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Abstract 
 

The article describes the recent data dealing with the fatty acid content in cow, goat, and sheep milk. A large body of 

evidence demonstrates that fatty acid profile in goat and sheep milk was similar to that of cow milk. Palmitic acid was the most 

abundant in milk. Goat milk had the highest C6:0, C8:0, and C10:0 content. Sheep milk was the richest source of conjugated linoleic 

acid and α-linolenic acid. Ewe’s milk had lower value of n-6/n-3 then goat and cow milk.  
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Milk and milk products are well balanced 

nutritious food in human diet. The premium nutritional 

quality of dairy products is highly correlated with milk 

fat quality and concerns: high concentration of fat 

soluble vitamins and n-3 fatty acids, as well as high 

content of conjugated linoleic acid (CLA). Moreover, 

milk fat influences processing of raw material and is a 

carrier of taste and aroma. The proportion of fat in cow’s 

milk is typical - 3.3%-4.4% (14, 32, 33). Goat’s and 

ewe’s milk contains approx. 3.25%-4.2% and 7.1% of 

fat, respectively (6, 12, 13, 35). The concentration of fat 

in milk depends on factors such as: breed, nutrition, 

individual traits, and period of lactation.  

The purpose of the paper is to review the 

specific characteristics of fatty acid profile of cow, goat, 

and sheep milk with an emphasis on health benefits for 

human organism, as well as milk fat modification 

methods enhancing content of unsaturated fatty acids in 

raw material. 

Cardiovascular disease, cancer, obesity, and 

diabetes are collectively responsible for more than 80% 

of the disease-related mortality in the United States (2). 

Lipids play a critical role in all of these diseases, and the 

relative amounts and types of dietary lipids consumed 

are believed to be of a critical importance. 

Polyunsaturated fatty acids. Until now, it was 

believed that due to a lack of appropriate enzymes 

mammals may not synthesise de novo two 

polyunsaturated fatty acids: α-linolenic acid (ALA) from 

the n-3 family and linoleic acid (LA) from the n-6 

family, thus they were labelled essential fatty acids 

(EFA). Nowadays, it has been found that the term EFA 

applied solely to ALA and LA is inadequate (7). It was 

discovered that ALA and LA may be formed in the 

human organism from hexadecatrienoic acid C16:3 and 

hexadecadienoic acid C16:2 (7). Moreover, most of the 

effects of EFAs result from their transformation into 

eicosanoids. 

Human diet in developed countries is 

characterised by a too low proportion of n-3 fatty acids 

and too high content of n-6 fatty acids. LA and ALA 

compete for the same enzymatic systems. Long chain 

polyunsaturated fatty acids (LCPUFA) from n-3 family - 

eicosapentaenoic acid (EPA) and docosahexaenoic acid 

(DHA) may be supplied to the organism with food or 

synthesised in the organism from ALA. It was observed 

that in the human organism up to 8% of the ALA in 

phospholipids may be converted to EPA but only about 

8% of dietary ALA was incorporated into phospholipids 

(10). Nevertheless, the synthesis of DHA from ALA is 

highly limited and is more efficient in infants (about 

1%) than in adults (3). Moreover, this process may still 

be further hindered by a high consumption of linoleic 

acid, which traps an enzyme, δ-6-desaturase, and 

prevents further elongation of ALA (19).  

DHA is an n-3 fatty acid that constitutes the 

main structural component of the brain cinerea, retina, 

and semen. DHA has important functions in the 

development of premature babies and little children. It 

participates actively in the development of the nervous 

system, in the process of vision, and in preventing 

inflammations. In the elderly, it supports prevention and 

treatment of senile dementia. DHA requirement rapidly 
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increases in the last trimester of intrauterine life, at the 

time of extremely accelerated brain development (11).  

The ratio of n-6/n-3 fatty acids in the diet of 

most people ranges from 15:1 to 16.7:1 (28). However, 

it is recommended to maintain a markedly lower 

proportion of n-6 fatty acids. According to Simopoulos 

(28), an optimal n-6/n-3 fatty acids ratio is specific to 

different diseases. In the diet of asthmatics it should be 

5:1, while in case of patients suffering from rheumatoid 

arthritis and colon cancer the author recommended the 

n-6/n-3 ratio of 2.5:1 (28). The World Health 

Organisation and Food and Agriculture Organisation 

Expert Committee recommended the n-6/n-3 fatty acids 

ratio to be below 4 since at such a proportion a 

considerable (70%) reduction in the number of deaths 

caused by cardiovascular diseases was observed (25, 

28).  

