§;f.i11.~!:l-1 . .§.l:_g_h~§:!:lr!!i. Among the heterofer

mentative isolates, ~~-hi1.g~r~ii, ~~-Q~QYi£, ~~-Q~£h
r!§.!:i and an unidentified ~§:f!QQ.§l;.£111}2;.§ species could 
be distinguished. 

A study was made of the amino acid and vita

min ~equirements of twelve representative strains of 

the wine lactic acid bacteria. A completely synthe-

tic medium w-as employed for this purpose. Growth in 
the presence and absence of a specific nutritive sub

stance was measured nephelometrically. All the strains 

required nicotinic acid, riboflavin, calcium-pantothe
nate and thiamine or pyridoxine. In addition at leJ.st f±ve 

amino acids, glutamic acid, valine, arginine, leucine 
and iso-leucine wore required. 

Gas-production from glucose by the hetero

fermentative lactobacilli was markedly stimulatod by 

the presence of carbon dioxide. 

The physiology of seven selected strains was 
further investigated by studying the effect of both 

resting ..• 
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resting cell suspensions and growing cultures on the 

utilisable carbohydrates and organic acids contained 

in dry wines. Most of the strains utilised fructose 

at a faster rate than glucose, as reflected by the 

manometric data. 

Material balances were calculated for the 

fermentations of the mentioned substr&tes. When glu

cose and fructose were fermented by the homofermenta- . 

tive strains, 70 per cent or more of the sugar dissimi

lated was accounted for as lactic acid. With glucose 

as substrate the heterofermentative strains produced 

substantial quantities of acetic acid_, ethanol and 

glycerol, in addition to lactic acid. The carbon 

dioxide produced by the heterofermentative strains 

during glucose fermentation was more or less equal in 

molar quantity to the sum of the 2-carbon end products. 

The sum of the 2-carbon end products was in turn more 

or less equal to that of the .~)-carbon end products, 

indicating a three-way split of the o;lucose molecule. 
Fructose fermentation by the heterofermentative or

ganisms yielded considerable amounts of mannitol in 

addition to the products formed from glucose. The 
molo.r quantity of carbon c1ioxide produced from fruc
tose was also approximately equal to that of the 2-

carbon and the 3-carbon end products, as in the glu
cose fermentations. 

Fermentation of the pentoses d-xylose and 
1-arabinose by both homo- and heterofermentative orga
nisms, yielded equimolar quantities of lactic acid and 
acetic acid. 

The ••• 
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The presence of malic enzyme was demon

strated in all the species encountered. 1-Ylalic 

acid was fermentatively dissimilated by all strains 

to yield lactic acid, carbon dioxide and small amounts 

of ethanol. In addition most strains produced small 

amounts of acetic acid. 

strains. 

Citric acid was degraded by most of the 
The main products of citric acid degrada-

tion was shown to be carbon dioxide, acetic acid and 

lactic acid, with formic acid and ethanol accounting 

for most of the remaining carbon. A scheme is pro

posed for the fermentative dissimilation of citric 

acid by the wine lactobacilli. 

One or both of the neutral volatile com

pounds acetoin and diacetyl, vms produced in small 

amounts by the homofermentative organisms from all 

the substrates tested. The prJduction of these com

pounds by the heterofermentative organi:::-;ms could not 
be demonstrated. 
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