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Abstract 
Long-chain polyunsaturated fatty acids (LCPUFA), especially the n-3 LCPUFA metabolic 

products eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) play an important 

role as regulators in many biological processes.  To date hake (Merluccius capensis) heads, a 

rich source of EPA and DHA, have been discarded at sea.  The South African Fisheries Policy 

Development Committee concerned with the environmental impact of this practice has 

rendered it undesirable.  The high prevalence of under-nutrition amongst children in South 

Africa can be addressed by the supplementation of their diet with this unexploited fish source.  

The aim of the current study was to develop a microbiologically safe and sensory acceptable 

sandwich spread using fish flour prepared from fish heads, as a prime ingredient.  The 

intervention trial aimed to compare the effects of an increased dietary intake of n-3 LCPUFA, 

specifically DHA, on the blood fatty acid levels and absenteeism (as indicator of immune 

function), as well as the cognitive status, of the subjects.  The microbiological content of the 

sandwich spread was determined after storage for 20 d at 5°C and 15 d at 25°C.  Sensory 

evaluation was performed by consumers (n = 95; M:F = 44:51; 6 – 9 yr) to determine 

acceptance of the five different flavours individually incorporated into the sandwich spread to 

mask the fishy note and to provide different flavour options.  For the intervention trial 

subjects (n = 351) were stratified within class group (A - E) and gender and randomly 

assigned to two treatment categories, an experimental group (EG; n = 174) receiving 25 g 

sandwich spread.d-1 (191.66 mg DHA. d-1) and a control group (CG; n = 177) receiving an 

analogous placebo.  On school days (104 d), each subject received two sandwiches consisting 

of two slices of bread (ca. 60 g), spread with 25 g of either the placebo or the experimental 

spread.  Blood samples were drawn at baseline and post intervention.  Plasma fatty acid and 

red blood cell (RBC) membrane status, C-reactive protein levels, as well as vitamin and 

micronutrient status, were determined.  Trained test administrators conducted a battery of 

cognitive tests.  According to South African Government health standards, the sandwich 

spread remained microbiologically safe after storage.  Male and female consumer respondents 

revealed a significant difference between gender preferences of the five different spread 

flavours (p <0.05).  Significant treatment effects (p <0.05) were observed in n-3 LCPUFA 

status of the EG, as well as for their absenteeism from school.  The two subtests of the 

Hopkins Verbal Learning test, Recognition and Discrimination Index, showed significant 

differences between the EG and CG (p <0.05) post intervention in the Grade 2 subjects.  The 

Spelling tests also showed a significant difference between the two groups (p <0.05).  In the 

current study a microbiologically safe and sensory acceptable sandwich spread was developed 

and tested during an intervention trial, and could possibly in future, provide a healthier option 
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in the School Nutritional Programme.  This study proved that supplementation of children (6 - 

9 yr) with n-3 LCPUFA, with specific reference to EPA and DHA from a marine source, 

could have a beneficial effect on their fatty acid status and absenteeism from school.  Based 

on the outcomes of the Hopkins Verbal Learning test and Spelling test, the current study 

proved that an n-3 fatty acid-rich spread improved the learning ability and memory of 

children. 
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Opsomming 
Lang-ketting poli-onversadigde vetsure (LKPOVS), spesifiek die n-3-metaboliese produkte 

eikosapentaenoë- (EPS) en dokosaheksaenoësuur (DHS), speel �n belangrike rol in 

biologiese prosesse.  Stokvis (Merluccius capensis)-koppe, ryk aan EPS en DHS, word huidig 

in die see gestort.  Die Suid-Afrikaanse Visserye Beleidsontwikkelingskomitee, betrokke by 

omgewings-impakstudies, bestempel hierdie praktyk as onwenslik.  Die hoë voorkomssyfer 

van ondervoeding by kinders in Suid-Afrika kan aangespreek word deur die supplementasie 

van hul dieet met hierdie onontginde visbron.  Die doel van hierdie navorsingsprojek was die 

ontwikkeling van ‘n toebroodjiesmeer met vismeel, vervaardig van stokviskoppe, as primêre 

bestanddeel.  Die toebroodjiesmeer moes voldoen aan mikrobiologiese standaarde en 

sensories aanvaarbaar wees.  Die intervensie studie het die effek van ‘n verhoogde DHS-

inname op die bloed vetsuurvlakke, afwesigheid van skool (as indikator van immuunfunksie) 

en kognitiewe status van proefpersone, ondersoek.  Die mikrobiologiese inhoud van die 

toebroodjiesmeer is bepaal na opberging vir 20 d by 5°C en 15 d by 25°C.  Met behulp van 

sensoriese evaluering, het verbruikers (n = 95; M:V = 44:51; 6 – 9 jr) die aanvaarbaarheid vir 

die vyf geure wat individueel bygevoeg is by die toebroodjiesmeer om die visgeur te verberg 

en verskillende geuropsies te bied, ondersoek.  Vir die intervensie studie is proefpersone (n = 

351) geselekteer binne klas-groep (A – E) en geslag en vervolgens ewekansig toegedeel aan 

twee behandelingskategorieë: ’n eksperimentele groep (EG; n = 174) wat daagliks 25 g 

toebroodjiesmeer ontvang het (191.66 mg DHS.d-1) en ‘n kontrole groep (KG; n = 177) wat 

dieselfde hoeveelheid van ‘n analoë plasebo-smeer ontvang het.  Elke proefpersoon het per 

skooldag (104 d) twee toebroodjies ontvang wat gemaak is van twee snye brood (ca. 60 g) en 

gesmeer is met 25 g van óf die plasebo- óf die eksperimentele smeer.  Bloedmonsters is 

tydens basislyn en na intervensie getrek vir die bepaling van plasma- en 

rooibloedselmembraan (RBS) vetsuurstatus.  C-reaktiewe proteïenvlakke, asook vitamien- en 

mikronutrientstatus is ook bepaal.  Kognitiewe toetse is deur opgeleide toetsamptenare 

afgeneem.  Volgens Suid-Afrikaanse Staats-gesondheidstandaarde was die toebroodjiesmeer 

mikrobiologies veilig.  Response van die manlike en vroulike verbruikers het �n 

betekenisvolle geslagsverskil vir die toebroodjiesmeer-geure getoon (p <0.05).  

Betekenisvolle behandelingseffekte is gevind in die LKPOVS status (p <0.05) van die EG 

asook vir hul skool-afwesigheid (p <0.05).  Die twee sub-toetse van die Hopkins Verbal 

Learningtoets, naamlik Herkenning en Diskriminasie Indeks, het na intervensie betekenisvolle 

verskille getoon tussen die EG en KG (beide p <0.05).  Die Speltoets het ook betekenisvolle 

verskille tussen die twee groepe getoon (p <0.05).  In hierdie studie is �n mikrobiologies-

veilige en sensories-aanvaarbare toebroodjiesmeer ontwikkel en en tydens ‘n intervensiestudie 
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getoets wat moontlik in die toekoms �n gesonder opsie in die Skool Voedingsprogram sou 

kon bied.  Hierdie studie kom tot die slotsom dat supplementasie van kinders (6 – 9 jr) met n-

3 LKPOVS, met spesiale verwysing na EPS en DHS vanaf �n visbron, �n voordelige effek 

sal hê op hul vetsuurstatus en skool-afwesigheid.  Gebaseer op die uitkomste van die Hopkins 

Verbal Learning- en Speltoets het hierdie navorsingsprojek ook bewys dat �n 

toebroodjiesmeer, ryk aan n-3 LKPOVS, die leervermoë en geheue van kinders verbeter. 
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CHAPTER 1 

 

INTRODUCTION 

 

Cape hake (Merluccius capensis), pilchards, anchovies and horse mackerel are the main fish 

resources in South Africa and are mainly caught on the West Coast.  Supplies of hake and 

pilchards are assumed to increase in future (Jakobsen, 1997) and the implementation of 

restricted quotas had paid dividends to the effect of an increase in the hake population found 

in the cold waters around the West Coast of South Africa.  The fishing industry currently 

regards hake heads as waste that takes up valuable cold storage space on board the trawlers.  

The traditional method for disposing of fishery wastes has been throwing it overboard (Green 

& Mattick, 1979; Montero & Borderias, 1991; A Dalton, personal observation, 2003).  The 

Fisheries Policy Development Committee concerned with environmental issues has, however, 

rendered this practice undesirable (Fisheries Policy Development Committee, 1996).  In 

addition to this, economic considerations also clearly point to the growing emphasis on 

improving the total utilisation of seafood raw material.  Only using the most desirable portion 

of fish, namely the fillets, which often constitute as little as 20% of the fish carcass, should 

therefore become a practice of the past (Piggot, 2000). 

Many people in South Africa depend on the fishing industry for their livelihood.  This 

industry is, therefore, both of economical and nutritional importance.  Due to the restricted 

allowable catch and unlikely increase thereof in the future, there is a need to capitalize on this 

restrictive quota (Timme, 2004).  Raw material such as fish heads is currently regarded as 

waste, bait or used in fishmeal production for animal feed, products that yield very little profit 

(Montero & Borderias, 1991).  The Fish Waste Utilisation Programme was a project that 

supported the trend towards total utilisation of raw material by finding ways for utilising hake 

heads effectively.  Unprocessed, the hake heads are not of substantial monetary value.  

Smaller fishing vessels only bring these ashore at the end of less successful fishing trips when 

storage space has not been filled with dressed (i.e. headed and gutted) fish or fillets.  If value 

can be added to the hake heads by using it as raw material for the production of a fish flour to 

be used as such or incorporated into other food products, fishermen may be motivated to obey 

legislation and bring hake heads ashore. 

The utilisation of hake heads in the production of a food product to be used as a 

nutrition supplement would provide a solution to the illegal practice of discarding the fish 

heads at sea in order to increase the cold storage space (Clucas, 1996; Fisheries Policy 

Development Committee, 1996).  Although hake is classified as a lean fish species (Dassow 
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& Beardsley, 1974; Huss, 1988) with a fat content ranging between 0.3 – 2.4% (Kruger et al., 

1992), fat deposits are present in the hake heads (Huss, 1988).  This is an unexploited source 

of n-3 fatty acids (Timme, 2004), with the sum of the eicosapentaenoic acid (EPA) and 

docosahexaenoic acid (DHA) percentages accounting for one third of the total fatty acid 

content in hake muscle (Méndez & González, 1997).  Fish heads also provide protein with a 

high biological value derived from the flesh, and minerals from the bone and cartilage 

(Timme, 2002; Table 1 in Chapter 2 of this dissertation) and essential fatty acids (EFA) in the 

neural tissue (Colgan, 1994). 

The n-3 fatty acids play an essential role in normal growth and development due to 

their involvement in numerous cellular processes (Carlson & Neuringer, 1999; Das, 2003).  

These fatty acids also participate in reducing the risk of contracting and treating various 

diseases (Bjerve et al., 1988; Das, 1988; Simopoulos, 1991; Simopoulos et al., 2000) such as 

hypertension, arthritis, arteriosclerosis, depression, diabetes mellitus, myocardial infarction, 

thrombosis, heart disease and some cancers.  It has also been used to treat or prevent senile 

dementia (Horrocks & Yeo, 1999).  DHA in the diet can be effective in improving learning 

ability, development of the brain and eyes and the development of visual acuity (Bazan et al., 

1993; Carlson & Neuringer, 1999; Carlson, 2000; Uauy & Mena, 2001) and reviewed by 

Field (2003). 

With the positive effect of n-3 fatty acids on various diseases and conditions, fish as 

an unexploited source of these fatty acids may assist in improving the n-3 fatty acid status of 

South African children.  Under-nutrition is an epidemic that causes thousands of deaths 

worldwide annually.  The deaths caused by nutritional deficiencies in 1998, were 1% of the 

total global mortality with 95% of these occurring in developing countries (Jones, 1998).  It is 

estimated that 2.3 million people in South Africa are in need of nutritional assistance (Naidoo 

et al., 1992).  A study on primary school children in the rural areas of Lebowa, South Africa 

showed a high prevalence of under-nutrition, particularly associated with a low energy intake 

and an imbalance of dietary n-6 to n-3 fatty acid intake (Tichelaar et al., 1994). 

Tichelaar et al. (1994) stated that the diets of children who are at risk of under-

nutrition may have a deficiency of n-3 fatty acids.  A deficiency of n-3 fatty acids (relative to 

n-6 fatty acids) can also be associated with poor growth and development of these children 

(Steyn et al., 1995).  The inclusion of a nutritious fish flour in the diets of these 

undernourished children may provide a possible solution to the problem of discarding 

unwanted fish heads at sea, as well as addressing under-nutrition amongst primary school 

children mainly from low socio-economic communities.  This can become a reality by 

utilising a nutritious spread as an alternative to the peanut butter and jam currently used as 
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one of the menu options in the existing School Nutrition Programme in South Africa.  This 

programme provides 3,8 million children, 50% of which are primary school children, with a 

nutritious snack during school hours (Saayman, 1999). 

The aims of the current study was to develop a microbiologically safe, sensory 

acceptable sandwich spread using fish flour (manufactured from hake heads) as a prime 

ingredient.  The sandwich spread was intended as a vehicle for EPA and DHA and the 

objective was to test the effect thereof on the fatty acid status, absenteeism from school (as an 

indicator of immune function) and the cognitive status of primary school children (6 - 9 yr) 

from a low socio-economic population. 
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CHAPTER 2  

 

LITERATURE REVIEW 

 

 

Background 

 
The way in which fatty acids are metabolised is determined by their molecular structure as 

this varies in chain length and the number, position and geometric configuration of the double 

bonds.  Saturated fatty acids (SFA) are devoid of double bonds, whereas unsaturated fatty 

acids may have one (monounsaturated) or more (polyunsaturated) double bonds in the carbon 

chain (Trugo & Torress, 2003).  Essential fatty acids (EFA) are defined as those fatty acids 

required for normal growth and physiological integrity and cannot be synthesised by animals 

and humans de novo (Tichelaar et al., 1994; Tichelaar & Smuts, 2000; Hornstra, 2000; Rice, 

2003).  Animals and humans lack the capacity for inserting double bonds in the n-6 and n-3 

positions and, therefore, do not have the capacity to synthesise either of the two essential fatty 

acids, alpha-linolenic acid (18:3n-3; ALA) or linoleic acid (18:2n-6; LA) (The British 

Nutrition Foundation, 1992; Johnston, 1997; Shireman, 2003). 

The two classes of essential long-chain polyunsaturated fatty acids (LCPUFA) are the 

n-6 and the n-3 class with LA and ALA as the respective parent FA (Simopoulos, 1999; 

Tichelaar & Smuts, 2000).  These two types of polyunsaturated fatty acids (PUFA) are 

essential substrates for many regulatory lipids in the body and should, therefore, be ingested 

by humans and animals (Neuringer & Connor, 1986; Tichelaar et al., 1994; Gunstone, 1996; 

Krummel, 1996; Simopoulos, 1997; Simopoulos, 1999; Field, 2003).  LA appears to be 

essential because it is the precursor of arachidonic acid (20:4n-6; AA) that has numerous 

essential functions in the body.  Likewise, the importance of dietary ALA as the precursor of 

docosahexaenoic acid (22:6n-3; DHA) is that it is found in especially high concentrations in 

membrane phosphatidylethanolamine (PE) and phosphatidylserine in the nervous tissue 

(Shireman, 2003).  DHA is found mostly in membrane phospholipids, whereas ALA is found 

mostly in triglycerides, cholesterol esters, and in very small amounts in phospholipids.  

Eicosapentaenoic acid (20:5n-3; EPA) is found in cholesterol esters, phospholipids and 

triglycerides (Simopolous, 1997). 

Research on LCPUFA continues to focus on a myriad of diseases (Tichelaar & Smuts, 

2000).  According to Tichelaar (1993) these fatty acids are vital for body tissue structures, 

vision, immune system function, cell membrane formation and the production of hormone-
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like compounds called eicosanoids.  Apart from the mentioned health benefits, EFA are 

essential components of all phospholipids in the cellular membranes and have the ability to 

influence membrane properties such as fluidity, flexibility and permeability (Tichelaar, 1993). 

 

Fatty acids 

 

Once ingested, the human body can convert ALA and LA to the LCPUFA derivatives by 

elongation (adding two-carbon units) and desaturation (adding double bonds to the molecule) 

(Neuringer & Connor, 1986; Gunstone, 1996; Devadasan & Gopakumar, 1997; Simopoulos, 

1997; Tichelaar & Smuts, 2000; Michelsen et al., 2001; Field, 2003; Shireman, 2003).  Fig. 1 

presents the metabolic pathways for n-6 and n-3 fatty acids desaturation and elongation.  

Human and animal cells have the ability to elongate and desaturate dietary LA and ALA to 

form the two long-chain fatty acids, AA and DHA, respectively (Johnston, 1997; Shireman, 

2003).  These processes of elongation and desaturation result in the two series of the n-6 and 

n-3 fatty acids with 20 and 22 carbon atoms. 

Animal and human studies, however, have implied the restricted conversion of ALA to 

EPA and DHA (Michelsen et al., 2001).  This phenomenon of intense competitive inhibition 

for conversion occurs since the conversion enzymes for both n-6 and n-3 PUFA are identical 

(Tichelaar & Smuts, 2000).  An excess of dietary n-6 PUFA thus inhibits the conversion of 

the n-3 polyunsaturated ALA to EPA and DHA (Rice, 2003).  It has also been suggested that 

the activity of the �6 desaturase enzyme responsible for the transformation of LA and ALA 

into the LCPUFA may reduce with aging (Alias & Linden, 1991; Shireman, 2003), resulting 

in a possible lack of adequate DHA being synthesised in older subjects, even with adequate 

intake of ALA.  Premature infants also cannot synthesise the LCPUFA in sufficient amounts, 

rendering intake thereof conditionally essential (The British Nutrition Foundation, 1992). 

Ingesting the longer chain n-6 and n-3 fatty acids should also have a sparing effect on EFA by 

reducing the need for ALA and LA conversion. 

Desaturation of monounsaturated fatty acids (MUFA) in animals and plants most 

commonly occur via an aerobic pathway that requires oxygen and reduced nicotinamide 

adenine dinucleotide, or its phosphated form (Neuringer & Connor, 1986). The production of 

MUFA usually occurs by stereo and regio-specific removal of hydrogen atoms from the C9 

and C10 positions in the SFA with the corresponding number of carbons to produce a cis-

alkene with the double bond in the n-9 position. Further desaturation to PUFA differs in 

plants and animals as can be seen in Fig. 1.  In plants, additional cis-double bonds are mostly 

introduced  in a  methylene-interrupted  pattern  between  the existing  double  bond  and  the  
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Figure 1.  Metabolic pathways for n-6 and n-3 fatty acid desaturation and elongation. (Adapted from Simopolous (1997); Tichelaar & Smuts (2000); 

Michelsen et al. (2001); Field (2003); and Shireman (2003)). 
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methyl group, which allows the formation of ALA and LA.  Less commonly, double bonds 

can also be introduced on the carboxyl group side.  The animal biosynthesis pathway cannot 

introduce double bonds between the methyl terminus and the n-9 double bond to form either 

n-6 or n-3 PUFA.  The introduction of the limited position double bond in human metabolism, 

namely only from the n-9 position towards the carboxyl terminus, explains why LA and ALA 

are not inter-convertible and why they can only be converted to PUFA with a double bond in 

one of two positions relative to the methyl group, namely in the n-6 and n-3 position 

(Neuringer & Connor, 1986). 

Human and rodent leukocytes and the liver are the sites where elongation and 

desaturation of ALA to EPA and DHA occur (Simopolous, 1997).  Fatty acids of the n-6 and 

n-3 series will compete for the same enzymatic systems: acyl-transferases for incorporation 

into membranes; elongases and desaturases for LCPUFA synthesis; and lipoxygenase, 

cycloxygenase and other enzymes for eicosanoid synthesis.  The balance between tissue levels 

of n-6 and n-3 fatty acids will thus depend on the balance between dietary EFA intake (Trugo 

& Torress, 2003). 

The dietary source will determine the amounts of the elongated polyunsaturated 

derivatives.  Smaller amounts of ALA and higher concentrations of LA are present in most 

vegetables and this may depress synthesis of EPA and DHA from ALA.  Exceptions are 

selective synthesis in tissues such as in the retina, brain and testis, which are rich in DHA 

(Simopolous, 1997).  Mammalian cells are able to synthesise (from non-fat precursors) 

saturated and unsaturated fatty acids of the n-9 and n-7 series.  In contrast to vegetables, 

animals are incapable of synthesising fatty acids with double bonds at position n-6 or n-3.  

This is due to the lack of �12 and �15 desaturase activities and therefore n-6 or n-3 compounds 

should be present in the human diet (Field, 2003; Trugo & Torress, 2003).  Both n-6 and n-3 

fatty acids compete for the desaturation enzymes.  Fortunately both �4 and �6 desaturates 

prefer the n-3 to the n-6 fatty acids (Tichelaar & Smuts, 2000).  Suspended rat hepatocytes 

have showed the retroconversion by beta-oxidation of DHA and AA to shorter-chain fatty 

acids (Simopolous, 1997). 

 

Dietary intake of fatty acids 

 
Adults living in Western countries consume on average 75 - 150 g fat.d-1 (Field, 2003).  This 

represents 30 - 45% of the energy in the diet.  In recent years it has become clear that fatty 

acids are more than just a source of energy (Field, 2003).  An EFA-deficient diet results in 

insufficient LA, AA and DHA in tissues, with a marked enrichment in eicosatrienoic acid 
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(20:3n-9; Mead’s acid) in the blood and liver (Shireman, 2003).  This absence of sufficient 

EFA leads to the development of deficiency symptoms.  LA deficiency, for example, leads to 

dermatitis and poor growth in infants (Krummel, 1996; Gibson & Makrides, 2000), while 

animals show reproductive failure and fatty livers (Krummel, 1996).  In spite of the lack of 

human trials, there is growing evidence of the essentiality of the n-3 fatty acids for normal 

development and functioning of the retina and possibly the brain (Neuringer & Connor, 1986; 

Uauy & Mena, 2001).  Although EFA deficiency of dietary origin is not common in Western 

countries, it may occur in patients on long-term total parenteral nutrition when EFA are not 

included in the total parenteral nutrition formulations (Shireman, 2003). 

 

The role of fatty acids in the diet 

A great variety of fatty acids are consumed by humans due to the wide range of foods 

consumed.  The diet can, therefore, contain SFA (no double bonds with the maximum number 

of hydrogen molecules attached), MUFA (containing a single double bond) or PUFA 

(containing two or more double bonds).  All dietary fats and oils contain a mixture of 

saturated and unsaturated fatty acids (Field, 2003).  In the human diet the main PUFA are of 

the n-6 and the n-3 series and an increase in the intake of these fatty acids, to a certain limit, 

should be beneficial to human health (Trugo & Torress, 2003).  Especially the LCPUFA play 

an important role as regulators in many biological processes important in the maintenance of 

health and disease prevention (Field, 2003).  The EFA and the biologically active fatty acids 

synthesised from them perform multiple functions in the body. They are the precursors of the 

eicosanoids, hormone-like substances that help to regulate blood pressure, heart rate, vascular 

dilation, blood clotting, lipolysis and immune response (Krummel, 1996).  The LCPUFA, 

particularly AA and DHA, are also important structural components of biological membranes 

(Neuringer & Connor, 1986). 

With the ingestion of increased amounts of EPA and DHA, n-3 fatty acids replace the n-

6 fatty acids in cell-membrane phospholipids (Simopolous, 1997).  The fatty acid 

composition, the phospholipid class of bio-membranes, as well as the cholesterol content, are 

critical determinants of membrane physical properties and have shown to influence a wide 

variety of membrane-dependent functions, such as integral enzyme activity, membrane 

transport and receptor function (Simopolous, 1997).  This ability to alter both the lipid 

composition and function in vivo by diet, even when EFA are adequately supplied, 

demonstrates the importance of diet in growth and development and in health and disease 

prevention. 
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 In 1993 the Food and Drug Administration investigated the possibility of allowing a 

health claim for n-3 fatty acids.  Findings were inconsistent in the general population and 

sufficient evidence was not available to support this health claim.  After the introduction of 

different endpoints and clinical measures of the risk of coronary heart disease, the Food and 

Drug Administration found, in the mid to late 1990, that the use of EPA and DHA as dietary 

supplements is safe, provided the intake does not exceed 3 g per day from all food and 

supplement sources (Shireman, 2003). 

 

Fish as a source of fatty acids 

ALA is the predominant terrestrial n-3 fatty acid and the long-chain metabolic products 

EPA and DHA are predominantly aquatic n-3 fatty acids (Simopolous, 1997).  Although hake 

is classified as a lean fish species (Dassow & Beardsley, 1974; Huss, 1988), having a fat 

content ranging between 0.3 – 2.4% (m.m-1) (Kruger et al., 1992), fat deposits are present in 

the hake heads (Huss, 1988) and it is an unexploited source of n-3 fatty acids (Timme, 2004).  

The sum of the EPA and DHA percentages account for one-third of the total fatty acids in 

hake muscle (Méndez & González, 1997).  The heads and eye sockets of yellow-fin tuna have 

been shown to contain large quantities of n-3 fatty acids.  Of these fatty acids, DHA 

comprises 22.0 - 25.3% (m.m-1) and EPA 4.9 - 5.0% (m.m-1) (Panggat & Rivas, 1997).  

Individuals consuming large amounts of EPA and DHA, present in fish and fish oils, have 

increased levels of these two fatty acids in their plasma and tissue lipids at the expense of LA 

and AA (Simopolous, 1997).  Results on the efficacy of fish consumption indicated that 30 g 

fish (equal to 200 - 350 mg n-3 fatty acids) consumed daily reduced the mortality from heart 

diseases by 50% (Kromhout et al., 1985).  The form in which the n-3 fatty acids is 

administered, however, plays an important role in the amount needed for a desired nutritional 

effect.  Bjerve et al. (1988) recommended 350 - 400 mg n-3 fatty acids for deficient patients 

when supplementation is administered as a fish oil capsule. 

Fish heads provide protein with a high biological value from the flesh, minerals in the 

bone and cartilage, and EFA, especially n-3 LCPUFA, in the neural tissue.  The nutritional 

benefits, as presented in Table 1, suggest a potential use for human consumption in a product 

relevant to the alleviation of malnutrition and poor health (Timme, 2002; Timme, 2004).  The 

status of under-nutrition prevalent amongst children in South Africa can be addressed by the 

inclusion or supplementation of their diet with fish naturally rich in n-3 fatty acids. It is 

specifically the long-chain n-3 fatty acids, EPA and DHA, of which fish oil may contain 30%  



  

Table 1.  Nutritional content of flour prepared from hake head mince enriched with 4% (m.m-1) hake liver and treated with 0.20% (m.v-1) antioxidant 

mix1 (taken from Timme, 2002). 

 

Proximate analysis Minerals Fatty acids  Sample 
Number Moisture 

% 
Protein 

% 
Fat 
% 

Ash 
% 

Total2 
% 

Calcium 
% 

Phosphorus 
% 

Iron 
ppm 

Zinc 
ppm 

Cholesterol 
 

mg.100 g-1 
EPA3 
mg.g-1 

DHA4 
mg.g-1 

Total FA 
mg.g-1 

1 
2 
3 
4 
5 
6 

7.9 
8.6 
8.7 
8.3 
8.3 
8.4 

63.8 
63.0 
63.0 
63.4 
64.6 
63.9 

8.5 
8.6 
8.8 
8.4 
8.9 
8.5 

19.4 
19.7 
19.1 
19.9 
18.4 
18.2 

99.6 
99.9 
99.6 
100 

100.2 
99.0 

5.7 
5.8 
4.7 
6.0 
6.0 
5.9 

2.9 
- 

2.4 
3 

3.2 
2.9 

108 
100 
96 

178 
149 
131 

58 
63 
63 
70 
60 
59 

612 
191 
599 
523 
513 
550 

2.01 
2.26 
1.78 
3.32 
3.23 
3.28 

6.05 
6.67 
4.68 
9.06 
9.20 
8.89 

49.36 
51.26 
47.69 
56.67 
54.80 
57.08 

Mean 
± SD 

8.4 
0.3 

63.6 
0.6 

8.6 
0.2 

19.1 
0.7 

99.7 
0.4 

5.7 
0.5 

2.8 
0.3 

127 
32 

62 
4 

498 
155 

2.66 
0.72 

7.44 
1.91 

52.81 
3.94 

 

1DL-alpha-tocopherol and sodium ascorbate solution plus carrier 
2Total percentage for moisture, protein, fat and ash 
3Eicosapentaenoic acid 
4Docosahexaenoic acid 
 
Fish used for the preparation of flour samples was sterilised with 4% hydrogen peroxide. 
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(m.m-1), that are lacking in the diets of the children (Kaitaranta, 1992; Gunstone, 1996).  In 

the past decade much research has focussed on fish oil supplementation.  The areas of special 

interest were the effects on immune responses, coronary heart disease, and behaviour 

(Shireman, 2003).  The vulnerability of the myocardial muscle can favourably be modulated 

by a relatively low intake of dietary fish oil containing EPA and DHA (Charnock, 1999).  

Using fish heads rather than defatted flesh adds extra value in the form of n-3 fatty acids, 

bone building materials (calcium and phosphorus), and mucopolysaccharides (chondroitin 

sulphate and hyaluronic acid) (Timme, 2002). 

Cold-water fish (particularly fatty fish such as herring, mackerel, fresh tuna, sardines, 

salmon and eel), other marine animals, and oils extracted from the livers of fish living in 

warmer waters (for example cod) contain the longer chain n-3 fatty acids EPA and DHA 

(naturally in the cis form) beneficial in combating a number of diseases (Bjerve et al., 1988).  

The latter include rheumatoid arthritis, psoriasis, ulcerative colitis and high blood pressure 

(Tichelaar, 1993).  The health benefits of fish and fish flour can be ascribed, not only to the 

fact that it is a rich source of PUFA (Bjerve et al., 1988), but also being an excellent source of 

animal protein, minerals such as calcium, phosphorus and iron, trace elements, vitamins and 

iodine (Timme, 2002; Table 1).  Although all fish and shellfish contain n-3 fatty acids, the 

amount present in a single serving may differ significantly from one species to another due to 

the differences in the total oil content.  Fish obtain EPA and DHA from eating plankton rich 

in these fatty acids, or alternatively from metabolising ALA (Simopolous, 1997).  To improve 

the ratio of n-6 to n-3 fatty acids in the diet, fish should be consumed at least twice a week 

(Simopolous, 1997).  N-3 fatty acids play a vital role in early human development and it is 

suggested that fish consumption by mothers should be increased during pregnancy and 

lactation (Nettleton, 1993). 

N-3-PUFA from either plant or marine origin can modulate the content of AA, EPA and 

DHA in peripheral blood mononuclear cell phospholipids.  A study done by Kew et al. (2003) 

showed that 9.5 g ALA.d-1 induced a greater increase in peripheral blood mononuclear cell 

phospholipids EPA content than did 0.3 g EPA.d-1, but a lesser increase than 0.7 g EPA.d-1. 

 

Plants as a source of fatty acids 

Vegetables and fruit contribute insignificant amounts of fat to the human diet (Kruger et 

al., 1992; Field, 2003).  The chloroplast of green leafy plants and a few vegetable oils, 

specifically linseed, rapeseed, walnut, wheat germ and soybean, contain ALA (Simopoulos, 

1997).  The fatty acid intake of most people comprises of LA that is found in high 

concentrations in several plant oils (for example sunflower oil) and, to a lesser extent, in other 
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plant oils, green leafy vegetables, soybeans, and nuts (Field, 2003).  Simopoulos et al. (2000) 

recommended a reduction in the intake of plant oils to lessen the adverse effects of an excess 

intake of LA.  The latter leads to an excess of AA with resultant eicosanoids production. The 

intake of the n-3 PUFA should simultaneously be increased since the n-3 PUFA compete for 

the conversion enzyme and thus inhibits the conversion of excess LA (Simopoulos et al., 

2000). 

Excellent sources of PUFA are also plant oils like maize, soybean, cottonseed, 

sunflower and safflower that generally have more than 50% of their fatty acids as LA.  The 

latter is widely distributed in the vegetable kingdom and occurs in large quantities in most, 

but not all, vegetable seeds and the oils produced from these seeds.  Coconut oil, cocoa butter 

and palm oil are exceptions.  Most mammals will, therefore, obtain ALA and LA from their 

food when selecting a varied diet including leaf and seed material (Simopolous, 1997).  A 

modest increase in dietary ALA by 80 middle-aged Indian subjects led to a significant 

improvement in their n-3 PUFA nutritional status (Ghafoorunissa et al., 2002). 

 

Dietary recommendations for fatty acids 

The benchmarks for human nutrient requirements are Recommended Dietary Intakes.  

However, the Recommended Dietary Intakes are set to prevent a clinical deficiency state in an 

otherwise healthy population (Thomas, 1996), and there are few nutrient recommendations set 

with the goal of achieving an optimal or maximal state of nutrition and health.  It is difficult to 

state the exact requirement for EFA due to various conversions and biochemical interactions 

of dietary PUFA (Shireman, 2003).  The adequate level of LA in the diet depends on the 

criteria used for its determination (Trugo & Torress, 2003).  The nutritional requirement for 

PUFA intake for either adults or infants is thus not clearly defined and a few dietary intake 

values have been equated with blood concentrations that in turn can be related to function.  

The fact that EFA can be converted to 20- and 22-carbon metabolites with profound 

biological activity further complicates the nutritional requirements.  With the inclusion of 

LCPUFA in the diet, the need for dietary EFA may be obviated (Gibson & Makrides, 2000). 

A recent international workshop on the Recommended Dietary Intakes and essentiality 

of n-6 and n-3 fatty acids synthesised the extensive available data into dietary 

recommendations (Simopoulos et al., 2000).  One of the main consequential 

recommendations was that the dietary intake of n-6 PUFA should be reduced in favour of n-3 

PUFA intake.  The recommendation per day for children 7 - 9 yr, the age group chosen as the 

population for the current study, was given as 7.0 g n-6 fatty acids and 1.2 g n-3 fatty acids 

(ratio 5.8) for boys and as 6.0 g n-6 fatty acids and 1.0 g n-3 fatty acids (ratio 6.0) for girls 
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(Tichelaar et al., 1994).  It has been recommended that LA intake should be 1 - 2 energy% to 

avoid clinical and biochemical signs of EFA deficiency.  For the prevention of chronic 

diseases, an intake of 3 - 5 energy% is recommended (Trugo & Torress, 2003).  An adequate 

LA intake of 2 energy% was recommended for healthy adults by the ISSFAL Executive 

Committee (ISSFAL Executive Committee, 2004) with recognition that there may be a 

healthy upper limit to the intake of LA. 

It has been estimated that for adult men, the consumption of 2 g.d-1 of ALA should 

provide 75 - 85% of the 350 - 400 mg.day-1 requirement of long-chain n-3 fatty acids (EPA 

and DHA) as was reviewed by Trugo and Torress (2003).  These authors also reviewed that 

for  healthy adults an intake of approximately 1 energy% or 3 g.d-1 of ALA and 800 mg of 

EPA plus DHA should provide an adequate supply of n-3 fatty acids.  A healthy intake of 

ALA of 0.7 energy% was recommended by the ISSFAL Executive Committee (ISSFAL 

Executive Committee, 2004).  The estimated minimal dietary requirement for children of 

ALA is 0.54% of energy, whereas it is approximately 1.1% for LA as was reviewed by 

Shireman  (2003).  Formulas for term infants should, according to a workshop on the role of 

LCPUFA in maternal and child health, contain at least 0.2% of total fatty acids as DHA and 

0.35% as AA, and for preterm infants 0.35% as DHA and 0.4% as AA (Koletzko et al., 2001).  

The Food and Drug Administration found that the use of EPA and DHA as dietary 

supplements is safe, provided the intake does not exceed 3 g.d-1 from all food and supplement 

sources as was reviewed by Shireman (2003).  For cardiovascular health, the ISSFAL 

Executive Committee recommended a minimum intake of EPA and DHA combined of 

500 mg.d-1 (ISSFAL Executive Committee, 2004). 

The use of adequate intake (AI) levels (stipulated in the absence of sufficient scientific 

evidence to calculate a recommended dietary allowance) was suggested by Simopoulos et al. 

(2000) and reviewed by Rice (2003).  South African legislation (Regulations Relating to the 

Labelling and Advertising of Foodstuffs, 2002) has recently been adapted and published and 

is currently open to comments. One of the adaptations already planned for this legislation is 

the inclusion of dietary guidelines modelled on the most recent World Health Organization 

(WHO) guidelines.  These South African guidelines are expected to include Recommended 

dietary intakes for n-6 and n-3 PUFA (A. Booyzen, Department of Health, Pretoria, South 

Africa, personal communication). 

 

The recommended n-6:n-3 fatty acid ratio 

The recommended intake levels for the n-6:n-3 fatty acids ratio is currently receiving 

attention.  Various bodies have attempted to make recommendations on the amounts of n-3 
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PUFA that should be consumed by both adults and infants (Rice, 2003).  A ratio imbalance in 

the intake of n-6 and n-3 may be the cause of various diseases (Tichelaar et al., 1993; 

Tichelaar & Smuts, 2000).  A high intake of dietary n-6 fatty acids shifts the physiological 

state of an individual to one that is prothrombotic and proaggregatory which is characterised 

by increases in blood viscosity, vasospasm and vasoconstriction with a resultant decreased 

bleeding time (Simopoulos, 1999).  Ingestion of sufficient n-3 fatty acids, however, will have 

resultant anti-inflammatory, antithrombotic, anti-arrhythmic, hypolipidaemic and vasodilatory 

properties (Simopoulos, 1999). 

The past decades have seen the Western diet shifting dramatically towards an increase 

in n-6 intake at the expense of n-3 fatty acids intake (Leaf & Weber, 1987; Simopoulos, 1999; 

Connor, 2000), partly due to the increased consumption of vegetable oils rich in the n-6 fatty 

acids (Connor, 2000; Simopoulos et al., 2000), like oils from maize, sunflower seeds, 

safflower seeds, cotton seeds and soybeans (Simopoulos, 1999).  Modern agricultural 

practices also contribute to the n-6:n-3 ratio imbalance (Simopoulos & Salem, 1989; Van 

Vliet & Katan, 1990).  Compounding the problem is a concurrent insufficient dietary intake of 

n-3 fatty acids, as is the case in the typical American diet (International Conference on the 

Health Effects of n-3 Polyunsaturated Fatty Acids in Seafood, 1990).  This shift in the 

Western diet has led to a ratio of n-6 fatty acids to n-3 fatty acids equal to 14:1 instead of the 

ideal ratio of 1:1 as suggested by Simopoulos (1997). 

