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Abstract: Few EU countries meet targets for saturated fatty acid (SFA) intake. Dairy 

products usually represent the single largest source of SFA, yet evidence indicates that milk 

has cardioprotective properties. Options for replacing some of the SFA in milk fat with  

cis-monounsaturated fatty acids (MUFA) through alteration of the cow’s diet are examined. 

Also, few people achieve minimum recommended intakes (~450–500 mg/d) of the long 

chain n-3 polyunsaturated fatty acids (PUFA) eicosapentaenoic acid (EPA) and 

docosahexaenoic acid (DHA). Enrichment of EPA+DHA in poultry meat via bird nutrition 

is described and how this would impact on habitual intake is discussed.  
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1. Introduction 

 

Public health nutrition is facing multiple and major challenges. There are in particular two major 

forces at work, the rapidly increasing burden of obesity and the increasing age of populations. Both 

trends increase the risk of chronic disease substantially and mean that diet, a key moderator of risk will 

play an increasingly important role. Data from WHO/FAO [1] suggest that by 2020 chronic diseases 

will account for almost 75% of all deaths worldwide with the vast majority being attributable to 

cardiovascular disease (CVD) with the associated rapid increase in the obesity/type 2 diabetes 

syndrome being particularly worrying as it is now also beginning to affect younger people. In the UK, 

the recent Foresight Report on obesity predicts that by 2050 some 55% of UK adults will be obese [2]. 

Similarly projections to 2050 of the age structure of the EU 25 suggests that its old-age dependency 

ratio (the number of people 65 and over relative to those between 15 and 64) is projected to double to 
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54% by 2050 [3]. The outcome of these trends will, if not moderated, lead to unsustainable costs of 

health care. Already, CVD costs the EU some €200 billion/year in direct and indirect charges [4]. 

It has been known for many years that diet plays a key role as a risk factor for chronic disease. In 

particular the effect of dietary fat in terms of both amount and type on the risk of chronic disease had 

much attention. Most attention has been focused on CVD though now it is recognised that effects of 

dietary fatty acids can be more widespread and subtle including effects on insulin sensitivity [5] and 

brain function [6]. Animal-derived foods contribute a substantial part of dietary fat in many countries 

and this has often been believed to be associated with increased chronic disease. This paper will focus 

on issues concerning intake of SFA and the long chain n-3 fatty acids (EPA and DHA) and examine 

opportunities to modify the composition of animal fats through animal nutrition in ways which may 

bring benefits in relation to long term health. 

 

2. Saturated Fatty Acids and Chronic Disease 

 

There is consistent evidence that dietary SFA increase the concentrations of serum LDL- 

cholesterol (LDL-C), an identified predictor of CVD risk and of coronary heart disease (CHD) in 

particular [7]. Until recently most attention has focused on LDL-C. However a meta-analysis of 60 

selected human studies [8] confirmed that when dietary carbohydrates are substituted by an 

isoenergetic amount of C12:0 to C16:0 SFA, an increase in LDL-cholesterol does occur, but crucially 

the study also showed that there was a concomitant increase in the protective HDL-cholesterol  

(HDL-C). These workers argued that the ratio of total cholesterol to HDL-C provides the best predictor 

of the effect of dietary fatty acids on the risk of CHD. This interpretation indicates that the effects of 

C12:0 and C14:0 fatty acids may be rather beneficial as they both lower the total to HDL-C ratio 

whilst the opposite is the case for C16:0. The meta-analysis of Mensink et al. [8] also showed that 

overall, the risk of CHD would be most effectively reduced by the replacement of dietary SFA with 

either cis-MUFA or PUFA. The benefits of the two replacement strategies in terms of the resulting 

serum cholesterol profile, was similar.  

The replacement of SFA by either cis-MUFA or PUFA may have other beneficial outcomes. As 

noted above there is now some evidence that high intake of SFA may also be associated with reduced 

insulin sensitivity, a key factor in the development of the metabolic syndrome [9]. There is 

epidemiological evidence to support the association between high SFA intake and impaired glucose 

tolerance [10-12] and some intervention evidence. In a study involving 162 healthy subjects [5] given 

diets rich in SFA (from butter and margarine) or cis-MUFA (from high oleic sunflower oil) those on 

the SFA diet had significantly impaired insulin sensitivity (–10%) whilst those on the cis-MUFA diet 

showed no change. It is noteworthy however that the favourable effects of cis-MUFA were not seen in 

subjects with a high fat intake (>37% of energy intake). The same moderating effect of dietary fat 

intake has also been reported recently from the Lipgene study [13].  