Results of clinical studies indicate that 

increased share of n-3 fatty acids in the diet supports 

prevention and treatment of cancers, heart diseases, 

thrombosis, arterial hypertension, hyperlipidaemia, 

senile dementia, Alzheimer’s disease, depression, or 

rheumatoid arthritis (19). Moreover, n-3 fatty acids are 

used in the treatment of skin diseases, e.g. psoriasis, 

acne, and lupus erythematosus.  

Fish and seafood are primary sources of EPA 

and DHA from the n-3 family. Most vegetables and 

fruits contain LA and ALA at the 1:1 ratio, while in 

maize grain, soybeans, sunflower seeds, and certain nuts 

LA predominates. However, its most important sources 

include animal origin products, first of all meat, milk, 

and eggs.  

Milk fat is one of the most complex natural fats 

that consist of approximately 400-500 fatty acids (1). 

Milk fat biosynthesis is a complex process, which 

requires coordinated control of many cellular processes 

and metabolic pathways that occur at various stages of 

development and functioning of the mammary gland 

(15, 29). Polyunsaturated fatty acids consumed by 

ruminants are microbially dehydrogenated in the rumen. 

In cow, sheep, and goat, milk EPA and DHA are found 

in trace amounts. In cow, goat, and sheep, milk PUFAs 

account for as little as ~3% of all fatty acids (8); 

however, Strzałkowska et al. (34) and Mayer and 

Fiechter (18) found more than 4% of PUFA in goat 

milk, and Cieślak et al. (6) found even more than 21% 

of PUFAs in milk of sheep fed rapeseeds. 

The predominant n-3 FA in milk fat of the 

majority of mammals is α-linolenic acid. Milk of sheep 

and goats usually has a smaller value of n-6/n-3 ratio 

and greater concentration of ALA compared to cow’s 

milk (Table 1). 

Monounsaturated fatty acids. Monounsatu-

rated fatty acids do not cause accumulation of 

cholesterol as saturated fats do, and do not turn rancid as 

readily as polyunsaturated fatty acids. Moreover, they 

have a positive effect on the concentration of high 

density lipoproteins (HDL), transporting cholesterol 

from blood vessel walls to the liver, where it is degraded 

by bile acids, which are afterwards excreted from the 

organism. At the same time, monounsaturated fats 

reduce the concentration of low density lipoproteins 

(LDL), which when circulating over the entire organism 

are deposited in blood vessels.  

The share of monounsaturated fatty acids 

(MUFA) is similar in sheep, cow, and goat milk fat and 

may range from about 20% to about 35%. Among the 

MUFA group, the oleic acid (C18:1) is characterised by 

the highest content, which is typical for milk of the 

majority of mammals (5, 18, 22, 27, 34, 36). Cow’s milk 

is the richest source of oleic acid (24%), while its 

content in goat and sheep milk is on average 18% of all 

fatty acids (27, 36); however, some authors reported its 

higher concentration (more than 20% of all fatty acids) 

in sheep and goat milk (18). In ruminant’s milk, there 

are also relatively small but significant contributions 

from other MUFA such as 14:1 (about 1%), 16:1 (about 

1.5%), and very desirable vaccenic acid, which is a 

precursor of CLA in human organism (1.5%-5%).  

Saturated fatty acids. Although a high 

proportion of MUFA and long-chain unsaturated fatty 

acids from the n-3 family has an advantageous effect on 

human health, saturated fatty acids (SFA) constitute the 

primary fat component of human diet. They are stable 

substances, originating mainly from animal products. An 

excessively high share of SFA in the diet may cause 

chronic diseases such as atherosclerosis, heart failure, or 

obesity. General dietary recommendations concerning 

the reduction of SFA and cholesterol consumption have 

contributed to an erroneous belief that dairy products, 

particularly full-fat, may lead to coronary heart disease 

(9).  