In spite of the recognition of the essentiality of dietary intake of both the n-6 and n-3 

fatty acids, Neuringer and Connor (1986) identified the absence of dietary intake 

recommendations for the n-3 fatty acids as an unresolved issue in human nutrition (with 

special reference to pregnancy, lactation and infancy) for several decades.  Different ratios for 

n-6:n-3 intake were suggested by various authors and include a ratio set between 4-10:1 

(Neuringer & Connor, 1986), 4:1 and 10:1 (Trugo & Torress, 2003), 1:1 or 5:1 (Simopoulos, 

1997) and 2:1 or 3:1 (Shireman, 2003).  These ratios should be considered both in children 

and in adults because an over-abundance of either fatty acid series may suppress some of the 

desaturation/elongation reactions (Shireman, 2003).  Seen in the light of the importance of 

both n-6 an d n-3 fatty acid intake, it seems that the ratio of AA to DHA can also be of 

importance (Connor, 2000).  The most recent n-3 PUFA recommendations as summarised by 

Rice (2003) are presented in Table 2. 

 

Measurement of essential fatty acid status 

Various tissues and organs will be affected when EFA are not present in adequate 

amounts in the diet due to its ubiquitous structural and regulatory functions.  The EFA status  
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Table 2.  The recommended n-3 PUFA intake for adults (taken from Rice, 2003). 

 
Source Specific 

n-6:n-3 ratio 
recommended 

Other specific recommendations 

National Nutrition Council (Norway) (1989) 
Nordic Nutrition Committee (1989) 
NATO Workshop on n-6:n-3 (1989) 
Scientific Review Committee of Canada (1990) 
British Nutrition Task Force (1992) 
Scientific Committee for Food of the European 
Community (1993) 
FAO/WHO Expert Committee on Fats and Oils 
in Human Nutrition (1994) 
Committee on Medical Aspects of Food Policy 
(1994) 

None 
None 
None 

5:1-6:1 
6:1 

4.5:1-6:1.5 
 

5:1-10:1 
 

None 

n-3 0.5 en% (1 - 2 g.d-1) 
n-3 0.5 en% (1 - 2 g.d-1) 

EPA/DHA 0.8 g.d-1 (0.27 en%) 
n-3 at least 0.5 en% 

EPA 0.2 - 0.5 en%; DHA 0.5 en% 
n-3 as 0.5% of total calories 

 
Consider preformed DHA in pregnancy 

 
EPA/DHA 0.1 - 0.2 g.d-1  (1.5 g per week); 

at least two portions of fish per week 
 

En% = Energy% 
EPA = Eicosapentaenoic acid 
DHA = Docosahexaenoic acid 
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is measured biochemically and expressed as the ratio of Mead’s acid (20:1n-9; the product of 

the elongation and desaturation of oleic acid (18:1n-9; OA)) to AA, also known as the 

triene/tetraene ratio (The British Nutrition Foundation, 1992; Gunstone, 1996).  An 

abnormally high triene/tetraene ratio can be normalised with diets containing 0.1 - 0.5 

energy% of LA.  For optimal function of various tissues, however, much higher levels of LA 

should be ingested.  The Mead’s acid ratio should be less than 0.4 for humans (Trugo & 

Torress, 2003). 

Although still considered a sensitive biochemical marker (Trugo & Torress, 2003) the 

validity of the Mead’s acid ratio was questioned (Gibson & Makrides, 2000; Trugo & Torress, 

2003).  According to these authors no studies have associated plasma concentrations of LA or 

Mead’s acid with a biological function or clinical state.  Because Mead’s acid is a product of 

the n-9 pathway high intakes of OA may influence its concentrations, thereby influencing the 

validity of this tissue ratio (Trugo & Torress, 2003). 

 

Specific biological functions of fatty acids 

 

N-3 fatty acids are found in all cell membranes and, therefore, have a variety of biological 

functions (Simopolous, 1997).  The probable beneficial effects related to dietary n-3 PUFA 

intake as summarised by Shireman, are presented in Table 3.  This table also presents a 

summary of the safety concerns related to an excess intake of n-3 PUFA, its interactions with 

drugs and special cases where supplementation would be advised (Shireman, 2003).  A 

deficiency syndrome, due to the lack of the EFA, LA and ALA, is characterised by immune 

dysfunction, infections, scaly dermatitis, growth retardation, hair loss, thrombocytopenia, 

diarrhoea, and poor wound healing (Field, 2003).  N-3 PUFA are also important for healthy 

lung cells and in normal kidney function (Rice, 2003).  The essential role of n-3 fatty acids in 

normal growth and development, and the possible critical role in various diseases, such as 

coronary artery disease, hypertension, arthritis, other inflammatory and autoimmune disorders 

and cancer, was mentioned (Simopoulos, 1991; Field, 2003).  Added to this list of disorders 

were Crohn’s disease, mild hypertension and rheumatoid arthritis (Connor, 2000). 

Although unknown whether there is a need in the human diet for the entire spectrum 

of n-3 fatty acids (from the 18-carbon ALA (containing 3 double bonds) to the highly 

polyunsaturated DHA (Connor, 2000), the health benefits of DHA are reviewed in many 

publications.  These benefits include the improvement of learning ability (Carlson & 

Neuringer, 1999), the development of the brain, eye function and recovery from certain visual 

dysfunctions  (Uauy & Mena, 2001), as well as having a positive effect on diseases such as  
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Table 3.  Beneficial effects and safety concerns related to dietary n-3 polyunsaturated fatty 

acid (n-3 PUFA) intake (taken from Shireman, 2003). 

 

N-3 PUFA intake Probable beneficial effects or safety concerns 
Possible benefits of 
supplementation in selected 
individuals 

Decrease in serum triacylglycerols 
Decrease in myocardial infarctions in persons with diagnosed coronary heart 
disease 
Decreased inflammation and relief of certain conditions, as rheumatoid arthritis, 
psoriasis, lupus and inflammatory bowel syndrome 
Decreased cardiac arrhythmias (animal studies, not very definitive in human 
studies) 

Possible safety concerns 
related to excess intake 
(based on animal and human 
studies) 

Increased bleeding times and associated risk of haemorrhagic stroke 
Increased peroxidation of fatty acids  
Inhibition of immune cell function and decreased resistance to infection 
No change or increase in serum LDLc-cholesterol 
Imbalance of PUFA (very low n-3:n-6 ratio) with resultant behavioural 
abnormalities 

Concerns related to 
interactions with drugs 

Interactions with drugs that effect eicosanoid metabolism and clotting 
mechanisms 
Interactions with drugs that effect eicosanoid metabolism and immune responses 
Potentiation of cytotoxicity of some anticancer drugs 

Possible cases for “special” 
supplementation 

Chronic liver disease –may require supplementation of AA and DHA 
Cystic fibrosis – may require supplementation of AA and DHA in addition to 
18:2 
Inherited desaturase and/or elongase deficiencies, as in some peroxisomal 
disorders 
Subnormal DHA serum levels associated with certain types of depression, 
dementia, attention-deficit disorder, adrenoleukodystrophy, long-chain 
hydroxyacyl-CoA dehydrogenase deficiency, and dyslexia 

 
PUFA = Polyunsaturated fatty acids 
LDL = Low-density lipoprotein 
AA = Arachidonic acid 
DHA = Docosahexaenoic acid 
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hypertension, arthritis, arteriosclerosis, depression, diabetes mellitus, myocardial infarction, 

thrombosis, heart disease and some cancers (Horrocks & Yeo, 1999).  Low serum-DHA, 

along with the associated decrease in phosphatidylcholine, is now considered to be a 

significant risk factor for Alzheimer’s dementia (reviewed by Shireman, 2003) and the 

treatment of senile dementia with DHA proved to be successful (reviewed by Field, 2003).  

Hostility at times of mental stress in young adults and elderly white-collar workers was 

controlled with an intake of 1.5 - 1.8 g of DHA per day (Hamazaki et al., 2001).  A sub 

clinical DHA deficiency may also be responsible for the abnormal behaviour of children 

suffering from attention-deficit hyperactivity disorder (Burgess et al., 2000), as well as 

ulcerative colitis and type-2 diabetes (Simopoulos, 1999). 

 

Energy, growth and vitamin absorption 

Fatty acids contribute extensively to the sensory characteristics of texture, flavour and 

aroma in all food products. Fat also slows down the digestion of food and by doing so 

contribute to its satiety value.  In addition to these properties, dietary fat acts as the carrier of 

fat-soluble vitamins and aids in the absorption of these vitamins (Thomas, 1996).  Important 

structural, biochemical and regulatory functions that are required for optimal tissue function, 

growth and repair, can also be ascribed to specific fatty acids (Thomas, 1996).  Another less 

known effect of EFA is its enhancement of the effects of vitamin D in increasing calcium 

absorption and its influence on decreased urinary excretion of calcium as was reviewed by 

Shireman (2003).  Fat is, however, also an important and concentrated source of energy, 

supplying 9 kcal or 37 kJ.g-1 for most body cells, particularly for infants and young children 

(Thomas, 1996). 

 

Membrane and cellular function 

Cell membranes containing phospholipids, particularly high in LCPUFA (18 - 26 

carbon) (Tichelaar, 1993; Field, 2003), have as a vital component DHA that is necessary for 

their proper functioning (Connor, 2000).  Dietary fatty acids will determine the type of fatty 

acids incorporated into the cell membranes.  A variation in the lipid content of cell 

membranes does exist but most cell membranes contain approximately 50% (m.m-1) lipid and 

50% (m.m-1) protein (Field, 2003).  Many membrane–related functions such as membrane 

fluidity, ion channel flow, transporter activity, signal transduction, enzyme activity, hormone 

binding, cell-receptor action, cell-to-cell communication, release of mediators and 

susceptibility to microbial invasion are affected by a change in the relative amount and type of 

PUFA in cell membranes (Field, 2003). 
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Eicosanoid synthesis 

Apart from the endocrine hormones (such as insulin) other regulators collectively 

known as “eicosanoids”, named after the 20-carbon fatty acids from which they are formed, 

are found within the body.  These eicosanoids include prostaglandins, leukotrienes (Rice, 

2003), prostacyclins, thromboxanes (Field, 2003) and a third less known subgroup, lipoxins 

(Rice, 2003).  These substances, also known as “local hormones”, have such powerful actions 

and are such potent mediators of many biochemical processes (Field, 2003) that they have to 

be produced locally in the cells where they are needed (Rice, 2003). 

The prostanoids and leukotrienes (derived from AA) have many important physiological 

functions.  An overproduction of some of these compounds appears to be involved in diseases 

such as thrombosis, myocardial infarction and cardiac arrhythmia (Shireman, 2003).  The 

mentioned physiological regulators also play key roles in the regulation of blood clots, blood 

pressure, blood lipid levels, immune function, inflammation, pain and fever, as well as 

reproduction (Rice, 2003). 

Two major pathways for eicosanoid synthesis have been identified.  The first path is via 

the enzymes cyclooxygenase, producing prostaglandins and thromboxanes, while the second 

path is by means of lipooxygenase with the production of leukotrienes, hydroxyeicosatrienoic 

acids and lipoxins (Field, 2003).  The enzyme prostaglandin endoperoxide synthetase acts as 

catalyst in the oxidation of eicosaenoic acids (AA, dihomo-γ-linolenic acid (20:3n-6; DGLA) 

and EPA) (Shireman, 2003).  LA and ALA act as substrates during the synthesis of these 

physiological regulators in the body (Field, 2003). 

Eicosanoid synthesis is changed by the dietary fat composition.  This change is brought 

about by changing the supply of substrates for the synthesis of the longer-chain n-6 and n-3 

PUFA.  The quantity of AA in the cell membranes will be increased by the ingestion of a 

large amount of LA (Simopolous, 1999).  In a variety of cells AA is, upon activation, 

converted to eicosanoids of the 2 series and leukotrienes of the 4 series.  Dietary ALA, on the 

other hand, is converted to EPA in the membrane and after activation of the cells EPA is 

converted to eicosanoids of the 3 series and leukotrienes of the 5 series (Field, 2003). 

With the consumption of fish or fish oil (containing EPA and DHA) n-6 fatty acids, 

particularly AA and DGLA, are partially replaced in cell membranes.  This results in a 

decreased production of prostaglandin E2 (PGE2) metabolites.  The concentration of 

thromboxane A2 (TXA2), a potent platelet aggregator and vasoconstrictor, also decreases.  

Less leukotriene B4 (LTB4), an inducer of inflammation, leukocyte chemotaxis and adherence 

are formed.  Increased concentrations of thromboxane A3 (TXA3; a weak platelet aggregator 
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and vasoconstrictor), prostacyclin I3 (PGI3) and leukotriene B5 (LTB5; which is a weak 

inducer of inflammation and chemotactic agent), are formed (Simopolous, 1999). 

Eicosanoids formed from n-6 PUFA in general have stronger effects than eicosanoids 

formed from n-3 PUFA.  The latter directly suppresses the activity of cyclooxygenase, but can 

also compete as a substrate, inhibiting the �6 and �5 desaturase activity, thereby reducing the 

synthesis of AA in the membrane.  An increase in the proportions of n-3 in relation to n-6 

PUFA in the diet decreases the quantity of proinflammatory, vasoconstrictive, platelet 

aggregatory, and immunosuppressive compounds that are regulated by eicosanoids as was 

reviewed by Field (2003). 

 

Gene regulation 

Dietary polyunsaturates, that are components of membrane phospholipids, are involved 

in signal transduction and the modulation or regulation of gene expression for several 

enzymes (Rice, 2003; Shireman, 2003).  The ingestion of specific PUFA can modulate the 

expression and the transcription regions of a variety of gene coding for key regulatory 

proteins in metabolic pathways such as those involved in digestion, lipogenesis, glycolysis, 

glucose transport, inflammation, and cellular communications (Field, 2003).  Hepatic 

lipogenesis, for example, is suppressed by n-6 and n-3 PUFA by suppressing transcription of 

fatty acid synthase (Field, 2003).  With LA or ALA the suppression is less than in the case of 

DHA, EPA and AA.  SFA and MUFA on the other hand have little effect (Field, 2003).  Fatty 

acid-gene interactions will most likely in future be translated to dietary prescriptions so as to 

maintain health and modulate both the response to injury and the progression of disease in 

genetically susceptible individuals (Field, 2003).  An animal study clearly indicated the 

regulatory role of dietary DHA in gene expression and a long-term intake of fish oil may 

exhibit an anticorpulence effect in humans (Yazawa, 2001). 

 

Neurological development and function 

 

Accretion of long-chain n-3 polyunsaturated fatty acids in the brain and retina 

LCPUFA are critical during the period of foetal development and after birth until the 

biochemical development in the brain and retina is completed (Connor, 2000).  The human 

foetus obtains LCPUFA via the placenta, from where it is transferred to the foetal liver, and 

finally to the foetal brain (The British Nutrition Foundation, 1992; Horrocks & Yeo, 1999).  

Animal studies indicated that the change in brain fatty acid composition has led to a 

modification of the neural membrane composition and functional changes in enzyme 
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activities, as well as sub-optimal retinal and brain development as was reviewed by Shireman 

(2003). 

A large amount of DHA is located in the brain and retinal tissue during the late stages of 

foetal development and during early neonatal life.  During these stages brain growth is 

maximal and, therefore, vulnerable to the effects of nutritional deficiencies (Nettleton, 1993).  

Changes in brain fatty acid composition, like a decrease in DHA and a reciprocal increase in 

docosapentaenoic acid (22:5n-6; DPA), will result due to the dietary deficiency of n-3 fatty 

acids during development (Wainwright, 2000). 

The PUFA status of preterm neonates is significantly lower than that of term infants, but 

this lower status are capable of being increased by maternal PUFA supplementation during 

pregnancy (Hornstra, 2000).  Although brain and nerve cell development in utero depends on 

the presence of LCPUFA, the foetus does not synthesise these long-chain EFA as was 

reviewed by Shireman (2003).  Pre-term infants also require dietary DHA to maintain the 

fatty acid composition of plasma and red blood cell membrane lipids, and presumably that of 

the brain and retina (Uauy & Mena, 2001).  The efficiency of the conversion of the dietary 

precursors of DHA and AA to these LCPUFA, may not be effective in preterm infants, and 

may not meet the high concentrations needed during this developmental stage as as reviewed 

by Field (2003).  Intake of the LCPUFA also remains critical during lactation, when rapid 

neural and vascular development takes place (The British Nutrition Foundation, 1992).  A 

deficiency during this stage may result in brain dysfunction, as well as lower visual acuity 

(Carlson & Neuringer, 1999; Uauy & Mena, 2001). 

In a newly born full term infant the total body DHA is ca. 3800 mg.  This increases 

when the baby is breast-fed, but decreases with formula feeding.  In the latter case the baby 

must obtain its DHA requirement by conversion of dietary ALA (Das, 2003).  Increasing the 

amount of DHA in infant formula of primates to an eventual fatty acid ratio of 10:1, the latter 

was associated with greater accretion of DHA in neonatal brain and retina as was reviewed by 

Shireman (2003).  A significantly lower DHA content was found in the cerebellar white 

matter of infants fed manufactured formula milk than in age-matched breast-fed infants as 

determined by gas chromatographic/mass spectrometric analysis (Jamieson et al., 1999). 

The mixture of fatty acids ingested will be influenced by the fatty acid content of the 

maternal diet.  The latter will determine the amount of DHA and AA present in human milk 

and, therefore, its availability postnatal.  The risk of a deficiency of these lipids in preterm, 

and perhaps full term infants, exists when not fed mother’s milk (Hornstra, 2000).  Human 

milk contains LCPUFA and is, therefore, a preformed source of DHA and AA (The British 

Nutrition Foundation, 1992).  A decrease in PUFA status of the mother during pregnancy may 
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result in the neonatal status not being optimal.  This view is supported by the lower neonatal 

PUFA status after multiple compared to after single births, and the neonatal PUFA status can 

be increased by PUFA supplementation (with both n-6 and n-3 fatty acids) of the mother 

during pregnancy (Hornstra, 2000).  The consumption of trans unsaturated fatty acids also 

appeared to be associated with lower maternal and neonatal PUFA status.  It thus seems 

prudent to minimise the consumption of trans fatty acids during pregnancy (Hornstra, 2000). 

 

Fatty acids present in the brain and retina 

The most profuse fatty acids in the cellular membranes of the brain are AA, and DHA 

(The British Nutrition Foundation, 1992; Tichelaar et al., 1994;) usually occupying the sn-2 

position (Connor, 2000) of the phospholipid molecule.  Particularly high concentrations of 

these fatty acids occur in the membranes of neuronal synaptic terminals and in the retina 

photoreceptor cells (The British Nutrition Foundation, 1992; Wainwright, 2000).  When 

comparing DHA with other fatty acids, it was found that DHA was the most effective in 

promoting photoreceptor survival, as well as the only fatty acid to decrease the number of 

apoptotic nuclei suggesting that DHA is important in preventing apoptosis of photoreceptors 

in the developing retina (Rotstein et al., 1997).  The liver converts ALA to DHA, and then 

supplies it via the blood stream to the brain and retina during postnatal development, as was 

found after intra-peritoneal injection of radio-labelled ALA which resulted in rapid 

accumulation of these fatty acids in the liver.  A decline of labelled ALA over time followed, 

with a concurrent increase in DHA synthesis and labelled DHA levels.  The brain showed a 

steady increase in labelled DHA over time (Scott & Bazan, 1989). 

DHA features prominently in the phospholipids: phosphatidylcholine (lecithin); 

phosphatidylinositol; phosphatidylserine; cerebrosides; and sphyingomyelin (Connor, 2000).  

With depletion of DHA lower levels of phosphatidylserine are found in the brain cell 

membranes and a decrease in the synthesis of phosphatidylserine is found.  Higher levels of 

phosphatidylserine are found in nerve tissues than in any other tissues. A dramatic reduction 

of phosphatidylserine in only the nerve cells is experienced with n-3 deficiency.  The latter 

thus seems to have profound effects on phosphatidylserine-related signalling events in the 

nervous system (Connor, 2000). 

DHA-rich phospholipids occur in the eye tightly bound to the photosensitive pigment 

rhodopsin, and also form a major component of the outer segment disk membrane in which 

rhodopsin rests.  Strong evidence exists of the necessity of DHA for normal retinal function 

(Neuringer & Connor, 1986; Uauy & Mena, 2001).  This concentrated presence of LCPUFA 

in the brain and retina point to a definite neurological function. 
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Functions of long-chain polyunsaturated fatty acids in the brain and retina 

Supplementation of young animals with AA and DHA improved visual and 

neurological function.  The involvement of DHA in both dopamine and serotonin metabolism 

in the brain and in the retina for the function of rhodopsin, was substantiated (Levant et al., 

2004).  Promising preliminary results are currently available regarding the efficacy of treating 

various visual disorders with dietary DHA (Uauy & Mena, 2001). 

Dietary AA stimulates glucose uptake and the release of acetyl cholinesterase.  Together 

with DHA it modulates the neuronal circuits involved in memory and learning.  Sub-optimal 

nutrition during early growth thus results in lower verbal intelligence as was reviewed by Das 

(2003) and poorer vision in children (Connor, 2000; Uauy & Mena, 2001) with retinal 

dysfunction from n-3 deficiency being irreversible (Neuringer & Connor, 1986; Nettleton, 

1993).  Controlled and randomised studies suggested that the LCPUFA intake enhanced 

information processing and attention regulation in young children (Willatts & Forsyth, 2000), 

whilst DHA was an essential nutrient for optimum neural maturation in infants (Makrides et 

al., 1995; Linko & Hayakawa, 1996).  Dietary n-3 fatty acid deficiency affects eye and brain 

function of preterm infants as measured by electroretinogram (ERG), cortical visual evoked 

potentials, and behavioural testing of visual acuity (Uauy & Mena, 2001).  It has thus been 

suggested that DHA plays a unique role in the function of excitable membranes (Wainwright, 

2000). 

Difficulties in achieving reliable and valid measurements of mental development and 

behaviour in children from Third World countries, and allowing for the confounding and 

possibly interacting effects of social background exists (Grantham-McGregor, 1993).  With 

the brain consisting of 60% structural lipid, which universally uses AA and DHA for growth, 

function and integrity (Crawford, 1993) and because DHA is an important component of 

neural synaptosomal membranes (Connor, 2000), a nutritional deficiency of DHA may be 

suspected to have profound effects on cognitive function (Carlson et al., 1994; Willatts et al., 

1998; Willatts & Forsyth, 2000).  DHA supplementation has only been shown to improve 

cognitive function of preterm infants (Carlson et al., 1994).  An increase in short-term 

memory may, however, be attributed to the consumption of n-3 LCPUFA (Horrocks & Yeo, 

1999).  Supplementation with ALA on the other hand, did not affect cognitive performance of 

females during and 32 weeks after gestation (De Groot et al., 2004).  Although learning 

problems have been found in 6 - 12 yr old boys with low n-3 plasma phospholipid fatty acids 

indicative of essential fatty acid deficiency (Stevens et al., 1996), the effect of n-3 fatty acids 

on cognition in older children is unknown (Makrides et al., 1994).  One possible explanation 
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for improved cognitive function is that increased RBC membrane DHA levels are indicative 

of neural DHA increases (Makrides et al., 1994). 

An improvement of problem solving was found in a study done on 10-month-old term 

infants fed diets supplemented with AA and DHA compared with those fed control formula 

low in n-3 fatty acid content (Willatts et al., 1998).  Contradictory to this finding, Bakker et 

al. (2003) showed no significant association with either DHA or AA at birth and the cognitive 

performance at 7 yr of age of the study subjects.  The LCPUFA levels at 7 yr were not 

associated with the outcomes of the study. 

Studies on very young children suggested that LCPUFA enhance information 

processing and attention regulation, indicating that DHA is an essential nutrient for optimum 

neural maturation in infants (Makrides et al., 1995).  Holman et al. (1982) reported 

neurological abnormalities in a girl aged six, fed a diet containing LA but low in ALA.  N-3 

fatty acid supplementation alleviated these neurological symptoms. 

Increasing the level of n-3 PUFA in the diet will also reduce severe manic depression, 

ameliorate the worst effects of schizophrenia, reduce aggression under stress, improve the 

behaviour and reading skills of children with attention-deficit hyperactivity disorder and 

improve problem-solving ability in very young children as was reviewed by Rice (2003).  The 

absence of DHA in the diet leads to degeneration of the brain, now believed to be one of the 

factors resulting in Alzheimer’s disease (Colgan, 1994) by preventing neuronal apoptosis 

(Das, 2003).  Patients suffering from Alzheimer’s dementia and moderately severe dementia 

were supplemented with fish oil.  These subjects were studied for one year and improved 

scores on a psychometric test, as well as bettered red blood cell (RBC) deformation scores 

resulted as was reviewed by Shireman (2003).  It was unclear whether the improvement was 

due to a direct effect on neuronal cells or could be ascribed to improved RBC membrane 

function (Shireman, 2003).  Other benefits experienced by individuals after supplementation 

with DHA include improvement in senile dementia, atopic dermatitis, improvement in the 

ability to focus on moving objects, as well as controlling aggressiveness against others caused 

by stress (Yazawa, 2001) and hostility (Hamazaki et al., 2001).  In animal experiments DHA 

activated brown adipose tissue function, reduced white adipose tissues and eliminated free 

radicals produced in the body (Yazawa, 2001).  Continued maintenance of desirable EPA and 

DHA levels in the bodies of adults appear to ameliorate the onset of schizophrenia (Das, 

2003). 
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Immune function 

Immunological measures were introduced during the 1970s as a component of assessing 

nutritional status (Field, 2000).  Diet plays a major role in the prevention or treatment of many 

chronic diseases in which the immune response is considered to be integral to the 

pathophysiology of these diseases (Hughes, 1995; Michelsen et al., 2001).  The type, amount 

and balance of dietary fatty acids accompanied with antioxidant nutrients have an impact on 

the immune system (Shireman, 2003).  Dietary n-3 PUFA may reduce symptoms of disorders 

associated with suppression of the immune system, such as rheumatoid arthritis, inflammatory 

bowel, and skin diseases with an inflammatory component (Hughes, 1995; Michelsen et al., 

2001) and thus may be of benefit in inflammatory and autoimmune disorders (Connor, 2000; 

Shireman, 2003). 

The in vitro method, lymphocyte blastogenesis, is used to assess the cell-mediated 

response to nutritional intervention (Field, 2000).  Changes in dietary fat can modulate 

cytokine (soluble factors that influence cells involved in the immune and inflammatory 

response) production in the absence of disease (Calder, 2001).  A lowering in the rate of 

apoptosis (programmed cell death) may play a role in the pathogenesis of autoimmune disease 

and age-related events such as tumorigenesis (Field, 2000).  Biomarkers that can with 

reasonable accuracy predict resistance to infection and other illnesses associated with poor 

immune function should be identified (Field, 2000). 

An important adaptive cellular component of the immune system is T-lymphocytes 

(Field, 2000).  With high intakes of fish oils the amelioration of symptoms of autoimmune 

diseases was attributed to the effects of EPA suppression of T-lymphocyte proliferation, 

apoptosis of auto-reactive lymphocytes and decreased pro-inflammatory cytokine production 

(Shireman, 2003).  The effect of fish oil in the diet is the suppression of lymphocyte 

proliferation, monocyte and neutrophil chemataxis, and tumor necrosis factor, interleukin-2 

and interleukin-6 production, and the reduction expression of adhesion molecules on the 

surface of endothelial cells, monocytes and lymphocytes (Shireman, 2003).  Although an 

intake of EPA+DHA of � 1.7 g.d-1 or ALA of � 9.5 g.d-1 changed the fatty acid composition 

of mononuclear cells, it did not alter the functional activity of neutrophils, monocytes or 

lymphocytes (Kew et al., 2003). 

Feeding humans and animals increased amounts of fish oil resulted in decreased AA 

concentrations in the membrane cells involved in inflammation and immunity resulting in a 

decreased capacity of the immune cells to synthesise eicosanoids from AA (Calder, 2001).  

EPA on the other hand, is able to act as a substrate for both cyclooxygenase and 5-

lipoxygenase and by doing so it gives rise to derivatives that have a different structure to 
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those produced from AA resulting in an elevation in the production of EPA-derived 

eicosanoids (Calder, 2001).  Amongst the n-3 PUFA that possess the most 

immunomodulatory activities, EPA and DHA from fish oil, are more biologically potent than 

ALA (Calder, 2001) and the above-mentioned fatty acids are thus more effective than ALA in 

combating infection.  The ingestion of EPA and DHA decreases the rate of infections and 

improves outcome in immuno-suppressed patients, while n-6 fatty acids increased the 

expression of pro-inflammatory genes (Calder, 2001).  Eicosanoids (Hughes, 1995; Field, 

2003) and pro-inflammatory cytokines (for example tumour necrosis factor � (TNF-�), 

interleukin (IL)-1 and IL-6) are the mediators in many of the detrimental and lethal effects of 

infection and injury and modulate these reactions (Field, 2003).  The body preferentially 

converts EPA to eicosanoids but they are less reactive than eicosanoids produced from AA.  

This may be the reason why a diet rich in n-3 PUFA can lead to a depressed immunity 

(Hughes, 1995).  Reducing the synthesis of pro-inflammatory mediators would thus be 

beneficial during critical illness and autoimmune states.  Successful interventions with oral 

EPA and DHA to treat acute and chronic inflammations inclusive of inflammatory bowel 

disease, rheumatoid arthritis, psoriasis, asthma, multiple sclerosis, systemic lupus 

erythematosis, and atopic dermatitis, were reported (Field, 2003).  In a pilot study done by 

Thienprasert et al., (2002) the number of days absent from school was lower in a group of 

children (8 – 12 yr) supplemented with EPA and DHA than in those not supplemented.  The 

effect of n-3 PUFA on the immune system may depend on the composition and content of 

other fatty acids in the diet too (Field, 2003). 

 

Disease prevention and treatment 

As mentioned previously, n-3 fatty acids play an important role in the prevention and 

modulation of certain diseases that are common in Western civilization.  Evidence of such a 

role is confirmed for certain diseases, but only speculative for others.  The risks of many 

chronic diseases, like coronary heart disease and cancer, may be altered by the ingestion of 

different amounts and types of fatty acids during the lifetime of an individual (Connor, 2000; 

Rice, 2003).  Scientific evidence supported these findings of epidemiological studies and 

indicated that dietary fatty acid composition could successfully be used in the 

treatment/prevention of coronary heart disease and cancer as was reviewed by Rice (2003).  

This beneficial effect of n-3 fatty acids, however, was not revealed in a study done on 

Quebecers (Dewailly et al., 2001). 

PUFA are susceptible to peroxidation and generation of reactive oxygen species, which 

could increase the susceptibility of low-density lipoprotein to oxidation, leading to an 
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increased risk of atherosclerosis, and are also involved in the aetiology of certain types of 

cancer.  The PUFA intake should, therefore, not exceed 10 energy% (Trugo & Torress, 2003).  

Acute respiratory distress syndrome and asthma have been treated with both n-6 and n-3 

PUFA and these fatty acids have been of potential benefit.  The treatment with n-3 fatty acids 

was beneficial in the secondary prevention of coronary heart disease, hypertension, type-2 

diabetes and in some cases of renal diseases and chronic obstructive pulmonary disease 

(Field, 2003). 

 

Coronary heart disease 

In the 1970s interest in heart health was sparked by the observation that even though 

native-dwelling Greenland Inuits had a high fat and cholesterol intake, no heart disease was 

observed in this population.  This may be ascribed to their diets comprising mainly of fish rich 

in n-3 fatty acids with a resultant beneficial effect on cardiovascular disease (Booyens & Van 

der Merwe, 1991; Connor, 2000; Dewailly et al., 2001; Michelsen et al., 2001).  Eskimos 

obtain 40% of their energy from n-3 fatty acids due to the consumption of medium fat fish (3 

- 10,9% (m.m-1) fat) such as anchovies and pilchards (Kruger et al., 1992), as well as, fatty 

fish (11 - 30% (m.m-1) fat) such as sardines, mackerel and Atlantic salmon (Kruger et al., 

1992).  Their diets also include whale seal and walrus (Wardlaw & Insel, 1996).  Although the 

long-term use of n-3 LCPUFA from fish oil may confer benefits by having 

hypotriglyceridaemic effects and by being about seven times more effective than ALA in 

increasing total n-3 LCPUFA, they may adversely affect cholesterol metabolism 

(Ghafoorunissa, et al., 2002). 

 

Effect of fatty acid type on cardiovascular diseases 

Animal fats, as well as palm and coconut oils, contain a high percentage of saturated 

fatty acids.  Their intake is associated with some of the negative metabolic effects of fats 

especially those related to the development of cardiovascular diseases, mainly arteriosclerosis 

and coronary heart disease (Trugo & Torress, 2003).  The ability of individual fatty acids to 

change blood cholesterol and lipoprotein levels, the two major risk factors for coronary heart 

disease, differs.  Recent studies have showed that SFA have varying effects on plasma lipid 

levels, depending on their chain length as was reviewed by Field (2003). 

Epidemiological and experimental studies executed over the last thirty years clearly 

found an increase in low-density lipoprotein cholesterol levels, a major risk factor for 

coronary heart disease, with the ingestion of a high SFA diet.  Speculation is that the high 

intakes of SFA decrease the removal of plasma low-density lipoprotein by low-density 
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lipoprotein receptors, and that it may promote the synthesis of endogenous cholesterol.  

Populations consuming a diet high in MUFA have a lower risk of coronary heart disease 

resulting in lower total and low-density lipoprotein cholesterol levels and higher high-density 

lipoprotein cholesterol levels.  An increase in the consumption of MUFA was associated with 

increased low-density lipoprotein receptor activity as was reviewed by Field (2003). 

Contrary to SFA intake, unsaturated fat intake leads to a decrease in serum cholesterol 

and low-density lipoprotein cholesterol levels when substituting for carbohydrates in the diet 

(Trugo & Torress, 2003).  The consumption of n-3 fatty acids, ALA, EPA and DHA, has been 

associated with a reduction in plasma triacylglycerol levels (very low density lipoprotein-

triacylglycerols), a risk factor for heart disease mainly in women (Field, 2003).  Consensus of 

opinion had been reached that LCPUFA play a more important role in elevating the high-

density lipoprotein cholesterol level (by ca. 10% in most people), rather than having a marked 

impact on low-density lipoprotein cholesterol levels as was reviewed by Rice (2003).  A much 

higher intake of the n-6 PUFA as recommended may result in a reduced high-density 

lipoprotein-cholesterol level with a shift in the physiological state to one that is prothombotic 

and proaggregatory.  These changes are associated with an increased risk of coronary heart 

disease (Field, 2003).  LCPUFA also showed a moderate, but clinically significant blood 

pressure lowering effect, as well as a mild but significant lowering effect on blood viscosity, 

and help to improve the blood lipid profile, lower the blood pressure, make blood clotting less 

likely and reduce the risk of the development of abnormally rapid heart rhythm (Rice, 2003).  

A decrease in the n-6:n-3 ratio has a beneficial effect on hypertension.  The ingestion of 

LCPUFA, especially EPA, has been inversely associated with the prevalence of coronary 

heart disease and atherosclerosis (Tichelaar et al., 1993). 

N-3 fatty acids may reduce the risk of coronary heart disease in that EPA and DHA 

have been shown to inhibit platelet aggregation and the accompanying release of atherogenic 

mitogens (Smith et al., 1989). The mechanism of this inhibitory action towards platelet 

aggregation possibly lies in the fact that PUFA are precursors of the prostaglandins, 

prostacyclins and thromboxanes (The British Nutrition Foundation, 1992; Devadasan & 

Gopakumar, 1997).  Overproduction of prostanoids and leukotrienes from AA appears to be 

involved in certain disease processes or states like thrombosis, myocardial infarction and 

cardiac arrhythmia (Rice, 2003; Shireman, 2003). 

The number and position of double bonds in unsaturated fatty acids will influence their 

effects on serum lipids and lipoprotein levels (Trugo & Torress, 2003).  Test cases following a 

diet with 10% (m.m-1) of the fat as ALA had a lower risk of developing coronary heart 

diseases.  The synthesis of cholesterol in the body and an increase in low-density lipoprotein 
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receptor activity with lower total and low-density lipoprotein cholesterol as a result, can be 

decreased with an increase in the consumption of ALA as was reviewed by Field (2003).  The 

long-term increased intake of ALA failed to increase plasma phospholipid DHA 

concentrations suggesting that ALA cannot be used as a replacement for preformed dietary 

EPA and DHA (Finnegan et al., 2003).  The previous failure to observe significant 

accumulation of tissue DHA or triacylglycerol lowering in ALA intervention trials was 

probably due to inadequate time for conversion and tissue accumulation of the long-chain n-3 

PUFA (Finnegan et al., 2003). 

 

Recommendations and ingestion of fish or fish oil for cardiovascular diseases 

Although many health agencies recommend an increased intake of n-3 PUFA, a high 

uncertainty, however, exists in defining both the type and amount of n-3 PUFA considered as 

preventative.  The consumption of 40 - 60 g fish daily was associated with a marked reduction 

in coronary heart disease mortality in high-risk populations but not necessarily in low-risk 

populations (Field, 2003).  A protective effect of EPA on plasma high-density lipoprotein was 

found and a fish intake of ± 110 g.wk-1 was suggested (Dewailly et al., 2001).  N-3 fatty acids 

of marine origin may favourably influence concentrations of high density lipoprotein-

cholesterol and ratios of total to high density lipoprotein-cholesterol, which are risk factors for 

cardiovascular disease (Dewailly et al., 2001). 

The consumption of various marine oils led to changes in platelet membranes that are 

favourably antithrombic (Vognild et al., 1998; Charnock, 1999).  It is possible that 

constituents other than EPA in fish may also contribute to the anti-thrombotic effect of fish 

consumption (Kromhout et al., 1985).  Although n-3 fatty acids alone will not eradicate 

artherosclerosis, it is increasingly evident that dietary fish oil supplementation may help to 

prevent atherosclerosis or its thrombotic complications (Simopoulos, 1991). 

 

Cancer 

N-3 PUFA also play an important role in cancer management.  A positive relationship 

between a high intake of mainly SFA and cancer has been established through experimental 

and human epidemiological studies as was reviewed by Field (2003).  The latter proved an 

inverse relationship between n-3 fatty acid intake and cancer prevalence (Hughes, 1995).  

Experimental studies, therefore, seem to indicate the definite benefit of consuming n-3 fatty 

acids with regard to cancer management (The British Nutrition Foundation, 1992).  While an 

increase in the consumption of SFA and n-6 PUFA has led to an increase in tumour growth 

(The British Nutrition Foundation, 1992), a reduction in the n-6:n-3 ratio by increasing the 
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intake of n-3 fatty acids in animal models, inhibited the growth and metastasis of rodent 

tumors as was reviewed by Field (2003).  Simopoulos (1991) mentioned that studies on 

tumour models of animals consistently proved that n-3 fatty acid intake not only delayed 

tumour appearance but also decreased the growth rate, size, and number of tumors. 