Despite the well publicised benefits of limiting SFA intake, populations in many parts of the EU 

still fail to meet dietary targets. Dietary targets vary from <11% of energy intake (EI) in the UK 

(population mean), <10% of EI [1] to as low as <7% of EI as recommended by the American Heart 

Association [14]. Table 1 shows SFA intake in various EU countries based on the TRANSFAIR  

study [15] and indicates that only Italy, Portugal, Spain and Greece achieve the target of <11% of EI. 
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In the UK it was reported that about 78 and 74 % 0f men and women respectively exceeded the mean 

population target (<11% EI) [16]. Of great concern in the UK is the fact that children exceed the target 

by an even greater degree [17]. There does seem therefore considerable scope for reduction in  

SFA intake.  

 

Table 1. Intakes of saturated fatty acids (SFA) and the proportion supplied by dairy 

products in 11 EU Member States (adapted from [15]). 

Country Male (m) 

Female (f) 

SFA intake (g/d) SFA intake (% 

energy intake) 

SFA from dairy 

 (% total) 

Belgium m 45.0 15.3 30.2 

 f 35.9 15.5 30.2 

Finland m 32.9 12.5 44.9 

 f 25.2 12.8 44.9 

France m 34.2 15.0 56.7 

 f 25.9 15.8 56.7 

Germany m 49.0 17.5 57.1 

 f 39.2 18.6 57.1 

Greece m 22.6 10.5 27.4 

 f 24.1 12.9 27.4 

Italy m+f 30.9 10.6 47.3 

Netherlands m 40.0 13.9 33.9 

 f 30.7 14.3 33.9 

Portugal m 28.1 11.2 32.5 

Spain m+f 33.5 11.7 27.5 

Sweden m 37.7 15.0 48.5 

 f 27.8 14.5 48.5 

UK m+f 27.1 13.2 38.8 

Overall mean  33.5 14.1 41.3 

 

2.1. Milk and Dairy Products as Sources of Saturates 

 

Based on the TRANSFAIR study [15] Table 1 also shows the contribution to SFA intake made by 

milk and dairy products. The study also confirmed that on average milk fat contributed about 41% of 

all SFA and often contributes the single largest source of SFA. Thus logically, reducing the intake of 

SFA would simply require a reduction in consumption of milk and dairy products. However it is 

recognised that these foods are also key sources of other nutrients such as calcium and vitamin B12 [18].  

Moreover there is now convincing epidemiological evidence that high intake of milk can provide 

long term reductions in the risk of CVD. Recently, from a meta-analysis of 15 studies the relative risk 

of stroke and heart disease in subjects with high milk or dairy consumption was shown to be 0.79 

(95% CI 0.75, 0.82) and 0.84 (95% CI 0.76, 0.93) respectively, relative to the risk in those with low 

consumption [19]. Four studies reported incident diabetes as an outcome, and the relative risk in the 
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subjects with the highest intake of milk or diary foods was 0.92 (95% CI 0.86, 0.97). Set against the 

proportion of total deaths attributable to the life-threatening diseases in the UK, vascular disease, 

diabetes and cancer, Elwood et al. [19] concluded that the results provide evidence of an overall 

survival advantage from the consumption of milk. Thus simply reducing milk/dairy consumption in 

order to reduce SFA intake is not likely to produce benefits overall. It should be noted however that 

the epidemiological evidence relates mainly to milk and in the UK at least, cheese and butter provide 

most of the dairy-derived SFA [16]. 

Based on the above evidence it would seem that changing the fatty acid composition of dairy foods 

to replace some SFA with cis-MUFA could provide a useful way to reduce SFA intake whilst retaining 

the cardioprotective benefits of milk. This possibility has recently been reviewed [20]. Based on the 

rather limited number of intervention studies with milk/milk products with SFA reduced from typically 

70 to 55% of total fatty acids and cis-MUFA increased from typically 20 to 33% of total fatty acids, 

the review concluded that there was considerable potential for lower SFA dairy products to reduce 

population SFA intakes and potentially CHD burden. As part of a modelling exercise it was predicted 

that in the EU 27 reductions of some 10,500 and 3,900 deaths from CHD and stroke per annum, 

respectively, could result from such a strategy [21].  

 

2.2. Modifying Milk Fatty Acid Composition 

 

Milk fat typically contains 70-75 % SFA, 20-25% MUFA and small (2–5%) amounts of PUFA. 