The studies conducted since 2000 have 

contradicted the thesis that the consumption of milk and 

dairy products would increase the synthesis of LDL and 

the risk of coronary disease (24). At present, it is 

believed that the increased LDL blood concentration is 

attributable to lauric C12:0, myristic C14:0, and palmitic 

C16:0 acids, while the other saturated fatty acids found 

in milk neutralise their effect since they increase HDL 

level (24).  

Taking into account a negative role of the 

C12:0, C14:0, and C16:0 acids, Ulbricht and Southgate 

(39) proposed atherogenic indices (AI) and 

thrombogenic indices (TI). Based on AI and TI values 

conclusions may be drawn concerning fat quality from 

the point of view of human diet. The results for AI and 

TI for goat, sheep, and cow milk are similar and depend 

on breed, stage of lactation, and diet; however, the 

lowest values of these indices were for sheep milk, 

which is favourable in a health perspective (Table 1). 

The values of AI and TI of ruminant milk can be 

improved by the administration of either olive cake, 

rapeseed oil, linseed oil, or camelina sativa cake to the 

diet (6, 36). 

Saturated fatty acids in ruminant milk account 

for 60% to 70% of fatty acids. The main SFA in milk fat 

of the majority of mammals is C16:0. The fat present in 

sheep and goat milk is a rich source of medium-chain 

fatty acids. In goat milk, these are: C6:0, C8:0, and 

C10:0 fatty acids in particular (12, 18, 27, 34). 
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Table 1 

Fatty acids profile in goat, sheep, and cow milk 

Fatty acids (g 100g 
-
1) Goat

 
Sheep

 
Cow

 

C4:0; butyric 2.03 
1 

2.57 
2
 2.87 

3
 

C6:0; caproic 2.78 
1 

1.87 
2
 2.01 

3
 

C8:0; caprylic 2.92
 1 

1.87 
2
 1.39 

3
 

C10:0; capric 9.59 
1 

6.63 
2
 3.03 

3
 

C12:0; lauric  4.52 
1 

3.99 
2
 3.64 

3
 

C14:0; myristic 9.83 
1 

10.17 
2
 10.92 

3
 

C16:0; palmitic 24.64 
1 

25.1 
2
 28.7 

3
 

C18:0; stearic 8.87 
1 

8.85 
2
 11.23 

3
 

18:1cis-9; oleic 18.65 
1 

20.18 
2
 22.36 

3
 

18:2 cis-9, cis-12; linoleic 2.25 
1 

2.32 
2
 2.57 

3
 

18:2 cis-9, trans-11; CLA 0.45 
1 

0.76 
2
 0.57 

3
 

18:3 cis- 9, cis-12, cis- 15 ; α-linolenic 0.77 
1 

0.92 
2
 0.5 

3
 

total n-6 1.78 
4 

2.97 
5 

2.83
6 

total n-3 0.44 
4 

1.31 
5 

0.56 
6 

SFA 68.79 
4 

64.23 
5 

68.72 
6 

MUFA 24.48
 4 

29.75 
5 

27.40 
6 

PUFA 3.70 
4 

4.82 
5 

4.05 
6 

n-6/n-3 5.00 
4 

2.31 
5 

6.01 
6 

AI
  

2.88 
4 

2.21 
5 

2.55 
6 

TI
  

3.17 
4 

2.49 
5 

3.22 
6 

Total fat (g 100g 
-1

) 4.27 
1 

6.09
  2

 3.76 
3
 

SFA - saturated fatty acids; MUFA - monounsaturated fatty acids; PUFA - polyunsaturated fatty acids; AI- 

atherogenic index; TI - trombogenic index. 

Calculated as (39): AI = (C12:0 + (4*C14:0) + C16:0)/(MUFA + (n-6) + (n-3)); TI=(C14:0 + C 16:0 + 

C18:0)/(0.5*MUFA + (0.5*n-6) + (3*n-3) + (n-3/n-6)). 
1
Average value (16, 18, 27, 34), 

2
average value (16, 18, 36), 

3
average value (8, 20, 22), 

4
average value (8, 38), 

5
average value (8, 36), 

6
average value (5, 8, 20) 

 

 

The share of the acids in the pool of FA 

composing the goat milk fat is more than twice as high 

as in cow’s milk (Table 1). A characteristic trait 

distinguishing goat milk from cow and sheep milk is the 

relation between lauric C12:0 and capric C10:0 acid 

(less than 0.5 and more than 1 in cow milk). It is an 

important indicator, as it may be used to detect 

falsifications of goat milk with cow’s milk (34). A 

higher concentration of C6:0, C8:0, and C10:0 fatty 

acids in sheep and goat milk in comparison to cow’s 

milk cause a specific aroma in milk of these little 

ruminants (34, 38). Furthermore, these fatty acids may 

have health-promoting effects on human health by 

inhibiting bacterial and viral growth, as well as 

dissolving cholesterol deposits.  