The ingestion of both EPA and DHA will inhibit the growth of breast and colon cancer 

cells in vitro and in explants as was mentioned by Field (2003).  The growth rate of human 

mammary carcinoma was significantly depressed in mice fed fish oil relative to a corn oil-fed 

control group.  This resulted in a mean tumour weight of less than half of that found in the 

control group.  The tumors of the fish oil-fed animals were also more sensitive to two anti-

neoplastic agents than those of the control animals (Borgeson et al., 1989). 

Cancer risk may be defined by the n-6:n-3 ratio of the diet rather than the absolute 

intakes of these PUFA.  Most cancer agencies do not as yet support the recommendation to 

decrease the n-6:n-3 ratio, although several studies according to Field (2003) agree with such 

recommendations.  A reduction in total fat intake, as well as a modification to the intake of n-

6 PUFA in favour of n-3 PUFA is generally advised as prudent (The British Nutrition 

Foundation, 1992). 

 

Conclusion 

 

Almost 30% of the energy in the diet of most people is contributed by fat.  Specific dietary 

fatty acids have many essential functions in the body affecting optimal growth and 

development, response to injury and overall health in a population.  It also has a marked effect 

on the development of cells in the brain and retina with resultant positive cognitive and visual 

function and it is evident that the intake of n-3 PUFA is essential.  The dietary fatty acid 

intake should receive special attention as the modern Western diet has led to a disturbed, too 

high ratio of n-6:n-3 fatty acid intake. On the basis of current knowledge, an increase in the 

consumption of long-chain n-3 fatty acids seems a prudent recommendation. 

One effective way to bolster n-3 fatty acid dietary intake is to increase fish 

consumption.  The fatty acid ratio of n-6:n-3 can be improved by the consumption of fish at 

least twice a week (Simopolous, 1997).  Among all edible oils and fats, oils from cold-water 

fish are unique in the sense that they are the only significant source of the LCPUFA (Rice, 

2003).  Fish and fish oils are specifically rich in EPA and DHA with up to 30% of the fatty 

acids in fish oil consisting of these fatty acids (Kaitaranta, 1992; Gunstone, 1996; Méndez & 

González, 1997). 
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CHAPTER 3 

 

DEVELOPMENT, MICROBIOLOGICAL CONTENT AND SENSORY ANALYSIS 

OF A SPREAD RICH IN N-3 FATTY ACIDS1 

 

Abstract 

 

To date hake (Merluccius capensis) heads, rich in eicosapentaenoic acid (EPA) and 

docosahexaenoic acid (DHA), are discarded at sea.  The South African Fisheries Policy 

Development Committee concerned with the environmental impact of this practice has 

rendered it illegal.  The aim of the current study was to develop a specially formulated 

sandwich spread that is microbiologically safe and sensory acceptable using a fish flour 

manufactured from hake heads as main ingredient.  The microbiological content of the 

sandwich spread was determined after storage for 20 d at 5°C and 15 d at 25°C, using 5 

different selective media.  Sensory evaluation was performed by juvenile consumers (n = 95; 

M:F = 44:51; 6 - 9 yr).  According to South African Government health standards, the 

sandwich spread remained microbiologically safe.  No adverse taste or textural changes were 

observed although a slight fishy note was detected after storage for 15 d.  Responses of male 

and female subjects revealed a significant difference in the preferences of the genders for the 

different flavours used for the sandwich spread.  In conclusion, a microbiologically safe and 

sensory acceptable sandwich spread could be produced to provide a healthier option in a 

school nutrition programme. 

 

Introduction 

 
Under-nutrition is an epidemic that each year causes thousands of deaths worldwide.  The 

deaths caused by nutritional deficiencies in 1998, were 1% of the total global mortality with 

95% of these occurring in developing countries (Jones, 1998).  It is estimated that 2.3 million 

people in South Africa are in need of nutritional assistance (Naidoo et al., 1992).  A study on 

primary school children in the rural areas of Lebowa, South Africa, showed a high prevalence 

of under-nutrition, particularly associated with a low energy intake and an imbalance of 

dietary n-6 to n-3 fatty acid intake (Tichelaar et al., 1994).  These authors state that diets of 

children who are at risk of under-nutrition may have a deficiency of n-3 fatty acids. 

                                                 
1This article was accepted for publication in Food Research International and is currently in press 
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The n-3 fatty acids play an essential role in normal growth and development due to 

their involvement in numerous cellular processes (Tichelaar, 1993; Carlson & Neuringer, 

1999; Das, 2003).  These fatty acids also participate in reducing the risk of contracting and 

treating various diseases (Bjerve et al., 1988; Das, 1988; Simopoulos, 1991).  In their review 

of the literature, Horrocks and Yeo (1999) concluded that DHA in the diet was effective in 

improving learning ability, development of the brain, eye function and recovery from certain 

visual dysfunctions, as well as having a positive effect on diseases such as hypertension, 

arthritis, atherosclerosis, depression, diabetes mellitus, myocardial infarction, thrombosis, 

heart disease and some cancers.  It has also been used to treat or prevent senile dementia. 

A deficiency of n-3 fatty acids (relative to n-6 fatty acids) can be associated with poor 

growth and development of children with a high prevalence of under-nutrition (Steyn et al., 

1995), as is the case in South Africa.  The inclusion of a nutritious fish flour in the diets of 

these undernourished children may provide a possible solution to two major problems in 

South Africa, the first being the problem of discarding unwanted fish heads at sea, and the 

second problem that of under-nutrition amongst school children mainly from low socio-

economic communities.  This can become a reality by utilising a nutritious spread to replace 

the peanut butter and jam in the current School Nutrition Programme.  The latter provides 

3,8 million children, 50% being primary school children, with a nutritious snack during 

school hours (Saayman, 1999). 

Many people in South Africa depend on the fishing industry for their livelihood.  This 

industry is, therefore, both of economical and nutritional importance to the population.  Due 

to the restricted allowable catch and unlikely increase thereof in the future, there is a need to 

capitalise on this restrictive quota (Timme, 2004).  Raw material such as fish heads is 

currently regarded as waste, or used as bait or in fishmeal production for animal feed, 

products yielding very little profit.  The most economical measure for fishing companies is to 

discard of fish-waste by throwing it overboard (Montero & Borderias, 1991). 

Minnaar (2001) motivated the utilisation of hake heads in the production of a food 

product.  This would provide a solution to the illegal practice of discarding the fish heads at 

sea in order to increase the cold storage space on trawlers for higher valued cuts, such as fish 

fillets (Clucas, 1996; Fisheries Policy Development Committee, 1996).  Although hake is 

classified as a lean fish species (Dassow & Beardsley, 1974; Huss, 1988), fat deposits 

containing fatty acids are present in hake heads (Huss, 1988) and could therefore be a 

potential source of n-3 fatty acids in the diet.  This unexploited source of n-3 fatty acids may 

assist in improving the n-3 fatty acids status of specifically South African children. 
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The aim of the current study was to develop a specially formulated sandwich spread 

that was microbiologically safe and sensory acceptable using a stable fish flour manufactured 

from hake heads by controlled processing, whilst retaining EPA and DHA.  Specific 

objectives were to: (a) determine the microbiological content and safety of the spread; 

(b) perform sensory testing of the taste, texture and spreading ability of the spread, using an 

untrained panel; and (c) determine the sensory acceptability of the five different flavours 

individually incorporated into the sandwich spread, by a juvenile consumer panel. 

 

Materials and methods 

 

Development of the specially formulated sandwich spread  

Learners taking part in the School Nutrition Programme in Calvinia, South Africa, 

receive presently two sandwiches consisting of two slices of bread, spread with jam and 

peanut butter, per school day. The motivation for the development of a alternative sandwich 

spread in the current study was to possibly provide the learners with a healthier option than 

the ration currently provided during the School Nutrition Programme.  This sandwich spread 

was, however, not yet intended for commercial use but was developed for use in a future 

intervention trial (Chapters 4 and 5 of this dissertation). 

A sandwich spread, containing a fish flour fit for human consumption, acting as a 

vehicle for n-3 long chain polyunsaturated fatty acids (LCPUFA) was developed.  Five 

different savoury flavours were individually incorporated into the spread.  The carrier 

substance for the fish flour was Carotino fat (41.6% (m.m-1); Carotino SDN BHD, Malaysia), 

manufactured from red palm oil with a resultant orange-red colour indicative of its high 

antioxidant content of ß-carotene (3000 retinol equivalents (RE).100 g-1), other carotenoids 

(1833 RE.100 g-1), �-tocopherols (15 �-tocopherol equivalents (TE).100 g-1) and tocotrienols 

(10.5 � TE. 100 g-1). 

The fish flour (42% m.m-1); developed and produced by Melnyczuk R & D, Food 

Division, Stellenbosch, South Africa, and CSIR (Bio/Chemtek), Cape Town, South Africa 

was added to Carotino fat together with nature-identical, fat-soluble flavourants (Sensient 

Flavours, UK; supplied by In Essence, Constantia, South Africa) to alter the flavour profile of 

the sandwich spread (Table 1).  The respective flavours were: curry (0.10 - 0.20% (m.m-1), 

Curry Oleoresin C2361); smoke (0.09 - 0.18% (m.m-1), Smokez Oil M); tomato (2% (m.m-1), 

Tomato Powder, MSG free); chicken (0.01 – 0.05% (m.m-1), Chicken Topnote F12970) and 

ketchup (0.05 - 0.10% (m.m-1), Ketchup F18097/D).  These respective flavours were 

individually incorporated into the spread to prevent sample fatigue during consumption, as  



 

 

46 

Table 1.  Composition of the specially formulated sandwich spread. 

 
Raw materials Formula for sandwich spread 

 g % 
Carotino fat 10.40 41.60 
Canola oil1 3.50 14.00 
Lecithin 0.15 0.60 
Flavourant2 ca. 0.02 ca. 0.10 
Sugar syrup 0.20 0.80 
Fish flour 10.50 42.00 
Citric acid (saturated solution) 3 0.10 0.60 
Ascorbic acid (saturated solution)4 0.10 0.40 
TOTAL 25.00 100.00 
 

1Canola oil (Epic) used for sandwich spread;  
2Curry (0.1 - 0.20% (m.m-1); Curry Oleoresin C2361); smoke (0.09 - 0.18% (m.m-1); Smokez Oil M); tomato 
(2% (m.m-1); Tomato Powder, MSG free); chicken (0.01 - 0.05% (m.m-1); Chicken Topnote F12970); ketchup 
(0.05 - 0.10% (m.m-1); Ketchup F18097/D).  

31630 g.l-1 at 20°C. 
4330 g.l-1 at 24°C. 
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well as to disguise the natural fishy note present in the fish flour.  The remaining ingredients 

included lecithin  (0.60% (m.m-1); LECSAM N, Crown National, Gauteng, South Africa), 

citric and ascorbic acid (0.60% (m.m-1) and 0.40% (m.m-1), respectively; Merck NT-

Laboratories, Cape Town, South Africa), and sugar syrup (0.80% (m.m-1); Puratex, Huletts, 

Cape Town, South Africa).  During production of the spread the fat-soluble raw materials 

were blended before addition of the fish flour. 

Over a period (4 - 5 mo) continuous sensory trials to determine the sensory 

acceptability of the spread, as well as to determine the optimum acceptability levels of each 

raw material were performed by researchers (n = 4) at the Nutritional Intervention Research 

Unit (NIRU), at the Medical Research Council, South Africa. 

 

Microbiological content 

After production of the sandwich spread 50 g samples were packed in sterilised glass 

containers and stored for 20 d at 5°C and 15 d at 25°C, respectively.  The microbiological 

content of the spread determined over the 20 d period was sampled on d 0, 10, 15 and 20.  The 

samples stored for 15 d at 25°C were only sampled on d 15.  The growth media used for the 

microbiological enumeration of the different micro-organisms were: Plate Count Agar (PCA); 

Salmonella-Shigella Agar; Violet Red Bile Lactose Agar (VRBL); Vibrio Selective (TCBS) 

Agar; Baird-Parker Agar Base (BP agar).  Colonies thought to be typical on Salmonella-

Shigella Agar, Vibrio Selective Agar and Baird-Parker Agar were further identified using API 

20 E (API system, South Africa, La Balme le Grottes, 38390, Montalieu Vercieu, France). 

Samples of 10 g and 20 g were aseptically removed and a dilution series (10-1 – 10-6) 

was prepared in physiological salt solutions (0.85% (m.v-1) NaCl) and vortexed for 60 s.  The 

dilutions for each medium were plated in duplicate and control plates were poured for each 

medium.  The plates were incubated for 24 h and 48 h at 37°C. 

 

Water activity 

Water activity (aw) of samples of the sandwich spread was measured at 25°C using a 

hygrometer (Thermoconstanter Humidat TH-2, Novasina AW SPRINT, Evc-26 filter). 

 

Sensory evaluation 

 

Sensory testing to determine the optimal storage time for the sandwich spread 

Sufficient quantities of the sandwich spread (ca. 50 g) were manufactured on d 1, 5, 

10, 15 and 20, respectively, and immediately packaged in airtight glass containers and stored 
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at 5°C until sensory testing of all the stored samples was performed on d 20.  The model of 

Gacula (Gacula, 1975) was implemented in structuring this design for sensory testing.  After 

storage all samples were simultaneously presented to an untrained group comprising of 

researchers and academic staff (n = 8). With the aid of the principal researcher these panel 

members were guided in the testing of the taste, texture and spreading ability of the spread by 

means of a discussion session.  This testing session was performed towards the final product 

development stage with the main intention to establish the stability of the sandwich spread 

during storage at 5°C. 

 

Precursor study for juvenile consumer sensory evaluation 

During a precursor study the procedure for sensory evaluation of the sandwich spread 

and the score sheet was standardised (Lawless & Heymann, 1998).  This precursor study was 

performed at a primary school in Stellenbosch, South Africa, after consent was obtained from 

the headmaster.  Children (6 – 9 yr) were used for the consumer panel.  As suggested by Kroll 

(1990) who noted that children are able to discriminate in the degree of liking, a ordinal scale 

(Smiley scale) was compiled.  Kimmel et al., (1994) and Chen et al., (1996) are in agreement 

that children as young as 3 years of age are able to express their degree of liking of food 

samples using hedonic scales with verbal anchors.  In the current study each point on the 5-

point ordinal scale was assigned a value ranging from 5 (very nice) to 1 (very bad) (Lickert, 

1932; Appendix A).  The following verbal anchors were used: ‘very bad’, ‘bad’, ‘uncertain’, 

‘nice’ and ‘very nice’, respectively.  Keeping in mind the learners’ limited verbal skills and 

the Afrikaans language being their mother tongue, special care was taken in phrasing these 

verbal anchors in Afrikaans to ensure clear understanding on their behalf. 

Ten learners were randomly selected from Grades 1 and 2 to act as panel members and 

to determine their preferences for the respective flavour profiles used for the spread intended 

for the main consumer sensory study (Guinard, 2000).  On arrival at the test venue, the score 

sheet and the method of evaluation were explained to the group as recommended by Birch and 

Sullivan (1991). 

 

Juvenile consumer sensory evaluation 

Approval for the main study was granted by the Ethics Committee, Medical Research 

Council, South Africa.  Parents of participating learners gave written informed consent 

(Guinard, 2000) while the learners gave assent.  As recommended by several researchers, a 

juvenile consumer panel (n = 95; M:F = 44:51; 6 – 9 yr) was randomly selected from the 
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Grade 1 and 2 learners from a primary school in the Northern Cape, South Africa (Lawless & 

Heymann, 1998; Carpenter et al., 2000; Guinard, 2000). 

Sandwiches (2 slices of bread without crusts) were spread with one of the five 

flavoured spreads (Table 1) per sandwich.  The sandwiches were then cut into square (ca. 3.5 

x 3.5 cm) samples as for the precursor study (Moskowitz, 1994) with each sandwich (two 

slices) containing 25 g of a respective flavoured spread.  A classroom familiar to the panel 

members, and previously used as the reading room of the school, was chosen as the venue for 

sensory analysis so as to maximise their attention span (Guinard, 2000). 

The researcher met four subjects at the entrance to the testing area and conversed in a 

friendly mode to establish rapport and relieve possible tension.  Kroll (1990) and Guinard 

(2000) noted that throughout the process of sensory evaluation children require special 

handling and that attention should be paid to gaining confidence, providing motivation and 

expressing tasks in a language understandable to children.  The researcher should adopt the 

appropriate tone, body language and expressions or movements. 

Interviewing was conducted two-on-one with two panel members simultaneously 

assigned to each of the researcher and trained assistant.  Children aged 5 - 7 yr are either 

preliterate or may have rudimentary reading skills, thus requiring personal interviews (Kroll, 

1990; Guinard, 2000).  Four respondents could thus execute the procedure concurrently. 

The panel members were seated two per table in a back-to-back position.  The 

researcher and assistant positioned themselves between each of the two panel members 

assigned to them, preventing any eye contact and/or verbal communication.  The procedure of 

the testing was explained and the score sheet elucidated in detail. 

The panel members were instructed to taste the five samples one by one as they were 

randomly placed on a white paper with markings for the placement of each sample.  The 

coded samples were evaluated from top to bottom.  There was no restriction on re-checking 

the samples and an apple was provided for cleansing of the palate between sampling in order 

to reduce the overlap of the different flavours.  The panel members were also allowed to point 

to the relevant Smiley face or they could whisper their response to the researcher/assistant 

after which the specific score for a sample was recorded on the score sheet by the 

researcher/assistant.  The panel members were rewarded with candy after completion of the 

sensory session. 

 

Statistical analyses 

Data for the sensory analyses were analysed using a one-way analysis of variance 

(ANOVA) using Statistica 6 (version 6.1.409). The residuals were not normally distributed 
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and non-parametric tests had to be applied.  As a result the Kruskal-Wallis and Mann-

Whitney U Tests were performed and significant differences were sought in the responses of 

both sexes to the different flavours.  A similar analysis was done on male and female 

respondents separately.  A p-value of <0.05 was regarded as significantly different. 

 

Results and discussion 

 

Development of the specially formulated sandwich spread 

The resultant sandwich spread had a brownish colour and smooth texture.  The 

inclusion of the lecithin and canola oil to the formula contributed to its spreading ability at 

room temperature.  The inclusion of the nature-identical, fat-soluble flavourants to mask the 

natural fishy note rendered the latter barely discernible.  The sugar syrup also contributed to 

the enhancement of the flavour profile.  Carotino fat used as the carrier ingredient had a high 

ß-carotene content that should act as a powerful antioxidant preserving the n-3 LCPUFA in 

the sandwich spread.  The citric and ascorbic acid were not only included to enhance the 

flavour profile of the sandwich spread, but also to act as preservatives possibly assisting in the 

retention of the fatty acids. 

Proximate analysis, as well as determination of the mineral and fatty acid (FA) content 

of the fish flour (inclusive of 4% (m.m-1) hake liver) revealed the nutritional benefit of this 

product (Timme, 2002; Table 1 in Chapter 2 of this dissertation). The fish flour not only 

provides EPA and DHA but also protein and micronutrients.  The mean and standard 

deviation of the different nutrients for the samples (pre-study values; n = 6) were as follows: 

EPA (2.66 mg.g-1 ± 0.72); DHA (7.44 mg.g-1 ± 0.91) and protein (63.6 g.100g-1 ± 0.60) 

(Timme, 2002).  Due to the inclusion of Carotino fat and fish flour, the resultant sandwich 

spread (25 g) not only provides EPA (82.16 mg.d-1) and DHA (191.66 mg.d-1) but also total 

fat (14.95 g.d-1), protein (6.68 g.d-1) and approximately 8% (684 kJ) of the total energy needs 

of a child per day and could be considered a functional food (Table 2). 

 

Microbiological content 

The microbiological evaluation of the sandwich spread after storage was based on the 

specifications for raw seawater food as set by the South African Department of Health 

(Government Gazette, 1997).  The microbial content of the sandwich spread stored for 20 d at 

5°C and 15 d at 25 °C, is summarised in Tables 3 and 4, respectively.  These times and 

temperatures were chosen for evaluation directly as a result of the findings of the sensory 

testing done by the group comprising of researchers and academic staff, due to the likelihood  
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Table 2. Energy, macronutrient, as well as n-3 fatty acid content of the specially formulated 
sandwich spread.  

 
Portion size Energy and Nutrients 

100 g 25 g* 

Energy (kJ) 
Carbohydrate (g) 
Protein (g) 
Fat 

Total fat (g) 
�-linolenic acid (ALA; mg) 
eicosapentaenoic acid (EPA; mg) 
docosahexaenoic acid (DHA; mg) 
n-6:n-3 Fatty acid ratio 

27381 
0.681 

26.712 
 

59.811 
1300.642 
328.642 
766.642 

 

6841 
0.171 
6.682 

 
14.951 

325.162 
82.162 

191.662 

2.56 
 

*Amount used to spread on sandwich (2 slices of bread) used for sensory evaluation 
1Calculated values (Kruger et al., 1992) 
2Values determined by analysis of spread (Timme, 2002) 
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of the spread being left at ambient temperatures for brief periods of time during production, 

transportation and spreading. 

An increase in the number of total aerobic viable colonies can be noticed from d 0 – 

d 10 (Table 3).  The decline in these colonies at d 15 and d 20 (Table 3) could possibly be 

ascribed to the decrease in nutrients available for sustained microbial growth.  In all the 

samples tested (Table 3), the total viable cell count (aerobic) was lower than the limit 

recommended by the South African Department of Health (Government Gazette, 1997). 

An average count for total viable cell count (aerobic) present in duplicate plates after 

storage for 15 d at 25°C on the other hand, could not be counted due to the presence of 

spreaders on the dilutions 10-1 - 10-2 (Table 3).  No colonies were observed on any of the other 

dilution plates due to a too low concentration of spreader. 

It is evident from Table 4 that no positive colonies of Salmonella spp., Shigella spp., 

Escherichiae coli Type 1, Vibrio cholerae, Vibrio parahaemolyticus or Staphylococcus 

aureus (coagulase positive) were observed on the selective media used.  The API 20E was 

done to confirm the identification of what appeared to be typical colonies on Salmonella-

Shigella Agar, Vibrio Selective (TCBS) Agar and Baird-Parker Agar, but these were all found 

to be negative. 

 

Water activity 

Most pathogens will not grow at aw values below 0.9, while dried foods are usually 

formulated, packaged and stored to maintain an aw value near to 0.3 (IFST, 1993).  Aw values 

obtained for two random samples of the sandwich spread were 0.39 and 0.40.  From these 

results it is evident that the sandwich spread has a safe aw range for the prevention of 

pathogenic growth.  No chemical, biochemical or physical changes can be expected in a 

product with an aw range of 0.39 – 0.40 (IFST, 1993). 

 

Sensory analysis 

 

Sensory testing to determine the optimal storage time for the sandwich spread  

Implementing the model of Gacula (1975) in the design of the sensory analysis of the 

sandwich spread towards the final stages of product development to determine the shelf 

stability thereof, proved to be advantageous.  The group consisting of researchers and 

academic staff evaluated the samples simultaneously after storage for 20 d (then stored for 

respectively 1, 5, 10, 15 and 20 d). 

 



  

Table 3.  Growth media used, specification guidelines and enumeration of viable cell count (aerobic) present in the specially formulated sandwich spread 
after storage for 20 d at 5°C and 15 d at 25°C. 

 
Enumeration for duplicate plates 

(20 d at 5°C) 
Enumeration for duplicate plates 

(15 d at 25°C) 
24h incubation 48h incubation 24h incubation 48h incubation 

 
Organism 
Tested 

 
Growth 
medium 
used 
 

 
Specification 
(Government 
Gazette, 1997) 

 
Time 

Variance 
(cfu.g-1) 

Average 
(cfu.g-1) 

Variance 
(cfu.g-1) 

Average 
(cfu.g-1) 

Variance 
(cfu.g-1) 

Average 
(cfu.g-1) 

Variance 
(cfu.g-1) 

Average 
(cfu.g-1) 

d 0  40 – 70 55 450 – 490 470 
d 10  1360 – 1480 1420 1460 – 1480 1470 
d 15 270 - 300 285 330 - 330 330 

Viablecell 
count 
(aerobic) 
 

Plate Count 
Agar 
(PCA) 

Less than 
1 x 105 cfu.g-1 
 

d 20  130 – 140 150 160 - 230 195 

n/d1              
n/d 

spreader 
n/d 

n/d 
n/d 
- 

n/d 

n/d 
n/d 

spreader 
n/d 

n/d 
n/d 
- 

n/d 
 

1n/d = not detected due to spreaders 
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Table 4.  Growth media used, specification guidelines and enumeration of other microbes tested for in the specially formulated sandwich spread after 

storage for 20 d at 5°C and 15 d at 25°C. 

 

Average observations1 
for duplicate plates 

20 d at 5°C 

Average observations 
for duplicate plates 

15 d at 25 °C 

Organism 
Tested 

Growth medium used 
 

Specification 
(Government Gazette, 1997) 

(24h & 48h incubation) (24h & 48h incubation) 

 
Salmonella spp. 
 
Shigella spp. 
 
Escherichiae coli Type 1 
 
Vibrio cholerae and  
Vibrio parahaemolyticus 
 
Staphylococcus aureus 
(coagulase positive) 

 
Salmonella-Shigella Agar (SS agar) 
 
Salmonella-Shigella Agar (SS agar) 
 
Violet Red Bile Lactose (VRBL) Agar 
 
Vibrio Selective (TCBS) Agar 
 
 
Baird-Parker Agar Base (BP agar) 

 
No Salmonella spp. in 20g 
 
No Shigella spp. in 20g 
 
No E. coli Type 1 in 20g 
 
No V. cholerae or 
V. parahaemolyticus in 20g 
 
No S. aureus (coagulase positive) in 20g 

 
no typical colonies 
 
no typical colonies 
 
no typical colonies 
 
no typical colonies 
 
 
no typical colonies 

 
no typical colonies 
 
no typical colonies 
 
no typical colonies 
 
no typical colonies 
 
 
no typical colonies 
 

 
1Confirmed using API 20E 
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Evaluation of the samples by the group of researchers unanimously revealed no 

textural changes and no changes in spreading ability.  Although the sandwich spread was 

flavoured to mask the fishy note, all group members detected a slight fishy note after 15 d of 

storage of the product. The fishy note became slightly more pronounced with an increase in 

storage time, but was by no means offensive.  This increase in fishy note may possibly be 

ascribed to the volatile degradation product of amino acids, trimethylamine. 

 

Precursor study for juvenile consumer sensory analysis 

From the precursor study it was evident that the panel members comprehended the 

score sheet and were able to perform a reliable response with the researcher as mediator.  It 

was also clear that it was viable to assist two panel members simultaneously when performing 

the sensory test, provided that interaction of the panel members with one another was 

prohibited. 

The precursor study further revealed that the panel members could discriminate 

between the respective savoury flavours used to mask the fishy note in the developed spread.  

The flavours were acceptable to the subjects with the exception of two male respondents 

disliking the curry flavour.  All flavours tested were thus approved for inclusion in the final 

product. 

 

Juvenile consumer sensory analysis 

Kroll (1990) does not support the use of shorter Hedonic scales (<7) and postulates 

that longer scales can be more discriminating and produce more reliable results.  The use of 

shorter hedonic scales, however, is supported by the findings of Kimmel et al. (1994) and 

Chen et al. (1996).  The possibility existed that the panel members, randomly selected for the 

current study, would lack the ability to discriminate between more verbal anchors as are used 

in 7-point ordinal or 9-point hedonic scales.  This hampering effect could be attributed to their 

age, limited vocabulary and especially their low socio-economic background.  It was clear, 

however, that the panel members had a good understanding of the specially developed 5-point 

ordinal scale (Smiley scale) and were capable of indicating their preference by selecting the 

appropriate ordinal rating (Lickert, 1932).  The descriptive anchors used with each Smiley 

face included terms known and frequently used by the participating learners and were in 

advance verified by teachers of the school. 

Statistical analysis was performed on all male and female respondents of the juvenile 

consumer panel.  A comparison of the responses for gender revealed a significant difference 

(Mann-Whitney U Test: p = 0.014; Pearson Chi-square: p = 0.037; M-L Chi-square: 
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p = 0.031) between the gender’s preferences for the different flavours (smoke, tomato, 

ketchup, chutney and curry) of the spread (Tables 5, 6, and 7).  Male respondents showed a 

higher preference for these flavours than females (Fig. 1).  The non-parametric Kruskal-

Wallis test showed no significant differences in the preference for the different flavours for 

both sexes, analysed together (p = 0.499), or for the males (p = 0.677) or the females 

(p = 0.753) analysed separately (Table 8).  Although not significant, it was clear that the 

tomato flavour was the least acceptable while the ketchup flavour was the preferred flavour 

(Table 8). 

From the above discussion it is thus clear that the flavours used for the sandwich 

spread are acceptable to the children and that the spread can successfully be introduced into a 

school nutrition programme where sandwiches are provided.  It can, however, be 

recommended that the spreading ability of the sandwich spread could be adapted for colder 

climates as the high Carotino fat content renders the spread rather difficult to spread in colder 

conditions (<5°C).  Other savoury flavours could also be experimented with.  During up 

scaling of the formula for industrial use, great care should be taken with masking the fishy 

note and therefore the addition of flavouring agents.  The latter are added in small quantities 

and exceeding the taste threshold of the specific population can be costly. 

Although the sandwich spread was developed and produced as possible replacement of 

a spread in the existing School Nutrition Programme, compliance with a strict budget was 

necessary.  Only 15 - 20 cents per learner per day was allowed to comply with the present fee 

structure implemented in the South African School Nutrition Programme.  With 

commercialisation the sandwich spread would have to be produced within financial 

parameters to meet the funding requirements of the South African School Nutrition 

Programme. 

 

Conclusions 

 

The current study showed the possibility of developing a sandwich spread containing fish 

flour and using five respective savoury flavours to mask the fishy note, successfully.  The 

spread is a microbiologically safe and sensory acceptable product serving as a good source of 

the n-3 LCPUFA, EPA and DHA.  It was possible to manufacture the sandwich spread as an 

alternative option in the existing School Nutrition Programme. 

The formulated sandwich spread was found to be microbiologically safe after the 

storage periods of 20 d at 5°C and 15 d at 25°C.  There were less than 1,000 spores and/or 

cells present since no growth was observed on the 10-3 dilution plates.  The total viable cell  
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Table 5.  Breakdown (means ± SD) of score per gender for sensory analysis. 
 

 
 
 
 
 
 
 
 
 

Table 6.  Breakdown (means ± SD) of scores for males per sample for sensory analysis. 
 

 
 
 
 
 
 
 
 
Table 7.  Breakdown (means ± SD) of scores for females per sample for sensory analysis. 
 
Sample n Score 
Chicken flavour 
Tomato flavour 
Smoke flavour 
Ketchup flavour 
Curry flavour 
All groups 

51 
53 
51 
51 
53 

259 

3.725 ± 1.358 
3.698 ± 1.119 
3.902 ± 1.153 
3.902 ± 1.188 
3.755 ± 1.239 
3.795 ± 1.207 

 

 
 
 
 
 
 
 
 
 
 

 

 

Gender n Score 
Male 
Female 
All groups 

220 
259 
479 

4.095 ± 0.982 
3.795 ± 1.207 
3.933 ± 1.118 

Sample n Score 
Chicken flavour 

Tomato flavour 

Smoke flavour 

Ketchup flavour 

Curry flavour 

All groups 

44 
44 
44 
44 
44 

220 

4.114 ± 0.970 
3.886 ± 1.083 
4.114 ± 1.039 
4.136 ± 0.930 
4.227 ± 0.886 
4.095 ± 0.982 
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 Mean  
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Figure 1.  Categorise Box and Whisker Plot of means per gender for sensory analysis done by 

the Juvenile Consumer panel. 
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Table 8.  Sensory preferences for the flavours of the sandwich spread given in a summary 
table of Kruskal-Wallis ANOVA by ranks for both sexes, as well as for females 
and males separately. 

 
Sex Dependent score 

(flavour) 
Valid 

n 
Sum of 
ranks 

p value1 Pearson Chi-
Square 
p value1 

Both sexes 
 
 
 
 
Females 
 
 
 
 
Males 
 
 
 
 

Smoke 
Tomato 
Ketchup 
Chutney 
Curry 
Smoke 
Tomato 
Ketchup 
Chutney 
Curry 
Smoke 
Tomato 
Ketchup 
Chutney 
Curry 

95 
97 
95 
95 
97 
51 
53 
51 
51 
53 
44 
44 
44 
44 
44 

23121.00 
21240.00 
23437.00 
23553.00 
23609.00 
6618.50 
6389.50 
6921.50 
6996.50 
6744.00 
5003.50 
4376.00 
4895.00 
4882.00 
5153.50 

0.499 
 
 
 
 

0.753 
 
 
 
 

0.677 

0.424 
 
 
 
 

0.689 
 
 
 
 

0.842 

 

1p values <0.05 were considered significant. 
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count (aerobic), as based on specifications for raw seawater food as set by the South African 

Department of Health (Government Gazette, 1997), was lower than the limit recommended.  

No positive colonies of Salmonella spp., Shigella spp., Escherichiae coli Type 1, Vibrio 

cholerae, Vibrio parahaemolyticus or Staphylococcus aureus (coagulase positive) were 

observed on the selective media used.  These results rendered the sandwich spread, containing 

fish flour, safe for human consumption, provided the storage times and temperatures tested, 

were adhered to. 

No adverse changes were found in the texture or spreading ability of the sandwich 

spread after storage, as evaluated by a group comprising of researchers and academic staff.  

Although a slight increase in the fishy note was detected after storage of 15 d, it did not 

unfavourably affect the product that was unanimously found acceptable by the group. 

Sensory analysis by a juvenile consumer panel clearly indicated that the five flavours 

(smoke, tomato, ketchup, chutney and curry) chosen for masking the fishy note in the 

sandwich spread were acceptable to both genders.  These flavours can therefore be used 

successfully during the production of a sandwich spread that could possibly replace the peanut 

butter and jam as an alternative spread in the current School Nutrition Programme. 

The formulated sandwich spread containing EPA and DHA, as well as other necessary 

nutrients, and its high energy value per serving (684 kJ.25 g-1; Table 2), could be considered a 

functional food.  The next research step recommended would be to evaluate the sandwich 

spread in a nutrition intervention trial in order to test the efficacy of this spread in improving 

the nutritional status of school children in South Africa. 
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APPENDIX A 

 
DATUM:……………………….. 

 

PANEELLID NO:……………… 

 

OPDRAG AAN FASILITEERDER: 

1. Verduidelik kortliks aan die kind wat die vyf gesiggies beteken; 

2. Bedien die broodjies wat u ontvang het aan die kind. Begin altyd met die linkerkantse broodjie en bedien dan elke volgende 

broodjie totdat u al 5 broodjies bedien het. 

3. Dui die kind se keuse vir ‘n spesifieke broodjie aan, deur ‘n kruis deur die toepaslike gesiggie te trek; 

4. Verseker asseblief dat die kodenommer op die vraelys met die kodenommer van die broodjie wat u ontvang het om te 

toets, ooreenstem !   

5. Verseker dat die kind ‘n stukkie appel eet voor elke broodjie. 

 

 

         baie sleg                      sleg                 onseker              lekker              baie lekker 

 

 

        baie sleg                 sleg                     onseker                 lekker         baie lekker 

 

 

     baie sleg sleg                    onseker                 lekker            baie lekker 

 

      baie sleg sleg                   onseker                   lekker           baie lekker 

 

         baie sleg                  sleg                  onseker                    lekker             baie lekker 

 

Figure 1.  Score Sheet for Consumer Sensory Evaluation 

KODE NO:……… 

KODE NO:……… 

KODE NO:……… 

KODE NO:……… 

KODE NO:……… 

OMEGA-STUDIE 
SENSORIESE EVALUERING 



  

 
 
 
 
 
 
 
 
 
 

Chapter  4 
 
 

 
 
 
 
 
 
 
 

EFFECT OF MARINE-DERIVED N-3 
POLYUNSATURATED FATTY ACIDS ON 

PLASMA AND RED BLOOD CELL MEMBRANE 
FATTY ACID COMPOSITION AND 

ABSENTEEISM IN SCHOOL CHILDREN (6 – 9 
YEARS): A RANDOMISED CONTROLLED 

TRIAL 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

66 

CHAPTER 4 

 

EFFECT OF MARINE-DERIVED N-3 POLYUNSATURATED FATTY ACIDS ON 

PLASMA AND RED BLOOD CELL MEMBRANE FATTY ACID COMPOSITION 

AND ABSENTEEISM IN SCHOOL CHILDREN (6 - 9 YEARS): A RANDOMISED 

CONTROLLED TRIAL 

 

Abstract 

 

Long-chain polyunsaturated fatty acids (LCPUFA), especially the n-3 LCPUFA 

eicosapentaenoic acid (20:5n-3; EPA) and docosahexaenoic acid (22:6n-3; DHA) play an 

important role as regulators in many biological processes.  These fatty acids predominantly 

originate from aquatic sources and are important in the maintenance of health and in disease 

prevention.  Hake heads are an unexploited source of n-3 fatty acids and have the potential to 

be used for human consumption in a product relevant to the alleviation of under-nutrition and 

poor health.  The high prevalence of under-nutrition amongst children in South Africa can be 

addressed by the supplementation of their diet with this unexploited fish source, naturally rich 

in n-3 fatty acids.  The aim of this intervention trial was to compare the effects of increased 

dietary intakes of n-3 fatty acids, especially EPA and DHA derived from a fish flour, on the 

blood fatty acid composition and absenteeism from school (as an indicator of immune 

function) of children (6 - 9 yr) from a low socio-economic community from the Northern 

Cape, South Africa.  Subjects (n = 351; of mixed ancestry: African-European-Malay) were 

randomly assigned to two treatment categories with the experimental group (EG) receiving 

25 g of a specially formulated experimental spread per day containing n-3 fatty acids (DHA: 

191.66 mg. d-1) and the control group (CG) receiving the same quantity of an analogous 

placebo spread.  Each learner received two slices of bread (ca. 60 g) with spread (either the 

experimental or placebo spreads) on school days (104 d).  Blood samples were taken to 

determine the plasma phosphatidylcholine (PC) and red blood cell (RBC) membrane PC and 

phosphatidylethanolamine (PE) fatty acid status at baseline and post intervention.  

Haemoglobin, serum ferritin and serum retinol levels, as well as anthropometric indices were 

measured at baseline and post intervention.  A significant intervention effect was found in the 

qualitative fatty acid composition of plasma phosphatidylcholine (PC) in EG for �-linolenic 

acid (18:3n-3; ALA) (mean difference 0.10 (log % m.m-1) (95% CI: 0.02 to 0.17; 

p = 0.0179)), EPA (mean difference 0.38 (log % m.m-1) (95% CI: 0.28 to 0.47; p <0.0001)), 

DHA (mean difference 1.40 (% m.m-1) (95% CI: 1.15 to 1.65; p <0.0001)) and arachidonic 
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acid (20:4n-6; AA) (mean difference -0.80 (% m.m-1) (95% CI: -1.12 to -0.47; p <0.0001)).  