Fatty acids in milk fat originate from two sources, either by direct incorporation from the peripheral 

circulation or from de novo synthesis in the mammary gland using short chain (C2:0 and C4:0) 

precursors. Mammary de novo synthesis accounts for all C4:0 to C12:0 fatty acids, most of the C14:0 

and typically about half of C16:0 secreted in milk, while all C18 and longer chain fatty acids are 

derived entirely from circulating plasma lipids [22]. Due to extensive biohydrogenation of dietary 

unsaturated fatty acids by bacteria in the rumen, C18:0 is, under most conditions, the predominant long 

chain fatty acid available for absorption but the activity of stearoyl Co A (Δ-9) desaturase in mammary 

secretory cells converts a considerable amount of C18:0 to cis-9 C18:1 [23]. As noted above, the 

production of reduced-SFA dairy products could potentially be of large public health benefit. This can 

be achieved by increasing the supply of long chain fatty acids (of chain length C18 and above) to the 

mammary gland which inhibits the synthesis of short and medium chain saturates [24]. Thus use of oil 

seeds in cows’ diets typically produces reductions in the SFA content of milk fat from 70 to 50% (see 

review [25]). A recent study [26] examined the effect of form of rapeseed lipid in the diet of the dairy 

cow on the reduction in SFA and increase in cis-MUFA that could be achieved. The treatments were 

no rapeseed lipid (control) or rape lipid in the form of rapeseed oil, whole, unprocessed rapeseeds or 

milled rapeseeds. Some key results are summarised in Table 2. It is clear that using whole, 

unprocessed rapeseed is not a viable option but the other two rapeseed lipid forms reduced SFA 

(notably palmitic acid) and increased cis-MUFA (notably oleic acid). 

 



Nutrients 2009, 1                    
 

 
 

75

Table 2. Effect of form of rapeseed lipids in the diet on milk fatty acid composition 

(g/100g fatty acids). (from [26]) 

Fatty acid Treatment1 SEM2 P3 

Control RO WR MR 

Σ ≤ 14:0 22.6a 18.2c 26.2b 21.3a 0.53 ** 

16:0 34.5a 19.8c 31.1b 21.6c 0.64 *** 

18:0 9.8a 14.6b 10.8a 15.5b 0.32 *** 

18:1 trans total 4.1a 10.0c 3.2a 6.4b 0.40 *** 

18:1 cis total 20.8a 26.9b 18.9a 25.6b 0.67 *** 

Σ saturates 69.6a 55.6c 71.7a 61.5b 0.86 *** 

Σ cis MUFA 22.7a 29.2b 21.4a 27.7b 0.75 *** 

Σ trans MUFA 4.4a 10.5c 3.5a 6.8b 0.40 *** 

n-6:n-3 PUFA 4.2 2.4 1.6 5.3 1.32 NS 
1 Diets containing none (control) or rape lipid in the form of rapeseed oil (RO), whole rapeseeds (WR) or 

milled rapeseeds (MR). 
2 Standard error of the mean for n = 16 measurements, 6 error degrees of freedom. 
3 **P < 0.01 and ***P < 0.001, NS = not significant (P > 0.05). 
abc Means within row not sharing common roman superscripts differ significantly (P < 0.05). 

 

3. Long Chain n-3 Fatty Acids and Chronic Disease 

 

In the 1960’s and 70’s a number of studies demonstrated that consumption of fish was associated 

with a reduced risk of CHD in the Greenland Eskimos, despite an overall diet rich in fat [27,28]. This 

work led to the concept that the long chain (LC, carbon chain length 20) n-3 PUFA, in particular EPA 

(C20:5) and DHA (C22:6) typically found in marine foods were responsible for the observed 

cardioprotective effects. More recently, beneficial effects have been widely reported and include anti-

atherogenic, anti-thrombotic and anti-inflammatory effects and overall, increased intakes leading to 

reduced risk of CHD (for a review, see [29]).  

Evidence is also accumulating that the intake of EPA and DHA may influence cognitive function in 

the elderly. The Zutphen Elderly Study examined fish consumption in 210 males, aged 70–89 y in 

1990, along with estimates of cognitive function in 1990 and 1995 [6]. A significant (P < 0.01) 

positive linear trend was seen for the relationship between EPA+DHA intake and cognitive ability with 

a mean difference in intake of about 380 mg/d being associated with a 1.1-point difference in 

cognition. This study [6] concluded that moderate intakes of EPA+DHA may delay the decline in 

cognitive function in elderly men. Recent studies have however not shown an association between 

EPA/DHA intake and long term dementia risk [30,31].  