Trans fatty acids. Fatty acids posing the 

greatest threat for human health are partly hydrogenated 

vegetable oils, being components of refined oils and 

margarines, which contain high amounts of trans 

isomers. Approximately 80% all trans fatty acids (TFAs) 

in human diet originate from food produced under 

commercial scale production conditions, while 20% 

come from milk and meat of ruminants (17). TFAs 

coming from these food sources considerably differ in 

their position isomerism. In individuals, consuming high 

amounts of partly hydrogenated vegetable oils there is a 

dependence between the incidence of coronary disease 

and TFA consumption, while such a dependence has not 

been observed in case of dairy products (30). The main 

TFAs in ruminant milk are conjugated linoleic acid and 

vaccenic acid.  

Conjugated linoleic acid. In the last twenty 

years, CLA has been of a considerable interest of 

researchers. CLAs are conjugated dienes of linoleic acid. 

This name refers to a group of position and geometric 

isomers of linoleic acid, characterised by a conjugated 

system of double bonds, separated by one single bond. 

There are 28 potential CLA isomers of which rumenic 

acid (C18:2 cis-9, trans-11) is dominant in milk fat. 

Studies on animals indicate that CLA exhibits 

immunostimulatory, antihypertensive, anticarcinogenic, 

and antiatherogenic properties and promotes a reduction 

of body weight (21, 37).  

The effect of CLA on the human organism has 

been verified by a limited number of studies and their 

results are not conclusive. Mougios et al. (21) observed 

a reduction of skin fold thickness and percentage 

contents of adipose tissue in the organisms of 

individuals consuming 1.4 g CLA/day. In these studies, 

a trend was also recorded for a decrease in serum lipid 

content; although only the disadvantageous decrease in 

HDL level was statistically significant. Most research 

reports indicate a necessity to exercise caution while 

applying CLA. The advantageous effect of CLA as a 
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factor correcting the serum lipid profile, body weight, or 

the metabolism of insulin and glucose among patients 

with diabetes type II, has not been confirmed in most 

cases. Investigations conducted by Tricon et al. (37) on 

the effect of CLA-enriched dairy products by a 

modification of diet for milk-producing animals did not 

confirm their health-promoting effect.  

The sheep and goat milk are usually richer in 

CLA than cow’s milk, probably due to the semi-

extensive nature of the system under which little 

ruminants are usually farmed (40). Several studies have 

found higher concentration of CLA in milk fat of ewes 

than of goats. Some authors observed the CLA 

concentration in ewe’s milk as high as 2.2% of FA (16). 

Usually, under the same dietary treatment, sheep milk 

has higher CLA content than goat milk, what can be 

explained by the differences found in mRNA of their 

mammary adipocytes (40).  

Milk fat improvement. Despite the fact that it 

is difficult to enrich ruminant’s milk with PUFA by 

changing the feed ration, still many authors observed 

advantageous changes in the fatty acid profile in milk of 

cows, ewes, and goats consuming feed rations rich in 

green forages (5, 17). Several authors have found that 

organic milk has higher MUFA, PUFA, and CLA 

contents, and as a result they are healthier and have 

higher nutritional value than conventional ones (5, 23, 

38). However, according to O’Donnell-Megaro et al. 

(23) the above difference is not enough to affect public 

health.  

Stoop et al. (31) found that there is a 

considerable genetic variation for fatty acid 

composition, with genetic variation being high for C4:0 

to C16:0 and moderate for C18 fatty acids. The 

moderate coefficient of variation in combination with 

moderate to high heritability indicates that fatty acid 

composition can be changed by genetic selection (31). 