The quantitative fatty acid composition of plasma PC composition reflected the same 

intervention effect.  A significant intervention effect was also found in RBC membrane PC 

fatty acid composition for ALA (mean difference 0.18 (log % m.m-1) (95% CI: 0.08 to 0.28; p 

= 0.0005)), EPA (mean difference 0.12 (root squared transformed % m.m-1) (95% CI: 0.10 to 

0.15; p <0.0001)) and DHA (mean difference 0.29 (log % m.m-1) (95% CI: 0.24 to 0.34; 

p <0.0001)).  In this fraction, a significant intervention effect also was found for AA (mean 

difference -0.10 (log % m.m-1) (95% CI: -0.14 to -0.06; p <0.0001)).  Children from the EG 

were significantly less days absent from school due to respiratory illness (p = 0.004; actual 

days/100 subjects: CG = 84 d; EG = 40 d; prevalence CG = 28%; EG = 14%;).  Subjects 

absent from school due to any illness also showed a significant difference between the groups 

(p = 0.040; prevalence CG = 32%; EG = 21%) with the cumulative days/100 subjects being: 

CG = 95 d and EG = 58 d.  A significant difference was found between the subjects in the 

groups for absence from school due to any reason (p = 0.023; prevalence CG = 37%; EG = 

25%; total number of days/100 subjects: CG = 133; EG = 86).  The current study concluded 

that supplementation of the diet of children (6 - 9 yr) from a low socio-economic community 

with a n-3 LCPUFA, with specific reference to preformed DHA embedded in a natural 

matrix, improved their n-3 fatty acid status and reduced absenteeism from school 

significantly. 

 

Introduction 

 

The essential fatty acids (EFA), �-linolenic acid (18:3n-3; ALA) and linoleic acid (18:2n-6; 

LA), are defined as those fatty acids required for normal growth and physiological integrity 

and cannot be synthesised de novo by animals and humans (The British Nutrition Foundation, 

1992; Tichelaar et al., 1994; Johnston, 1997; Tichelaar & Smuts, 2000; Hornstra, 2000; Rice, 

2003). These species may lack the capacity to synthesise the essential long-chain 

polyunsaturated fatty acids (LCPUFA) respectively from the n-6 and n-3 parent fatty acids of 

fatty acid classes in adequate amounts and these could be classified as conditionally essential 

(Connor, 2000; Shireman, 2003).  It is especially the n-3 LCPUFA, eicosapentaenoic acid 

(20:5n-3; EPA) and docosahexaenoic acid (22:6n-3; DHA), that play an important role as 

regulators in many biological processes important in the maintenance of health and in disease 

prevention (Simopoulos et al., 1991; Field, 2003) and these should, therefore, be ingested by 

humans and animals (Tichelaar et al., 1994; Simopoulos, 1997; Simopoulos, 1999; Field, 

2003).  The biologically active fatty acids synthesised from EFA, are the precursors of the 



 

 

68 

eicosanoids, which are hormone-like substances that help to regulate blood pressure, heart 

rate, vascular dilation, blood clotting, lipolysis and immune response (Krummel, 1996).  

According to Calder (2001a), feeding humans and animals with increased amounts of fish oil 

resulted in decreased arachidonic acid (20:4n-6; AA) concentrations in the membrane cells 

involved in inflammation and immunity with a decreased capacity of immune cells to 

synthesise eicosanoids from AA.  EPA, on the other hand, is able to act as a substrate for both 

cyclooxygenase and 5-lipoxygenase, and by doing so, it gives rise to derivatives that have a 

different structure to those produced from AA resulting in an elevation in the production of 

EPA-derived eicosanoids (Calder, 2001a).  Amongst the n-3 polyunsaturated fatty acids 

(PUFA) that possess the most immunomodulatory activities, EPA and DHA from fish oil are 

more biologically potent than ALA (Calder, 2001a).  AA and DHA are also important 

structural components of all cell membranes (Neuringer & Connor, 1986). 

Dietary ALA is important in that it is the precursor of the LCPUFA, EPA and DHA 

(Connor, 2000; Shireman, 2003).  ALA is the predominant terrestrial n-3 fatty acid found in 

green leafy vegetables, flaxseed, rapeseed and walnuts (Simopoulos, 1999; Tichelaar & 

Smuts, 2000), while its long-chain metabolic products EPA and DHA are predominantly from 

aquatic sources (Simopolous, 1997).  Although hake is classified as a lean fish species 

(Dassow & Beardsley, 1974; Huss, 1988) with a fat content of between 0.30 - 2.4% (Kruger 

et al., 1992), fat deposits are present in the hake heads (Huss, 1988).  Fish heads also provide 

protein with a high biological value derived from the flesh, and minerals in the bone and 

cartilage (Fawzya et al., 1996) and EFA in the neural tissue (Colgan, 1994).  Using fish heads 

rather than defatted flesh adds extra value in the form of microelements such as the n-3 fatty 

acids, bone building materials (calcium and phosphorus), and mucopolysaccharides 

(chondroitin sulphate and hyaluronic acid) (Timme, 2004).  Hake heads are an unexploited 

source of n-3 fatty acids for human consumption.  With the mentioned nutritional benefits it 

has the potential to contribute towards the alleviation of under-nutrition in a developing 

country like South Africa (Timme, 2004). 

The high prevalence of under-nutrition particularly associated with a low energy 

intake and an imbalance of dietary n-6 to n-3 fatty acid intake, amongst children in South 

Africa (Tichelaar et al., 1994; The National Food Consumption Survey, 1999; Minnaar, 

2001), can be addressed by the inclusion or supplementation of their diet with fish or fish 

products, naturally rich in n-3 fatty acids.  Fish oil may contain up to 30% of EPA and DHA 

(Kaitaranta, 1992; Gunstone, 1996).  Individuals consuming large amounts of EPA and DHA, 

present in fish and fish oils, have increased levels of these two fatty acids in their plasma and 

tissue lipids at the expense of LA and AA.  Ingestion of increased amounts of these n-3 fatty 
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acids replaces the n-6 fatty acids in cell-membrane phospholipids (Simopoulos, 1997; 

Simopoulos et al., 1999).  In a study investigating the effect of fish intake on concentrations 

of serum EPA and DHA and its effects on serum lipids and lipoproteins, it was found that 

serum concentrations of EPA and DHA were much higher with a concurrent lower serum AA 

concentration, in the population consuming more fish than the control group.  In addition the 

EPA:AA ratio was twice as high for this group in comparison to the control group (Torres et 

al., 2000) who did not consume fish.  In a study done by Leigh-Firbank et al. (2002), fish-oil 

intervention resulted in a significant increase in the platelet phospholipid EPA and DHA 

content and a significant decrease was noticed in the AA and ALA concentrations. 

Raw material such as fish heads is currently regarded as waste, bait or used in 

fishmeal production for animal feed, products that yield very little profit (Montero & 

Borderias, 1991).  The Fish Waste Utilisation Programme was a project that supported the 

trend towards total utilisation of raw material by finding ways for utilising hake heads 

effectively as, unprocessed, these heads are not of substantial monetary worth.  If value can be 

added to the hake heads by using them as raw material for the production of a fish flour to be 

used as such or incorporated into other food products, fishermen may be motivated to obey 

legislation and bring hake heads ashore.  The utilisation of hake heads in the production of a 

food product to be used as a nutrition supplement would provide a solution to the illegal 

practice of discarding the fish heads at sea in order to increase the cold storage space (Clucas, 

1996; Fisheries Policy Development Committee, 1996).  A fish flour produced from hake 

heads and fit for human consumption was thus incorporated into a specially formulated 

experimental spread (Chapter 3 of this dissertation), which was used as a supplementation 

vehicle during the intervention trial. 

The aim of the study reported in this Chapter, was to compare the effects of increased 

dietary intakes of n-3 fatty acids, especially EPA and DHA derived from a fish flour, on the 

blood fatty acid composition and absenteeism from school (as an indicator of immune 

function) of children (6 - 9 yr) from a low socio-economic community from the Northern 

Cape, South Africa.  The overall aim of this dissertation also included an investigation into 

the effect of the formulated experimental spread on cognition of the mentioned children, as is 

reported in Chapter 5 of this dissertation. 

 

Materials and methods 

 

Design and study population 
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The intervention study was a randomised, placebo-controlled, single-blind trial (Fig. 

1).  Much greater opportunity is offered by randomised controlled trials for the control of 

experimental variables when compared to observational studies.  This design furthermore 

affords the opportunity to avoid many of the potential confounders that complicate the 

interpretation of observational studies (McCann & Ames, 2005).  The study population 

consisted of Grades 1 and 2 children from a primary school in the Northern Cape Province, in 

Calvinia, ca. 400 km from Cape Town, South Africa.  All the children participated in the 

existing governmental School Nutrition Programme and were of of mixed ancestry (African-

European-Malay).  The Ethics Committee of the South African Medical Research Council 

granted approval for the study and permission to carry out the study in the school was 

obtained from the Northern Cape Department of Education, the Department of Health, as well 

as from the governing body and the headmaster of the school.  The parent or guardian of each 

participant also gave written informed consent for their participation in the study.  Each 

participating subject gave verbal assent.  Exclusion criteria were allergies to fish products and 

subjects for whom no consent was obtained. 

The intervention study extended over a period of 175 days, inclusive of weekends and 

holidays during which no intervention took place.  Intervention only took place on school 

days (104 d). 

Based on the cognitive results (Hopkins Verbal Learning test) of a previous n-3 fatty 

acid intervention trial in primary school children, it was clear that supplemented subjects 

scored three words more over time when compared to the control group (Tichelaar et al., 

2000).  It was calculated that a sample size of 78 in each group would have 80% power to 

detect a difference in means of two words when using the total score of the Hopkins Verbal 

Learning test as a reference (the difference between an experimental group, mean, �1, of 25.0 

and a control group mean, �2, of 23).  The assumption was made that the common standard 

deviation is 5.0 using a two-group t-test of 0.05 one-sided significance level.  Due to an 

anticipated dropout rate of ca. 13%, the initial sample size per group was increased to 87.  The 

cognitive test used for the power calculation could only be carried out on Grade 2 children 

therefore, the calculated sample size excluded Grade 1 children.  The Hopkins Verbal 

Learning test and the Senior South African Individual Scale – Revised test could not be 

performed with Grade 1 test subjects due to an age restriction.  The Spelling and Reading tests 

could only be performed at the end of the Grade 1 learners’ school year and they were, 

therefore, included in equal numbers to the Grade 2 subjects, in the final sample size to 

determine the cognitive outcomes on Grade 1 learners separately. 
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Figure 1. Study design of the randomised, placebo-controlled, single blind trial  
(EG = experimental group; CG = control group). 
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Participating subjects (n = 351) were randomly assigned to one of the two treatment 

groups namely an experimental group (EG; n = 174) and a control group (CG; n =177).  The 

study design is reflected in Fig. 1.  The group allocation was blocked stratified and 

randomised within Grade class (A - E) and gender.  The birth date of each subject was 

obtained from the school records.  These two groups were given two different treatments: 

(i) the EG receiving two sandwiches per school day, prepared by using 2 slices of bread (60 g) 

spread with 25 g of a specially formulated experimental spread, containing marine-derived n-

3 fatty acids, and cut into two triangles and (ii) the CG receiving similar sandwiches but 

spread with 25 g of an identical placebo spread containing no n-3 fatty acids. 

 

Intervention 

The specially formulated experimental spread used for supplementation of the EG, 

contained as major ingredients Carotino fat (41.6%) and fish flour (42%).  Other minor 

ingredients were canola oil, lecithin, flavourants, sugar syrup, citric acid and ascorbic acid 

(Table 1).  The flavours individually incorporated into the experimental spread for masking 

the fishy note were smoke, tomato, ketchup, chutney and curry (Chapter 3 of this 

dissertation).  In the formulation of the placebo spread the fish flour was replaced with 

commercial superfine rusk, the canola oil replaced with sunflower oil and the same 

flavourants used as was used for the experimental spread.  The development of the 

experimental spread is described in Chapter 3 of this dissertation.  Both the experimental and 

placebo spreads, prepared every fortnight at the Department of Consumer Science, 

Stellenbosch University, South Africa, were immediately packed in 10 L plastic containers.  

After packaging of the latter into stirofoam containers it was transported to Calvinia and 

stored in cooled storage facilities until needed. The spreads were kept in these facilities 

located close to the school, until used for spreading.  Table 2 presents a comparison of the 

macronutrient composition and energy values of the experimental and placebo spreads.  It is 

evident from Table 2 that both the energy value and the total fat content of the two spreads 

differed insignificantly.  The experimental spread contained a higher percentage of protein 

while the placebo spread was devoid of EPA and DHA.  The n-6:n-3 ratio for the 

experimental spread is within the ideal recommendations (Rice, 2003) while that of the 

placebo spread is more representative of a tipical Western diet (Van Jaarsveld et al. 1994). 

The sandwiches used as intervention vehicle for the EG and CG replaced the usual 

sandwiches (containing peanut butter and jam) given to the subjects through the normal 

School Nutrition Programme.  Subjects were allowed to maintain their habitual diet and 

physical activity levels.  To exclude parasitic infestation as a confounding factor, all children 
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Table 1.  Basic formulae of 25 g of the specially formulated experimental spread and placebo 
spread. 

 
Raw materials Experimental spread  Placebo spread 
 g % g % 
Carotino fat 10.40 41.60 10.75 43.00 
Canola oil1 
Sunflower oil1 

3.50 
0 

14.00 
0 

0 
3.50 

0 
14.00 

Lecithin 0.15 0.60 0.18 0.70 
Flavourant2 ca 0.02 0.10 ca 0.02 0.10 
Sugar syrup 0.20 0.80 0.20 0.80 
Fish meal 10.50 42.00 . . 
Citric acid (saturated solution) 3 0.10 0.60 . . 
Ascorbic acid (saturated solution)4 0.10 0.40 . . 
Colourant . . 0.06 0.24 
Superfine rusks . . 10.50 42.00 
TOTAL 25.00 100.00 25.00 100.00 
 

1Canola oil (Epic) used for experimental spread; sunflower oil (Crown) used for the placebo. 
2Curry: (0.1 - 0.20% (m.m-1); Curry Oleoresin C2361); smoke: (0.09 - 0.18% (m.m-1); Smokez Oil M); tomato: 
(2% (m.m-1); Tomato Powder, MSG Free); chicken: (0.01 - 0.05% (m.m-1); Chicken Topnote F12970); ketchup: 
(0.05 - 0.10% (m.m-1); Ketchup F18097/D) 

31630 g.l-1 at 20°C 
4330 g.l-1 at 24°C 
 
 
 

 

 

 

Table 2. Energy, macronutrient, as well as long-chain n-3 fatty acid content of the specially 
formulated experimental spread and placebo spread. 

 
Experimental spread Placebo Energy and Nutrients 

100 g 25 g* 100 g 25 g 

Energy (kJ) 
Carbohydrate (g) 
Protein (g) 
Fat 

Total fat (g) 
�-linolenic acid (ALA; mg) 
eicosapentaenoic acid (EPA; mg) 
docosahexaenoic acid (DHA; mg) 
n-6:n-3 Fatty acid ratio 

27381 
0.681 
26.712 

 
59.811 

1340.082 
328.642 
475.442 

- 

6841 
0.171 
6.682 

 
14.951 

335.022 
82.162 

191.662 
2.56 

28151 
31.861 
3.75 

 
58.221 

336.082 
59.122 

142.442 
- 

7041 
7.921 
0.94 

 
14.561 
84.022 
14.782 
35.612 
17.81. 

 
*Amount of spread used per day to spread on 2 slices of bread resulting in the 2 sandwiches per subject. 
1Values determined by means of calculation (Kruger et al., 1992) 
2Values determined by gas chromatography (GC) analysis 
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received anthelmintic therapy (400 mg albendazole) at baseline but not post intervention. 

Dietary intervention was structured to supplement the diet of the subjects with modest 

amounts of EPA and DHA derived from a fish flour manufactured from hake heads and is fit 

for human consumption.  The target intake of DHA per subject in the EG was ca. 190 mg.d-1.  

The increased intake of ALA by the EG may be ascribed to the intake of canola oil containing 

9.3 g ALA.100 g-1 (Kruger et al., 1992).  The conversion of ALA to DHA in the body is, 

however, ineffective (Michelsen et al., 2001), and although ALA most likely did not influence 

the DHA level, it contributed to a more favourable n-6:n-3 fatty acid ratio in the EG when 

compared to the CG.  The spread intake per day was calculated to include the maximum 

tolerable portion of spread per sandwich per day.  A higher inclusion rate would have 

compromised the taste and acceptability of the sandwich.  We hypothesised that 10.50 g.d-1 of 

fish flour provided for the study period of 175 d (actual intervention or school days = 104 d) 

would have been sufficient to elevate blood levels of n-3 LCPUFA of the EG and would have 

a beneficial effect on immune function as measured by absenteeism of the study subjects from 

school. 

Before commencement of the intervention study, four assistants were trained to spread 

and pack the sandwiches under strict hygienic conditions with exact measurement of the 25 g 

portion of spread.  To prevent the accidental interchange of samples, colour coding (EG: 

yellow; CG: blue) was used to distinguish between the groups, with only the primary 

researcher having cognisance of group allocation (single-blind study).  The experimental and 

control spread were only unmasked after completion of the study and analysis of the data.  

Spreading of the sandwiches took place on two tables covered for distinction, with yellow and 

blue plastic tablecloths, respectively.  Measuring of the 25 g spread portion by means of an 

ice-cream scoop was standardised beforehand.  The exact number of sandwiches required per 

participating Class group (A - E) were cut and then packed in corresponding colour-coded 

plastic containers.  The number of sandwiches required per classroom, as well as the Grade 

(1 or 2) and Class group (A - E) it was intended for, were clearly indicated on the container.  

Trained monitors delivered these containers to the classrooms.  The educators were instructed 

to separate the children into their respective groups according to the group allocations on the 

record sheets provided, placing each group in a different location in the classroom, after 

which each subject received their respective sandwiches.  The latter were consumed under 

close supervision to prevent any possible exchange of sandwiches between the subjects. 
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Compliance 

The sandwiches were eaten under supervision of the class educators who were 

informed regarding the issuing and intake control of the sandwiches.  Although the subjects 

were encouraged to eat both sandwiches (made with 2 slices of bread spread with 25 g spread; 

cut into two triangles) given per day, they were never forced to do so.  The educators used 

colour-coded record sheets for the respective treatment groups (Appendix: Table A1) to keep 

record of the number of sandwiches consumed by each subject daily.  They also monitored 

any reason for either not consuming or partly consuming the sandwiches.  Any absenteeism of 

the subjects, as well as the reason for being absent, was recorded (Appendix: Table A1) and 

subjects who dropped out of the study and their reasons for dropping out were also recorded.  

A specific code was used to indicate the reason for being absent.  The reason for absence was 

obtained from the child once the child was back at school.  Illnesses such as colds, flu, sore 

throat, tonsillitis and ear problems were grouped together as respiratory tract-related illness.  

No morbidity data was collected for weekends and holidays. 

Weekly telephonic contact was made by the project coordinator with the coordinator 

of the intervention trial at the primary school to monitor progress and resolve queries.  The 

principal researcher paid visits to the school on a 4 - 6 week basis during the study period of 

6 months (175 d) to monitor compliance with the study regime. 

Post intervention, a short retrospective questionnaire was administered to each 

participating learner, by trained monitors.  Information recorded included questions about the 

acceptability of the experimental spread, the placebo spread and the overall acceptance of the 

sandwiches given, as well as the frequency of each subject’s intake of the ration provided. 

 

Measurements 
 
Dietary intake 

At baseline and post intervention a short qualitative dietary questionnaire was 

administered to each participating subject using trained monitors.  Intake of specific food 

items by the subjects for the previous 24 hours was recorded at baseline and post intervention.  

The purpose of this questionnaire was to determine the meal pattern and the type of foods 

(e.g. bread, cooked food, fish, eggs, porridge and oil/fat) consumed by the subjects, but not to 

quantify their nutrient intakes.  Questions regarding the intake of food sources containing n-3 

fatty acids were included. 

Towards the end of the intervention period trained fieldworkers administered a 

qualitative food frequency questionnaire.  The parent or guardian of each of the 307 

participating Grades 1 and 2 children was questioned during face-to-face at-home interviews.  
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Information regarding the frequency (that is per week or per month) of consumption of food 

items such as meat, fish, vegetables and oils/fats/butter by the household and participating 

subject, was obtained.  Average portion sizes consumed by these subjects were estimated 

based on information collected from a sub-sample of 50 children (Van Stuijvenberg et al, 

2005). 

 

Anthropometry 

Weight and height measurements were taken in light clothing (without shoes) as 

described by Jelliffe & Jelliffe (1989).  Weights of the subjects were measured to the nearest 

0.05 kg using a calibrated load cell operated digital scale (UC-300 Precision Health Scale).  

Height was measured (with subjects shoeless) to the nearest 0.1 cm using a wooden board 

fitted with a measuring tape and a movable headboard.  Z-scores were calculated for height-

for-age (HAZ), weight-for-age (WAZ) and weight-for-height (WHZ), and were expressed as 

z-scores with the National Center for Health Statistics (NCHS) median as the reference 

(Gorstein et al., 1994). 

 

Blood sampling 

A nursing sister assisted by a medical technologist obtained blood samples (10 mL) 

via antecubital venipuncture at baseline and post intervention.  All blood samples were 

collected between 08h30 and 13h00 with a syringe and immediately transferred into EDTA 

anti-coagulant tubes.  Haemoglobin concentration was measured on an aliquot of the blood. 

The rest of the blood was immediately centrifuged. The RBC were washed twice with 

0.15 mol.L-1 NaCl and centrifuged at 1800-x g for 15 min to remove the buffy coat.  The 

plasma and RBC were stored at -20°C for the duration of the fieldwork (4 d).  After 

completion of the fieldwork, the samples were stored at -80°C until analysed.  

Plasma phosphatidylcholine (PC) and red blood cell (RBC) membrane PC and 

phosphatidylethanolamine (PE) fatty acid status were determined at baseline and post 

intervention.  Only post intervention RBC membrane PC and PE fatty acid values were, 

however, used due to technical problems during storage of the baseline samples.  Plasma 

samples were also used to determine the clinical biochemical variables ferritin, retinol and C-

reactive protein (an indicator of acute infection). 
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Spread sampling 

For the duration of the intervention study production of the experimental and placebo 

spreads took place every alternate week.  During each production-trial (total = 11) random 

samples (ca. 5 g) of the spreads were taken for fatty acid analysis. 

 

Biochemical analysis 

Haemoglobin was measured in situ by means of the direct 

cyanmethemoglobin.method (Ames Mini-Pak Hb test pack & AmesTM Minilab), using 

Drabkins solution and a standard photometer.  Serum ferritin (indication of iron-stores) was 

determined with an immunoradiometric assay (Ferritin MAb Solid Phase Component System; 

ICN Pharmaceuticals, Orangeburg, NY, USA) using an Auto Gamma 500C counting system 

(United Technologies, Packard, IL, USA).  Serum retinol was determined by reversed-phase 

high-pressure liquid chromatography (HPLC), based on the method described by Catignani 

and Bieri (1983). 

Serum C-reactive protein, an acute phase protein, and an indicator of acute infection, 

was determined using a turbidity method from Bayer Corporation (Tarrytown, NY, USA).  It 

was spectrophotometrically measured with a Technicon RA-1000 automated system. 

The spread samples (100 mg; experimental spread and placebo spread each) were 

extracted with chloroform/methanol (2:1; v.v-1) according to a modified method of Folch et 

al. (1957), at each manufacturing point (Van Jaarsveld et al., 2000).  All the extraction 

solvents contained 0.01% butylated hydroxytolene (BHT) as an antioxidant.  Heptadecanoic 

acid (C17:0) was used as internal standard to quantify the individual fatty acids in the spread 

samples. 

Plasma PC (% (m.m-1); µg.mL-1) and RBC membrane PE and PC fatty acid (% (m.m-

1)) concentration were determined from the blood samples taken at baseline and post 

intervention for the EG and CG.  PC-diheptadecanoyl (PC-17:0; Sigma Chemical Co.) and 

PE-diheptadecanoyl (PE-17:0; Sigma Chemical Co.) were used as internal standard to 

quantify the individual fatty acids.  Individual phospholipid classes were separated by thin 

layer chromatography (TLC) on pre-coated silica gel 60 plates (10 x 10 cm) without a 

fluorescent indicator (Merck, Darmstadt, Germany) using chloroform: ethanol: triethylamine: 

water (40:50:40:10, v.v-1) as solvent.  The lipid bands containing PC from plasma, and PC 

and PE from RBC membrane extracts, were visualised with long wave ultraviolet light after 

spraying the plates with chloroform: methanol (1:1, v.v-1) containing 2,5-bis- (5´-tert.-

butylbenzoxazolyl-[2´])thiophene (BBOT); 10 mg.100 mL-1; (Sigma Chemical Co.).  Total 

lipids from the spread and plasma PC and RBC PC and PE were transmethylated using 5% 
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(v/v) H2SO4:methanol at 70°C for 2 h.  After cooling, the resulting fatty acid methyl esters 

(FAME) were extracted with water and n-hexane.  The top hexane layer were evaporated to 

dryness, redissolved in CS2 and analysed by gas liquid chromatography (GLC) (Varian Model 

3300 equipped with flame ionisation detection) using 30 m BPX 70 capillary columns of 

0.32 mm internal diameter (SGE International Pty Ltd, Australia). Gas flow rates were: 

hydrogen, 25 mL.min-1; air, 250 mL.min-1; and hydrogen (carrier gas), 2-4 mL.min-1.  

Temperature programming was linear at 4°C.min-1, initial temperature at 160°C, final 

temperature at 220°C, injector temperature at 240°C, and detector temperature at 250°C.  The 

FAME were identified by comparison of the retention times to those of a standard FAME 

mixture (Nu-Chek-Prep Inc., Elysian, Minnesota). 

 
Statistical analysis  

The data was checked for normality and skewed parameters were transformed by 

doing log, root square, cubed or inverse transformations (Table 4 & Table 11).  An analysis of 

covariance (ANCOVA) model was used for the inference on the treatment effects.  

Intervention effects were estimated using a linear regression model with factors, treatment 

group and the baseline measurement as an individual level covariate.  The analysis of pretest-

posttest data by means of ANCOVA is shown to have better statistical properties (i.e. better 

power) than using an approach based on the change from baseline (Bonate, 2000; Young & 

Tsiatis, 2001).  Values are reported as mean ± standard deviation (SD) for each treatment 

group.  Least square (LS) means were used to estimate the intervention effect (EG minus CG) 

and 95% confidence intervals (CI) for the effects and differences were obtained.  The within-

group differences were tested using the paired t-test.  Morbidity data were tested on two 

levels, namely the child level using the Chi-square test and cumulative exposure level using a 

comparison of incidence rates. The number of days the subjects were absent from school for 

various reasons, were tested using Wilcoxon Two-Sample Test. 

Weight and height measurements were transformed into standardised anthropometric 

variables, weight-for-age (WAZ), height-for-age (HAZ) and weight-for-height (WHZ) z-

scores (Table 3).  These transformations were done using the ANTHRO version 1.01 program 

developed by the United States Centers for Disease Control in collaboration with the Nutrition 

Unit, World Health Organization (Hamill et al., 1979).  The prevalence of stunting, 

underweight and wasting were defined as the percentage of individuals who had HAZ, WAZ 

and WHZ scores below –2 SD of the National Centre for Health Statistics (NCHS) reference 

median (Hamill et al., 1979; Gorstein et al., 1994). 
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All statistical analyses were done with SAS (Version 9.1).  Incidence rates were done 

with STATA (Intercooled Stata 9.0 for Windows).  Statistical significance was measured at 

the 5% level (p <0.05). 

 

Results and discussion 

 

Study population 

Of the 347 subjects who were randomised for treatment, 304 completed the protocol 

(Fig. 1).  The dropout rates in the current study for the EG and CG were 17.2% (n = 30) and 

10.6% (n = 17), respectively.  Reasons for the dropout included moving from the area (EG = 

6; CG = 2); disliking the experimental spread/placebo spread (EG = 23; CG = 5); nausea 

(EG = 1; CG = 7); not able to obtain blood (EG = 0; CG = 1); death (EG = 0; CG = 1) and 

eczema (EG = 0; CG = 1).  The dropout constituted the following subjects: those who could 

not give blood; those who did not want to continue with the study; those who moved from the 

area and one subject that died.  The dropout rate was higher compared to another intervention 

trial (ca. 5%) executed in the same community (Van Stuijvenberg et al., 2005).  The higher 

dropout rate in the current study may be ascribed to the number of subjects who initially 

disliked the spreads, which they were not familiar with.  A lack of self-motivation to consume 

the two sandwiches (two slices of bread spread with 25 g spread) every school day during the 

short time allowed each day, for the duration of the study (175 d), might also have been a 

contributory factor.  A lack of motivation by some of the educators monitoring the 

consumption of the sandwiches was also experienced. 

 

Baseline characteristics 

The main purpose of determining anthropometric measurements, and serum retinol 

and iron status at baseline, was to monitor nutritional status and to seek possible confounding 

factors when supplementing the EG with n-3 LCPUFA.  It was not within the framework of 

the current study to investigate possible intervention effects on these parameters. 

Table 3 presents the characteristics of the population at baseline.  There were no 

significant differences (p > 0.05) between the treatment groups at baseline with respect to age, 

the anthropometric variables stunting, underweight and wasting or for the biochemical 

variables haemoglobin, serum ferritin, serum retinol and C-reactive protein status.  The World 

Health Organization created categories for the prevalence of stunting, underweight and 

wasting as low, moderate, high or very high to indicate the level of severity on a population 

basis.  A prevalence of stunting between 30% and 40% is regarded as high (De Onis et al.,  
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Table 3.  Characteristics of the experimental (EG) and control group (CG) at baseline. 
 
Characteristics Experimental group 

n = 174 
Control group 

n = 177 
Age (yr; mean ± SD): 
Male:Female (n) 
Male:Female (%) 
Anthropometric indices (% subjects) 
Stunting (HAZ <-2 SD)1 
Underweight (WAZ <-2 SD1) 
Wasting (WHZ <-2 SD) 1 
Deficiencies (%) 
Anaemia (Hb <11.5 g.dL-1)2 
Iron deficiency (Ferritin <15 µg.L-1)3 
Vit. A deficiency (Serum retinol <20 µg.dL-1)4 
Acute phase protein (%) 
C-reactive protein (>5 mg.L-1)5 

7.7 ± 0.91 
85:89 
49:51 

 
26.24 
23.40 
3.65 

 
1.35 
27.9 
6.77 

 
4.96 

7.6± 0.80 
85:92 
48:52 

 
30.82 
25.79 
5.73 

 
1.30 
25.3 
5.63 

 
5.33 

 

1HAZ = Height-for-age z-scores; WAZ = Weight-for-age z-scores; WHZ = Weight-for-height z-scores (<-2 SD 
= respective z-scores below -2 SD of the National Center for Health Statistics (NCHS) median (20)) 
2World Health Organization, 1972 
3Pilch & Senti, 1980 
4World Health Organization, 1996 
5Pepys, 1981 
 
No significant differences were found between any of the variables of the EG and CG. 
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1993).  It is evident from Table 3 that 26.2% of subjects from the EG and 30.8% of subjects 

from the CG were stunted at baseline.  Stunting was slightly more prevalent in the current 

study population when compared with the prevalence of these subjects being underweight, 

and very few subjects were wasted.  A high prevalence of stunting, with its onset generally 

associated with the age at which complementary feeding is introduced (Brown et al., 1995), 

was found during the National Food Consumption Survey done in South Africa (The National 

Food Consumption Survey, 2000).  The Northern Province, the region where the current study 

was carried out, was identified as one of the areas with a high prevalence of under-nutrition in 

this country (The National Food Consumption Survey, 1999).  The direct effect of under-

nutrition is believed to operate largely in the first two years of life (Anon., 1997).  Through an 

adaptive mechanism that is well known but poorly understood, brain growth is not severely 

affected during under-nutrition while other organs, as well as body weight and height are 

influenced (DeLong, 1993).  Allmost a quarter of the study group were underweight (EG = 

23%; CG = 26%), indicating a prolonged lack of energy in the diet.  Few subjects in the 

current study were wasted at baseline (EG = 3.7%; CG = 5.7%). 

The mean haemoglobin values at baseline were 13.84 g.dL-1 ± 1.01 for the EG and 

13.77 g.dL-1 ± 0.95 for the CG.  Mean ferritin values for the two groups at baseline were 

29.20 µg.L-1 ± 9.91 for the EG and 30.99 µg.L-1 ± 22.48 for the CG.  Only a few subjects 

were anaemic (haemoglobin <11.5 g.dL-1; EG = 1,4%; CG = 1.3%) while a moderate 

prevalence of iron deficiency (ferritin <15 µg.L-1) was found at baseline (EG = 27.9%; CG = 

25.3%). 

Serum retinol concentrations of higher than 30 �g.dL-1 are considered as adequate 

(Flores et al., 1991).  The National Food Consumption Survey reported a high prevalence of 

vitamin A deficiency in non-urban areas and for those children with poorly educated mothers 

(The National Food Consumption Survey, 1999).  However, in the current study vitamin A 

deficiency (serum retinol <20 �g.dL-1) was present in only a few participating subjects 

(EG = 6.8%; CG = 5.6%) at baseline.  With less than 7% of the study population falling 

below this cut-off point, vitamin A deficiency is not regarded as a health risk in this 

population (World Health Organization, 1996). 

Very few subjects (EG = 4.9%; CG = 5.3%) had infections at baseline as determined 

by C-reactive protein concentrations of >5 mg.L-1.  As an indicator of acute inflammation 

processes, serum C-reactive protein was found to be more sensitive and reliable when 

compared to the erythrocyte sedimentation rate or the white blood cell count (Hanson & 

Wadswoth, 1980).  The serum C-reactive protein concentration in a healthy population is 
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lower than 5 mg.L-1.  This concentration can, however, rise within hours after the onset of 

acute infection or inflammation (Pepys, 1981). 

 

Changes in anthropometric measurements, iron and vitamin A status and acute infection 

The purpose of determining anthropometric measurements and micronutrient values at 

baseline and post intervention was to monitor confounding factors when supplementing the 

EG with n-3 LCPUFA.  It is not within the scope of this study to report in detail on changes in 

anthropometric measurements, iron and vitamin A status and acute infections.  Changes in 

these parameters will, therefore, only be highlighted for discussion purposes in this chapter. 

Table 4 presents results regarding the changes in anthropometric variables from baseline to 

post intervention.  O’Connor et al. (2001) found no consistent differences in weight, length, 

head circumference, or gains in any of the anthropometric measures of premature infants 

using supplementing formulas containing AA and DHA from either a fish/fungal or an egg-

triglyceride/fish source. 

The prevalence of stunting (an indication of chronic under-nutrition) (EG = 23.4%; 

CG = 25.2%) and underweight declined in both groups post intervention.  Few subjects in the 

current study were wasted at post intervention (EG = 5.8%; CG = 6.4%).  No significant 

differences (p > 0.05) were found between the EG and CG with regard to stunting, 

underweight or wasting post intervention. 

No significant intervention effect (p > 0.05) was found between the groups for 

haemoglobin.  The prevalence of anaemic subjects increased slightly from baseline to post 

intervention (EG = 1.4 - 4.1%; CG = 1.3 - 3.9%).  It is important to note that the current study 

did not address any supplementation with micronutrients although the experimental spread 

used as an intervention tool lends itself as an ideal vehicle for fortification. 

Mean ferritin values decreased in both groups from baseline to post intervention 

(EG = 29.20 �g.L-1 ± 19.91 to 23.77 �g.L-1 ± 18.26; CG = 30.99 �g.L-1 ± 22.48 to 24.98 �g.L-1 ± 

21.79).  No intervention effect was found for ferritin between the EG and CG (Table 4).  In a 

study previously done by Smuts et al. (1995) an association was found between iron 

fortification and fatty acid status when no n-3 fatty acids intervention took place.  Improved 

n-3 fatty acid levels were found in the RBC membranes post intervention (Smuts et al., 1995).  

In the current study during which the EG received an experimental spread containing pre-

formed EPA and DHA, no evidence to the contrary was found.  The mechanism of this 

possible interaction between iron and n-3 fatty acids, however, remains unclear, and warrants 

further investigation (Smuts et al., 1995). 

 



  

Table 4.  Means (± SD), LS1 mean estimated intervention effect (95% confidence interval) and p values for anthropometric measures, haemoglobin, 
serum ferritin, serum retinol and C-reactive protein values for the experimental (EG) and control group (CG) at baseline and post 
intervention. 

 
Experimental group Control group Characteristics 

Baseline  
Means ± SD  

(n=174) 

Post intervention 
Means ± SD 

(n=144) 

Baseline  
Means ± SD  

(n=177) 

Post intervention 
Means ± SD 

(n=160) 

Estimated 
intervention effect 
(95% Confidence 

interval) 

 
P value 

Anthropometry   
Height (cm) 
Weight (kg) 
Weight-for-age z-scores /WAZ2 
Height-for-age z-scores /HAZ3 
Weight-for-height z-scores /WHZ4 
Clinical biochemical variables 
Haemoglobin (g.dL-1) 
Serum ferritin (�g.L-1) 
*Log-transformed Serum ferritin (�g.L-1) (LS mean ± SE) 
Serum retinol (vitamin A <20 �g.dL-1) 
C-reactive protein (mg.L-1) 

 
117.64 ± 6.73 
20.22 ± 3.01 
-1.36 ± 0.82 
-1.38 ± 0.99 
-0.63 ± 0.80 

 
13.84 ± 1.01 

29.20 ± 19.91 
- 

28.92 ± 6.88 
3.38 ± 7.00  

 
120.60 ± 6.75 
21.44 ± 3.37 
-1.30 ± 0.83 
-1.29 ± 0.96 
-0.62 ± 0.83 

 
13.18 ± 1.02 
23.77 ± 18.26 

2.90 ± 0.07 
31.13 ± 7.11 
2.51 ± 2.93 

 
115.72 ± 6.76 
19.59 ± 3.39 
-1.45 ± 0.88 
-1.55 ± 1.01 
-0.66 ± 0.84 

 
13.77 ± 0.95 
30.99 ± 22.48 

- 
30.11 ± 8.29  
3.46 ± 7.47  

 
118.55 ± 6.77 
20.75 ± 3.77 
-1.40 ± 0.91 
-1.48 ± 1.00 
-0.63 ± 0.92 

 
13.10 ± 0.81 

24.98 ± 21.79 
2.78 ± 0.07 
31.99 ± 7.50 
2.77 ± 3.63 

 
0.133 (-0.031; 0.296) 
-0.001 (-0.177; 0.175) 
0.004 (-0.042; 0.050) 
0.021 (-0.008; 0.049) 
-0.022 (-0.102; 0.058) 

 
0.082 (-0.087; 0.251) 

* 
0.123 (-0.063; 0.308) 
-0.158 (-1.538; 1.222) 
-0.260 (-1.025; 0.505) 

 
0.1112 
0.9913 
0.8522 
0.1587 
0.5938 

 
0.3389 
0.1945 
0.1945 
0.8217 
0.5046 

 

1Least square  
2WAZ z-scores; 3HAZ z-scores; 4WHZ z-scores (< -2 SD = respectively z-scores below –2 SD of the National Centre for Health Statistics (NCHS) median (20)) 
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Post intervention the prevalence of vitamin A deficiency was lower than at baseline in 

both groups (change from baseline to post intervention; EG = 6.8 - 3.0%; CG = 5.6 - 3.5%).  

