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ABSTRACT 

Four milking ewes (50±5 kg) were used in a 4 x 4 Latin square experiments to determine the 
effects of different sources and amounts of vegetable-origin fat in the diet on the fatty acid composi
tion of milk. Ewes of the control group were fed a diet consisting of meadow hay and concentrate 
(60:40) that was supplemented for the experimental groups with rape seed oil, hydrogenated rape 
seed oil, or linseed oil at a level 4, 8 or 10% in dry matter of the diet. Addition of linseed and rape 
seed oil to the diet decreased (PO.05, PO.01) the level of total saturated fatty acids in milk. Rape 
seed oil and hydrogenated rape seed oil caused significant (PO.05, PO.01) increases in the level of 
mono-unsaturated fatty acids, whereas significant differences were not reached (P>0.05) when lin
seed oil was fed to sheep. Also, the total amount of PUFA+MUFA increased in milk (PO.05, PO.01) 
when diets with linseed and rape seed oil were fed. The level of stearic acid differed depending on the 
added fat. A lower (PO.01) level of stearic acid was observed when 8% of linseed oil was added, 
whereas it was higher (PO.05) when 10% of linseed oil and 8% and 10% of rape seed oil were added 
to the ration. Feeding ruminants rations supplemented with fat of vegetable origin increased the 
energy content of the diet and also improved the level of desirable fatty acids in milk, e.g., MUFA 
and PUFA, which may be recommended in the treatment of some diseases. 
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INTRODUCTION 

The purpose of modifying animal origin fats is to produce high quality pro
ducts meeting dietary recommendations for a reduced intake of saturated fatty 
acids (SFA) and an increased intake of mono- (MUFA) and polyunsaturated (PUFA) 
fatty acids in the human diet (Jakobsen, 1999). Consuming such enriched products 
lowers the risk of obesity, cancer, diabetes, and cardiovascular diseases (Grundy, 
1999; Voigt and Hagemeister, 2001). Breeding for milk quality is a long-term process 
and there is always the risk that market demand will have changed by the time the 
target milk quality has been met. Manipulating milk quality through nutritional 
changes is the best option. During lactation, the ability to produce large quantities 
of milk exceeds the capacity of cows to consume enough feed to meet their needs 
for energy, causing a negative energy balance (Bremmer et al., 1998). Supplement
ing diets for high producing ruminants with fat helps to overcome limitations in 
energy supplies and to increase the marketable attributes of their products. Litera
ture data indicates that acceptable fatty acid profiles do not require extreme chan
ges in the fatty acid composition of milk. The aim of the conducted experiments 
was to determine the effects of different fat sources and amounts in the diet on the 
fatty acid composition of ewe milk. 

MATERIAL AND METHODS 

Animals and diets 

Four lactating ewes (50±5kg) were used in 4 x 4 Latin square experiments. 
Three experiments examined how milk fatty acid composition was altered by die
tary fats differing in fatty acid concentration: rape seed oil, hydrogenated rape 
seed oil and linseed oil. In all experiments fat was added to rations that consisted 
of meadow hay and concentrate (60:40%) at 0, 4, 8 and 10% in dry matter of the 
diet. The energy value of the rations was 1.21 JPM, whereas the crude protein 
content was BTJN 120 g and BTJE 129 g/kg. The ewes were milked twice daily at 
0800 and 1700, and yields were recorded. Sheep had free access to water and were 
fed twice daily following each milking. Al l diets were formulated with wheat meal, 
soyabean meal, wheat bran and minerals (Table 1). 

Sampling and analysis 

Feeds were sampled weekly throughout the experiment. The experiment con
sisted of four 16-day trials (12 days of adaptation to the diet, the last four for 
sample collection). During the four-day sample collection time, milk samples were 
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TABLE 1 
Composition of the diet, % 

Components 
Level of added fat 

Components 
0% 4% 8% 10% 

Meadow hay 59.0 57.0 55.0 54.0 
Wheat meal 21.0 20.0 19.0 19.0 
Rapeseed meal 3.0 3.0 3.0 3.0 
Wheat bran 15.0 14.0 13.0 12.0 
Minerals 2.0 2.0 2.0 2.0 
Fat - 4.0 8.0 10.0 

collected twice daily. Total fatty acid content and composition of milk fat were 
determined according to the procedures of Heinig et al. (1998), modified by Czau-
derna et al. (2001). 

Statistical analysis 

A l l of the data were analyzed using SAS procedures (User's Guide, 1990). 