Schennink et al. (26) found that the DGAT1 K232A 

polymorphism has a clear influence on milk fat 

composition. The DGAT1 allele that encodes lysine (K) 

at position 232 (232K) is associated with more saturated 

fat; a larger fraction of C16:0, smaller fractions of 

C14:0, unsaturated C18:3, and conjugated linoleic acid. 

In a whole genome association analysis, Bouwman et al. 

(4) found a total of 54 regions that were significantly 

associated with one of more fatty acids. Medium chain 

and unsaturated fatty acids are strongly influenced by 

polymorphisms in DGAT1 and SCD1. Other regions also 

showed significant associations with the fatty acids 

studied. This information helps in unraveling the genetic 

background of milk fat composition. 

Supplementation of feed rations for ruminants 

with fish oils, vegetable oils, oilseeds, and other forms 

of protected fats may also, to a certain degree, influence 

an increase in the content of unsaturated fatty acids in 

milk (20, 27), but some authors reported their negative 

effect on milk flavour. Moreover, it can cause milk fat 

depression and decrease in milk yield. The change of 

fatty acid composition of milk can also alter the 

rheological properties of milk products i.e. a 

considerably softer butter. Nevertheless, in most studies, 

supplementing dairy cows, ewes, and goats with 

vegetable oils or oilseeds improved milk fat 

composition. Milk was characterised by increased levels 

of beneficial nutritional factors, including MUFA and n-

3 PUFA, and also by lower AI and TI (6, 12, 36).  

The review presented the most recent data 

concerning fatty acid composition in cow, ewe, and goat 

milk. While there are a lot of data for FA profile of 

cow’s milk, this area needs further investigations on 

goat and ewe’s milk because of large differences in fatty 

acid profile among breeds within these species. 

Moreover, rapidly growing market for functional food 

and recent findings in the physiological effects of 

nutritionally desirable fatty acids, that are present in 

milk, have generated the need of improved knowledge 

on health-promoting effects of dairy products on human 

organism, and on possibilities of improvement of milk 

fat composition throughout various factors, such as 

feeding regime, production system, breed, or stage of 

lactation.  

 

Acknowledgments: The authors acknow-

ledge the financial support of the Project ‘Biofood – 

innovative, functional animal products’, 

no.POIG.01.01.02-014-090/09 co-financed by the 

European Union from the European Regional 

Development Fund within the Innovative Economy 

Operational Programme 2007-2013.  

 

 

References 
 

1. Barłowska J., Litwińczuk Z.: Nutritional and pro-health 

properties of milk fat. Med Weter 2009, 65, 171-174. 

2. Berquin I.M., Edwards I.J., Chen Y.Q.: Multi-targeted 

therapy of cancer by omega-3 fatty acids. Cancer Lett 

2008, 269, 363-377. 

3. Brenna J.T., Salem N.Jr., Sinclairc A.J., Cunnaned S.C.: 

α-Linolenic acid supplementation and conversion to n-

3long-chain polyunsaturated fatty acids in humans. 

PLEFA 2009, 2-3, 85-91. 

4. Bouwman A.C., Bovenhuis H., Visker M.H.P.W., van 

Arendonk J.A.M.: Genome-wide association of milk fatty 

acids in Dutch dairy cattle. BMC Genet 2011, 12, 43. 

5. Butler G., Stergiadis S., Seal C., Eyre M., Leifert C.: Fat 

composition of organic and conventional retail milk in 

northeast England. J Dairy Sci 2011, 94, 24-36. 

6. Cieślak A., Kowalczyk J., Czauderna M., Potkański A., 

Szumacher-Strabel M.: Enhancing unsaturated fatty acids 

in ewe’s milk by feeding rapeseed or linseed oil. Czech J 

Anim Sci 2010, 55, 496-504. 

7. Cunnane S.: Problems with essential fatty acids: time for 

a new paradigm? Prog Lipid Res 2003, 42, 544-568. 

8. Devle H., Rukke E.O., Naess-Andresen C.F., Ekeberg 

D.: A GC-magnetic sector MS method for identification 

and quantification of fatty acids in ewe milk by different 

acquisition modes. J Sep Sci 2009, 32, 3738-3745. 

9. German J., Gibson R., Krauss R., Nestel P., Lamarche B., 

van Staveren W., Steijns J., de Groot L., Lock A., 

Destaillats F.: A reappraisal of the impact of dairy foods 

and milk fat on cardiovascular disease risk. Eur J Nut 

2009, 48, 191-203. 