This phenomenon could be ascribed to the Carotino fat, derived from red palm oil that is high 

in �-carotene and other carotenoids (Anon., 2001), used as the carrier ingredient in both the 

experimental and placebo spread. 

The mean values for C-reactive protein were slightly lower in both groups post 

intervention  (EG = 2.51 mg.L-1 ± 2.93; CG = 2.77 mg.L-1 ± 3.63) with a lower prevalence 

(ca. 0.70%) of raised CRP concentration (Table 4).  No significant intervention effect (mean 

difference -0.3 mg.L-1 (95% CI: -1.0 to 0.5; p = 0.5046)) was, however, found between the 

two groups.  No intervention effects were found for either IL-6 or TNF-� (results not shown), 

both mediators for natural and acquired immunity and with an important link existing between 

these two mediators (Calder, 2001b). 

 

Compliance  

Compliance is defined as the actual number of sandwiches consumed over the 

numberof school days (104 d) and expressed as a percentage of the total number of 

sandwiches provided over this period.  Compliance as was recorded on colour-coded 

compliance record sheets (Appendix: Table A1), was 93% for the EG and 92% for the CG.  

This indicates that both the experimental and placebo spread were highly acceptable to the 

subjects each time it was given to them.  The high compliance rate is demonstrated by 

comparing it to another study where children were randomly allocated to receive a drink with 

either a micronutrient mix, or EPA (22 mg.d-1) + DHA (88 mg.d-1), or both or a placebo, and 

the mean compliance of the study group in Australia was 76% and that of the study group in 

Indonesia, 86% (Lukito et al., 2005). 

Table 5 presents the results from the retrospective questionnaire, which gives 

information collected from the children themselves.  These findings confirm the compliance 

data and compare well with the daily records kept by the educators.  It is evident from Table 5 

that both the EG and CG had retrospectively an excellent rate of compliance (subjects 

consuming 2 slices per day: EG = 88%; CG = 90%).  Some subjects only consumed one 

sandwich (consisting of one slice of bread spread with 12.5 g spread) per day (EG = 12.3%; 

CG = 10.3%), confirming the data recorded on the record sheets (Appendix: Table A1).  It is 

clear from Table 5 that the subjects enjoyed the experimental and placebo spreads, as well as 

the sandwiches and that most of them would like to receive a similar sandwich in future (EG 

= 95.2%; CG = 99.4%).  Most subjects (ca 95%) reported a general feeling of well being after 

consumption of the sandwiches. 
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Table 5.  Frequencies and prevalence (%) of the responses obtained from the experimental 
(EG) and control group (CG) by means of the retrospective questionnaire. 

 
Experimental group Control group Question asked Answer 

Frequency (%) Frequency (%) 
From which colour container did you eat? 
 
How many sandwiches did you eat? 
 
How frequent did you eat these sandwiches? 
 
Describe the taste of the sandwiches. 
 
Did you like the taste of the spread? 
 
Would you like to get sandwiches like these 
again? 
Did these sandwiches make you feel better? 
 
Was the quantity of spread on sandwiches 
sufficient? 

Yellow (EG)1 
Blue (CG)2 

One 
Two3 

Each day 
Certain days 

Very nice 
Nice  
Yes 
No  
Yes 
No 
Yes 
No  

Sufficient 
Too much 

140 
6 
18 

128 
134 

5 
33 

107 
134 

9 
139 

5 
138 

3 
107 
25 

95.9 
4.1 
12.3 
87.7 
92.4 
3.4 
22.6 
73.3 
91.8 
6.2 
95.2 
3.4 
94.5 
2.1 
73.3 
17.1 

2. 
153. 
16. 
139 
144 
10 
34 

120 
153 
20 

154 
1 

149 
2 

111 
31 

1.3 
98.7 
10.3 
89.7 
92.9 
6.5 

21.9 
77.4 
98.7 
1.3 

99.4 
0.60 
96.1 
1.3 

71.6 
20.0 

 

1Experimental group 
2Control group 
3Number of sandwiches prescribed per schoolday 
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Measurements 

 

Dietary intake 

Qualitative information on dietary intake was collected in order to describe the 

background diet followed by the study subjects.  From the short qualitative dietary 

questionnaire it is evident that ca. 80% of all participating subjects consumed some food for 

breakfast with a slight decreased consumption of breakfast, post intervention (Table 6).  Bread 

was the main food component at baseline and post intervention for this population for all three 

meals.  In both groups the percentage of children who consumed bread for supper was lower 

when compared to the other two meals (Table 6).  Bread consumption for lunch and supper 

decreased from baseline to post intervention in both the EG and the CG.  For the EG bread 

consumption also decreased for breakfast from baseline to post intervention which wan’t the 

case with the CG.  One of the reasons for this effect may be the sandwich given to the 

children at school, influencing their appetites.  Not only the high fat content of the two 

spreads, but also the protein content of the experimental spread (Chapter 3 of this dissertation) 

contributed to the satiety value of the sandwiches.  The decline from baseline to post 

intervention of subjects eating breakfast and supper may be attributed to the climatic change 

from wintertime at baseline to summertime post intervention with a natural decline in 

appetites of individuals during summer. 

Very few subjects from either group ingested fish according to the short qualitative 

dietary questionnaire (Table 6).  The household qualitative food frequency questionnaire 

confirmed this finding and revealed that the frequency of fish consumption (mean intake for 

the EG and CG per mo = 2.64 ± 2.60) was low and came mainly from species like snoek (total 

fat: 4.7 g.100 g-1 (Kruger et al., 1992); frequency per mo = 2.33 ± 2.61) and pilchards (total 

fat: 5.4 g.100 g-1 (Kruger et al., 1992); frequency per mo = 2.86 ± 1.36).  The mean fish 

intake per group was almost the same (EG = 2.62 ± 2.11; CG = 2.67 ± 2.99) (Table 7). 

In Table 7 the different types of meat consumed in the households representing the 

subjects from the EG and CG are also shown, as determined by the household qualitative food 

frequency questionnaire.  It is evident from Table 7 that the households consuming meat types 

such as harslag (liver, heart and lungs minced together), liver, red meats (beef and mutton), 

minced meat, chicken and polony were more than 92% for both groups.  The frequency of 

ingestion of the different meat types by the two groups was harslag (once a week), liver (once 

every two weeks), beef/mutton (more than twice a week), mince (three times a month) and 

chicken (twice per week).  It is evident from the household qualitative food frequency 

questionnaire that the fish and meat intakes of the participating households, inclusive of the  
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Table 6.  Dietary intake patterns of the experimental (EG) and control group (CG) at baseline 
and post intervention investigated by means of the short dietary food frequency 
questionnaire. 

 
Experimental group Control group Parameter 

investigated Baseline 
(n) %  

Post intervention 
(n) % 

Baseline  
(n) %  

Post intervention 
(n) %  

Eaten breakfast 
Bread for breakfast 
Fish for breakfast 
Eaten lunch 
Bread for lunch 
Meat for lunch 
Fish for lunch 
Eaten supper 
Bread for supper 
Meat for supper  
Fish for supper 

(123) 87.2 
(107) 87 

None 
(116) 95.0 
(84) 59.6 
(38) 27.0 

(1) 0.7 
(117) 95.7 
(59) 41.8 
(48) 34.0 

(3) 2.1 

(111) 78.7 
(101) 71.6 

(1) 0.7 
(108) 97.9 
(69) 48.9 
(54) 38.3 

(1) 0.7 
(101) 92.9 
(51) 36.2  
(54) 38.3  

(2) 1.4 

(136) 87.2 
(111) 82.8 

None  
(127) 94.3 
(78) 49.7 
(48) 30.6 

(1) 0.6 
(130) 96.2  
(57) 36.3 
(57) 36.3 

(1) 0.6 

(136) 86.1  
(114) 83.8 

None 
(125) 93.0 
(66) 41.8 
(59) 37.3 

(2) 1.3 
(120) 89.9 
(56) 35.4 
(52) 32.9 

(6) 3.8 
 

 
 
 
 
 
 
 
 
Table 7.  Fish and meat consumption (%) as per household representative of the experimental 

(EG) and control group (CG) and monthly intake (mean ± SD) per group. 
 

Households consuming fish 
and meats 

Frequency of fish and meat consumption 
per month  

Fish or meat type  

 
(n) %  

Experimental group 
(mean ± SD) 

Control group 
(mean ± SD) 

Fish (any) 
Snoek (home prepared) 
Snoek (bought at shop) 
Smoor snoek 
Pilchards 
 
Harslag1 
Liver 
Red meat (beef/mutton) 
Minced meat 
Chicken 
Polony 

(300) 97.7 
(272) 88.6 
(171) 55.7 
(73) 23.8 

(279) 90.9 
 

(287) 93.5  
(383) 92.2 
(306) 99.7 
(291) 94.8 
(303) 98.7 
(284) 92.5 

2.62 ± 2.11 
2.29 ± 2.09 
0.81 ± 1.29 
0.14 ± 1.68 
2.83 ± 2.69 

 
3.94 ± 4.09 
2.41 ± 2.17 
8.49 ± 7.23 
3.69 ± 2.93 
7.41 ± 5.59 
6.62 ± 6.04 

2.67 ± 3.00 
2.37 ± 3.02 
0.90 ± 1.43 
0.81 ± 1.77 
2.89 ± 3.23 

 
4.13 ± 4.89 
2.20 ± 1.99 
9.86 ± 7.82 
3.40 ± 2.63 
7.97 ± 5.81 
6.35 ± 5.57 

 
1Liver, heart and lungs minced together 
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participating child in any particular household, was primarily represented by those fish and 

meat types summarised in Table 7. 

 

Fatty acid analysis 
 
Fatty acid intake 

The specially formulated experimental spread intended for the EG, contained fish 

flour (Table 1) in its formula.  Ingesting 125 g of the experimental spread per week (i.e. 5 x 

25 g) supplied approximately the same amount of EPA (ca. 0.44 g) and DHA (ca. 0.95 g) as 

would have been supplied by two portions of fish (e.g. 60 g hake and 75 g pilchards in tomato 

sauce) per week (calculations from Kruger et al., 1992).  Two portions of fish (2 x 60 g) are 

usually recommended as part of a healthy diet and the fatty acid ratio of n-6:n-3 can 

additionally be improved by the consumption of fish at least twice a week (Simopolous, 1997; 

Simopoulos et al., 1999).  The mean intakes of EPA and DHA per school day (104 d of 

intervention) are given in Table 8.  From Table 8 it is evident that the EG had a higher intake 

of ALA, AA, EPA, docosapentaenoic acid (22:5n-3); DPA) and DHA in comparison to the 

CG.  A comparison of the n-6:n-3 fatty acid ratio of the experimental and placebo spreads 

(Table 2) showed a more favourable ratio for the experimental spread (2.56) ingested by the 

EG compared to the placebo spread (17.81) ingested by the CG.  The latter reflects a more 

typical Western diet as was found by Van Jaarsveld et al. (1994) in a similar adult population 

group in South Africa.  The intake of DHA by the EG was significantly higher when 

compared to the CG reflecting the difference in the composition of the experimental spread 

and placebo spread given to the subjects.  Fish flour, as a prime ingredient of the experimental 

spread, made a significant contribution to the intake of AA.  Low fat fish (Hake species), as 

was used for the production of the fish flour, contains approximately 300 mg AA.100 g-1 

edible portion (Kruger et al., 1992).  In a study reported by Romero et al. (2000), the fatty 

acid profile of 7 fish species showed that in the n-3 fatty acid family, EPA and DHA were the 

most important, with values in a range between 2.0 to 12% and 1.8 to 18.3%, respectively, 

while the values for AA were between 1.9 and 10%.  The EG ingested approximately 3,5 

times more AA when compared to the CG. 

In the current study the ingestion of total n-3 fatty acids were higher for the EG when 

compared to the CG.  The ingestion of total n-3 fatty acids for the EG was ca 590 mg.d-1 

while the DHA+EPA was 256.82 mg.d-1, as supplied by the experimental spread containing 

fish flour.  Although the n-3 fatty acids ingested by the EG is well within the range of 350 - 

400 mg n-3 fatty acids for deficient patients when supplementation is administered as a fish 

oil capsule as recommended by Bjerve et al. (1988), the ingestion of EPA+DHA falls short  



  

Table 8.  Mean fatty acid intake, as well as the minimum and maximum values from 25 g spread for the experimental (EG) and control group (CG) per 
school day (104 d). 

 
Experimental group (n = 144) Control group (n = 160) Fatty acids 

Mean ± SD 
(mg) 

Minimum 
(mg) 

Maximum 
(mg) 

Mean ± SD 
(mg) 

Minimum 
(mg)  

Maximum 
(mg) 

Daily intake during 104 school days1 
 
n-3 Fatty acids 
�-Linolenic acid (ALA) 
Eicosapentaenoic acid (EPA) 
Docosapentaenoic acid (DPA) 
Docosahexaenoic acid (DHA) 

Total n-3 fatty acids2 
Total n-3 LCPUFA3 
 
n-6 Fatty acids 
Linoleic acid (LA) 
Arachidonic acid (AA) 
Total n-6 fatty acids4 
Total n-6 LCPUFA5 

 
 
 

305.0 ± 25.38 
77.1 ± 6.41 
25.7 ± 2.14 

179.8 ± 14.96 
590.4 ± 49.14 
285.5 ± 23.76 

 
 

1470.1 ± 122.35 
21.8 ± 1.81 

1512.1 ± 125.84 
38.5 ± 3.20 

 
 
 

162.6 
41.1 
13.7 
95.8 
314.8 
152.2 

 
 

783.7 
11.6 
806.1 
20.5 

 
 
 

328.3 
83.0 
27.7 
193.5 
635.6 
307.3 

 
 

1582.4 
23.5 

1627.6 
41.4 

 
 
 

78.7 ± 5.21 
13.9 ± 0.92 
5.1 ± 0.33 
33.4 ± 2.21 

134.7 ± 8.92 
56.0 ± 3.71 

 
 

2352.6 ± 155.73 
6.4 ± 0.42 

2399.5 ± 158.83 
44.9 ± 2.97 

 
 
 

56.2 
9.9 
3.6 
23.8 
96.1 
40.0 

 
 

1678.2 
4.6 

1711.6 
32.0 

 
 
 

84.0 
14.8 
5.4 
35.6 

143.8 
59.8 

 
 

2511.3 
6.8 

2561.3 
47.9 

 

1Calculations based on absenteeism and consumption rate 
2Total n-3 fatty acids = ALA; EPA; DPA; DHA 
3Total n-3 long chain polyunsaturated fatty acids = EPA; DPA; DHA 
4Total n-6 fatty acids = LA + dihomo-GLA (DGLA) + AA 
5Total n-6 long chain polyunsaturated fatty acids = AA 
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when the International Society for the Study of Fatty Acids and Lipids (ISSFAL) Executive 

Committee recommendations of a minimum intake of EPA and DHA combined of 500 mg.d-1 

for healthy men (ISSFAL Executive Committee, 2004).  In the current study the total n-3 fatty 

acid intake for the EG (590.4 mg.d-1 ± 49.14) fell well within the prescribed ISSFAL range.  

The higher actual intake of n-3 LCPUFA (EPA = 77.1 mg.25 g-1 ± 6.41; DHA = 179.8 mg.25 

g-1 ± 14.69; Table 8) can be ascribed to the fish flour included in the formulation of the 

experimental spread.  With the placebo spread devoid of fish flour, the intake of the CG of the 

above-mentioned fatty acids was, as expected, lower while a slightly higher intake of n-6 fatty 

acids was experienced mainly due to the sunflower oil used in the formulation of the placebo 

spread.  The total fat content of the placebo spread was 14.56 g.25 g-1 while the energy value 

was 704 kJ.25 g-1 (Table 2).  The placebo spread contained 0.94 g.25 g-1 protein while the 

experimental spread had a content of 6.68 g.25 g-1 protein.  The placebo spread had a 

carbohydrate content of 7.92 g.25 g-1 contributed by the superfine rusk used in its formulation.  

The experimental spread contained only 0.17 g.25 g-1 of this macronutrient. 

When the mean values for actual fatty acid intake for the intervention days (104 d) 

(Table 8) are compared to mean values calculated for the total intervention period (175 d, 

inclusive of weekends and holidays), a definite dilution effect can be noticed.  The calculated 

mean daily intake of EPA and DHA by the EG for the total intervention period of 175 d 

(inclusive of weekends and holidays during which no intervention took place) was 45.80 

mg.d-1 ± 3.81 and 106.83 mg.d-1 ± 8.89, respectively.  Mean calculated daily intakes by the 

EG for this period for ALA, DPA and AA are 181.24 mg.d-1 ± 15.08, 15.27 mg.d-1 ± 27, and 

12.96 mg.d-1 ± 1.08, respectively.  The dilution effect experienced was mainly due to the time 

periods (weekends and school holidays) during which no supplement was given but can also 

be attributed to absenteeism of the children from school, and a lack of compliance of the 

subjects to the prescribed two sandwiches per day. 

 

Fatty acid status 

Tables 9, 10 and 11 present a summary of mean values (± SD), LS mean estimated 

intervention effect (95% CI) and p values for qualitative (% m.m-1) and quantitative (µg fatty 

acids.mL-1) fatty acid composition of plasma PC for the EG and CG at baseline and post 

intervention, respectively.  From Tables 9, 10 and Table 11 (for transformed data) it is clear 

that a significant intervention effect was found in the EG for total n-3 fatty acids (plasma 

qualitative: mean difference 1.74 (%m.m-1) (95% CI: 1.41 to 2.07; p <0.0001); plasma 

quantitative: mean difference 15.74 (µg fatty acids.mL-1) (95% CI: 12.14 to 19.33; 

p <0.0001)), ALA (plasma qualitative: mean difference 0.10 (log % m.m-1) (95% CI: 0.02 to  



  

Table 9. Mean (± SD), least square mean estimated intervention effect (95% confidence interval (CI)) and p values for qualitative fatty acid 
composition for plasma phosphatidylcholine (% m.m-1) at baseline and post intervention as given for the experimental (EG) and control 
group (CG). 

 
Experimental group (n = 137) Control group (n = 144) Fatty acid 
Baseline Post intervention Baseline Post intervention 

Estimated intervention effect 
(95% CI) 

P value 
(group effect) 

Saturated fatty acids (SFA) 
Mono-unsaturated fatty acids (MUFA) 
n-9 fatty acids 
Oleic acid (OA) 
n-3 fatty acids 
Total n-3 fatty acids 
�-Linolenic acid (ALA) 
Eicosapentaenoic acid (EPA) 
Docosapentaenoic acid (DPA) 
Docosahexaenoic acid (DHA) 
n-6 fatty acids 
Total n-6 fatty acids 
Linoleic acid (LA) 
Dihomo-�- linolenic acid (DGLA) 
Arachidonic acid (AA) 
ratio 
n-6:n-3 

41.907±1.222 
11.654±1.446 

 
10.853±1.325 

 
6.685±1.550 
0.112±0.073 
0.629±0.321 
1.244±0.524 
4.700±1.172 

 
39.755±2.112 
24.883±2.597 
3.405±0.671 
10.156±1.571 

 
6.258±1.479 

41.941±2.881 
12.027±1.391 

 
11.325±1.363 

 
8.057±1.313 
0.153±0.054 
0.773±0.267 
1.252±0.515 
5.879±1.065 

 
37.975±2.545 
24.536±2.645 
3.005±0.626 
9.231±1.455 

 
4.840±0.860 

42.067±2.150 
11.616±1.467 

 
10.842±1.397 

 
6.892±1.749 
0.124±0.070 
0.682±0.378 
1.301±0.581 
4.784±1.312 

 
39.525±2.145 
24.517±2.785 
3.391±0.617 
10.147±1.762 

 
6.069±1.493 

42.328±2.803 
11.849±1.469 

 
11.156±1.385 

 
6.357±1.496 
0.137±0.052 
0.577±0.384 
1.140±0.538 
4.503±1.096 

 
39.463±2.660 
24.692±2.728 
3.300±0.724 
10.024±1.641 

 
6.537±1.529 

* 
0.166 (-0.159 to 0.491) 

 
0.164 (-0.146 to 0.474 

 
1.737 (1.406 to 2.068) 

* 
* 
* 

1.397 (1.148 to 1.646) 
 

-1.526 (-2.152 to –0.899) 
-0.265 (-0.883 to 0.353) 
-0.307 (-0.465 to -0.149) 
-0.798 (-1.122 to -0.474) 

 
-1.406 (-1.751 to –1.60) 

0.2259 
0.3150 

 
0.2982 

 
<0.0001 
0.0179 

<0.0001 
0.0122 

<0.0001 
 

<0.0001 
0.3996 
0.0002 

<0.0001 
 

<0.0001 
 
SFA = 14n-0; 16n-0; 18n-0; 20n-0; 22n-0; 24n-0 
MUFA = 16n-1; 18n-1; 20n-1; 22n-1 
 
*See transformed data in Table 11 
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Table 10.  Mean (± SD), LS mean estimated intervention effect (95% confidence interval (CI)) and p values for quantitative fatty acid composition for 
plasma phosphatidylcholine (PC) (�g fatty acids. mL-1) at baseline and post intervention for the experimental (EG) and control group 
(CG). 

 
Experimental group (n = 136) Control group (n = 132) Fatty acid 
Baseline Post intervention Baseline Post intervention 

Estimated intervention effect 
(95% CI) 

P value 
(group effect) 

Saturated fatty acids (SFA) 
Mono-unsaturated fatty acids (MUFA) 
n-9 fatty acids 
Oleic acid (OA) 
n-3 fatty acids 
Total n-3 fatty acids 
�-Linolenic acid (ALA) 
Eicosapentaenoic acid (EPA) 
Docosapentaenoic acid (DPA) 
Docosahexaenoic acid (DHA) 
n-6 fatty acids 
Total n-6 fatty acids 
Linoleic acid (LA) 
Dihomo-�- linolenic acid (DGLA) 
Arachidonic acid (AA) 
ratios 
n-6:n-3 

357.56±64.857 
99.513±21.718 

 
92.704±20.328 

 
56.569±15.866 

0.991±0.719 
5.445±3.383 

10.720±5.130 
40.163±12.804 

 
339.570±64.026 
212.930±46.449 

29.189±7.539 
86.278±18.895 

 
6.256±1.483 

363.256±48.224 
105.736±21.398 

 
99.541±20.133 

 
70.590±15.187 

1.345±0.507 
6.762±2.449 
11.013±5.096 

51.469±11.561 
 

332.994±52.874 
215.372±39.910 

26.398±7.040 

80.598±15.696 
 

4.840±0.860 

360.65±58.190 
100.210±20.271 

 
93.512±19.093 

 
59.333±17.060 

1.078±0.656 
5.836±3.196 
11.302±5.939 

41.117±12.198 
 

338.950±53.109 
211.230±39.979 

29.262±7.241 
86.652±18.177 

 
6.067±1.498 

366.909±48.875 
103.338±21.199 

 
97.281±19.873 

 
55.421±15.473 

1.212±0.515 
5.022±3.443 
9.987±5.366 

39.200±11.025 
 

342.413±48.663 
214.870±38.014 

28.561±7.273 

86.434±15.817 
 

6.528±1.531 

-2.391 (-13.429 to 8.647) 
2.597 (-2.330 to 7.525) 

 
2.496 (-2.124 to 7.116) 

 
15.737 (12.144 to 19.331) 

* 
* 
* 
* 
 

-9.542 (-21.471 to 2.388) 
0.077 (-8.950 to 9.103) 

-2.246 (-3.903 to –0.589) 
-5.719 (-9.249 to –2.189) 

 
-1.391 (-1.739 to -1.043) 

0.6701 
0.3003 

 
0.2884 

 
<0.0001 
0.0283 

<0.0001 
0.0089 

<0.0001 
 

0.1165 
0.9867 
0.0081 
0.0016 

 
<0.0001 

 
SFA = 14n-0; 16n-0; 18n-0; 20n-0; 22n-0; 24n-0 
MUFA = 16n-1; 18n-1; 20n-1; 22n-1 
 
*See transformed data in Table 11 
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Table 11.  Least square (LS) mean, estimated intervention effect (95% confidence interval (CI)) for transformed data of fatty acid composition, 
qualitative and quantitative, of plasma phosphatidylcholine (PC), red blood cell (RBC) membrane PC and phosphatidylethanolamine (PE). 

 
Least Square (LS) means Transformation of  

fatty acid fractions Experimental group Control group 

Estimated intervention 
effects 

95% confidence 
intervals (CI) 

P 
values 

Qualitative composition plasma PC (% m/m) 
L-Saturated fatty acids (SFA) 
L-�-Linolenic acid (ALA) 
L-Eicosapentaenoic acid (EPA) 
M4-Docosapentaenoic acid (DPA) 
 
Quantitative composition plasma PC (�g.mL-1) 
L-�-Linolenic acid (ALA) 
L-Eicosapentaenoic acid (EPA) 
L-Docosapentaenoic acid (DPA) 
L-Docosahexaenoic acid (DHA) 
 
Red blood cell PC (% m/m) 
L-Total n-3 fatty acids 
L-�-Linolenic acid (ALA) 
Sqr-Eicosapentaenoic acid (EPA) 
L-Docosapentaenoic acid (DPA) 
L-Docosahexaenoic acid (DHA) 
L-Dihomo-�-linolenic acid (DGLA) 
L-Arachidonic acid (AA) 
 
Red blood cell PE (% m/m) 
L-�-Linolenic acid (ALA) 
Sqr-Eicosapentaenoic acid (EPA) 
Sqr-Docosapentaenoic acid (DPA) 
Sqr-Docosahexaenoic acid (DHA) 
L-Linoleic acid (LA) 
M4-n-6:n-3 

 
3.734 
-1.901 
-0.307 
1.047 

 
 

0.271 
1.854 
2.331 
3.888 

 
 

1.651 
-1.988 
0.737 
-0.231 
1.311 
0.686 
1.900 

 
 

-2.173 
1.165 
1.882 
3.028 
2.002 
1.256 

 
3.743 
-1.996 
-0.681 
1.020 

 
 

0.171 
1.468 
2.215 
3.552 

 
 

1.408 
-2.169 
0.613 
-0.259 
1.024 
0.802 
2.001 

 
 

-2.278 
0.947 
1.876 
2.802 
2.045 
1.333 

 
-0.009 
0.095 
0.375 
0.027 

 
 

0.099 
0.386 
0.116 
0.336 

 
 

0.243 
0.182 
0.124 
0.028 
0.287 
-0.116 
-0.101 

 
 

0.104 
0.218 
0.005 
0.226 
-0.043 
-0.077 

 
-0.024; 0.006 
0.017; 0.174 
0.278; 0.471 
0.006; 0.048 

 
 

0.011; 0.189 
0.283; 0.489 
0.029; 0.202 
0.267; 0.405 

 
 

0.199; 0.287 
0.082; 0.281 
0.096; 0.153 
-0.038; 0.093 
0.239; 0.335 

-0.160; -0.072 
-0.144; -0.058 

 
 

0.001; 0.208 
0.161; 0.276 
-0.075; 0.086 
0.132; 0.320 

-0.081; –0.005 
-0.096; –0.059 

 
0.2259 
0.0179 

<0.0001 
0.0122 

 
 

0.0283 
<0.0001 
0.0089 

<0.0001 
 
 

<0.0001 
0.0005 

<0.0001 
0.4070 

<0.0001 
<0.0001 
<0.0001 

 
 

0.0481 
<0.0001 
0.8952 

<0.0001 
0.0271 

<0.0001 
 
L = log transformed 
M4 = cubed transformed  
Sqr = root squared transformed 93 
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0.17; p = 0.0179); plasma quantitative: mean difference 0.10 (log µg fatty acids.mL-1) (95% 

CI: 0.01 to 0.19; p = 0.0283)), EPA (plasma qualitative: mean difference 0.38 (log % m.m-1) 

(95% CI: 0.28 to 0.47; p <0.0001); plasma quantitative: mean difference 0.39 (log µg fatty 

acids.mL-1) (95% CI: 0.28 to 0.49; p <0.0001)), DPA (plasma qualitative: mean difference 

0.03 (cubed transformed % m.m-1) (95% CI: 0.01 to 0.05; p = 0.0122); plasma quantitative: 

mean difference 0.12 (log µg fatty acids.mL-1) (95% CI: 0.03 to 0.20; p = 0.0089)) and DHA 

(plasma qualitative: mean difference 1.40 (%m.m-1) (95% CI: 1.15 to 1.65; p <0.0001); 

plasma quantitative: mean difference 0.34 (log µg fatty acids.mL-1) (95% CI: 0.27 to 0.41; 

p <0.0001)).  A significant intervention effect was also found with regard to total n-6 fatty 

acids (plasma qualitative: mean difference -1.53 (% m.m-1) (95% CI: -2.15 to -0.90; 

p <0.0001)), dihomo-�-linolenic acid (20:3n-6; DGLA) (plasma qualitative: mean difference - 

0.31 (% m.m-1) (95% CI: -0.47 to -0.15; p = 0.0002); plasma quantitative: mean difference -

2.25 (µg fatty acids.mL-1) (95% CI: -3.90 to -0.59; p = 0.0081)) and AA (plasma qualitative: 

mean difference -0.80 (% m.m-1) (95% CI: -1.12 to -0.47; p <0.0001); plasma quantitative: 

mean difference -5.72 (µg fatty acids.mL-1)  (95% CI: -9.25 to -2.19; p = 0.0016)).  Table 9 

also shows that for the qualitative composition of plasma PC, the total n-6 was decreased in 

the EG due to a decrease in DGLA and AA.  Ingestion of increased amounts of EPA and 

DHA will replace the n-6 fatty acids in cell membrane phospholipids (Simopoulos, 1997).  In 

a study investigating the effect of fish intake on concentrations of serum EPA and DHA and 

its effects on serum lipids and lipoproteins, it was found that serum concentrations of EPA 

and DHA were much higher with a concurrent lower serum AA concentration, in the 

population consuming more fish than the control group.  In addition the EPA:AA ratio was 

twice as high for the study group in comparison to the control group (Torres et al., 2000) who 

did not consume fish.  In a study done by Leigh-Firbank et al. (2002), fish-oil intervention 

resulted in a significant increase in the platelet phospholipid EPA and DHA content and a 

significant decrease was noticed in the AA and �-linolenic acid (18:3n-6; GLA) 

concentrations.  Concentration of DHA in the plasma PC of the EG in the current study 

reflected the higher intake of DHA due to the experimental spread. 

Fish contains significant quantities of AA (Kruger et al., 1992; Taber et al., 1998; 

Tokudome et al., 1999).  In the current study the mean AA intake from the experimental 

spread was higher for the EG (21.81 mg.d-1 ± 1.81) than for the CG (6.40 m.d-1 ± 0.42).  

Although higher levels of AA could thus have been expected in the EG when compared to the 

CG, it has been shown that AA is replaced in the cell membranes by EPA (Calder, 1998; 

Maurage et al., 1998) leading to reduced levels of AA.  The increase in EPA and DHA 

concentration and simultaneous lowering of AA was also found during a study where 
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postmenopausal Canadian women were supplemented with a fish oil product (Stark et al., 

2002).  Due to the presence of EPA and DHA, we speculate that little or no conversion of 

ALA through the process of elongation and desaturation could have taken place in the current 

study (Simopolous, 1997; Michelsen et al., 2001; Field, 2003).  In the current study the 

qualitative and quantitative AA concentration in the plasma PC of the EG was significantly 

lower (p <0.0001; p = 0.0016, respectively), when compared to the CG, which could be 

explained by the replacement of AA by the EPA and mainly the DHA present in the fish flour 

(Table 2).  N-3-PUFA from either plant or marine origin can modulate the content of AA, 

EPA and DHA in peripheral blood mononuclear cell phospholipids (Kew et al., 2003).  It has 

been shown that ingestion of 9.5 g ALA.d-1 induced a greater increase in peripheral blood 

mononuclear cell phospholipids EPA content than does the ingestion of 0.3 g EPA.d-1, but a 

lesser increase than does the ingestion of 0.7 g EPA.d-1 (Kew et al., 2003). 

In the qualitative fatty acid composition of plasma PC a significant intervention effect 

was found in the n-6:n-3 ratio (Tables 9) with the mean value for the EG lower (4.840 % m.m-

1 ± 0.860) post intervention when compared to the baseline value (6.258 % m.m-1 ± 1.479).  

For the CG the mentioned ratio remained almost the same from baseline to post intervention 

(6.069 % m.m-1 ± 1.493; 6.537 % m.m-1 ± 1.529, respectively) (Table 9).  The DHA increase 

in the plasma PC for the EG, was expected and can be ascribed to the ingestion of the 

experimental spread containing pre-formed DHA present in the fish flour.  The change in n-3 

fatty acid status of the EG on the other hand cannot be ascribed to their habitual dietary intake 

of fish (Table 6; Table 7).  From the dietary intake data collected (Table 6; Table 7) the 

conclusion can be made that the differences in LCPUFA status found between the two groups 

post intervention can be ascribed to the supplementation effect and not to any changes in the 

existing dietary patterns of the subjects.  Both groups consumed fish approximately 2.6 times 

per month which according to recommendations (Simopoulos, 1997), is not sufficient to meet 

n-3 fatty acid requirements. 

Tables 11 and 12 present the mean values, estimated intervention effects, confidence 

intervals and p values for post intervention RBC membrane PC (% m.m-1) fatty acid levels.  

As was the case for qualitative and quantitative plasma PC, a significant intervention effect 

was found in RBC membrane PC fatty acid levels between the EG and CG (Table 11 for 

transformed data; Table 12,) for total n-3 fatty acids (mean difference 0.24 (log % m.m-1) 

(95% CI: 0.20 to 0.29 p <0.0001)), ALA (mean difference 0.18 (log % m.m-1) (95% CI: 0.08 

to 0.28; P = 0.0005)), EPA (mean difference 0.12 (root squared transformed % m.m-1) (95% 

CI: 0.10 to 0.15; p <0.0001)) and DHA (mean difference 0.29 (log % m.m-1) (95% CI: 0.24 to 

0.34;  p <0.0001)).  The  concentrations  of  total  n-6 fatty  acids  (mean  difference  -1.50  



  

Table 12.  Mean (± SD), least square mean estimated intervention effect (95% confidence interval (CI)) and p values for red blood cell (RBC) 
membrane phosphatidylcholine (PC) (% m.m-1) fatty acid composition for the experimental (EG) and control group (CG) post 
intervention. 

 
Fatty acids Experimental group  

(n = 137) 
Control group 

(n = 144) 
Estimated intervention effect 

(95% CI)  
P value 

(group effect) 

Saturated fatty acids (SFA) 
Mono-unsaturated fatty acids (MUFA) 
n-9 fatty acids 
Oleic acid (OA) 
n-3 fatty acids 
Total n-3 fatty acids 
�-Linolenic acid (ALA) 
Eicosapentaenoic acid (EPA) 
Docosapentaenoic acid (DPA) 
Docosahexaenoic acid (DHA) 
n-6 fatty acids 
Total n-6 fatty acids 
Linoleic acid (LA) 
Dihomo-�- linolenic acid (DGLA) 
Arachidonic acid (AA) 
ratios 
n-6:n-3 

46.010±1.718 
17.360±1.350 

 
15.479±1.276 

 
5.270±0.816 
0.139±0.047 
0.557±0.180 
0.830±0.368 
3.745±0.603 

 
31.359±1.776 
21.546±1.667 
2.016±0.364 
6.848±0.989 

 
6.073±0.894 

46.160±2.120 
16.841±1.255 

 
15.113±1.220 

 
4.154±0.951 
0.112±0.038 
0.392±0.170 
0.803±0.305 
2.847±0.724 

 
32.845±1.883 
22.121±1.599 
2.267±0.440 
7.408±1.098 

 
8.197±1.692 

-0.129 (-0.585; 0.328) 
0.467 (0.171; 0.763) 

 
0.318 (0.034; 0.602) 

 
* 
* 
* 
* 
* 
 

-1.498 (-1.932; -1.065) 
-0.537 (-0.919; -0.155) 

* 
* 
 

-2.122 (-2.444; -1.800) 

0.5796 
0.0021 

 
0.0282 

 
<0.0001 
0.0005 

<0.0001 
0.4070 

<0.0001 
 

<0.0001 
0.0060 

<0.0001 
<0.0001 

 
<0.0001 

 
SFA = 14n-0; 16n-0; 18n-0; 20n-0; 22n-0; 24n-0 
MUFA = 16n-1; 18n-1; 20n-1; 22n-1 
 
*See transformed data in Table 11 
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(%m.m-1) (95% CI: -1.93 to -1.07; p <0.0001)), LA (mean difference -0.54 (%m.m-1) (95% 

CI: -0.92 to -0.16 p = 0.0060)), DGLA (mean difference -0.12 (log % m.m-1) (95% CI: -0.16 

to -0.07; p <0.0001)) and AA (mean difference -0.10 (log % m.m-1) (95% CI: -0.14 to -0.06; p 

<0.0001)) showed a significant intervention effect with the EG showing, decreased levels.  In 

another study 500 mg fish oil supplementation (314 mg n-3 LCPUFA and 112 mg DHA) 

given to malnourished children daily for nine weeks, augmented the RBC membrane DHA 

from 2.27 (0.81) to 3.35 (0.76) %mol without significantly affecting the concentrations of n-6 

LCPUFA (Smit et al., 2000).  The author concluded that not only did the fish oil 

supplementation improve the DHA status of the malnourished children, but that the 

supplement apparently was well absorbed and not exclusively used as a source of energy 

(Smit et al., 2000).  In another study carried out by Dunstan et al. (2004), woman received 4 g 

fish oil (28% EPA and 56% DHA) or a placebo (olive oil) per day from 20 weeks gestation 

until delivery. Compared to the control group, maternal EPA and DHA in erythrocyte 

phospholipid fatty acids were significantly higher in the fish oil group at 30 and 37 weeks 

gestation and remained elevated at 6 weeks post partum (Dunstan et al., 2004). 