The essential dietary component α-linolenic acid (C18:3 n-3, ALNA) can in theory be desaturated 

and elongated to EPA and DHA, but recent studies and reviews [32-34] have concluded that whilst the 

principal role of ALNA is indeed as precursor for EPA/DHA, the efficiency of conversion of ALNA to 

EPA is very low, especially in men, and that further transformation to DHA is often minimal. Indeed it 

was concluded that ALNA is probably a quite limited source of EPA/DHA in humans [33] which 
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strongly suggests that these fatty acids should now be regarded as dietary essential. This is supported 

by the systematic review of Wang et al. [35] which concluded that increased consumption of n-3 fatty 

acids from fish or fish oil supplements, but not from ALNA, reduces the rates of all cause mortality, 

cardiac and sudden death and possibly stroke. 

Givens and Gibbs [36] reviewed the current recommended intakes of EPA+DHA. Where such 

recommendations are made, typically they are in the region of 500 mg/d although there is evidence of 

benefits from considerably higher intakes [29]. A recent study into the establishment of a dietary 

reference intake for EPA+DHA also concluded that the most international recommendations are  

~500 mg/d [34] although interestingly, the very recent scientific opinion from the European Food 

Safety Authority proposed a labelling reference intake for EPA+DHA of only 250 mg/d [37]. In the 

UK the target intake is 450 mg/d which is consistent with the consumption of two portions of fish per 

week, one of which is oil-rich. No consideration has yet been given to dietary recommendations in 

relation to brain function due to the relative paucity of data in this area. 

 

3.1. Current Intakes of LC-n-3 Fatty Acids 

 

The evidence relating to current intakes of EPA and DHA in various parts of the world has also 

been reviewed [36]. The data are summarised in Table 3. Some of the variability in estimated mean 

intake is likely to be due to the use of different food consumption surveys which suggest different 

levels of consumption of the key food types. Of note are the recommendations of SACN/COT [29] that 

canned tuna should be excluded from the oil-rich fish food category which makes it possible that some 

of the studies substantially overestimated EPA+DHA intake. It is also very important to realise that 

estimates of mean intake may not be very helpful. For example, in the UK, it was found that only 

about 27% of the adult population consume any oil-rich fish [29] and thus for the vast majority of the 

adult population the daily intake will probably at best be about 100 mg. A similar effect was seen in 

Belgian women [38]. Notably, in non-consumers of oil- rich fish in the UK, about half of the estimated 

100 mg/d intake was provided by animal-derived foods, poultry meat in particular [39]. It is likely that 

much of the LC n-3 fatty acids found in poultry meat from birds which did not have fish oil in their 

diets is due to the diet containing fishmeal which contains some residual fish oil. In 2004 some 48000t 

of fish meal (25 % of total use) was used in the UK for poultry diets [40] although this has declined 

considerably since. Overall, it is clear that in many areas and central Europe in particular, intake of 

EPA+DHA is considerably sub-optimal and this may be a key public health nutrition issue. 

 

Table 3. Recent estimated daily intakes of EPA + DHA in various countries (from [36]). 

Country Details Intake of EPA + 

DHA(mg/person/d) 

UK Adults, 19-64 years, mean 244 

UK Females, 19-24 years, mean 109 

Belgium Females, 18-39 years, mean 209 
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Table 3. Cont. 

Belgium Females, 18-39 years, median 50 

Belgium Children 4-6.5 years, mean 75 

France Women 45-63 years 344 

Australia Adults 143 

N. America Adults 200 

Central Europe Adults 250 

Northern Europe Adults 590 

Japan Adults 950 

 

3.2 Enriching Animal-Derived Foods with of EPA and DHA 

 

Many studies have examined increasing the EPA and DHA concentration in animal-derived foods 

as a means of increasing daily intake (see for e.g. reviews [41,42]) although few have connected the 

potential for enrichment with current and projected patterns of food consumption. Assuming that 

consumption of enriched foods would be the same as that of normal foods, the potential for enrichment 

of a wide range of animal-derived foods has been calculated and how these may contribute to 

additional EPA+DHA intake in the UK [38]. The findings for milk and milk products, meat and eggs 

are summarised in Table 4.  

 

Table 4. Potential mean intakes of EPA and DHA by adults in the UK from enriched 

animal-derived foods (from [39]). 