10. Goyens P.L.L., Spilker M.E., Zock P.L., Katan M.B., 

Mensink R.P.: Conversion of α-linolenic acid in humans 



139 

 

is influenced by the absolute amounts of α-linolenic acid 

and linoleic acid in the diet and not by their ratio. Am J 

Clin Nutr 2006, 84, 44-53. 

11. Helland I., Smith L., Saarem K., Saugstad O., Drevon C.: 

Maternal supplementation with very-long-chain n-3 fatty 

acids during pregnancy and lactation augemnts children’s 

IQ at 4 years of age. Pediatrics 2003, 111, 39-44. 

12. Jóźwik A., Strzałkowska N., Bagnicka E., Poławska E., 

Horbańczuk J.O.: The effect of feeding linseed cake on 

milk yield and fatty acid profile in goats. Anim Sci Pap 

Rep 2010, 28, 245-251. 

13. Jóźwik A., Bagnicka E, Strzałkowska N., Śliwa-Jóźwik 

A., Horbańczuk K., Cooper R.G., Pyzel B., Krzyżewski 

J., Świergiel A.H., Horbańczuk J.O.: The oxidative status 

of milking goats after per os administration of N-

acetylcysteine. Anim Sci Pap Rep 2010, 28, 143-152. 

14. Jóźwik A., Strzałkowska N., Bagnicka E., Grzybek W., 

Krzyżewski J., Poławska E., Kołątaj A., Horbańczuk 

J.O.: Relationship between milk yield, stage of lactation, 

and some blood serum metabolic parameters of dairy 

cows. Czech J Anim Sci 2012, 57, 353-360. 

15. Jóźwik A., Krzyżewski J., Strzałkowska N., Poławska E., 

Bagnicka E., Wierzbicka A., Niemczuk K., Lipińska P., 

Horbańczuk J.O.: Relations between the oxidative status, 

mastitis, milk quality and disorders of reproductive 

functions in dairy cows - a review. Anim Sci Pap Rep 

2012, 30, 297-307. 

16. Kondyli E., Svarnas C., Samelis J., Katsiari M.C.: 

Chemical composition and microbiological quality of 

ewe and goat milk of native Greek breeds. Small 

Ruminant Res 2012, 103, 194-199. 

17. Lock A., Bauman D.: Modifying milk fat composition of 

dairy cows to enhance fatty acids beneficial to human 

health. Lipids 2006, 39, 1197-1206. 

18. Mayer H.K., Fiechter G.: Physical and chemical 

characteristics of sheep and goat milk in Austria. Int 

Dairy J 2012, 24, 57-63. 

19. McManus A., Merga M., Newton W.: Omega-3 fatty 

acids. What consumers need to know? Appetite 2011, 57, 

80–83. 

20. Moallem U.: The effects of extruded flaxseed 

supplementation to high-yielding dairy cows on milk 

production and milk fatty acid composition. Anim Feed 

Sci Technol 2009, 152, 232-242. 

21. Mougios V., Matsakas A., Petridou A., Ring S., Sagredos  

A., Melissopoulou A., Tsigilis  N., Nikolaidis  M.: Effect 

of supplementation with conjugated linoleic acid on 

human serum lipids and body fat. J Nutr Biochem 2001, 

12, 585-594. 

22. O’Donnell A.M., Spatny K.P., Vicini J.L., Bauman D.E.: 

Survey of the fatty acid composition of retail milk 

differing in label claims based on production 

management practices. J Dairy Sci 2010, 93, 1918-1925. 

23. O’Donnell-Megaro A., Barbano D., Bauman D.: Survey 

of the fatty acid composition of retail milk in the United 

States including regional and seasonal variations. J Dairy 

Sci 2011, 94, 59-65. 

24. Parodi P.: Has the association between saturated fatty 

acids, serum cholesterol and coronary heart disease been 

over emphasized? Int Dairy J 2009, 19, 345-361. 

25. Poławska E., Marchewka J., Cooper R.G., Sartowska K., 

Pomianowski J., Jóźwik A., Strzałkowska N., 

Horbańczuk J.O.: The ostrich meat – an updated review. 