Tables 11 and 13 presents the mean values, estimated intervention effects, confidence 

intervals and p values for post intervention RBC membrane PE (%m.m-1) fatty acid levels.  As 

was the case for plasma and RBC membrane PC, a significant intervention effect was found 

in RBC membrane PE fatty acid composition between the EG and CG (Table 11 for 

transformed data; Table 13) for total n-3 fatty acids (mean difference 1.9 (%m.m-1) (95% CI: 

1.1 to 2.7; p <0.0001)), ALA (mean difference 0.1 (%m.m-1) (95% CI: 0.0 to 0.2; p = 

0.0481)), EPA (mean difference 0.2 (root squared transformed % m.m-1) (95% CI: 0.2 to 0.3; 

p <0.0001)) and DHA (mean difference 0.2 (root squared transformed % m.m-1) (95% CI: 0.1 

to 0.3; p <0.0001)).  The RBC membrane PE fraction also showed a significant intervention 

effect in the levels of LA (mean difference -0.04 (log % m.m-1) (95% CI: -0.1 to -0.0; p = 

0.0271)), DGLA (mean difference -0.1 (%m.m-1) (95% CI: -0.2 to -0.1; p = 0.0023)), and AA 

(mean difference -2.0 (%m.m-1) (95% CI: -2.9 to -1.1; p <0.0001)) with the EG showing 

lower mean fatty acid levels when compared to the CG.  As was the case for plasma and RBC 

membrane PC, a significant intervention effect was found for the n-6:n-3 fatty acid ratio in the 

RBC membrane PE, with the EG showing a lower ratio compared to the CG (Table 13). 

In the RBC membrane PC and PE fractions a significant intervention effect was found 

for mono-unsaturated fatty acids (MUFA) (mean difference 0.5 (%m.m-1) (95% CI: 0.2 to 0.8; 

p = 0.0021; mean difference 0.3 (%m.m-1) (95% CI: 0.0 to 0.7; p = 0.0490, respectively) with 

the EG showing higher mean fatty acid levels.  A significant intervention effect was found in 

the RBC membrane PC fraction for oleic acid (18:1n-9; OA; mean difference 0.3 (%m.m-1)  



  

Table 13.  Mean (± SD), least square mean estimated intervention effect (95% confidence interval (CI) and p values for red blood cell (RBC) 
membrane phosphatidylethanolamine (PE) (% m.m-1) fatty acid composition for the experimental (EG) and control group (CG) post 
intervention. 

 
Fatty acids Experimental group 

 (n = 134) 
Control group 

(n = 140) 
Estimated intervention effect 

(95% CI)  
P value 

(group effect) 

Saturated fatty acids (SFA) 
Mono-unsaturated fatty acids (MUFA) 
n-9 fatty acids 
Oleic acid (OA) 
n-3 fatty acids 
Total n-3 fatty acids 
�-Linolenic acid (ALA) 
Eicosapentaenoic acid (EPA) 
Docosapentaenoic acid (DPA) 
Docosahexaenoic acid (DHA) 
n-6 fatty acids 
Total n-6 fatty acids 
Linoleic acid (LA) 
Dihomo-�- linolenic acid (DGLA) 
Arachidonic acid (AA) 
ratios 
n-6:n-3 

33.213±7.544 
17.483±1.393 

 
16.856±1.395 

 
14.488±3.560 
0.086±0.061 
1.411±0.485 
3.660±1.098 
9.330±2.445 

 
34.861±5.061 
7.486±1.296 
1.197±0.361 
20.589±3.778 

 
2.562±0.969 

31.471±6.773 
17.090±1.476 

 
16.493±1.504 

 
12.656±3.061 
0.077±0.055 
0.964±0.395 
3.616±1.003 
7.999±2.043 

 
38.783±5.133 
7.854±1.421 
1.353±0.328 
22.597±3.903 

 
3.217±0.743 

1.966 (0.262; 3.671) 
0.340 to 0.002; 0.679) 

 
0.301 (-0.040; 0.642) 

 
1.884 (1.093; 2.676) 

* 
* 
* 
* 
 

-3.966 (-5.187; -2.744) 
* 

-0.125 (-0.205; -0.045) 
-2.022 (-2.943; -1.100) 

 
* 

0.0239 
0.0490 

 
0.0829 

 
<0.0001 
0.0481 

<0.0001 
0.8952 

<0.0001 
 

<0.0001 
0.0271 
0.0023 

<0.0001 
 

<0.0001 
 
SFA = 14n-0; 16n-0; 18n-0; 20n-0; 22n-0; 24n-0 
MUFA = 16n-1; 18n-1; 20n-1; 22n-1 
 
*See transformed data in Table 11 
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(95% CI: 0.0 to 0.6; p = 0.0282)) between the two groups with the EG showing a higher mean 

value for this fatty acid. 

Fig. 2 summarises and demonstrates the higher post intervention DHA concentrations 

(mean values) for plasma and RBC membrane PC and RBC membrane PE for the EG 

compared to the CG, confirming good compliance with the study protocol.  Individuals 

consuming EPA and DHA, present in fish and fish oils, had increased levels of these two fatty 

acids in their plasma and tissue lipids at the expense of LA and AA, as was found by many 

authors (Simopolous, 1997; Smit et al., 2000; Dunstan et al., 2004).  With the blood 

phospholipid fatty acid profiles as was discussed above, the current study supports the finding 

of these studies. 

 

Absenteeism 

At baseline 26 - 31% of the total population in the current study were stunted (Table 

3), a measure of long-term nutritional deficiency.  It has long been recognised that 

malnourished individuals are more susceptible to infections, an observation that has 

consistently been attributed to impaired immune function.  Infection in itself causes further 

deterioration of nutritional status through various cytokine-mediated mechanisms (Scrimshaw 

et al., 1959).  The essential role of the n-3 fatty acids, amongst others, in inflammatory and 

auto-immune disorders, was reported (Simopoulos, 1991; Hughes, 1995; Michelsen et al., 

2001; Field, 2003). 

Table 14 presents the mean cumulative value for the total number of days the subjects 

were absent and the days absent for different reasons.  Table 15 gives the number of subjects 

absent (%) from school due to specific reasons.  A significant difference was found in the 

number of subjects absent from school due to respiratory illness (p = 0.0042), with a 

prevalence of 28% and 14% for the CG and EG, respectively.  Absence due to other illnesses 

showed a significant difference between the groups (p = 0.0402), with a prevalence of 32% 

and 21% for the CG and EG, respectively.  A significant difference was found between the 

groups for absenteeism due to any reason (p = 0.0231), with a prevalence of 37% and 25% for 

the CG and EG, respectively.  A marginal difference (p = 0.0635) was found between the two 

groups for subjects absent from school at least one day.  Table 16 presents the incidence rates 

and incidence differences, as well as the 95% confidence intervals and p-values for the 

number of days subjects from the EG and CG were absent from school due to various reasons.  

The experimental group was statistically significant less days absent (p < 0.05) due to 

respiratory illness, any other illness and also for absence due to any reason. 
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Figure 2.  Docosahexaenoic acid (DHA) concentration (mean values) for plasma (PL) and red 
blood cell (RBC) membrane phosphatidylcholine (PC) and RBC membrane 
phosphatidylethanolamine (PE) for the experimental group (EG) and control group 
(CG), post intervention.  Statistical analyses were done on * = log transformed 
data; ** = cubed transformed data. 
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Table 14.  Mean cumulative days the subjects in the experimental (EG) and control group 

(CG) were absent. 

 
Experimental group 

(n = 147) 
Control 
group 

(n = 159) 

 
Days absent 

Mean ± SD Mean ± SD 

Wilcoxon 
 
 

p value 
Total days absent 
Days absent due to respiratory illness 
Days absent due to any illness 
Days absent due to any reason 

2.46 ± 3.89 
0.40 ± 1.46 
0.58 ± 1.55 
0.86 ± 2.35 

3.14 ± 4.26 
0.84 ± 1.75 
0.95 ± 1.83 
1.33 ± 2.71 

0.0323 
0.0031 
0.0298 
0.0195 

 

 

 

 

 

Table 15. Number of subjects absent (%; p-values) in the experimental (EG) and control 

groups (CG) for different reasons at least once during 104 d intervention. 

 
Experimental group 

(n = 147) 
Control group 

(n = 159) 
Chi-square  

Subjects absent 
% % p value 

Subjects absent at least one day 
Subjects absent due to respiratory illness 
Subjects absent due to any illness 
Subjects absent due to any reason 

53.1 
14.3 
21.1 
24.5 

63.5 
27.7 
31.5 
36.5 

0.0635 
0.0042 
0.0402 
0.0231 

 

 

 

 

 

Table 16. Incidence rates; incidence rate differences; 95% confidence intervals and p values 
for the number of days the subjects in the experimental (EG) and control groups 
(CG)) were absent due to different reasons. 

 
Incidence rates  

Reason for days absent Experimental 
group 

Control 
group 

Incidence rate 
differences 

95% Confidence 
Intervals 

p value 

Respiratory illness 
Any illness 
Absent due to any reason 

0.0039 
0.0056 
0.0082 

0.0080 
0.0091 
0.0128 

-0.0042 
-0.0036 
-0.0045 

-0.0059; -0.0025 
-0.0055; -0.0017 
-0.0068; -0.0023 

0.0000 
0.0002 
0.0001 
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According to Simopoulos (1999) ingestion of sufficient n-3 fatty acids might have 

resultant anti-inflammatory, antithrombotic, antiarrhythmic, hypolipidaemic and vasodilatory 

properties.  With the EG in the current study being supplemented with EPA and DHA (from 

the fish flour), it is of importance to realise that components of both natural and acquired 

immunity, including the production of key inflammatory cytokines, can be affected by n-3 

PUFA (Calder, 2003; Calder & Grimble, 2002) and among the n-3 PUFA, those from fish oil 

(EPA and DHA) are more biologically potent than ALA (Calder, 2001a; Kelley, 2001).  

Feeding humans and animals increased amounts of fish oil resulted in decreased AA 

concentrations in the membrane cells involved in inflammation and immunity with a resultant 

decreased capacity of immune cells to synthesise eicosanoids from AA (Calder, 1997).  In the 

current study the high levels of EPA and DHA present in especially the RBC membrane 

fractions of the EG, with a simultaneous low level of AA, as was discussed by Tichelaar and 

Smuts (2000), may have contributed to decreased AA concentrations in the membrane cells 

involved in inflammation and immunity resulting in less illness experienced.  EPA on the 

other hand, is able to act as a substrate for both cyclooxygenase and 5-lipoxygenase, and by 

doing so gives rise to derivatives that have a different structure to those produced from AA 

resulting in an elevation in the production of EPA-derived eicosanoids (Calder, 1997).  The 

body preferentially converts EPA to eicosanoids but they are less reactive than eicosanoids 

produced from AA.  This may be the reason why a diet rich in n-3 PUFA can lead to a 

depressed immune system (Hughes, 1995; Calder, 1997). 

In a pilot study done by Thienprasert et al. (2002) on school children (8 - 12 yr) 

randomised to receive either foods fortified with a total of 1 g.d-1 DHA and 308 mg.d-1 EPA, 

or the same foods without supplements, the number of days absent from school was lower in 

the DHA/EPA group (1.7 ± 2.0) compared to the placebo group (5.8 ± 3.6).  Subjects from the 

DHA/EPA group that were sick per month were less (1.5 ± 1.6) compared to subjects from 

the control group (4.2 ± 2.4).  In another study reported by Thienprasert et al. (2004), the 

percentage of natural killer cells (NK), in the n-3 fatty acids supplemented group, increased 

significantly whereas the percentage of CD8 T cells decreased significantly.  The percentage 

of CD25 expressing CD4 T cells and CD8 T cells after activation also increased significantly 

in the n-3 supplemented group.  These authors concluded that supplementation with n-3 fatty 

acids may enhance immune response both in innate immunity through natural killer cells and 

specific immunity through T cells (Thienprasert et al., 2004). 

When translating the results on absenteeism into the number of days absent per 100 

subjects, it was found that for any illness, the EG was absent for 58 d in comparison with the 

95 d for the CG.  For respiratory related illness, the EG was absent for 40 d and the CG for 84 
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d.  When illness due to flu and/or a cold is compared, the EG was absent for 37 days and the 

CG 62 days.  When comparing absence due to any reason, the EG was absent for 86 d while 

the CG was absent for 133 d (Fig. 3). 

The above results suggest a positive intervention effect on the general health of the EG 

with specific reference to infection of the respiratory pathways.  These observations are 

promising and may have significant long-term implications for learning and school 

performance in children deficient in n-3 LCPUFA because regular school attendance may 

contribute to eventual better school achievement. 

 

Conclusion 

 
The study was done in a low socio-economic community as was confirmed by the prevalence 

of stunting in a quarter of the EG and CG which can be associated with their chronic 

nutritional deficiencies and low socio-economic environment.  At baseline very few subjects 

in the chosen population were anaemic while the prevalence of iron-deficiency for the EG 

was ca. 28% and for the CG ca. 25%.  The study population had high levels of vitamin A at 

baseline and post intervention confirming the habitual dietary patterns in this community of 

the frequent consumption of organ meat like liver, heart and lungs being sources of vitamin A.   

It was evident from the food frequency and short dietary questionnaires that the population 

consumed little fish or other sources of EPA and DHA during their normal dietary habits. 

From the retrospective questionnaire and the record forms kept daily by the educators, 

it was evident that the compliance was beyond 92% for both groups.  The mean intake of the 

daily ration of spread by both groups was 95% when absenteeism was not taken into account, 

an indication of the high rate of acceptance of the subjects the sandwich containing either the 

experimental or placebo spread. 

The intake of n-3 fatty acids by the EG was higher when compared to the CG due to 

the consumption of the experimental spread containing pre-formed EPA and DHA in a natural 

matrix namely fish flour.  A significant difference was found post intervention between the 

EG and CG with regard to blood phospholipid fatty acid status, with the EG showing higher 

plasma PC and RBC membrane PC and PE n-3 fatty acid levels with regard to ALA, EPA and 

DHA.  The CG on the other hand showed higher n-6 fatty acid levels in these fractions.  

Taking into consideration the habitual dietary intakes of the population, as represented by the 

data from the mentioned dietary questionnaires, the conclusion can be made that the 

differences found in the LCPUFA status of the study population post intervention, was  
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Figure 3.  Number of school days absent (per 100 children) for the experimental (EG) and 

control group (CG) during intervention (104 d) due to any illness, respiratory 
illness, absence due to flue/cold, and absence due to any reason given. 
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directly related to an intervention effect and cannot be ascribed to their regular dietary intake 

of n-3 fatty acid sources at home. 

Apart from the high content of DHA and EPA in the experimental spread, it also 

contained a small amount of protein, calcium, phosphorus, iron and zinc (Table 1 in Chapter 2 

of this dissertation) due to the inclusion of fish flour in the formula.  Although we 

acknowledge the presence of these nutrients in the experimental spread, we believed that the 

major effect on the EG was mainly due to the ingestion of the n-3 LCPUFA as was mentioned 

by other authors (Simopoulos et al., 1991; Calder, 2001a). 

A significant difference was found between the two groups for absence from school 

due to respiratory related illness, any other illness, as well as absence from school due to any 

reason.  These results indicate an intervention effect with less absence from school 

experienced by the EG. 

It can be concluded that supplementation of children (6 - 9 yr) from a low socio-

economic community, with n-3 LCPUFA, with specific reference to EPA and DHA from a 

marine source, had a beneficial effect on the fatty acid status of these individuals.  These 

elevated concentrations of EPA and DHA may have had a positive effect on the general health 

status of these subjects.  The possible effect of the protein and other micronutrients present in 

the experimental spread are, however, not undervalued.  Absenteeism, as an indicator of 

immune function, experienced by the participating subjects might have been positively 

influenced by the ingestion of EPA and DHA and thus resulting in less school days absent 

that eventually may have a cumulative positive impact on school performance. 
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Appendix 
 
Table A1.  Record form for completion by the teachers 
 
OMEGA-STUDIE 
REKORD VORM – 2003 
GRAAD………………………………….. 
ONDERWYSER…………………………. 
 
Groep A Maand MEI 
(Rooi) Dag D V S

/
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M D W D V S
/
S 

M D W D F S
/
S 

M D W D V S
/
S 

M D W D V 

 Datum 1 2  5 6 7 8 9 12 13 14 15 16 19 20 21 22 23 26 27 28 29 30 
Naam Kode                       
Julies Elmo 065                       
Philips Anne 224                       
Swart Mavis 123                       
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Instruksies 
• Leerders wat nie deel vorm van die studie nie, verlaat die klas en kry hul gewone skoolvoeding. Slegs leerders wat deel vorm van die studie bly agter. 
• Lees die leerders se name van die onderskeie vorms af. Laat die twee groepe apart van mekaar sit. 
• Deel die brood uit; twee snye per kind: Groep A brood: geel houer; Groep B brood: blou houer. 

 
Verseker dat:  
Elke leerder al twee die snye brood eet voordat hy/sy die klaskamer verlaat.  Indien nie, monitor die hoeveelheid wel ge-eet. 
Die leerder nie sy/haar brood vir iemand anders gee of met iemand anders uitruil nie. 
Die leerder(s) nie die brood wegsteek in sy/haar sak of tas nie. 
 

• Vul die vorm elke dag ten opsigte van elke leerder in. Indien ‘n leerder afwesig is en sy/haar brood dus nie geëet het nie, merk met “ º “ langs die kind se naam in die kolom 
vir die spesifieke dag. Indien die leerder nie die brood geëet het nie, vul die toepaslike kode in vir die “Rede dat die brood nie geëet is nie”. Indien die kind afwesig is, vul 
in “A” met potlood en vervang die “A” in rooi pen met die toepaslike kode vir “Rede vir afwesigheid” wanneer die kind terug is by die skool (sien aangehegte lys vir 
toepaslike kodes). 
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Table A1 (cont.): Record form (continued) 
 
LYS MET TOEPASLIKE KODES 
 
REDE DAT BROOD NIE GE-EET 
IS NIE 

REDE TOT AFWESIGHEID 

KODE REDE KODE REDE KODE REDE 
A Kind afwesig 1 Griep/verkoue/borsinfeksie 10 Ooginfeksie 
B Kind nie lus vir brood, voel 

bv. Siek 
2 Diarree/maagaandoening/braak 11 Velinfeksie 

C Brood nie vandag 
beskikbaar 

3 Maagpyn 12 Besering bv 
gebreekte arm 

D Kinders nie beskikbaar, bv 
sportbyeenkoms 

4 Masels 13 Nie siek nie; 
ander rede 

E Kind laat vir skool 5 Duitse masels 14 Skool verlaat 
F Kind eet nie al twee snye 

brood nie 
6 Waterpokkies 15  

G  7 Pampoentjies 16  
H  8 Kopseer 17  
I  9 Oorinfeksie 18  
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CHAPTER 5 

 

EFFECT OF AN N-3 FATTY ACID-RICH SPREAD ON COGNITION OF SCHOOL 

CHILDREN (6 - 9 YEARS): A RANDOMISED CONTROLLED TRIAL 

 

 

Abstract 

 

In humans n-3 long-chain polyunsaturated fatty acids (LCPUFA) play a well-documented role 

in brain development and function of the foetus and child.  Behaviour domains within the 

brain may be categorised as sensory, motor, motivational and arousal, cognitive, as well as 

social.  Because of changes in brain structure and function, differences in these domains can 

occur.  Docosahexaenoic acid (22:6n-3; DHA) and arachidonic acid (20:4n-6; AA) are major 

structural components of the brain and a deficiency of these fatty acids may bring about 

changes in one or more of the behaviour domains.  The aim of this placebo-controlled trial 

was to investigate the effect of a specially formulated experimental spread containing n-3 

fatty acids, with specific reference to DHA embedded in a natural matrix namely fish flour, on 

the cognitive function of Grades 1 and 2 children (6 – 9 yr) resident in the Northern Cape, 

South Africa.  Subjects (n = 351; of mixed ancestry: African-European-Malay) were stratified 

by Class group (A - E) and gender and randomly assigned to two groups, an experimental 

group (EG; n = 174) and a control group (CG; n = 177).  Daily all children received 2 

sandwiched consisting of 2 slices of bread (ca. 60 g) during school days (104 d) for a period 

of 175 d (ca. 5,8 mo).  The two slices were daily spread with 25 g of either the experimental 

spread for the EG or the placebo spread for the CG.  The experimental spread provided 

eicosapentaenoic acid (20:5n-3; EPA; 82,16 mg.25 g-1) and DHA (191,66 mg.25 g-1) supplied 

by the fish flour whereas the placebo spread had no added n-3 LCPUFA.  At baseline and post 

intervention Anthropometric indices were determined and blood was drawn for the 

determination of haemoglobin, serum ferritin, serum retinol and C-reactive protein status, as 

well as for plasma phosphatidylcholine (PC) and red blood cell (RBC) membrane PC and 

phosphatidylethanolamine (PE) fatty acid composition.  Post intervention the DHA status was 

significantly improved (p <0.05) in all the mentioned blood phospholipid fractions in the EG.  

Trained test administrators conducted a battery of cognitive tests on participating subjects at 

baseline and post intervention.  The results showed a significant intervention effect for the 

Hopkins Verbal Learning test, in that children from the EG had better scores for Recognition 

and Discrimination Index compared to subjects from the CG (both p <0.05).  A significant 
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intervention effect (p <0.05) was found for the Spelling test.  Based on the outcomes of the 

Hopkins Verbal Learning and Spelling tests, the current study suggests that an n-3 fatty acid-

rich spread improved the recognition, discrimination and spelling ability of primary school 

children (6 - 9 yr) from a low socio-economic community, and thereby improved the learning 

ability and memory of these subjects. 

 

Introduction 

 
The long chain polyunsaturated fatty acids (LCPUFA) synthesised from the parent essential 

fatty acids, linoleic acid (18:2n-6; LA) and �-linolenic acid (18:3n-3; ALA) could, under 

certain circumstances, be classified as conditionally essential.  These LCPUFA become 

essential if circumstances prohibit its adequate synthesis (The British Nutrition Foundation, 

1992).  The most profuse fatty acids in the cellular membranes of the brain are arachidonic 

acid (20:4n-6; AA) and docosahexaenoic acid (22:6n-3; DHA) (The British Nutrition 

Foundation, 1992; Wainwright, 2000).  Whereas AA is known to be involved in cell 

signalling pathways and to be a precursor of eicosanoids that are important for a number of 

cellular processes (Wainwright, 1997) specific functional roles for DHA in the brain are less 

well elucidated (McCann & Ames, 2005).  Particularly high concentrations occur in the 

membranes of neuronal synaptic terminals with DHA most prevalent in the retinal 

photoreceptor cells (Neuringer & Connor, 1986; The British Nutrition Foundation, 1992; 

Bazan et al., 1993; Uauy & Mena, 2001).  DHA is found in high concentrations in membrane 

phospholipids like phosphatidylethanolamine (PE) and phosphatidylserine in the nerve tissue 

(Connor, 2000) as was reviewed by Shireman (2003). 

Behaviour domains within the brain may be categorised as sensory, motor, motivational 

and arousal, cognitive, as well as social.  Because of changes in brain structure and function, 

differences in these domains can occur.  The composition of brain membrane polyunsaturates 

can be altered by the LCPUFA in the diet and these fatty acids can also change the way in 

which the brain functions (Crawford, 1993; Carlson et al., 1994; Wainwright, 2000).  During 

foetal and infant brain development selective accumulation of DHA and AA occurs, which is 

then concentrated in the brain and the retina (The British Nutrition Foundation, 1992; 

Nettleton, 1993) as was confirmed in a primate study (Carlson, 2000).  Approximately 70% of 

the total number of brain cells of an individual has divided before birth.  The foetal brain at 

two months consumes 70% of the dietary energy supplied by the mother to meet the demands 

for its prodigious rate of growth (Crawford, 1993).  Intake of LCPUFA remains critical during 

late pregnancy and lactation, when rapid neural and vascular development takes place (The 

British Nutrition Foundation, 1992).  Nutritional deficiencies of these fatty acids may result in 
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brain dysfunction, as well as visual impairment, making it essential in the diet (Bazan et al., 

1993; Colgan, 1994; Uauy & Mena, 2001).  Retinal dysfunction as a result of n-3 fatty acid 

deficiency is irreversible (Neuringer & Connor, 1986; Nettleton, 1993. 

Studies on very young children suggested that LCPUFA enhance information 

processing and attention regulation (Willatts & Forsyth, 2000), indicating that DHA is an 

essential nutrient for optimum neural maturation in infants (Makrides et al., 1995; Linko & 

Hayakawa, 1996).  An improvement in problem solving was found when term infants 

(10 months old) were fed on diets supplemented with DHA and AA compared with those fed 

on a control formula low in n-3 fatty acids (Willatts et al., 1998).  Holman et al. (1982) 

reported neurological abnormalities in a girl aged 6, fed on a diet containing LA but low in 

ALA.  These abnormalities were alleviated after n-3 fatty acid supplementation. 

Very little research has been done to investigate the possible effect of DHA 

supplementation on the cognitive performance of school-age children.  The aim of this 

intervention study was to investigate the effect of a specially formulated n-3-rich 

experimental spread on cognition of Grade 1 and Grade 2 children (6 - 9 yr) from a low socio-

economic community. 

 

Materials and methods 

 

Study population and design 

The intervention study was a randomised, placebo-controlled, single-blind trial, 

investigating the effects of increased DHA intakes on the cognitive functioning of children 

(aged 6 - 9 yr) from a low socio-economic community.  The birth date of each participating 

child was obtained from the school register.  The intervention study extended over a period of 

175 days (inclusive of weekends and holidays; school days = 104 d).  The study population 

consisted of Grade 1 and Grade 2 children from a primary school in the Northern Cape 

Province, South Africa, who participated in the existing governmental School Nutrition 

Programme and were of mixed ancestry (African-European-Malay).  The parent or guardian 

of a participant gave written informed consent for participation in the study and each 

participating subject also gave verbal assent.  The Ethics Committee of the South African 

Medical Research Council granted ethical approval.  Exclusion criteria were subjects with 

allergies to fish products and those subjects for whom no consent had been obtained. 

Based on the cognitive results (Hopkins Verbal Learning test) of a previous n-3 fatty 

acid intervention trial in primary school children (Tichelaar et al., 2000), it was clear that 

supplemented subjects scored three words more over time when compared to the control 
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group.  It was calculated that a sample size of 78 in each group would have 80% power to 

detect a difference in the means of two words when using the total score of the Hopkins 

Verbal Learning test as a reference (the difference between an experimental group, mean, �1, 

of 25.0 and a control group mean, �2, of 23.0).  The assumption was made that the common 

standard deviation is 5.0 using a two-group t-test of 0.05 one-sided significance level.  Due to 

an anticipated dropout rate of ca 13%, the sample size per group was increased to 87.  This 

calculation for the Cognitive tests was made with the Grade 1 children excluded, because the 

Hopkins Verbal Learning test and the Senior South African Individual Scale – Revised test 

could not be performed with Grade 1 test subjects due to a compulsory age restriction.  The 

Spelling and Reading tests could only be performed at the end of the Grade 1 learners’ school 

year and they were, therefore, included in equal numbers with the Grade 2 subjects, in the 

final sample size. 

Participating subjects (n = 351) were block stratified by Class group (A - E) and 

gender and randomly assigned to one of the two treatment groups, namely an EG (n = 174) 

and a CG (n = 177).  Each subject received two sandwiches per school day consisting of 2 

slices of bread (60 g) spread with either a specially formulated experimental spread (25 g.d-1), 

containing marine derived n-3 fatty acids for the EG, or an analogous placebo spread (25 g.d-

1), without the n-3 fatty acids for the CG.  Only the primary researcher was aware of group 

allocation.  The experimental and control spread were only unmasked after completion of the 

study and analysis of the data. 

The experimental spread contained, as primary ingredients, Carotino fat (41.6% (m.m-

1)), manufactured from red palm oil with a resultant orange-red colour indicative of its high ß-

carotene content, and fish flour (42.0% (m.m-1)).  Other minor ingredients were canola oil, 

lecithin, flavourants, sugar syrup, citric acid and ascorbic acid (Chapter 3 of this dissertation).  

The flavours used for masking the fishy note in the experimental spread are smoke, tomato, 

ketchup, chutney and curry (Chapter 3 of this dissertation).  The fish flour used for the 

experimental spread, also contained a small amount of protein and micronutrients.  In the 

formulation of the placebo spread the fish flour was replaced with a commercial superfine 

rusk (94% (m.m-1) bread flour).  The development of the experimental and placebo spreads is 

described in more detail in Chapter 3 of this dissertation.  Table 1 gives a comparison of the 

fatty acid composition of 25 g of the experimental and placebo spreads. 

To exclude parasitic infestation as a confounding factor, all children received 

anthelmintic therapy (400 mg albendazole).  This treatment was given as a single dose a week 

before commencement of the intervention trial. 
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Table 1.  Fatty acid composition (mean ± SD) of 25 g of the specially formulated 

experimental spread and placebo. 

 
Composition1 Fatty acids 

Experimental spread 
(mg) 

Placebo spread  
(mg) 

n-3Fatty acids 
�-Linolenic acid (ALA) 

 
335.02 ± 1.07 

 
84.02 ± 1.63 

Eicosapentaenoic acid (EPA) 

Docosapentaenoic acid (DPA) 
82.16 ± 0.51 
27.40 ± 0.44 

14.78 ± 0.39 
5.40 ± 0.27 

Docosahexaenoic acid (DHA) 
Total n-3 fatty acids (Tn-3 FA) 
n-6 Fatty acids 
Linoleic acid (LA) 
Arachidonic acid (AA) 
Total n-6 fatty acids (Tn-6 FA) 
Ratio 
n-6:n-3 Fatty acid ratio 
Polyunsaturated:saturated fatty acid ratio (P:S) 

191.66 ± 0.86 
629.52 ± 2.17 

 
1567.36 ± 4.92 

23.25 ± 0.09 
1612.14 ± 5.24 

 
2.56 
0.43 

35.61 ± 0.95 
143.81 ± 1.60 

 
2511.25 ± 9.12 

6.83 ± 0.18 
2561.27 ± 9.70 

 
17.81 
0.52 

 
1Fatty acid composition as determined by the gas liquid chromatography analysis of random samples (n = 11) 
taken during batch production of the spreads. 
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Measurements 

 

Anthropometry 

Weight was measured (with subjects in light clothing) to the nearest 0.05 kg on a load 

cell operated digital scale (UC-300 Precision Health Scale).  Height was measured (with 

subjects shoeless) to the nearest 0.1 cm using a wooden board fitted with a measuring tape 

and a movable headboard.  Z-scores were calculated for height-for-age (HAZ), weight-for-age 

(WAZ) and weight-for-height (WHZ), and were expressed as z-scores with the National 

Center for Health Statistics (NCHS) median as the reference (Gorstein et al., 1994). 

 

Blood sampling 

A nursing sister assisted by a medical technologist obtained blood samples (10 mL) 

via antecubital venipuncture at baseline and post intervention.  All blood samples were 

collected between 08h30 and 13h00 with a syringe and immediately transferred into EDTA 

anti-coagulant tubes. Haemoglobin concentration was measured on an aliquot of the blood. 

The rest of the blood was immediately centrifuged. The RBC were washed twice with 

0.15 mol.L-1 NaCl and centrifuged at 1800-x g for 15 min to remove the buffy coat. The 

plasma and RBC were stored at -20°C for the duration of the fieldwork (4 d). After 

completion of the fieldwork, the samples were stored at -80°C until analysed.  

Plasma phosphatidylcholine (PC) and red blood cell (RBC) membrane PC and 

phosphatidylethanolamine (PE) fatty acid status were determined at baseline and post 

intervention.  Only post intervention RBC membrane PC and PE fatty acid values were, 

however, used due to technical problems during storage of the baseline samples.  Plasma 

samples were also used to determine the clinical biochemical variables ferritin, retinol and C-

reactive protein (an indicator of acute infection). 

 

Spread sampling 
For the duration of the intervention study production of the experimental and placebo 

spreads took place every alternate week.  During each production-trial (total = 11) random 

samples (ca. 5 g) of the spreads were taken for fatty acid analysis. 

 

Biochemical analysis 

Haemoglobin was measured in situ by means of the direct cyanmethemoglobin 

method (Ames Mini-Pak Hb test pack & AmesTM Minilab), using Drabkins solution and a 

standard photometer.  Serum ferritin (indication of iron-stores) was determined with an 
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immunoradiometric assay (Ferritin MAb Solid Phase Component System; ICN 

Pharmaceuticals, Orangeburg, NY, USA) using an Auto Gamma 500C counting system 

(United Technologies, Packard, IL, USA).  Serum retinol was determined by reversed-phase 

high-pressure liquid chromatography (HPLC), based on the method described by Catignani 

and Bieri (1983). 

Serum C-reactive protein, an acute phase protein, and an indicator of acute infection, 

was determined using a turbidity method from Bayer Corporation (Tarrytown, NY, USA).  It 

was spectrophotometrically measured with a Technicon RA-1000 automated system. 

The spread samples (100 mg; experimental spread and placebo spread each) were 

extracted with chloroform/methanol (2:1; v.v-1) according to a modified method of Folch et 

al. (1957), at each manufacturing point (Van Jaarsveld et al., 2000).  All the extraction 

solvents contained 0.01% butylated hydroxytolene (BHT) as an antioxidant.  Heptadecanoic 

acid (C17:0) was used as internal standard to quantify the individual fatty acids in the spread 

samples. 

Plasma PC (% m.m-1; µg.mL-1) and RBC membrane PE and PC fatty acid (% m.m-1)) 

concentration were determined from the blood samples taken at baseline and post intervention 

for the EG and CG.  PC-diheptadecanoyl (PC-17:0; Sigma Chemical Co.) and PE-

diheptadecanoyl (PE-17:0; Sigma Chemical Co.) were used as internal standard to quantify 

the individual fatty acids.  Individual phospholipid classes were separated by thin layer 

chromatography (TLC) on pre-coated silica gel 60 plates (10 x 10 cm) without a fluorescent 

indicator (Merck, Darmstadt, Germany) using chloroform:ethanol:triethylamine:water 

(40:50:40:10, v.v-1) as solvent.  The lipid bands containing PC from plasma, and PC and PE 

from RBC membrane extracts, were visualised with long wave ultraviolet light after spraying 

the plates with chloroform:methanol (1:1, v.v-1) containing 2,5-bis-(5´-tert.-

butylbenzoxazolyl-[2´])thiophene (BBOT); 10 mg.100 mL-1; (Sigma Chemical Co.).  Total 

lipids from the spread and plasma PC and RBC PC and PE were transmethylated using 5% 

(v/v) H2SO4: methanol at 70°C for 2 h.  After cooling, the resulting fatty acid methyl esters 

(FAME) were extracted with water and n-hexane.  The top hexane layer were evaporated to 

dryness, redissolved in CS2 and analysed by gas liquid chromatography (GLC) (Varian Model 

3300 equipped with flame ionisation detection) using 30 m BPX 70 capillary columns of 0.32 

mm internal diameter (SGE International Pty Ltd, Australia). Gas flow rates were: hydrogen, 

25 mL.min-1; air, 250 mL.min-1; and hydrogen (carrier gas), 2-4 mL.min-1.  Temperature 

programming was linear at 4°C.min-1, initial temperature at 160°C, final temperature at 

220°C, injector temperature at 240°C, and detector temperature at 250°C.  The FAME were 
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identified by comparison of the retention times to those of a standard FAME mixture (Nu-

Chek-Prep Inc., Elysian, Minnesota). 

 

Cognitive evaluation 

A battery of cognitive tests was used to determine cognitive function of the EG and 

CG at baseline and post intervention.  Tests were carried out blindly regardless of the group 

allocation used for the intervention study.  Grade 2 children were used as subjects in all the 

cognitive tests while Grade 1 children only participated in the Spelling and Reading tests post 

intervention due to a compulsory age restriction enforced by these tests.  The primary 

researcher and two assistants (testers) were trained and, under the guidance of a registered 

psychologist, conducted the pre-selected battery of cognitive tests.  During training the 

conversion of raw scores to percentile, stanine and t-scores was mastered by the testers 

(Anastasi, 1982; Van Eeden, 1997).  Tests were conducted in classrooms with the child and 

tester seated at a table.  The tests were selected to record processing speed and short-term 

memory capacity in tasks closely related to the intellectual skills required for schoolwork.  

The duration of each test session was approximately 30 min per child. 

The cognitive test battery performed on the Grade 2 children included the Hopkins 

Verbal Learning test, a new, very brief test of verbal memory (Brandt, 1991), and four 

subtests of the Senior South African Individual Scale – Revised test (Van Eeden, 1997) 

inclusive of Subtest 4 (Number problems), Subtest 5 (Story memory), Subtest 10 (Memory for 

digits) and Subtest 11 (Coding).  A Reading test (Laubscher & Roux, 1984), as well as a 

Spelling test  (Roux, 1984) was performed on Grade 1 and Grade 2 children post intervention. 

 

Hopkins Verbal Learning test  

The Hopkins Verbal Learning test (Appendix: Tables A1 and A2) consisted of a 12-

item word list composed of four words from each of three semantic categories (for example, 

animals, kitchen utensils and vegetables).  Age and language appropriate modifications were 

made to the words selected for these categories and were familiar to the children and formed 

part of the vocabulary for their age group.  During drafting of the test the selected words were 

standardised with the aid of the educators, against the Grade 2 learning matter.  In the current 

study the Hopkins Verbal Learning test was used as a research tool and not as a diagnostic 

tool.  The test subject was instructed to listen as the tester read the word list and had to 

attempt to memorise the words.  The word list was then read, correctly vocalised, to the test 

subject at the rate of approximately one word every two seconds.  The test subject’s free recall 

of the list was recorded (Hopkins Verbal Learning test Recall 1).  The same procedure was 
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repeated for two more trials (Hopkins Verbal Learning test Recalls 2 and 3).  The scores of 

the three Recalls were tallied and resulted in the total score. 

Subsequent to the three Recalls, twelve more words were added to the twelve words 

initially read to the subjects for recalling.  These words consisted of twelve so-called 

distractors, including 6 words as related distractors (drawn from the same semantic categories 

as the targets) and 6 words as unrelated distractors (drawn from unrelated categories).  To 

determine the recognition ability (Hopkins Verbal Learning test Recognition) of the test 

subjects, these 24 words were read to them after completion of the third Recall trial.  The test 

subjects were requested to answer “yes” after recognising a word that appeared on the Recall 

list (12 targets).  A “no” was recorded after each word that was recognised by the test subject 

as not appearing on the Recall list (12 distracters).  The number of true positive words 

recognised by the test subject was tallied and represented the Recognition score.  From the 

24 words read to the test subject, the false positive mistakes (consisting of related words 

(n = 6) and non-related words (n = 6)) were tallied, and then deducted from the true positive 

score to give a Discrimination Index score (Appendix: Table A2).  Seeing that the Hopkins 

Verbal Learning test initially was developed to evaluate the performance of patients with 

Alzheimer’s disease and chronic amnesia (Brandt, 1991) no normalised score of what could 

be expected in a group of healthy, term children, was available. 