Food Intake 

(g/person/

week)1 

Concentration2 

(mg/g) of 

Intake of 

EPA+DHA 

(mg/person/d) EPA DHA 

Milk products 

Whole milk 337 0.106 0.141 11.9 

Semi-skimmed milk 877 0.045 0.060 13.2 

Skimmed milk 215 0.008 0.011 0.57 

Cream 12 1.064 1.406 4.27 

Other milk 42 0.080 0.105 1.12 

Cottage cheese 9 0.104 0.137 0.31 

Other cheese 98 0.745 0.984 24.2 

Butter 22 2.181 2.882 16.0 

Total milk products: 71.5 

Meat 

Beef and veal 249 0.24 0.053 10.4 

Sheep meat 51 0.82 0.97 13.0 
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Table 4. Cont. 

Pork 63 0.13 0.167 2.67 

Bacon and ham 105 0.072 0.093 2.47 

Poultry 374 0.60 0.80 74.8 

Sausages3 68 0.012 0.015 0.26 

Other products3 216 0.036 0.006 1.70 

Total meat products: 105.4 

Eggs 194 0.06 1.90 54.3 

Total intake: 231 

 

This shows that enrichment of animal-derived foods has the potential to provide a daily intake of 

EPA+DHA of about 230 mg/person/day with poultry meat providing the largest potential intake  

(74 mg). The contribution of poultry meat is a result of it being consumed in large quantities and its 

amenability to enrichment. Other useful contributions could be provided by eggs and full fat cheese 

although the contributions from liquid milk and other meats are likely to be very modest based on 

current food consumption data.  

 

3.3 Enrichment of Poultry Meat 

 

The concentrations of EPA and DHA in poultry meat can in theory be relatively easily increased by 

including fish oil in the diet of the birds. This can result in nutritionally meaningful increased intakes 

of these fatty acids by people who consume the meat. This topic has been reviewed recently [43]. One 

thing this review identified was the lack of data relating to the relative ability to enrich the meat of 

modern genotypes of broiler chickens and turkeys. Subsequently a study on this was done to determine 

the relative increases in the EPA and DHA in edible tissues to increased concentrations of fish oil in 

the diet [44]. Some key findings for skinless white chicken meat are shown in Table 5.  

 

Table 5. Effect of fish oil in the diet and breed of broiler chicken on the mean EPA and 

DHA concentration (mg/100g meat) in white chicken meat (from [44]). 

 Control1 Lofish Hifish P 

Fatty acid Ross2 Cobb Ross Cobb Ross Cobb Breed Diet 

EPA 7.5 6.9 17.4 20.0 27.2 30.8 NS <0.001 

DHA 39.6 38.6 54.9 64.3 118 126 NS <0.001 
1 Diets contained fish oil at Contol 0, Lofish 20 and Hifish 40 g/kg diet.  
2 Breed of birds used, Ross 308 and Cobb 500 

 

Overall, the results showed that, in modern broiler genotypes, there was no significant difference in 

the efficiency with which EPA and DHA were incorporated into edible tissue. There was also little 

evidence to suggest that there is any inherent difference between broilers and turkeys in their ability to 

incorporate EPA and DHA into their edible tissues, except perhaps for EPA in white meat. As shown 
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in Table 5, the diets containing 40 g fish oil per kg gave rise to white chicken meat containing about 

140 to 160 mg EPA+DHA per 100 g which has the potential to make a real contribution to dietary 

EPA+DHA intake. 

There are some potential drawbacks to enriching poultry meat with EPA and DHA since the meat 

will potentially have reduced oxidative stability and organoleptic qualities. Current work in this 

laboratory indicates that such problems can be minimised by use of additional vitamin E in the diet 

(~200 mg/kg) of the bird although for commercial application this will need to be coupled with 

appropriate meat processing, packaging and storage strategies. 

 

4. Conclusions 

 

Foods derived from animals are an important source of nutrients in the diet. However, certain 

aspects of some of these foods, SFA in particular, have led to concerns about the contribution of these 

foods to increased risk of CVD and other conditions. The fatty acid composition of various animal 

derived foods is not constant and can, in many cases, be enhanced by animal nutrition. The future role 

of animal nutrition in creating foods closer to the optimum composition for long term human health 

will be increasingly important. However, certain animal derived foods contain compounds which 

actively promote long term health and research is urgently required to fully characterise these effects 

and to determine how the levels in natural foods may be enhanced.  

 

Acknowledgments 

 

This paper is based on a presentation given at the International Conference FOOD-OMICS, 

University of Bologna, Cesena, 28-29 May, 2009 and was supported by LIPGENE, an Integrated 

Project within the EU funded Sixth Framework Research programme (www.ucd.ie/lipgene) and by 

Feed for Health, COST Action FA 0802 (www.feedforhealth.org). 