RESULTS 

The results of the experiments confirm the possibility that the fatty acid content 
of sheep milk can be manipulated by the diet. The addition of linseed (Table 2) and 

TABLE 2 
Fatty acid composition of milk fat from ewes fed diets supplemented with linseed oil, % 

0% 4% 8% 10% 

mean CV mean CV mean CV mean CV 

Miristic acid 9.3A 15.7 6.3 17.00 3.5A 76.2 6.2 31.8 
Palmitic acid 32.9B C a 19.0 18.5Bb 5.09 8 9 A C b 136.2 22.7A a 17.3 
Caprylic acid 2.4 8.4 2.0 3.58 0.9 40.3 1.2 9.5 
Laurie acid 2.7 15.5 3.2 28.89 0.8 128.6 1.7 33.8 
Stearic acid 9.0B 12.6 10.3 17.11 8.1A 64.1 16.3AB 20.6 
Total SFA 56.3A b 12.8 40.3a b 2.63 22.1 A a 96.2 48.0 9.9 
Total MUFA 39.8 12.0 56.9 3.29 48.7 25.8 21.5 25.8 
Total PUFA n-3 0.7 31.3 0.& 2.70 1.3 40.6 1.2 25.7 
Total PUFA n-6 3.2 70.0 2.9 26.72 4.7 57.4 1.8 50.8 
Total PUFA 

+ MUFA 43.7B b 13.3 60.6ab 2.82 26.3 51.1A 24.4 

means in rows with the same letter differ statistically significant A B > C - P O . 0 1 ; a b c - PO.05 
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rape seed oil (Table 3) to the sheep diet resulted in a decrease in total SFA (P<0.05, 
PO.01) in all experimental groups receiving added fat. Hydrogenated rape seed 
oil (Table 4) had no influence on total SFA content, although a decreasing ten
dency was also observed. Rape seed oil and hydrogenated rape seed oil caused a 
significant (PO.05, PO.01) increase in the MUFA level, whereas it was un
changed when linseed oil was fed to sheep. Also total PUFA and MUFA were 
increased (PO.05, PO.01) when linseed and rape seed oil were added to sheep 

TABLE 3 
Fatty acid composition of milk fat from ewes fed diets supplemented with rape seed oil, % 

Rape seed oil 
0% 4% < 1% 10% 

Rape seed oil 
mean CV mean CV mean CV mean CV 

Miristic 10.5A a b 28.1 7.7b 19.1 6.7A 6.5 7.0a 8.9 
Palmitic 32.6A B C 9.9 23.5B 10.4 19.0C 12.8 20.9A 30.7 
Caprylic 2.1 35.6 1.5 43.7 1.2 11.2 1.2 21.7 
Laurie 3.2 44.2 2.1 32.2 1.8 9.7 1.9 10.6 
Stearic 8.7ab 17.6 11.2 15.6 12.9a 12.8 12.8b 8.6 
Total SFA 57.1 A B 11.2 46.0 6.9 41.5B 4.1 43.8A 15.1 
Total MUFA 39.5A B C 17.6 51.3B 8.6 55.4C 3.9 53.5A 12.9 
Total PUFA n-3 0.5 8.9 0.5 35.1 1.1 120.9 0.5 19.4 
Total PUFA n-6 2.9 56.0 2.2 49.0 2.1 45.1 2.3 36.4 
Total PUFA 

+ MUFA 42.9A B a 14.9 54.0a 5.9 58.6B 2.9 56.2A 11.7 

means in rows with the same letter differ statistically significant A B C - P O . 0 1 ; a l ' ' c -PO.05 

TABLE 4 
Fatty acid composition of milk fat from ewes fed diets supplemented with hydrogenated rape seed 
oil, % 

Hydrogenated 0% 4% 8% 10% 

rape seed oil mean CV mean CV mean CV mean CV 

Miristic 9 9ad 17.1 9.0bc 19.9 6.3cd 19.2 6.0ab 30.1 
Palmitic 25.9 a b c 5.4 23.2 8.9 19.1 b c 11.3 18.5a 9.9 
Stearic 10.4 23.8 10.2 12.9 11.9 8.4 12.2 29.7 
Total SFA 46.1 6.5 42.4 18.8 37.3 10.2 36.6 12.3 
Total MUFA 49 5 a b 7.3 54.1 6.5 59.4b 6.3 60. l a 8.3 
Total PUFA n-3 0.4 102.6 0.3 80.4 0.4 65.0 0.3 72.3 
Total PUFA n-6 4.1 16.7 3.3 12.7 2.9 45.5 2.9 50.6 
Total PUFA 

+ MUFA 53.9 5.7 57.3 6.6 62.7 6.1 63.4 7.1 

means in rows with the same letter differ statistically s igni f icant A B C - P O . 0 1 ; a b c - P< 0.05 
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rations. The concentration of miristic and palmitic acids was lower in the milk of 
all sheep in the experimental groups (P<0.05, PO.01), regardless of the type 
and amount of supplemented fat. The level of stearic acid differed depending on 
the added fat. A lower (P<0.01) level of stearic acid was observed when 8% of 
linseed oil was added, whereas higher (P<0.05), when 10% of linseed oil and 8 
and 10% of rape seed oil were added to the ration. 