 

Senior South African Individual Scale – Revised tests 

These subtests used informational content, drawing on already acquired knowledge 

and skills (for example vocabulary, arithmetic, mechanical information and verbal analogies) 

using relatively difficult words known as “crystallized intelligence”, as well as “fluid 

intelligence” that measured the ability to see relationships (for example number and letter 

series, block designs, spatial visualisation and verbal analogies), using very easy words 

(R van Eeden, Department of Psychology, College of Humanities, University of South Africa, 

Pretoria, South Africa, personal communication).  The subtests Number problems, Story 

memory and Memory for digits, measured short-term auditive memory while the subtest, 

Coding, measured short-term visual memory (E Roets, Department of Educational Studies, 

School of Education, University of South Africa, Pretoria, South Africa, personal 

communication). 

The mentioned Senior South African Individual Scale – Revised subtests were mainly 

implemented to measure short-term memory.  The use of this test to measure other cognitive 

skills such as numeric reasoning, mental alertness, attention, mental control and productive 

concentration are currently under discussion.  In the current study these tests were not 
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performed as diagnostic tools but merely used to seek differences between test subjects 

regarding short-term memory.  The scores of these tests were tallied and scaled according to 

the chronological age of each individual learner.  The raw point in the Senior South African 

Individual Scale – Revised subtests is a transformed normal score and was standardised by the 

Human Sciences Research Council (HSRC) for a South African population (White and 

Caucasian children). 

 

Number problems 

This verbal Subtest consisted of 20 verbally formulated arithmetic problems 

(Appendix: Tables A3 and A4).  Eleven of the items were only presented verbally, whereas 

the other nine items were presented verbally and on cards.  This test was structured to 

measure numerical reasoning with the underlying logical reasoning, abstract thought, mental 

alertness and productive concentration (Van Eeden, 1997). 

 

Story memory 

This Subtest consisted of a short story that was read to the test subject by the tester 

(Appendix: Tables A5 and A6).  The test subject was then asked to repeat whatever he/she 

could remember about the story that contained 43 facts.  This test was structured to measure 

short-term auditory memory and is especially regarded as a good measure at the lower levels 

of intelligence (Van Eeden, 1997). 

 

Memory for digits 

This Subtest consisted of two separate sections, namely Digits Forward and Digits 

Backward (Appendix: Tables A7 and A8).  The tester read out a series of digits that the test 

subject had to repeat verbatim in the same sequence in the first section of the test, and in 

reversed sequence in the second section of the test.  The first section had eight items with two 

digit series in each item.  The second section had two practice examples that were not taken 

into account for scoring purposes, followed by seven items with two digit series in each item.  

This test was structured to measure auditory short-term memory for numbers, but 

performance on this test was not necessarily an indication of memory for more complex 

information.  The test subject had to receive the information correctly, and recall, order and 

vocalise it correctly.  Attention and concentration were also measured.  The repetition of digit 

series in their usual sequence required mainly mechanical memory whereas the repetition of 

such series in reversed sequence required more complex abilities.  In the latter case the test 
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subject had to store the information longer and transformed the stimulus material before 

recalling it making mental control important (Van Eeden, 1997). 

 

Coding 

In this Subtest digits from one to nine, each with a matching symbol, were given as a 

key and were presented at the top of the score sheet (Appendix: Table A9).  Each item in the 

test consisted of a digit for which the test subject had to write down the matching symbol in 

the space provided.  The test provided seven practice examples that were not taken into 

account for scoring purposes, followed by 91 items to be completed by the test subject at 

his/her own pace within the compulsory time limit.  This test was structured in such a manner 

to allow the test subject to master an unknown task and to implement this acquired 

knowledge.  It measured visual associative learning ability, psychomotor speed and visual-

motor integration and coordination.  Attention, concentration, motivation and short-term 

memory skills were important in this test (Van Eeden, 1997). 

 

Reading test 

The Reading test (Appendix: Table A10), was based on the assumption that an 

Afrikaans learner in Grade 1 had the ability to indicate, on the basis of multiple choice items, 

the correct words and short sentences and was seen as a valid criterion to determine his/her 

reading ability in Afrikaans.  The test pertained to simple illustrations and was constructed 

from phonetic sounds prescribed in the syllabus (Laubscher & Roux, 1984).  Due to 

compulsory age restrictions of the test, the same test was conducted at baseline and post 

intervention with Grade 2 children, but only post intervention with Grade 1 children.  The raw 

point in the Reading test is a transformed normal score and was standardised by the Human 

Sciences Research Council (HSRC) for a South African population (White and Caucasian 

children). 

 

Spelling test 

The Spelling test (Appendix: Tables A11 and A12) was based on the assumption that 

an Afrikaans-speaking learner in Grade 1 had the ability to spell a word, consisting of 

phonetic sounds prescribed in the syllabus and read to him/her singly or in a sentence, 

correctly.  Three versions of this test were available (A, B and C).  Version A (Appendix: 

Table A12) was applied during the current study and the test instructions are summarised in 

the Appendix (Table A11).  Due to compulsory age restrictions of the test, the same test was 

conducted at baseline and post intervention with Grade 2 children, but only post intervention 
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with Grade 1 children.  The raw point in the Spelling test is a transformed normal score and 

was standardised by the Human Sciences Research Council (HSRC) for a South African 

population (White and Caucasian children). 

 

Statistical analysis 

The data was checked for normality and skewed parameters were transformed by 

doing log, root square, cubed or inverse transformations (Table 4 & Table 6).  An analysis of 

covariance (ANCOVA) model was used for the inference on the treatment effects.  

Intervention effects were estimated using a linear regression model with factors, treatment 

group and the baseline measurement as an individual level covariate.  The analysis of pretest-

posttest data by means of ANCOVA is shown to have better statistical properties (i.e. better 

power) than using an approach based on the change from baseline (Bonate, 2000; Young & 

Tsiatis, 2001).  Values are reported as mean ± standard deviation (SD) for each treatment 

group.  Least square (LS) means were used to estimate the intervention effect (EG minus CG) 

and 95% confidence intervals (CI) for the effects and differences were obtained.  The within-

group differences were tested using the paired t-test.  Morbidity data were tested on two 

levels, namely the child level using the Chi-square test and cumulative exposure level using a 

comparison of incidence rates. 

Weight and height measurements were transformed into standardised anthropometric 

variables, weight-for-age (WAZ), height-for-age (HAZ) and weight-for-height (WHZ) z-

scores (Table 2).  These transformations were done using the ANTHRO version 1.01 program 

developed by the United States Centers for Disease Control in collaboration with the 

Nutrition Unit, World Health Organization (Hamill et al., 1979).  The prevalence of stunting, 

underweight and wasting were defined as the percentage of individuals who had HAZ, WAZ 

and WHZ scores below –2 SD of the National Centre for Health Statistics (NCHS) reference 

median (Hamill et al., 1979; Gorstein et al., 1994). 

All statistical analyses were done with SAS (Version 9.1).  Incidence rates were done 

with STATA (Intercooled Stata 9.0 for Windows).  Statistical significance was measured at 

the 5% level (p <0.05). 

 

Results and discussion 

 

Study population 

Three hundred and four subjects completed the protocol.  The dropout rates for the EG 

and CG were 17,2% (n = 30) and 10.6% (n = 17), respectively.  Reasons for the dropout 
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included moving from the area (EG = 6; CG = 2); disliking the spread (EG = 23; CG = 5); 

nausea (EG = 1; CG = 7); not able to draw blood (EG = 0; CG = 1); death (EG = 0; CG = 1) 

and eczema (EG = 0; CG = 1).  The dropout constituted the following subjects: those who 

could not give blood; those who did not want to continue with the study; those who moved 

from the area and one subject that died.  The dropout rate of the current study was higher 

when compared to another study (ca. 5%) done in the same community (Van Stuijvenberg et 

al., 2005).  The dropout in the current study may be ascribed to the subjects initially being 

unfamiliar with the taste and texture of the experimental and placebo spreads, as well as a lack 

of internal motivation to consume two sandwiches every school day (104 d) for the duration 

of the study period (175 d).  During the visits of the principal researcher to the school, the 

educators were constantly motivated to inspire the study subjects to consume both 

sandwiches, but this was not successful in all cases. 

Compliance is defined as the actual number of sandwiches consumed over the number 

of school days (104 d) and expressed as a percentage of the total number of sandwiches 

provided over this period.  Compliance as was recorded on colour-coded compliance sheets 

(Appendix: Table A1 of Chapter 4 of this dissertation), was 93% for the EG and 92% for the 

CG.  This indicates that both the experimental and placebo spreads were highly acceptable to 

the subjects each time it was given to them. 

The main purpose of determining anthropometric measurements, as well as serum 

ferritin and serum retinol status at baseline and post intervention, was to monitor nutritional 

status and to seek possible confounding factors when supplementing the EG with n-3 

LCPUFA, because micronutrient status can also affect cognitive function (Grantham-

McGregor, 1995).  The current study was not designed to investigate an intervention effect on 

these parameters. 

The characteristics at baseline of the EG and CG are presented in Table 2.  There were 

no significant differences between the treatment groups at baseline with respect to age, the 

prevalence of underweight, stunting, and wasting, as well as in iron, vitamin A and C-reactive 

protein status.  At baseline 26.2% of subjects from the EG and 30.8% of subjects from the CG 

were stunted (<-2 SD of the NCHS reference median for height-for-age; Gorstein et al., 

1994).  The prevalence of stunting, underweight and wasting can be categorised as low, 

moderate, high or very high according to World Health Organization categories (De Onis et 

al., 1993).  In school children stunting, but not wasting, is related to development quotients or 

school achievement level (Grantham-McGregor, 1993).  The moderate prevalence of stunting 

found in both groups at baseline can be ascribed to previous and ongoing nutritional 

deficiency as stunting is a measure of long-term nutritional deficiency.  Prolonged childhood  
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Table 2.  Characteristics of the experimental (EG) and control group (CG) at baseline. 
 
Characteristics Experimental group 

n = 174 
Control group 

N = 177 
Age (yr; mean ± SD): 
Male:Female (n) 
Male:Female (%)  
Anthropometric indices  (%) 
Stunting (HAZ <-2 SD)1 
Underweight (WAZ <-2 SD)1 
Wasting (WHZ <-2 SD)1 
Deficiencies (%) 
Anaemia (Hb <11.5 g.dL-1)2 
Iron deficiency (Ferritin <15 µg.L-1)3 
Vit.A deficiency (Serum retinol <20 µg.dL-1)4 
Acute phase protein (%) 
C–reactive protein (>5 mg.L-1)5 

7.7 ± 0.91 
85:89 
49:51 

 
26.24 
23.40 
3.65 

 
1.35 

27.90 
6.77 

 
4.96 

7.6 ± 0.80 
85:92 
48:52 

 
30.82 
25.79 
5.73 

 
1.30 
25.30 
5.63 

 
5.33 

 

1HAZ = Height-for-age z-scores; WAZ = Weight-for-age z-scores; WHZ = Weight-for-height z-scores (<-2 SD 
= z-scores below –2 SD of the National Center for Health Statistics (NCHS) median (20), respectively) 
2World Health Organization, 1972 
3Pilch & Senti, 1980 
4World Health Organization, 1996 
5Pepys, 1981 
 
No significant differences were found between EG and CG for the above variables. 
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malnutrition can impair mental development both directly, by compromising the structural 

development of the brain and indirectly, by suppressing a child’s motor activity and thus 

lessening environmental stimulation (Grantham-McGregor, 1995).  The direct effect of 

malnutrition is believed to operate largely in the first two years of life (Anon., 1997). 

Through an adaptive mechanism that is well known but poorly understood, brain 

growth is spared during malnutrition while other organs and body weight and height are 

reduced (DeLong, 1993).  It is evident from the current study that 23.4% of subjects from the 

EG and 25.8% of subjects from the CG were underweight (<-2 SD of the NCHS reference 

median for weight-for-age; Gorstein et al., 1994), while few participating subjects were 

wasted (EG = 3.7%; CG = 5.7% (Table 2)) (<-2 SD of the NCHS reference median for 

weight-for-height; Gorstein et al., 1994) with the EG falling within the national prevalence 

with a figure less than 4% for wasting (The National Food Consumption Survey, 2000). 

The prevalence of anaemia, as well as iron and vitamin A deficiency in the studied 

population is also presented in Table 2.  Very few participating subjects were anaemic 

(<1,5%) at baseline.  Studies have found associations between iron deficiency anaemia and 

poor cognitive and motor development and behavioural problems (Grantham-McGregor & 

Ani, 2001).  In older children it was found that anaemic children had poorer cognition and 

school performance compared to non- anaemic children (Grantham-McGregor & Ani, 2001).  

With the low prevalence of anaemia in the study population any association of this possible 

confounding factor with cognition of the subjects, was limited. 

Although few participating subjects were found to be anaemic, a moderate prevalence 

(EG = 27.9%; CG = 25.3%) of iron-deficiency prevailed at baseline.  When both anaemia and 

iron deficiency are present, which was fortunately not the case in the current study, it could 

have severe developmental implications during an age when children are most vulnerable 

(Oelofse et al., 1999).  According to the United Nations Administrative Committee on 

Coordination, Sub-Committee on Nutrition (2000), iron deficiency has been associated with 

impaired psychomotor development, reduced physical activity in children and impaired 

cognitive development in children. 

Despite the findings of the National Food Consumption Survey of a high prevalence 

of vitamin A deficiency in non-urban areas and within those children with poorly educated 

mothers (The National Food Consumption Survey, 1999), serum retinol concentrations of 

<20 �g.dL-1 were present in only a few participating subjects (5 - 7%) in the current study. 
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Intervention 

As is evident from Table 1, the experimental spread contained higher concentrations 

of ALA, AA, eicosapentaenoic acid (20: 5n-3; EPA), docosapentaenoic acid (22: 5n-3; DPA) 

and DHA when compared to the placebo spread.  Due to the outcomes of a randomised study 

of the cognitive effects of n-3 fatty acid supplementation, mainly DHA, in undernourished 

rural school children in KwaZulu-Natal, South Africa (Tichlaar et al., 2000), the main focus 

of the current study was to increase the intake of DHA embedded in a natural matrix by the 

EG through supplementation with the experimental spread.  The total n-3 LCPUFA content of 

the experimental spread was 5 times more than that of the placebo spread.  This higher 

inclusion rate of LCPUFA in the experimental spread can be ascribed to the inclusion of the 

fish flour as a primary ingredient.  The fish flour was replaced with a superfine rusk in the 

placebo spread.  The total n-6 fatty acid content in the placebo spread was approximately 1.5 

times higher when compared to the experimental spread.  This higher concentration of n-6 

fatty acids in the placebo spread can mainly be ascribed to the inclusion of sunflower oil in its 

formulation (Chapter 3 of this dissertation). 

The actual n-6 and n-3 PUFA intake (mean ± SD; minimum; maximum) of the EG and 

CG per school day (25 g.d-1 spread for 104 d) is presented in Table 3.  These fatty acid values 

were calculated taking into consideration absence from school, as well as the daily 

consumption rate of each participating subject.  As is evident from Table 3, the EG had a 

higher intake of ALA, AA, EPA, DPA and DHA when compared to the CG, which can be 

ascribed to the inclusion of the fish flour in the formulation of the experimental spread 

(Table 1).  LCPUFA are obtained by the foetus via the placenta whereafter it is transferred to 

the foetal liver and finally to the foetal brain (The British Nutrition Foundation, 1992; 

Horrocks & Yeo, 1999), during the critical period of foetal development and after birth until 

the biochemical development in the brain and retina is completed (Nettleton, 1993; Connor, 

2000).  We could speculate that this need for DHA in normal brain functioning possibly 

continues in the older child seeing that it was found in a study done by Gould et al. (1998) 

that new cells in the hippocampus proliferated throughout the life of adult monkeys.  This 

formation of new cells in the hippocampus helps explain why dietary DHA is important for 

the maintenance of the brain and of learning during aging (Horrocks & Yeo, 1999).  Little is, 

however, known about the effect of DHA supplementation on the brain function of primary 

school children.  Supplementation of young animals with DHA and AA improved visual and 

neurological function, and its involvement in both dopamine and serotonin metabolism in the 

brain and in the retina for the effective functioning of rhodopsin was substantiated as was  



  

Table 3.  Mean fatty acid intake (min; max) from 25 g experimental spread and placebo spread for the experimental (EG) and control group (CG) per 
school day (104 d). 

 
Experimental group (n = 144) Control group (n = 160) Fatty acids 

Mean ± SD 
(mg) 

Minimum 
(mg) 

Maximum 
(mg) 

Mean ± SD 
(mg) 

Minimum 
(mg)  

Maximum 
(mg) 

Daily intake during 104 school days1 
 
n-3 Fatty acids 
�-Linolenic acid (ALA) 
Eicosapentaenoic acid (EPA) 
Docosapentaenoic acid (DPA) 
Docosahexaenoic acid (DHA) 

Total n-3 fatty acids2 
Total n-3 LCPUFA3 
 
n-6 Fatty acids 
Linoleic acid (LA) 
Arachidonic acid (AA) 
Total n-6 fatty acids4 
Total n-6 LCPUFA5 

 
 
 

305.0 ± 25.38 
77.1 ± 6.41 
25.7 ± 2.14 

179.8 ± 14.96 
590.4 ± 49.14 
285.5 ± 23.76 

 
 

1470.1 ± 122.35 
21.8 ± 1.81 

1512.1 ± 125.84 
38.5 ± 3.20 

 
 
 

162.6 
41.1 
13.7 
95.8 
314.8 
152.2 

 
 

783.7 
11.6 
806.1 
20.5 

 
 
 

328.3 
83.0 
27.7 
193.5 
635.6 
307.3 

 
 

1582.4 
23.5 

1627.6 
41.4 

 
 
 

78.7 ± 5.21 
13.9 ± 0.92 
5.1 ± 0.33 

33.4 ± 2.21 
134.7 ± 8.92 
56.0 ± 3.71 

 
 

2352.6 ± 155.73 
6.4 ± 0.42 

2399.5 ± 158.83 
44.9 ± 2.97 

 
 
 

56.2 
9.9 
3.6 

23.8 
96.1 
40.0 

 
 

1678.2 
4.6 

1711.6 
32.0 

 
 
 

84.0 
14.8 
5.4 

35.6 
143.8 
59.8 

 
 

2511.3 
6.8 

2561.3 
47.9 

 

1Calculations based on absenteeism and consumption rate 
2Total n-3 fatty acids = �-ALA; EPA; DPA; DHA 
3Total n-3 long chain polyunsaturated fatty acids = EPA; DPA; DHA 
4Total n-6 fatty acids = LA + dihomo-�-GLA (DGLA) + AA 
5Total n-6 long chain polyunsaturated fatty acids = AA 
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reviewed by Field, (2003).  The supplementation of the EG with DHA through the inclusion 

of fish flour in the experimental spread may have the same beneficial effect in subjects from 

the EG. 

Low fat fish (hake species) contains approximately 300 mg.100g-1 AA per edible 

portion (Kruger et al., 1992).  The heads of this species were used for the production of the 

fish flour.  It should be noted that the analysed AA values for the experimental spread (Table 

1) are much lower than the value given above, due to the inclusion of a high percentage of 

bone in the fish flour during manufacturing.  The EG ingested approximately 3.5 times more 

AA in comparison to the CG (Table 1). 

Figure 1 presents the DHA concentration (% m.m-1) in plasma PC and RBC 

membrane PC and PE for the EG and CG post intervention.  A significant intervention effect 

was noticed in the three blood phospholipid fractions with the concentrations for the EG 

higher when compared to the CG (Fig. 1).  According to Smit et al. (2000) fish oil 

supplementation of malnourished children augmented the RBC membrane DHA from 2.27 

(0.81) to 3.35 (0.76) %mol without significantly affecting the concentrations of n-6 LCPUFA.  

In another study, where the relationships between fish intake and concentrations of serum 

EPA and DHA and its effects on serum lipids and lipoproteins were investigated, it was found 

that serum concentrations of EPA and DHA were much higher in the population consuming 

more fish (Torres et al., 2000).  A concurrent lower serum AA concentration, with the 

EPA:AA ratio twice as high for the group consuming fish in comparison to the control group, 

was found (Torres et al., 2000). 

 
Effect of LCPUFA dietary intervention on cognitive function 

 

Hopkins Verbal Learning test 

Difficulties in obtaining reliable and valid measurements of mental development and 

behaviour in Third World children, and allowing for the confounding and possibly interacting 

effects of social background, exist (Grantham-McGregor, 1993).  There are well-established 

associations like iron and iodine with poor psychomotor and cognitive development, but the 

deficiencies usually occur in disadvantaged circumstances and establishing causal 

relationships are problematic (Grantham-McGregor & Ani, 1999).  The study population 

selected for the intervention trial under discussion is living in Third World conditions but the 

possible confounding and interacting effects were minimised in the current study by randomly 

selecting the population from the same socio-economic background and nutritional status,  
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Figure 1.  Docosahexaenoic acid (DHA) concentration (% m/m; mean values ± SD) for plasma 
(PL) and red blood cell (RBC) membrane phosphatidylcholine (PC) and RBC 
membrane phosphatidylethanolamine (PE) for the experimental group (EG) and 
control group (CG), post intervention.  Statistical analyses were done on * = log 
transformed data; ** = cubed transformed data. 
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with all subjects participating in the current School Nutrition Programme.  Cognition is a 

specialised field where not only cognitive abilities play a role, but also other cognitive sub- 

skills (like listening and visual skills, the ability to discriminate or language and problem 

solving skills), which fall outside the scope of this dissertation.  Some of the ecosystemic 

factors that possibly could have influenced the outcomes of the applied cognitive tests include 

the internal and external locus of control of each participating child, levels of motivation, 

outside noise like the ringing of the school bell, as well as temperature changes experienced 

during the execution of the study from June to November (J J du Preez, Professor emeritus, 

Faculty of Education, Stellenbosch University, Stellenbosch, South Africa, personal 

communication).  Although learning problems have been found in 6 - 12 yr old boys with low 

n-3 plasma phospholipid fatty acid levels, which are indicative of essential fatty acid 

deficiency (Stevens et al., 1996), the effect of DHA on cognition in older children is unknown 

(Makrides et al., 1994).  Studies on pre-term infants, however, did show a positive correlation 

between DHA supplementation and cognitive function (Carlson et al., 1994), but a pilot study 

in pre-adolescent children (8 – 12 yr) showed that fortification with EPA/DHA did not 

improve attention, academic performance, physical fitness or visual acuity (Thienprasert et 

al., 2002).  Lukito et al. (2005) found no consistent treatment effect of DHA supplementation 

on cognitive scores in a randomised, controlled, double-blind trial undertaken to assess the 

effect of micronutrients, DHA or both on indicators of cognitive performance in school-aged 

children in an urban poor area of Jakarta, Indonesia.  In a randomised study carried out in 

KwaZulu-Natal, South Africa (Tichelaar et al., 2000), where the cognitive effects of n-3 fatty 

acid supplementation (high in DHA) in undernourished rural school children were 

investigated, significant improvements were found for the total Recall scores of the Hopkins 

Verbal Learning Test.  The latter study motivated the further investigation of the influence of 

specifically DHA on cognition in the current study where DHA embedded in a natural matrix 

were used. 

The results (mean ± SD), estimated intervention effect and 95% CI, as well as the p 

values for the Hopkins Verbal Learning test trials are presented in Table 4.  These results 

represent the three Recalls of the Hopkins Verbal Learning test, as well as the total score for 

the  three Recalls for baseline and post  intervention.   The scores for Recognition  and the 

Discrimination Index are also given.  At baseline the three Recall scores of the two groups for 

the Hopkins Verbal Learning test, revealed similar scores (Fig. 2).  The post intervention 

scores for Recalls 1 to 3 for both EG and CG were higher (implying more words recalled), 

due to the natural learning curve that occurred in both groups during the course of the study 

period. With the first Recall post intervention a marginal intervention effect (mean difference  



  

Table 4. Cognitive performance (mean ± SD; number of words recalled), estimated intervention effect and 95% confidence intervals, as well as p 
values of the experimental (EG) and control group (CG) for the Hopkins Verbal Learning test (HVLT). 

 
 Experimental group (n=78) Control group (n=78) 

Parameter /  
Variable 

Baseline 
 

(mean ± SD) 

Post  
intervention 
(mean ± SD) 

Baseline 
 

(mean ± SD) 

Post 
intervention 
(mean ± SD) 

Estimated intervention 
effects 

(95% Confidence 
interval) 

p value 

HVLT Recall 1 
HVLT Recall 2  
HVLT Recall 3  
Total score for HVLT Recalls 
HVLT: Recognition 
*Inverse transformed HVLT: Recognition (LS mean ± SE) 
HVLT: Discrimination Index 

3.7 ± 1.88 
4.8 ± 2.06 
5.2 ± 2.48 
13.8 ± 5.02 
10.5 ± 1.73 

- 
8.9 ± 3.46 

5.6 ± 1.94 
5.7 ± 2.51 
7.2 ± 2.75 
18.6 ± 5.72 
11.4 ± 0.97 

0.5 ± 0.08 
10.6 ± 2.04 

3.6 ± 1.65 
4.7 ± 2.06 
5.4 ± 2.61 
13.8 ± 5.01 
10.5 ± 1.93 

- 
8.1 ± 3.70 

5.0 ± 1.90  
5.8 ± 2.44 
6.5 ± 2.74 
17.3 ± 6.23 
10.8 ± 1.76 

0.7 ± 0.08 
9.3 ± 3.27 

0.572 (-0.032; 1.176) 
-0.097 (-0.871; 0.677) 
0.762 (-0.077; 1.601) 
1.218 (-0.570; 3.007) 

* 
0.278 (0.046; 0.509) 

1.105 (0.299 to 1.910) 

0.0633 
0.8040 
0.0747 
0.1804 
0.0191 
0.0191 
0.0075 
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Figure 2.  The three mean Recall scores (number of words) of the Hopkins Verbal Learning 

test as detected at baseline and post intervention for the experimental (EG) and 
control group (CG). 
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0.57 number of words (95% CI: -0.03 to 1.18; p = 0.0633)) was observed compared to the CG 

(Fig. 2).  During the second Recall post intervention the EG scored almost similar to the CG.  

This decline in words recalled by the subjects of the EG may be ascribed to an initial external 

locus of control which faded at the second Recall and then shifted to an internal locus of 

control leading to a better retention of words at Recall 3 (E Roets, Department of Educational 

Studies, School of Education, University of South Africa, South Africa, personal 

communication).  Another explanation for the decline in the number of words remembered by 

the EG at Recall 2 may be that these subjects commanded a superior ability to categorise the 

given words into its three semantic categories and by doing so engaging their memories 

otherwise with a lower retention of actual words as a result.  With the third Recall post 

intervention a marginal intervention effect (mean difference 0.76 number of words (95% CI: -

0.08 to 1.60; p = 0.0747) was found indicating a better retention of words by the EG when 

compared to the CG.  This marginal intervention effect found between the two groups for 

Recall 1 and Recall 3 may seem insignificant when related to numerical terms, but both scores 

are positively directed and is of clinical importance.  It should be kept in mind that only 12 

words had to be recalled during the three Recalls and that a cumulative effect over time may 

have a pronounced positive effect.  These higher Recall scores obtained by the EG for Recall 

1 and Recall 3 implied better proficiency of these subjects concerning the sub-skills analyses, 

synthesis and categorising (J J du Preez, Professor emeritus, Department of Education, 

Stellenbosch University, Stellenbosch, South Africa, personal communication). 

Due to supplementation of the EG with an n-3 rich spread, higher levels of n-3 fatty 

acids, especially DHA were present in plasma PC and RBC membrane PC and PE fractions 

(Fig. 1).  Although unknown whether there is a need in the human diet for the entire spectrum 

of n-3 fatty acids, from the 18-carbon ALA (containing 3 double bonds) to the highly 

polyunsaturated DHA (Connor, 2000), the health benefits of DHA are reviewed in many 

publications.  These benefits include, amongst others, the improvement of learning ability, the 

development of the brain, eye function and recovery from certain visual dysfunctions 

(Horrocks & Yeo, 1999).  The retention of more words experienced by the EG may be 

ascribed to increased short-term memory which, according to a number of authors, may be 

attributed to the consumption of n-3 LCPUFA (Horrocks & Yeo, 1999).  According to Das 

(2003), dietary AA stimulates glucose uptake and the release of acetyl cholinesterase and 

together with DHA it modulates the neuronal circuits involved in memory and learning.  Sub-

optimal nutrition, with special reference to fatty acids, during early growth will, therefore, 

result in lower verbal intelligence (Das, 2003) and poorer vision in children (Connor, 2000; 

Uauy & Mena, 2001).  Controlled and randomised studies suggested that the LCPUFA intake 
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enhanced information processing and attention regulation in young children (Willatts & 

Forsyth, 2000), while DHA was an essential nutrient for optimum neural maturation in infants 

(Makrides et al., 1995; Linko & Hayakawa, 1996).  One possible explanation for improved 

cognitive function is that increased RBC membrane DHA levels are indicative of neural DHA 

increases (Makrides et al., 1994).  Impaired performance in learning tasks were shown in rats 

with decreased brain levels of DHA compared to rats fed DHA as was reviewed by Shireman, 

(2003).  Other animal studies indicated that a change in brain fatty acid composition due to a 

reduction in the DHA intake, has led to the modification of the neural membrane composition 

and functional changes in enzyme activities, sub-optimal retinal and brain development, with 

a resultant poorer performance in learning tasks as was reviewed by Shireman (2003). 

A significant intervention effect (mean difference 0.28 number of words (95% CI: 

0.05 to 0.51; p = 0.0191; data inversed transformed)) was found for the Hopkins Verbal 

Learning test Recognition (Fig. 3).  The Hopkins Verbal Learning test Discrimination Index 

also showed a significant intervention effect (mean difference 1.11 number of words (95% CI: 

0.30 to 1.91; p = 0.0075); Fig. 4).  These results imply that the EG had a better ability to 

recognise those words (true positive words) that appeared in the Recall list when related and 

non-related words were added, and a better ability to discriminate between the true positive, 

related and non-related words.  The brain function, “recognition memory” (Carlson & 

Neuringer, 1999), may be involved in this instance.  The fact that the EG scored marginally 

better in the Recall tests 1 and 3 than the CG, implies that they would also score better in 

other cognitive sub-skills like analysis, synthesis, closure, categorising and association, to 

mention a few, which poses an explanation why the EG obtained better scores for Recognition 

(J J du Preez, Professor emeritus, Faculty of Education, Stellenbosch University, 

Stellenbosch, South Africa, personal communication).  We could speculate that the EG, being 

supplemented with the n-3-rich experimental spread, thus had enhanced information 

processing and attention regulation due to the elevated levels of n-3 fatty acids in circulation 

as reflected in plasma and RBC membrane phospholipids.  The small amount of protein 

present in the experimental spread possibly led to increases in tyrosine, which could have 

resulted in increased dopamine and norepinephrine synthesis.  Tyrosine appears to play a role 

in alertness, which has implications for cognitive performance (Lieberman et al., 1986; Spring 

et al., 1986).  It thus cannot be outruled that the protein and micronutrients present in the 

experimental spread may have contributed to the positive effect on cognition of the EG. 

Children are not taught to discriminate effectively between the different speech sounds 

and auditive discrimination, therefore, plays a very important role in recognition and 

discrimination (J J du Preez, Professor emeritus, Faculty of Education, Stellenbosch  
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Figure 3.  Cognitive performance (mean ± SD; number of words; inverse trandformed data 

tested) of the experimental (EG) and control group (CG) for the Hopkins Verbal 

Learning test: Recognition at baseline and post intervention. No significant 

difference between EG and CG at baseline. 
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Figure 4. Cognitive performance (mean ± SD; number of words) of the experimental (EG) 

and control group (CG) for the Hopkins Verbal Learning test: Discrimination 

Index at baseline and post intervention. No significant difference between EG and 

CG at baseline. 
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University, Stellenbosch, South Africa, personal communication).  It is thus essential for any 

test administrator to assure clear sounding of words when the latter are read to the test 

subjects to rule out auditive discrimination as a confounding factor.  The test administrators in 

the current study were specifically instructed and trained to pronounce the words clearly and 

with a regular pause of two seconds between each word. 

 

Senior South African Individual Scale – Revised subtests 

Although the Senior South African Individual Scale – Revised subtests chosen were 

structured to determine short-term memory, no improvement in short-term memory could be 

expected without simultaneous drilling of work speed, as well as mediated learning (E Roets, 

Department of Educational Studies, School of Education, University of South Africa, 

Pretoria, South Africa, personal communication).  The focus of these tests is primarily on 

developed ability (the background and especially the school environment) rather than the 

potential of the subjects (R van Eeden, Department of Psychology, College of Humanities, 

University of South Africa, Pretoria, South Africa, personal communication). 

The mean scores (± SD; scale point) at baseline and post intervention for the four 

Senior South African Individual Scale - Revised subtests used, namely Number problems, 

Story memory, Memory for digits and Coding for both the EG and CG, are presented in Table 

5.  No significant intervention effects were found for any of the four subtests.  According to 

Van Eeden (Department of Psychology, College of Humanities, University of South Africa, 

Pretoria, South Africa, personal communication) this lack of a significant intervention effect 

found between the scores of the two groups was not uncommon.  The intervention period of 

104 d (175 d when weekends and a holiday was included) was probably too short to show 

differences between the two groups since it is quite unlikely that a change in such a developed 

ability could be brought about in ca. 6 months.  The circumstances of a specific subject, 

however, might have brought about a change (R van Eeden, Department of Psychology, 

College of Humanities, University of South Africa, Pretoria, South Africa, personal 

communication).  We speculate that the supplementation of the EG with a higher DHA 

concentration per day may also have brought about a more significant change in cognitive 

function in this group.  This, however, was not possible as sensory analysis (Chapter 3 of this 

dissertation) indicated a high level of acceptability of the experimental spread and a higher 

percentage fish flour included in this spread would have compromised the taste and 

acceptability thereof.  It can, therefore, be suggested that with replication of a similar study 

and with the use of the Senior South African Individual Scale - Revised test as a means of 

testing short-term memory, the intervention time should be extended. 
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Table 5.  Cognitive performance (mean ± SD; scale point) of the experimental (EG) and 
control group (CG) for the four Senior South African Individual Scale – Revised 
subtests at baseline and post intervention. 

 
 Experimental group 

(n = 78) 
Control group 

(n = 78) 
Parameter Baseline Post intervention Baseline Post intervention 

Number problems (scale point) 
Story memory (scale point) 
Memory for digits (scale point) 
Coding (scale point) 

4.9 ± 2.20 
4.1 ± 2.70 
6.4 ± 3.72 
5.8 ± 2.76 

5.3 ± 2.37 
5.5 ± 3.16 
7.1 ± 3.26 
4.9 ± 2.85 

4.8 ± 2.07 
3.4 ± 2.61 
6.0 ± 3.20 
6.3 ± 3.27 

5.2 ± 2.20 
5.2 ± 2.72 
7.1 ± 2.81 
4.9 ± 3.11 

 

No significant differences were found between EG and CG for any of these subtests. 
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Reading test 

Table 6 presents the T-scores (mean ± SD), the estimated intervention effect and CI 

for the Reading test for the Grades 1 and 2 children from the EG and CG.  Due to a 

compulsory age restriction set by the test it was administered to Grade 1 learners only post 

intervention.  No significant differences (mean difference 2.10 T-scores (lower confidence 

level (CL) mean: -0.891; upper CL mean: 5.086)) were found in Grade 1 between the two 

groups. 

For the Reading test of Grade 2 children a marginal intervention effect (mean 

difference 2.13 T-scores (95% CI: -0.27 to 4.53; p = 0.0815)) was found (Table 6).  Although 

not statistically significant, this marginal effect was positively directed.  We consider the size 

of this reading effect of clinical significance and speculate that a larger sample size and a 

longer study period might influence the significance level.  According to a review by Rice 

(2003) an increase in the level of n-3 PUFA in the diet will improve the behavior and reading 

skills of children with attention-deficit hyperactivity disorder and improve problem-solving 

ability in very young children. 

 

Spelling test 

The Spelling test was performed on the Grade 1 subjects of the EG and CG only post 

intervention due to a compulsory age restriction set by the test, and the T-scores (mean ± SD) 

are given in Table 6.  No significant difference (mean difference 0.97 T-scores (lower 

CL mean: -1.600; upper CL mean: 3.535)) was found between the two groups in Grade 1 for 

the Spelling test. 

For the children in Grade 2 a significant intervention effect (mean difference 2.82 T-

scores (95% CI: 0.60 to 5.05; p = 0.013)) was found for the Spelling test (Table 6).  This 

effect was achieved due to a better performance by the EG post intervention when compared 

to the CG.  With the brain consisting of 60% structural lipid, which universally uses AA and 

DHA for growth, function and integrity (Crawford, 1993), and because DHA is an important 

component of neural synaptosomal membranes (Carlson & Salem, 1991; Connor, 2000), a 

nutritional deficiency of DHA may have profound effects on cognitive function (Carlson et 

al., 1994; Willatts et al., 1998; Willatts & Forsyth, 2000).  In a study done by Makrides et al. 

(1994), breast-fed infants had a greater proportion of DHA in their erythrocytes and brain 

cortex relative to those fed formula milk.  In the current study DHA increased in plasma PC, 

RBC PC and PE and it could therefore be expected that an increase in DHA in the brain 

cortex, as seen in the study by Makrides et al. (1994), also took place.  With all confounders 

being kept the same for both groups, we suggest that the supplementation of the EG with n-3  



  

Table 6.  Cognitive performance (mean ± SD; T-score), least square mean estimated intervention effect (95% confidence interval) and p values for the 
experimental (EG) and control group (CG) for the Reading and Spelling tests for the Grade 1 post intervention and Grade 2 at baseline and 
post intervention. 

 
Experimental group Control group  Parameter 

Baseline Post intervention Baseline Post intervention 
Estimated intervention 

 effect 
(95% Confidence intervals) 

P value 
 

Grade 1 (n for EG:CG = 74:81) 
Reading test  (T-score) 
Spelling test (T-score) 
 
Grade 2 (n for EG:CG = 76:75 
Reading test (T-score) 
Spelling test (T-score) 

 
- 
- 
 
 

51.4 ± 10.19 
53.3 ± 10.09 

 
44.2 ± 8.99 
44.3 ± 6.93 

 
 

58.0 ± 10.81 
52.7 ± 9.97 

 
- 
- 
 
 

50.5 ± 8.19 
52.0 ± 9.57 

 
42.1 ± 9.63 
43.4 ± 8.91 

 
 

55.2 ± 10.06 
49.1 ± 7.80 

 
2.097 (-0.891; 5.086) 
0.968 (-1.600; 3.535) 

 
 

2.129 (-0.269; 4.527) 
2.823 (0.596; 5.051) 

 
0.16761 
0.45761 

 
 

0.0815 
0.0133 

 

1Differences between groups determined post intervention using Student’s t-test 
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LCPUFA thus increased their spelling ability when compared to the CG, by increasing brain 

function and integrity, as well as increasing the function of neural synaptosomal membranes. 