 

References  

 

1. WHO/FAO. Diet, Nutrition and the Prevention of Chronic Diseases. Report of a Joint WHO/FAO 

Expert Consultation; WHO: Geneva, Switzerland, 2003; p. 148. 

2. Butland, B.; Jebb, S.; Kopelman, P.; McPherson, K.; Thomas, S.; Mardell, J.; Parry, V. Foresight 

Future Choices Project Report: Tackling Obesities, 2nd ed.; 2007. Available online: 

http://www.foresight.gov.uk (accessed 12 June 2009). 

3. Carone, G.; Costello, D. Can Europe Afford to Grow Old? Finance and Development 2006. 

Available online: http://www.imf.org/external/pubs/ft/fandd/2006/09/carone.htm (accessed 12 

June 2009). 

4. Allender, S.; Scarborough, P.; Peto, V.; Raynor, M.; Leal, J.; Luengo-Fernández, R.; Gray, A. 

European Cardiovascular Disease Statistics, 2008 Edition; European Heart Network, 2008. 

Available online: http://www.ehnheart.org (accessed 20 January 2009). 



Nutrients 2009, 1                    
 

 
 

80

5. Vessby, B.; Uusitupa, M.; Hermansen, K.; Riccardi, G.; Rivellese, A.A.; Tapsell, L.C.; Nälsén, 

C.; Berglund, L.; Louheranta, A.; Rasmussen, B.M.; Calvert, G.D.; Maffetone, A.; Pedersen, E.; 

Gustafsson, L.-B.; Storlien, L.H. Substituting dietary saturated for monounsaturated fat impairs 

insulin sensitivity in healthy men and women. Diabetologia 2001, 44, 312-319. 

6. van Gelder, B.M.; Tijhuis, M.; Kalmijn, S.; Kromhout, D. Fish consumption, n-3 fatty acids, and 

subsequent 5-y cognitive decline in elderly men: the Zutphen Elderly Study. Am. J. Clin. Nutr. 

2007, 85, 1142-1147. 

7. Zock, P.L. Health problems associated with saturated and trans fatty acids intake. In Improving 

the Fat Content of Foods; Williams, C.M., Buttriss, J., Eds.; Woodhead Publishing Ltd: 

Cambridge, UK, 2006; pp. 3-24. 

8. Mensink, R.P.; Zock, P.L.; Kester, A.D.; Katan, M.B. Effects of dietary fatty acids and 

carbohydrates on the ratio of serum total to HDL cholesterol and on serum lipids and 

apolipoproteins: a meta-analysis of 60 controlled trials. Am. J. Clin. Nutr. 2003, 77, 1146-1155. 

9. Nugent, A.P. The metabolic syndrome. Nutr. Bull. 2004, 29, 36-43. 

10. Feskens, E.J.M.; Kromhout, D. Habitual dietary intake and glucose tolerance euglycaemic men: 

the Zutphen Study. Int. J. Endocrinology 1990, 19, 953-959. 

11. Parker, D.R.; Weiss, S.T.; Troisi, R.; Cassano, P.A.; Vokonas, P.S.; Landsberg, L. Relationship of 

dietary saturated fatty acids and body habitus to serum insulin concentrations: the Normative 

Aging Study. Am. J. Clin.Nutr. 1993, 58, 129-136.  

12. Feskens, E.J.M.; Virtanen, S.M.; Rasanen, L; Tuomilehto, J.; Stengard, J; Pekkanen, J.; Nissinen, 

A.; Kromhout, D.A. 20-year follow-up of the Finnish and Dutch cohorts of the Seven Countries 

Study. Diabetes Care 1995, 18, 1104-1112. 

13. Roche, H.; Planells, R. Lipids, Genes and the Metabolic Syndrome. Proc. Lipgene Workshop, 

UCD: Dublin, Ireland, December 2008.  

14. Lichtenstein, A.H.; Appel, L.J.; Brands, M.; Carnethon, M.; Daniels, S.; Franch, H.A.; Franklin, 

B.; Kris-Etherton, P.; Harris, W.S.; Howard, B.; Karanja, N.; Lefevre, M.; Rudel, L.; Sacks, F.; 

Van Horn, L.; Winston, M.; Wylie-Rosett, J. Diet and lifestyle recommendations revision: a 

scientific statement from the American Heart Association Nutrition Committee. Circulation 2006, 

114, 82-96. 