DISCUSSION 

Ruminant fat is an important part of the human diet in many countries, parti
cularly milk fat, which represents up to 75% of the total consumption of fat from 
ruminants and up to 25-35% of total saturated fat (Chilliard et al., 2000). Milk 
fatty acids, such as oleic acid and polyunsaturated fatty acids (especially n-3), 
have a potential antiatherogenic or anticarcinogenic role, but some saturated fats 
also have a potential negative effect on human health. It is now clear that it is 
mainly lauric, myrictic and palmitic fatty acids that are responsible for increas
ing plasma total and LDL cholesterol concentrations, while the other major SFA, 
stearic acid, has been shown not to increase total cholesterol or LDL-cholesterol 
(Williams, 2000). Linseed oil, rape seed oil, as well as hydrogenated rape seed 
oil added to sheep diets decreased the level of undesirable fatty acids. 

Also in the experiment carried out by Brzoska et al. (1998) the addition of 
vegetable-origin fat to diets significantly decreased the concentration of satura
ted acids in milk. During the last 20 years, intensive research has been conduc
ted to increase the content of unsaturated fatty acids in milk fat (Wagner et al., 
1998). According to Coppock and Wilks (1991) supplemental dietary fat chan
ges the fatty acid composition of milk and in some cases it may suppress milk fat 
yield. In experiments carried out by adding rape seed oil and hydrogenated rape 
seed oil, MUFA levels increased in milk, as did total PUFA+MUFA when lin
seed and rape seed oil were added to sheep rations. DePeters et al. (2001) repor
ted that canola oil treatments decreased the palmitic acid content and increased 
the oleic acid content of milk fat compared with the control. 

Recently, there has been increased focus on a nutritional approach to both the 
prevention and cure of many diseases (Sasaki, 2000). Feeding fat of vegetable 
origin in ruminant rations increases the energy content of their diet and also 
improves the level of desirable nutrients, e.g., MUFA and PUFA, which may be 
beneficial in the treatment of some diseases. 
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STRESZCZENIE 

Wplyw dodatku tluszczu na sklad kwasow tluszczowych mleka owiec 

Glownym celem modyfikowania skladu kwasow tluszczowych w mleku zwierzaj: przezuwaja^-
cych jest obnizenie poziomu nasyconych kwasow tluszczowych (glownie mirystynowego, laury-
nowego i palmitynowego) oraz zwi^kszenie ilosci jedno- i wielonienasyconych kwasow tluszczo
wych. W przeprowadzonych doswiadczeniach material doswiadczalny stanowily cztery owce mlecz-
ne o sredniej masie ciala 50±5 kg, na ktorych badano wplyw dodatku tluszczu do diety skladaja^cej 
si$ z siana i mieszanki tresciwej (60:40%) na zawartosc kwasow tluszczowych w mleku. Przepro-
wadzono trzy doswiadczenia, w ukladzie kwadratu lacihskiego 4 x 4 . Dodatek tluszczu stanowil 
olej rzepakowy, uwodorniony olej rzepakowy oraz olej lniany podawane w ilosci 0, 4, 8 i 10% 
suchej masy dawki. Oznaczono poziom i sklad kwasow tluszczowych w mleku. Dodatek oleju 
lnianego i rzepakowego obnizyl (P<0,05; P<0,01) poziom nasyconych kwasow tluszczowych 
w mleku owiec, natomiast dodatek oleju rzepakowego oraz uwodornionego oleju rzepakowego 
spowodowal wzrost (P<0,05; P<0,01) poziomu jednonienasyconych kwasow tluszczowych. Stwier
dzono rowniez wzrost (P<0,05; P<0,01) sumy PUFA i MUFA, przy dodatku oleju lnianego lub 
oleju rzepakowego do paszy. Poziom kwasu stearynowego w mleku owiec otrzymuja^cych dawk$ 
z dodatkiem 8% oleju lnianego byl najnizszy (P<0,01), natomiast po dodaniu do pasz 10% oleju 
lnianego lub 8 i 10% oleju rzepakowego poziom tego kwasu byl istotne wyzszy (P<0,05) niz 
u owiec pozostalych grup. Dodatek tluszczu pochodzenia roslinnego do dawki dla owiec mlecz-
nych zwiejcsza nie tylko poziom energii w dawce, ale takze modyfikuje korzystnie sklad kwasow 
tluszczowych w mleku. 