It is evident from Table 6 that the mean scores for the Spelling test for the two groups 

did not increase but rather showed a decline from baseline to post intervention, especially in 

the EG.  According to the paired Difference t-test (Student’s t-test) this decline in the scores 

of the EG was not significant (p = 0.535), but the scores of the CG showed a significant 

decline (p = 0.002) in spelling ability from baseline to post intervention.  All neural processes 

are complex and multi-factorial and assessments are subject to various influences despite 

efforts to exclude bias and confounding factors through randomisation (Gibson & Makrides, 

2000).  The decline in the spelling ability of especially the CG from baseline to post 

intervention in the current study cannot readily be explained but may be due to unknown 

influences despite the researchers’ efforts to exclude confounding factors through 

randomisation of the study population and standardisation of the procedures followed.  To 

control confounding factors in the current study, however, the same tester performed the 

cognitive tests at baseline and post intervention in the same location and surroundings.  The 

same Spelling and Reading tests were performed by the test administrator for Grade 1 post 

intervention and for Grade 2 at baseline, as well as at post intervention.  Irrespective of any 

explanation given for the decline in scores experienced in the Spelling test, the EG coped 

better with the test matter by deteriorating significantly less compared to the CG, resulting in 

a significant intervention effect between the two groups. 

Stunting is the nutritional indicator most consistently correlated with children’s mental 

development (Grantham-McGregor et al., 1996; Walker et al., 2000).  Grantham-McGregor et 

al. (1996) found improvement in psychomotor development after nutritional supplementation 

of stunted Jamaican children for two years while Walker et al. (2000) found that growth 

restricted children had significantly poorer performance than non-growth-restricted children 

on a wide range of cognitive tests, supporting the conclusion that growth restriction has long-

term functional consequences.  Statistical analysis done within and between groups in the 

current study to investigate the effect of stunting as a confounding factor on all the cognitive 

tests discussed, however, revealed no significant intervention effects.  This finding supports 

the conclusion that although ca. 26 - 31% of the population were stunted, this parameter could 

be ruled out as a confounder in the current study.  Statistical analysis done to investigate the 

possible confounding effect of absenteeism from school of the study population on cognition 

also revealed no significant effect. 
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Conclusion 

 

The study population was characterised by a moderate prevalence of stunting (ca. 26 - 31%) 

and underweight (ca. 25%), and a low prevalence of wasting.  Few children were anaemic, 

although ca. 25% of the study population was found to be iron-deficient.  Very few subjects 

were vitamin A deficient.  At baseline no significant differences were found between the 

treatment groups with respect to age, the prevalence of stunting, underweight and wasting, as 

well as iron, vitamin A and C-reactive protein status. 

The fatty acid intake, with specific reference to ALA, AA, EPA, DPA, DHA, total n-3 

and total n-3 LCPUFA of the EG was significantly higher (Table 3) when compared to the 

CG.  A significant intervention effect was found for the two groups with regard to fatty acid 

status.  The EG showed higher concentrations of n-3 fatty acids in plasma PC and RBC 

membrane PC and PE (Chapter 4 of this dissertation).  Post intervention the DHA 

concentration in the mentioned blood fractions was significantly higher (p <0.05) in the EG 

when compared to the CG (Fig. 1).  This difference found in the DHA status of the study 

population is directly related to an intervention effect with all confounders being kept the 

same for both groups. 

The first and third Recall trials of the Hopkins Verbal Learning test showed a marginal 

intervention effect between the number of words recalled by the EG when compared to the 

CG.  This effect was positively directed and we consider this effect of clinical importance as 

revealed by a significant intervention effect (p <0.05) for the Hopkins Verbal Learning test 

Recognition and Discrimination Index scores, as well as for the Spelling test.  The estimated 

intervention effect for the Reading test showed a marginal effect that was positively directed 

and could also be considered of clinical importance. 

It can be concluded that supplementation of children (6 - 9 yr) with n-3 LCPUFA 

especially DHA from a marine source, increased DHA levels in plasma and RBC membrane 

phospholipid fatty acids of the EG, and this phenomenon can have a beneficial effect on 

learning and memory of children.  The intervention effect found between the groups for the 

cognitive tests is a direct result of the supplementation of the EG with a rich source of n-3 

LCLUFA.  This is the first reported randomised, placebo-controlled, single-blind intervention 

trial to investigate and suggest a possible association between DHA and cognition in children 

of this age category.  The cumulative benefits from prolonged ingestion or supplementation of 

children with DHA may eventually, over time, have a positive effect on their school 

performance and general health. 
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Appendix 
 
Table A1.  Hopkins Verbal Learning Test  
 

HOPKINS VERBAL LEARNING TEST 
        TOETSDAT: ________ 
 
NAAM VAN LEERDER: ______________________ GEB. DAT.:_________ 
 
        K. O.: _____________ 
 
GRAAD:  ______ NOMMER:  _______________ GESLAG:  D / S 
 
VORM 1: Kombuis-apparaat, Groente 
  Vierbenige diere 
 
TOETSAFNEMER: ________________________ 
 
OPMERKINGS: _________________________________________________ 
______________________________________________________________ 
 
 
WOORDE 1e PROEFLOPIE 2e PROEFLOPIE 3e PROEFLOPIE 
Vurk    
Bone    
Leeu    
Pan    
Aartappel    
Tier    
Pot    
Mielies    
Perd    
Ketel    
Kool    
Koei    
 
Korrek  ___________ ____________ _____________ 
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Table A2.  Hopkins Verbal Learning Test (cont.) 
 
AFDELING B:  HERKENNING 
 
Die toetsafnemer sê:  Ek gaan nou vir jou 'n aantal woorde lees.  Sê JA as dit 'n woord is wat jy in die 
vorige lys gehoor het en sê NEE as die woord nie in die lys was nie.  Verstaan jy wat jy moet doen. 
 
 
 
LEEU  Lepel  POT  dokter  sokkies  VURK  
Mes  MIELIES  PERD  onderwyser  krieket  KETEL  
KOEI  BONE  AARTAPPEL  pampoen  kat  hemp  
PAN  Sokker  wortel  TIER  KOOL  hond  
 
 
Ware Positiewe:  ________/12 (Hoofletters) 
 
 
Valse-Positiewe Foute:  Verwant: _______/6   Nie-verwant: _____/6 
    (Kleinletters-vetdruk)          (Kleinletters) 
 
 
DISKRIMINASIE-INDEKS: 
 
(Ware - Positiewe) - (Vals - Positiewe) = _____________ 
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Table A3.  Senior South African Individual Scale – Revised Subtest no 4 / Number 
problems  

 
Items van Toets 4 
1. Sit 5 blokkies in ‘n ry voor die toetsling neer. Sê: Kyk na hierdie blokkies. Sê vir my hoeveel sal oorbly 

as ek 3 wegvat? (Die toetsling mag nie die blokkies hanteer nie). 
2.  Sit 8 blokkies voor die toetsling neer. Sê: As jy al hierdie blokkies tussen ons moet verdeel sodat ons 

ewe veel kry, hoeveel sal jy kry? (Die toetsling mag nie die blokkies hanteer nie). 
3. As ek 2 albasters het en ek kry nog 4 by, hoeveel het ek dan? 
4. As ek 3 pakkies lekkers koop en daar is 2 lekkers in elke pakkie, hoeveel lekkers het ek gekoop? 
5. Ek het 10 boeke, en my vriend het 8. Hoeveel boeke het ek meer as my vriend? 
6. Oor 5 jaar sal Fanie 13 jaar oud wees.  Hoe oud is hy nou? 
7. As ek 2 rand betaal vir ‘n artikel met ‘n massa van 1 kg, hoeveel sal ek betaal vir ‘n artikel met ‘n 

massa van 9 kilogram? 
8. Sarie se massa is twee maal so groot as dié van haar boetie.  Haar boetie se massa is 20 kilogram.  Wat 

is Sarie se massa? 
9. ‘n Man stap 15 kilometer in 3 uur.  Hoeveel kilometer stap hy dan in 1 uur? 
10. Een pakkie lekkers kos 40 sent.  Hoeveel sent sal 5 sulke pakkies lekkers kos? 
11. Jannie is 8 jaar oud en hy is twee maal so oud soos sy sussie.  Hoe oud is sy sussie? 
Lê items 12 – 20 op kaarte voor 
12. As ‘n sekere getal met 2 vermenigvuldig word en 3 word bygetel, is die antwoord 63.  Wat is die getal? 
13. Anna het 15 krale.  Sarie het vier maal soveel as Anna.  Hoeveel krale het hulle saam? 
14. Daar is 20 kinders in ‘n klas.  15 is seuns.  Hoeveel meer seuns as dogters is daar? 
15. ‘n Seun en ‘n dogter verdeel 16 appels tussen hulle.  Die dogter kry drie maal soveel soos die seun.  

Hoeveel kry sy? 
16. Koos se massa is drie maal soveel as Pieter s’n.  Pa se massa is vier maal groter as Pieter s’n.  As Pa se 

massa 80 kilogram is, wat is Koos se massa? 
17. Pieter het 57 sent.  Alwyn het 9 sent minder as Pieter.  Hoeveel sent het hulle saam? 
18. ‘n Regop paal, 6 meter hoog, gooi ‘n skaduwee van 2 meter.  Hoe hoog is ‘n gebou wat op dieselfde 

tydstip en op dieselfde plek ‘n skaduwee van 30 meter gooi? 
19. Watter getal is net soveel minder as 12 as wat dit meer is as 6? 
20. Die helfte van ‘n skool se leerlinge speel rugby; ‘n derde van die res speel tennis.  Die oorblywende 42 

leerlinge speel krieket.  Hoeveel leerlinge is daar in die skool? 
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Table A4.  Score Sheet for Senior South African Individual Scale – Revised Subtest no 4 / 
Number problems 

 
TEST 4:  NUMBER PROBLEMS / TOETS 4: GETALPROBLEME 

7- to 12-year-old testees start with item 1 
13- to 16-year-old testees start with item 4. If testee completes Item 4 incorrectly, return to item 1. Otherwise 
give full credit for items 1, 2 and 3. 
 
7- tot 12-jarige toetslinge begin met item 1. 
13- tot 16-jarige toetslinge begin met item 3. Indien ‘n toetsling item 4 verkeerd beantwoord, gaan terug na item 
1.  
Gee andersins volle krediet vir items 1, 2 en 3. 
DISCONTINUE the test after 5 consecutive failures (zero scores) 
STAAK die toets na 5 agtereenvolgende mislukkings (nultellings) 

Item 
  

Time limit 
Tydbeperking 

 
Answer 

Antwoord 

 
Response 
Respons 

Time 
(optional) 

Tyd 
(opsioneel) 

 
Score 

Telling 

Items 1 – 11 are presented orally. / Items 1-11 word mondeling gestel 
1 40" 2 (blocks)(blokkies)   
2 40" 4 (blocks)(blokkies)   
3 40" 6    
4 40" 6    
5 40" 2    
6 60" 8    
7 60" 18    
8 60" 40    
9 60" 5    
10 60" 200c / R 2    
11 60" 4    

Items 12 – 20 are also presented on cards. / Items 12 – 20 word ook op kaarte voorgelê. 
12 80" 30    
13 80" 75    
14 80" 10    
15 80" 12    
16 80" 60    
17 80" 105    
18 80" 90    
19 80" 9    
20 80" 126    

Comments/Opmerkings: 
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Table A5.  Senior South African Individual Scale – Revised Subtest no 5 / Story memory 
 
Verhaal van Toets 5 

Mnr. En mev. Smith het twee kinders, Jannie, agt jaar oud en Lettie, ses jaar oud.  Verlede Saterdag het 
die gesin dieretuin toe gegaan.  Die ouers het besluit om te gaan omdat die kinders nog nie voorheen in die 
dieretuin was nie. 
 Daar was twintig soorte bokke, asook leeus en tiers.  Jannie het gehou van die ysbere wat met mekaar 
gespeel het.  Sy suster het die papegaaie met hulle helder kleure interessant gevind.  Sy het ook van die 
oulike apies gehou.  In ‘n ronde kamp het die olifante mekaar met water natgespuit.  Nadat die kinders deur 
die dieretuin gestap het, was dit laat en het die gesin besluit om huis toe te gaan. 
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Table A6.  Score Sheet for Senior South African Individual Scale – Revised Subtest no 5 / 
Story memory 

 
TEST 5: STORY MEMORY  / TOETS 5: STORIEGEHEUE 

Acceptable response / aanvaarbare respons   (*Acceptable alternative / Aanvaarbare alternatief) Score/ 
Telling 

O   Mr O   Mnr  
O   and Mrs O   en Mev  
O   Smith O   Smit  
O   have two children O   het twee kinders  
O   John, O   Jannie  
O   who is eight years old, O   agt jaar oud  
O   and Betty, O   en Lettie  
O   who is six. O   ses jaar oud  
O   Last Saturday O   Verlede Saterdag  
O    the family (the Smiths)* O     het die gesin (het die Smitte)*  
O   went to the zoo. O    dieretuin toe gegaan.  
O  The parents (Mr and Mrs Smith, the father and           
mother)* 

O  Die ouers (mnr en mev Smit, die pa en ma)*  

O   decided to go O   het besluit om te gaan  
O   as the children (as John and Betty)* O  omdat die kinders (omdat Jannie en Lettie)*  
O   had not been to the zoo before. O   nog nie voorheen in die dieretuin was nie.  
O   There were twenty O  Daar was twintig   
O   different kinds O   soorte  
O   of buck O   bokke  
O   as well as lions O   asook leeus  
O   and tigers O   en tiers  
O   John O   Jannie   
O   liked O   het gehou van  
O   the polar bears O   die ysbere  
O   that were playing with one another O   wat met mekaar gespeel het  
O   His sister (Betty)* O   Sy suster (Lettie)*  
O   was interested (liked)* O   het die papegaaie  
O   in the brightly O   met hulle helder  
O   coloured O   kleure  
O   parrots. O   interessant gevind (gehou van)*  
O   She also liked O   Sy het ook gehou van  
O   the cute O   die oulike   
O   monkeys. O   apies  
O   In a circular O   In ‘n ronde   
O   paddock O   kamp  
O   the elephants O   het die olifante  
O   sprayed one another with water O   mekaar met water natgespuit  
O   By the time the children O   Nadat die kinders  
O   had walked O   deur die dieretuin   
O   through the zoo O   gestap het  
O   it was late O   was dit laat  
O   and the family (and the Smiths)* O   en het die gesin (het die Smitte)*  
O   decided O   besluit  
O   to go home O   om huis toe te gaan  
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Table A7.  Senior South African Individual Scale – Revised Subtest no 10 / Memory for 
digits 

 
Items van Toets 10: Syfergeheue – gewone volgorde 
Item Reeks 1    Reeks 2  
1.  1-4    6-3 
2.  2-8-5    1-7-4 
3.  4-5-1-8    2-6-4-1 
4.  6-9-2-8-3   7-2-9-6-5 
5.  3-8-4-7-1-9   5-2-7-8-1-6 
6.  3-6-7-8-2-4-9   9-3-2-6-4-7-5 
7  8-5-6-2-7-9-5-3   2-5-3-8-6-7-3-9 
8.  6-4-8-5-1-3-2-9-7   4-6-5-7-2-3-8-9-1 
Items van Toets 10: Syfergeheue – omgekeerde volgorde 
Item Reeks 1    Reeks 2  
1.  3-1     5-3 
2.  2-7-5     4-9-2 
3.  9-1-8-2     7-3-4-8 
4.  3-5-2-6-7    8-3-4-6-2 
5.  8-2-9-4-7-5    3-1-9-6-8-4 
6.  6-3-8-9-1-4-7    6-1-3-7-5-2-8 
7.  4-6-1-5-9-2-7-8    7-3-6-9-6-5-2-4 
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Table A8.  Score Sheet for Senior South African Individual Scale – Revised Subtest no 10 / 
Memory for digits 

 
TEST 10: MEMORY FOR DIGITS / TOETS 10: SYFERGEHEUE 

DIGITS FORWARD / GEWONE VOLGORDE 
DISCONTINUE Digits Forward after 2 consecutive zero scores and continue with Digits Backwards 
STAAK Gewone Volgorde na 2 agtereenvolgende nultellings en gaan aan met Omgekeerde Volgorde 
Item Series 1 

Reeks 1 
Right/wrong 
Reg/verkeerd 

+ / - 

Series 2 
Reeks 2 

Right/wrong 
Reg/verkeerd 

+ / - 

Score 
Telling 

1 1-4   6-3   
2 2-8-5  1-7-4   
3 4-5-1-8  2-6-4-1   
4 6-9-2-8-3  7-2-9-6-5   
5 3-8-4-7-1-9  5-2-7-8-1-6   
6 3-6-7-8-2-4-9  9-3-2-6-4-7-5   
7 8-5-6-2-7-9-5-3  2-5-3-8-6-7-3-9   
8 6-4-8-5-1-3-2-9-7   4-6-5-7-2-3-8-9-1   
  

DIGITS BACKWORDS / OMGEKEERDE VOLGORDE 
DISCONTINUE Digits Backwards after 2 consecutive zero scores 
STAAK Omgekeerde Volgorde na 2 agtereenvolgende nultellings 
Item Series 1 

Reeks 1 
Right/Wrong 
Reg/Verkeerd 

+ / - 

Series 2 
Reeks 2 

Right/Wrong 
Reg/Verkeerd 

+ / - 

Score 
Telling 

1 3-1  5-3   
2 2-7-5  4-9-2   
3 9-1-8-2  7-3-4-8   
4 3-5-2-6-7  8-3-4-6-2   
5 8-2-9-4-7-5  3-1-9-6-8-4   
6 6-3-8-9-1-4-7  6-1-3-7-5-2-8   
7 4-6-1-5-9-2-7-8  7-3-6-9-6-5-1-4   
  
Total score for Memory for Digits/Totaaltelling vir Syfergeheuetoets  
Comments/opmerkings 
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Table A9.   Score Sheet for Senior South African Individual Scale – Revised Subtest no 11 / 
Coding 

 
Key/Sleutel 

1 2 3 4 5 6 7 8 9 
+ 0 > -  [ = < � X 
 
 
Examples/voorbeelde 

3 2 4 1 6 8 5 7 1 6 2 3 1 5 
              

 
4 2 1 4 6 1 6 3 7 5 4 7 2 9 
              

 
1 7 4 2 8 1 9 5 2 6 9 6 3 5 
              

 
8 1 3 5 8 4 7 6 8 4 2 6 8 9 
              

 
3 7 2 8 3 7 9 3 5 9 4 7 8 9 
              

 
2 5 4 1 9 5 3 7 8 4 9 6 3 7 
              

 
1 8 5 7 2 8 4 9 8 6 2 5 9 1 
              

 
Score/Telling  
Time limit/Tydbeperking 120" 
Testee’s time (optional)/Toetsling se tyd (opsioneel)  
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Table A10.  Reading Test 
 
Toepassing van die Toets 
1. Nadat die leerlinge hul sitplekke ingeneem het, deel die toetsafnemer die potlode, uitveërs en daarna die 

betrokke toetsboeke uit met die opdrag dat hulle nie die boeke mag oopmaak alvorens hulle gevra word 
om dit te doen nie.   
Lees die kursief gedrukte aanwysings duidelik en stadig en die onderstreepte woorde met nadruk. 

 
2. Sê vervolgens:  Julle gaan vandag na prentjies kyk en woorde lees.  Ek wil kyk hoe goed julle al leer 

lees het. 
Maak julle boeke by bladsy een oop.  (Kontroleer of almal se boeke by bladsy een oop is).  Julle mag nog 
nie julle potlode optel nie en julle moenie praat nie. 
 
Kyk op die bladsy voor julle.  Op die badsy kan julle vyf prentjies sien.  Langs elke prentjie sien julle vier 
hokkies, woorde en ‘n sterretjie.  (Verduidelik op die skryfbord). 
 
Jy moet elke keer na die prentjie kyk en dan ‘n kruisie maak in die hokkie langs die woord of sinnetjie wat sê 
wat jy in die prentjie sien.  (Verduidelik op die skryfbord). 
 
As nie een van die woorde of sinnetjies sê wat jy in die prentjie sien nie, dan maak jy ‘n kruisie in die hokkie 
langs die sterretjie.  (Toon dit op die skryfbord). 
 
Onthou dat julle net in een van die vier hokkies by elke prentjie ‘n kruisie moet maak. 
 
Kom ons kyk saam na die eerste prentjie.  Wat sien julle daar?  Vra ‘n leerder wat sy/haar hand opgesteek 
het om te antwoord.  Wanneer die korrekte antwoord verstrek is, sê:  Dis reg, dit is die prentjie van ‘n bok 
met ‘n band om sy nek, en aan die band hang ‘n klok.  Langs die prentjie van die bok is daar drie woorde en 
‘n sterretjie.  Wie kan vir my sê watter woord sê vir ons wat ons in die prentjie sien?  Vra ‘n leerder wat 
weet watter woord dit is.  Dis reg.  Die tweede woord is bok en dit sê dat ons ‘n bok in die prentjie sien.  
Maak nou ‘n kruisie in die blokkie langs die woord bok. Toon dit op die skryfbord aan en kontroleer of die 
leerder dit reg doen. 
 
Kom ons kyk ook saam na die tweede prentjie, die een langs nommer b.  Wat sien julle in die prentjie?  Vra 
‘n leerling wat weet.  Dis reg, dit is die prentjie van ‘n saal.  Langs die prentjie is daar drie woorde.  Wie 
kan vir my sê watter woord sê vir ons wat ons in die prentjie sien?  Vra een van die leerders wat weet.  Dis 
reg.  Die eerste woord is saal en dit sê dat dit ‘n prentjie van ‘n saal is.  Maak nou ‘n kruisie in die blokkie 
langs die word saal.  (Toon dit op die skryfbord aan en kontroleer). 
 
Verstaan julle almal wat om te doen? 
 
As almal vestaan wat om te doen, sê:  Kyk nou self na die volgende drie prentjies en maak elke keer ‘n 
kruisie in die hokkie langs die woord of sinnetjie wat sê wat jy in die prentjie sien.  Wanneer julle klaar is, 
mag julle nie omblaai nie, maar moet julle jul potlode neersit en julle arms vou.  As jy ‘n kruisie op ‘n 
verkeerde plek gemaak het, moet jy die verkeerde kruisie skoon uitvee want daar mag nie twee kruisies 
langs die prentjies wees nie. 
 
Die toetsafnemer beweeg tussen die leerlinge rond en kyk of almal verstaan wat om te doen. Wanneer almal 
voorbeelde c, d en e gedoen het, begin die toetsafnemer by voorbeeld c en gaan die drie items saam met die 
leerders deur.  Aandag moet veral geskenk word aan die leerders wat nie in die regte blokkie ‘n kruisie 
getrek het nie en die aanwysings moontlik nie verstaan het nie. 
 
Wanneer die toetsafnemer heeltemal tevrede is dat almal verstaan wat om te doen, sê hy:  Op die volgende 
bladsye is daar nog prentjies waarna julle moet kyk en woorde en sinne wat julle moet lees.  Blaai om.  
Kontroleer of almal by die regte bladsy is. 
 
Julle moet by nommer een begin en aangaan tot julle na al die prentjies gekyk en al die woorde en sinne 
gelees het.  Werk so vinnig soos julle kan, sonder om foute te maak.  As julle per ongeluk ‘n fout gemaak het, 
moet julle die verkeerde kruisie skoon uitvee.  Onthou: Maak elke keer ‘n kruisie in die hokkie langs die 
woord of sinnetjie wat sê wat jy in die prentjie sien.  As nie een van die drie woorde of sinnetjies sê wat jy in 
die prentjie sien nie, dan maak jy ‘n kruisie in die hokkie langs die sterretjie.  By elke prentjie moet daar net 
een kruisie wees.  Is julle almal gereed?  Niemand mag nou meer ‘n woord praat nie.  As jy ‘n probleem het, 
moet jy net jou hand opsteek.  Wanneer jy klaar is, moet jy jou potlood neersit, jou boek toemaak en jou 
arms vou.  Gereed? ………Begin! 
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Die toetsafnemer sit nou sy stophorlosie aan die gang of teken die presiese tyd aan.  As ‘n leerder sy/haar 
hand opsteek, moet die aard van die problem vasgestel word sonder dat die res gesteur word. Geen vrae wat 
betrekking het op die prentjies of woorde mag deur die toetsafnemer beantwoord word nie.  Die 
toetsafnemer moet sonder om die leerders te steur seker maak dat almal op die korrekte wyse te werk gaan. 
 
Na presies tien minute moet die leerlinge wat nog besig is onmiddellik hulle potlode neersit en hulle boeke 
toemaak.  Niemand mag na tien minute meer ‘n kruisie maak nie. 
 
Vervolgens word die toetsboeke, potlode en uitveërs ingeneem.  Voordat die leerders die lokaal verlaat, 
moet die toetsafnemer kontroleer of al die boeke ingeneem is.  
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Table A11.  Spelling Test 
 
Toepassing van die Toets 
1. Nadat die leerlinge hul sitplekke ingeneem het, deel die toetsafnemer die potlode, uitveërs en velle 
papier uit met die opdrag dat hulle niks mag skryf alvorens hulle nie gevra word om dit te doen nie. 
2. Sê vervolgens: Vandag wil ek kyk hoe goed julle al geleer spel het.  Julle moet mooi luister na wat ek sê 
en nie tussenin praat nie.  Ek gaan elke woord sê.  Daarna gaan ek die woord in ’n sin gebruik.  Dan gaan ek die 
woord weer ’n keer sê.  Onthou nou, julle moet net die woord neerskryf wat ek herhaal en nie die sin nie.  
Verstaan julle wat julle moet doen? 
3. Herhaal die instruksie indien iemand nie verstaan nie. 
Ons gaan die eerste woord saam spel.  Sit jou vinger langs nommer 1.  Luister nou mooi terwyl ek die woord sê 
en skryf dit dan langs nommer 1.  Verduidelik op die skryfbord waar hulle die woord moet skryf. 
 
1. Peer.  Die ryp peer smaak lekker.  Peer 
 
Gee die leerder 15 sekondes lank geleentheid om die woord te skryf.  Kontroleer of hulle dit op die regte plek 
skryf. 
 
Ek gaan nou die woord op die bord skryf.  As jy dit verkeerd gespel het, moet jy dit uitvee en regmaak  
 
Skryf die woord op die bord en gee geleentheid aan die wat dit verkeerd gespel het, om dit te verbeter. 
 
Julle gaan die ander woorde nou self spel.  As jou potlood se punt breek, moet jy jou hand opsteek en dan sal ek 
vir jou ‘n ander een gee.  Nadat ons begin het, mag niemand meer iets sê nie. 
 
Julle gaan nou die tweede woord skryf.   Sit jou vinger langs nommer 2.   Laat hulle dit by elke nommer doen. 
 
Is julle gereed? 
 
LET WEL:  Spreek die betrokke woord elke keer duidelik en so natuurlik as moontlik uit.  Moenie sekere letters 
beklemtoon nie.  Wag ongeveer 15 sekondes, maar niks langer as 20 sekondes nadat die woord die derde keer 
gelees is nie.  Geen ander sin as die gegewe een mag gegee word nie.  Twintig sekondes nadat die laaste woord 
die derde keer gelees is, moet die leerders hulle potlode neersit en moet eers die velle papier en daarna die 
potlode en uitveërs ingeneem word. 
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Table A12.   Afrikaanse Groepspeltoets vir Afrikaanssprekende Leerlinge in Graad 1 / Sub A: 
Vorm A 

 
1. peer Die ryp peer smaak baie lekker peer 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

Gom 
Lat 
Voor 
Sien 
Moeg 
Vet 
Riem 
Bos 
Hou 
Wys 
Rug 
Beet 
Sout 
Mik 
Baan 
Huur 
Tuin 
Buk 
Neus 
boef 

Plak die prent met gom vas. 
‘n Lat slaan baie seer. 
Die juffrou staan voor die klas. 
‘n Kat kan in die donker sien. 
Na die harde werk is ons moeg. 
Die groot vark is baie vet. 
Die boer sny ‘n riem uit die beesvel. 
Pa koop vir Ma ‘n bos blomme. 
Almal hou van ‘n soet kind. 
Wys vir my jou seer been. 
Ek lê op my rug en slaap. 
Die beet het ‘n mooi rooi kleur. 
Oupa hou van baie sout in sy kos. 
Die apie sit in die boom se mik. 
Die atleet hardloop om die baan. 
Ons huur ‘n woonstel by die see. 
Die blomme in die tuin is mooi. 
Ek buk as ek iets wil optel. 
Ek nies as iets my neus kielie. 
Die polisie het die boef gevang. 

gom 
lat 
voor 
sien 
moeg 
vet 
riem 
bos 
hou 
wys 
rug 
beet 
sout 
mik 
baan 
huur 
tuin 
buk 
neus 
boef 
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CHAPTER 6 

 

GENERAL DISCUSSION AND CONCLUSION 

 

The imbalance found in the n-6:n-3 fatty acid ratio amongst children in South Africa 

(Tichelaar et al. 1994) can be addressed by the supplementation of their diet with an 

unexploited fish source, namely hake heads, presently discarded at sea.  The aim of the 

current study was to develop a microbiologically safe, sensory acceptable sandwich spread 

using fish flour (manufactured from hake heads) as the prime ingredient.  The sandwich 

spread acted as a supplementation vehicle for docosahexaenoic acid (22:6n-3; DHA) and 

eicosapentaenoic acid (20:5n-3; EPA) and the intervention effect thereof on the fatty acid 

status, absenteeism from school (as an indicator of immune function) and cognition of 

primary school children (6 - 9 yr) was investigated.  The effect of this experimental spread 

was investigated in a randomised, controlled, single-blind intervention trial carried out on 

school children from a low socio-economic community.  A placebo spread, devoid of long-

chain n-3 polyunsaturated fatty acids (LCPUFA), was given to the control group (CG).  A 

much greater opportunity is offered by randomised controlled trials for the control of 

experimental variables when compared to observational studies (McCann & Ames, 2005).  

This design furthermore affords the opportunity to avoid many of the potential confounders 

that complicate the interpretation of observational studies (McCann & Ames, 2005). 

The results of the microbiological counts of the experimental spread showed that the 

total viable cell count (aerobic), based on specifications for raw seawater food as set by the 

South African Department of Health (Government Gazette, 1997), was lower than the upper 

safe limit.  No positive colonies of Salmonella spp., Shigella spp., Escherichiae coli Type 1, 

Vibrio cholerae, Vibrio parahaemolyticus or Staphylococcus aureus (coagulase positive) were 

observed on the selective media used.  The experimental spread, used as an intervention tool 

lends itself as an ideal vehicle for fortification and proved to be microbiologically safe for 

human consumption after the storage periods of 20 d at 5°C and 15 d at 25°C.  Since no 

growth was observed on the 10-3 dilution plates the conclusion could be made that less than 

1,000 spores and/or cells were present.  These results substantiated the safety of the 

experimental spread, containing fish flour, fit for human consumption, provided the storage 

times and temperatures at which the spread was tested, were adhered to. 

Sensory testing of the experimental spread by a group comprising of researchers and 

academic staff, after a storage period of 15 d at 5°C, found no adverse changes in the texture 

or spreading ability thereof.  A slight fishy note, however, was detected after d 15, from 
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which the decision was taken that production of the experimental spread should be scheduled 

for every fortnight.  However, according to this panel, the fishy note did not affect the product 

unfavourably.  Both genders in a juvenile consumer sensory panel found the five flavours 

(smoke, tomato, ketchup, chutney and curry) individually incorporated into and used for 

masking the fishy note in the experimental spread, highly acceptable.  A significant difference 

(p <0.05) was found in the sensory perception of the two genders.  Scores of the male subjects 

revealed a more positive outcome with regard to these savoury flavours when compared to the 

female respondents.  Due to the difference found in the genders’ perception during sensory 

testing, it is evident that both genders should be included in a consumer panel when savoury 

flavours are tested. 

Although no significant differences were found at baseline between the treatment 

groups with respect to age and the anthropometric variables underweight, stunting and 

wasting or for the biochemical variables haemoglobin, serum ferritin, serum retinol and C-

reactive protein, a moderate prevalence of stunting was found in both study groups (ca. 26 -

30%).  Despite the low socio-economic background and relatively poor anthropometric status 

of the study population (of mixed ancestry: African-European-Malay), high serum retinol 

concentrations were found.  This finding was unexpected and unusual but confirms the 

habitual dietary patterns in this community of the frequent consumption of organ meat like 

liver, heart and lungs, which is known to be high in vitamin A.  Previous studies undertaken 

in two different regions of South Africa have found that the prevalence of vitamin A 

deficiency ranged from 40% to 60% in school-going children (Van Stuijvenberg et al., 1999; 

Van Stuijvenberg, 2001).  At baseline the population was found to be moderately iron-

deficient (ca. 25%; serum ferritin <15 �g.L-1), but a low prevalence of anaemia (ca. 1%), was 

found.  Considering the similarity of baseline and post intervention results regarding the 

characteristics of both groups it can be concluded that none of the parameters measuring 

micronutrient status in the current study population, acted as confounders during dietary 

intervention. 

During the intervention study it was evident that compliance was beyond 92% for both 

the experimental group (EG) and CG.  The high compliance rate found for the two groups 

confirmed the possibility to use the five flavours investigated successfully in masking the 

fishy note during the commercial production of a similar spread.  Furthermore results of the 

retrospective questionnaire confirmed the high acceptability rate for the spreads, as well as for 

the sandwich, by the EG and CG.  A similar product served daily to these study subjects by 

means of the School Nutrition Programme would be highly acceptable. 
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Biochemical analyses showed that the EG had significantly higher (p <0.05) plasma 

and red blood cell (RBC) membrane phospholipid n-3 fatty acid levels while the CG had 

higher levels of n-6 fatty acids in the respective fractions.  The higher intake and 

incorporation of n-3 LCPUFA into blood lipids was associated with less absenteeism from 

school by the EG.  A significant difference was found between the two groups for 

absenteeism from school due to respiratory illness, any other illness, as well as absence from 

school due to any reason, with the EG being less days absent (p <0.05).  An increase in 

LCPUFA of the n-3 series and a concomitant decrease in AA can modulate inflammatory 

cytokine production and immune function (Calder, 2003) and can reduce several aspects of 

neutrophil, monocyte and lymphocyte function, including the production of inflammatory 

mediators (Kelley, 2001).  It can be concluded that supplementation of school children with n-

3 LCPUFA from a marine source had a beneficial effect on the fatty acid status and 

absenteeism from school, as an indicator of immune function, of these subjects. 

The higher levels of EPA and DHA found in the qualitative and quantitative fatty acid 

composition of plasma phosphatidylcholine (PC) and RBC membrane PC and 

phosphatidylethanolamine (PE), of the EG can be linked directly to the ingestion of the 

experimental spread containing fish flour, rich in EPA and DHA.  This further confirms 

compliance with the study protocol.  The differences found in the LCPUFA status of the study 

population post intervention can be ascribed to an intervention effect, since data from the 

household dietary questionnaire demonstrated the lack of fish intake by the population. 

With regard to the cognitive tests battery used in the current study, a significant 

intervention effect was found for the Hopkins Verbal Learning test Recognition and 

Discrimination Index (T-scores; both p <0.05) with the EG showing a more positive outcome.  

This significant intervention effect found for the Hopkins Verbal Learning test Recognition 

and Discrimination Index implies that the EG had a better ability to recognise those words 

(true positive words) that appeared in the Recall list when related and non-related words were 

added, and a better ability to discriminate between the true positive, related and non-related 

words.  The brain function, “recognition memory” (Carlson & Neuringer, 1999), may be 

involved in this instance.  The fact that the EG scored marginally better in the Recall tests 1 

and 3 than the CG, implies that they would also score better in other cognitive sub-skills like 

analysis, synthesis, closure, categorising and association, to mention a few, which poses an 

explanation why the EG obtained better scores for Recognition (J J du Preez, Professor 

emeritus, Faculty of Education, Stellenbosch University, Stellenbosch, South Africa, personal 

communication).  We could speculate that the EG, being supplemented with the n-3-rich 

experimental spread, thus had enhanced information processing and attention regulation due 
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to the elevated levels of n-3 fatty acids in circulation, as reflected in plasma and RBC 

membrane phospholipids.  Although unknown whether there is a need in the human diet for 

the entire spectrum of n-3 fatty acids (Connor, 2000), health benefits (like improvement of 

learning ability and development of the brain function), of DHA are reviewed in many 

publications (Horrocks & Yeo, 1999). 

In light of the lack of research done on the association of DHA with cognition in older 

children (6 - 9 yr), this is a unique finding that dietary supplementation of the study subjects 

with DHA positively influenced learning ability and memory.  The health benefits of DHA 

are reviewed in many publications and include, amongst others, the improvement of learning 

ability, the development of the brain, eye function and recovery from certain visual 

dysfunctions (Horrocks & Yeo, 1999).  The retention of more words experienced by the EG 

may be ascribed to increased short-term memory which, according to a number of authors, 

may be attributed to the consumption of n-3 LCPUFA (Horrocks & Yeo, 1999; McCann & 

Ames, 2005), although not all studies found consistent treatment effects of DHA on cognitive 

scores (Lukito et al., 2005).  The Spelling test performed with the participating subjects also 

revealed a significant intervention effect with the EG again achieving higher scores implying 

a better proficiency in spelling for the EG. 

The nutrient focussed on in this investigation was DHA being the main LCPUFA 

provided by the fish flour in the experimental spread.  In a study previously performed in 

KwaZulu-Natal, South Africa, a positive association was found between the total score for the 

Hopkins Verbal Learning test and supplementation of the study subjects with a lemon and 

lime flavoured fish oil high in DHA.  This study motivated the main focus of the current study 

namely the effect of DHA, embedded in a natural matrix, on cognition (Tichelaar et al., 

2000).  According to the literature mainly DHA, and not EPA, is associated with cognition 

(Carlson et al., 1994; Carlson & Neuringer, 1999; Horrocks & Yeo, 1999).  The other 

polyunsaturated fatty acids (PUFA) present in the experimental spread were �-linolenic acid 

(ALA), linoleic acid (LA), arachidonic acid (AA) and EPA.  Due to the presence of 

preformed EPA and DHA in the current study, we speculate that little or no conversion of 

ALA through the process of elongation and desaturation could have taken place (Simopolous, 

1997; Michelsen et al., 2001; Field, 2003).  The conversion of ALA to DHA in the body is 

ineffective (Michelsen et al.
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