15. Hulshof, K.F.A.M.; van Erp-Baart, M.A.; Anttolainen, M.; Becker, W.; Church, S.M.; Couet, C.; 

Hermann-Kunz, E.; Kesteloot, H.; Leth, T.; Martins, I.; Moreiras, O.; Moschandreas, J.; 

Pizzoferrato, L.; Rimestad, A.H.; Thorgeirsdottir, H.; van Amelsvoort, J.M.M.; Aro, A.; Kafatos, 

A.G.; Lanzmann-Petithory, D.; van Poppel, G. Intake of fatty acids in Western Europe with 

emphasis on trans fatty acids: The TRANSFAIR study. Eur. J. Clin. Nutr. 1999, 53, 143-157.  

16. Henderson, L.; Gregory, J.; Irving, K.; Swan, G. The National Diet and Nutrition Survey: Adults 

Aged 19–64 Years. Volume 2: Energy, Protein, Carbohydrate, Fat and Alcohol Intake; The 

Stationery Office: London, UK, 2003; p. 53. 

17. Gregory, J.; Lowe, S.; Bates, C.J.; Prentice, A.; Jackson, L.; Smithers, G.; Wenlock, R.; Farron, 

M. National Diet and Nutrition Survey: Young People aged 4 to 18 Years. Volume 1: Report of 

the Diet and Nutrition Survey. The Stationery Office: London, UK, 2000. 



Nutrients 2009, 1                    
 

 
 

81

18. Givens, D.I.; Kliem, K.E. Improving the nutritional quality of milk. In Functional and Speciality 

Beverage Technology; Paquin, P., Ed.; Woodhead Publishing Ltd.: Cambridge, UK, 2009; p. 135. 

19. Elwood, P.C.; Givens, D.I.; Beswick, A.D.; Fehily, A.M.; Pickering, J.E.; Gallacher, J. The 

survival advantage of milk and dairy consumption: An overview of evidence from cohort studies 

of vascular diseases, diabetes and cancer. J. Am. Coll. Nutr. 2008, 27, 723S-734S.  

20. Givens, D. I.; Minihane, A.M. Dairy products: their role in the diet and effects on cardiovascular 

disease. In Fatty Acids in Health Promotion and Disease Causation; Watson, R.R., Ed.; AOCS 

Publications: Urbana, USA, 2009; p. 865. 

21. Givens, D.I. Impact on CVD risk of modifying milk fat to decrease intake of saturated fatty acids 

and increase intake of cis-monounsaturates. Proc. Nutr. Soc. 2008, 67, 419-427. 

22. Hawke, T.W.; Taylor, J.C. Influence of nutritional factors on the yield, composition and physical 

properties of milk fat. In Advanced Dairy Chemistry Volume 2: Lipids; Fox, P.F., Ed.; Chapman 

and Hall: London, UK, 1995, pp. 37-88. 

23. Kinsella, J.E. Stearyl CoA as a precursor of oleic acid and glycerolipids in mammary microsomes 

from lactating bovine: possible regulatory step in milk triglyceride synthesis. Lipids 1972, 7,  

349-355. 

24. Chilliard, Y.; Ferlay, A.; Mansbridge, R.M.; Doreau, M. Ruminant milk fat plasticity: nutritional 

control of saturated, polyunsaturated, trans and conjugated fatty acids. Ann. Zootech. 2000, 49, 

181-205. 

25. Givens, D.I.; Shingfield, K.J. Optimising dairy milk fatty acid composition. In Improving the Fat 

Content of Foods; Williams, C.M., Buttriss, J., Eds.; Woodhead Publishing Ltd.: Cambridge, UK, 

2006; pp. 252-280. 

26. Givens, D.I.; Kliem, K.E.; Humphries, D.J.; Shingfield, K.J.; Morgan, R. Effect of replacing 

calcium salts of palm oil distillate with rapeseed oil, milled or whole rapeseeds on milk fatty-acid 

composition in cows fed maize silage-based diets. Animal 2009, 3, 1067-1074. 

27. Dyerberg, J.; Bang, H.O.; Hjorne, N. Fatty acid composition of plasma lipids in Greenland 

Eskimos. Am. J. Clin. Nutr. 1975, 28, 958-966.  

28. Bang, H.O; Dyerberg, J. Lipid metabolism in Greenland Eskimos. Adv. Nutr. Res. 1980, 31, 1-32.  

29. SACN/COT. Scientific Advisory Committee on Nutrition (SACN) and Committee on Toxicity 

(COT), Advice on Fish Consumption: Benefits and Risks; TSO: Norwich, UK, 2004; p. 12. 