II. Nutritive value. Anim Sci Pap Rep 2011, 29, 89-97. 

26. Schennink A., Stoop W.M., Visker M.H.P.W., Heck 

J.M.L., Bovenhuis H., van der Poel J.J., van Valenberg 

H.J.F., van Arendonk J.A.M.: DGAT1 underlies large 

genetic variation in milk-fat composition of dairy cows. 

Anim Genet 2007, 38, 467-473. 

27. Schmidely P., Andrade P.V.D.: Dairy performance and 

milk fatty acid composition of dairy goats fed high or 

low concentrate diet in combination with soybeans or 

canola seed supplementation. Small Ruminant Res 2011, 

99, 135-142. 

28. Simopoulos A.: The importance of the omega-6/omega-3 

fatty acid ratio in cardiovascular disease and other 

chronic diseases. Exp Biol M 2008, 233, 674-688. 

29. Smoczyński M., Staniewski B., Kiełczewska K.: 

Biogenesis of the milk fat globules. Med Weter 2012, 68, 

163-167. 

30. Stender S., Astrup A., Dyerberg J.: Ruminant and 

industrially produced trans fatty acids: health aspects. 

Food Nutr Res 2008, 52, DOI: 10.3402/fnr.v52i0.1651. 

31. Stoop W.M., van Arendonk J.A.M., Heck J.M.L., van 

Valenberg H.J.F., Bovenhuis H.: Genetic parameters for 

major milk fatty acids and milk production traits of 

Dutch Holstein-Friesians. J Dairy Sci 2008, 91, 385-394. 

32. Strzałkowska N., Jóźwik A., Bagnicka E., Krzyżewski J., 

Horbańczuk J.O.: Studies upon genetic and 

environmental factors affecting the cholesterol content of 

cow milk. I. Relationship between the polymorphic form 

of β-lactoglobulin, somatic cell count, cow age and stage 

of lactation and cholesterol content of milk. Anim Sci 

Pap Rep 2009, 27, 95-103. 

33. Strzałkowska N., Jóźwik A., Bagnicka E., Krzyżewski J., 

Horbańczuk J. O.: Studies upon genetic and 

environmental factors affecting the cholesterol content of 

cow milk. II. Effect of silage type offered. Anim Sci Pap 

Rep 2009, 27, 199-206. 

34. Strzałkowska N., Jóźwik A., Bagnicka E., Krzyżewski J., 

Horbańczuk K., Pyzel B., Horbańczuk J.O.: Chemical 

composition, physical traits and fatty acid profile of goat 

milk as related to the stage of lactation. Anim Sci Pap 

Rep 2009, 27, 311-320. 

35. Strzałkowska N., Jóźwik A., Bagnicka E., Krzyżewski J., 

Horbańczuk K., Pyzel B., Słoniewska D., Horbańczuk 

J.O.: The concentration of free fatty acids in goat milk as 

related to the stage of lactation, age and somatic cell 

count. Anim Sci Pap Rep 2010, 28, 389-395. 

36. Szumacher-Strabel M., Cieślak A., Zmora P., Pers-

Kamczyc E., Bielińska S., Stanisz M., Wojtowski J.: 

Camelina sativa cake improved unsaturated fatty acids in 

ewe's milk. J Sci Food Agr 2011, 91, 2031-2037. 

37. Tricon S., Burge G., Jones E., Russell J., El-Khazen S., 

Moretti E., Hall W., Gerry A., Leake D., Grimble R., 

Williams C., Calder P., Yaqoob P.: Effects of dairy 

products naturally enriched with cis-9,trans-11 

conjugated linoleic acid on the blood profile in healthy 

middle-aged men. Am J Clin Nutr 2006, 83, 744-753. 

38. Tudisco R., Cutrignelli M.I., Calabrò S., Piccolo G., 

Bovera F., Guglielmelli A., Moniello G., Infascelli F.: 

Influence of organic systems on milk fatty acid profile 

and CLA in goats. Small Ruminant Res 2010, 88, 151-

155. 

39. Ulbricht T., Southgate D.: Coronary heart disease: seven 

dietary factors. Lancet 1991, 338, 985-992. 

40. Zervas G., Tsiplakou E.: The effect of feeding systems 

on the characteristics of products from small ruminants. 

Small Ruminant Res 2011, 101, 140-149. 

 