30. Devore, E.F.; Grodstein, F.; van Rooij, F.J.A.; Hofman, A.; Rosner, B.; Stampfer, M.J.; 

Witteman, J.C.M.; Breteler, M.M.B. Dietary intake of fish and omega-3 fatty acids in relation to 

long-term dementia risk. Am. J. Clin. Nutr. 2009, 90, 170-176. 

31. Kröger, E.; Verreault, R.; Carmichael, P.-H.; Lindsay, J.; Julien, P.; Dewailly, E.; Ayotte, P.; 

Laurin, D. Omega-3 fatty acids and risk of dementia: the Canadian Study of Health and Aging. 

Am. J. Clin. Nutr. 2009, 90, 184-192.  

32. Burdge, G.C.; Finnegan, Y.E.; Minihane, A.M.; Williams, C.M.; Wootton, S.A. Effect of n-3 fatty 

acid intake upon plasma lipid fatty acid composition, conversion of [13C] alpha-linolenic acid to 

longer-chain fatty acids and partitioning towards beta-oxidation in older men. Br. J. Nutr. 2003, 

90, 311-321. 

33. Burdge, G.C.; Calder, P.C. Conversion of α-linolenic acid to longer-chain polyunsaturated fatty 

acids in human adults. Reprod. Nutr. Dev. 2005, 45, 581-597. 



Nutrients 2009, 1                    
 

 
 

82

34. Harris, W.S.; Mozaffarian, D.; Lefevre, M.; Toner, C.D.; Colombo, J.; Cunnane, S.C.; Holden, 

J.M.; Klurfeld, D.M.; Morris, M.C.; Whelan, J. Towards establishing dietary reference intakes for 

eicosapentaenoic and docosahexaenoic acids. J. Nutr. 2009, 139, 804S-819S.  
35. Wang, C.; Harris, W.S.; Chung, M.; Lichtenstein, A.H.; Balk, E.M.; Kupelnick, B.; Jordan, H.S.; 

Lau. J. n-3 Fatty acids from fish or fish oil supplements, but not -linolenic acid, benefit 

cardiovascular disease outcomes in primary- and secondary-prevention studies: a systematic 

review. Am. J. Clin. Nutr. 2006, 84, 5-17. 

36. Givens, D.I.; Gibbs, R.A. Current intakes of EPA and DHA in European populations and the 

potential of animal-derived foods to increase them. Proc. Nutr. Soc. 2008, 67, 273-280. 

37. European Food Safety Authority. Labelling reference intake values for n-3 and n-6 

polyunsaturated fatty acids. EFSA J. 2009, 1176, 1-11. 

38. Sioen, I.A.; Pynaert, I.; Matthys, C.; De Backer, G.; Van Camp, J.; De Henauw, S. Dietary intakes 

and food sources of fatty acids for Belgian women, focused on n-6 and n-3 polyunsaturated fatty 

acids. Lipids 2006, 41, 415-422. 

39. Givens, D.I.; Gibbs, R.A. Very long chain n-3 polyunsaturated fatty acids in the food chain in the 

UK and the potential of animal-derived foods to increase intake. Nutr. Bull. 2006, 31, 104-110. 

40. Fishmeal Information Network. Available online: http://www.gafta.com/fin/index.php?pge_id=18 

(Accessed November 27, 2007). 

41. Givens, D.I. The role of animal nutrition in improving the nutritive value of animal-derived foods 

in relation to chronic disease. Proc. Nutr. Soc. 2005, 64, 395-402. 

42. Pisulewski, P.M.; Franczyk, M.; Kostogrys, R.B. Health-related effects of nutritionally modified 

foods of animal origin. J. Anim. Feed Sci. 2005, 14, 71-85.  

43. Rymer, C.; Givens, D.I. n-3 Fatty acid enrichment of edible tissue of poultry: A Review. Lipids 

2005, 40,121-130. 

44. Rymer, C.; Givens, D.I. Effect of species and genotype on the efficiency of enrichment of poultry 

meat with n-3 polyunsaturated fatty acids. Lipids 2006, 41, 445-451. 

 

© 2009 by the authors; licensee Molecular Diversity Preservation International, Basel, Switzerland. 

This article is an open-access article distributed under the terms and conditions of the Creative 

Commons Attribution license (http://creativecommons.org/licenses/by/3.0/). 


