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Rapeseed and linseed are products of commonly 
grown oil plants in Poland. The area of rapeseed 
cultivation is especially high and amounts up to 
800 000 ha, whereas the area under linseed is still 
increasing. Rapeseed and linseed oils may be used 
as components improving dietary energy density 
for ruminants. Because of a high concentration of 
unsaturated fatty acids, these oils may also modu-
late rumen fermentation and, as an effect, fatty acid 
composition of animal product. Rapeseed oil is rich 
in oleic and linoleic acids, whereas linseed oil is rich 

in linoleic and linolenic acids. Supplementation of 
unsaturated fatty acids to ruminant diets may result 
first of all in the increased level of monounsatu-
rated fatty acids and also of polyunsaturated fatty 
acids to a lesser extent, like vaccenic acid (VA) 
and conjugated isomers of linoleic acids (CLA), 
respectively (Czauderna et al., 2004; Niedźwiedzka 
et al., 2008). However, there are also other factors 
affecting the conjugated isomer concentration, 
e.g. basic diet composition and, as the result, the 
rumen microbial population (Cieślak et al., 2009; 
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ABSTRACT: The aim of our research was to evaluate whether rapeseed and linseed oils used as feed addi-
tives to ewe’s diets allow to achieve the higher secretion of unsaturated fatty acids into milk with extended 
emphasis on the conjugated linoleic acid concentration. Two experiments were carried out on 6 lactating 
ewes in two independent 3 × 3 Latin square designs. In each feeding cycle the animals were subjected to 
one of the treatments: (1) without oil supplementation, (2) with 3.5% of rapeseed oil (RS) or linseed oil (LS), 
(3) with 7.0% of rapeseed oil or linseed oil. Feeding diets rich in mono- and polyunsaturated fatty acids to 
lactating ewes under our experimental conditions resulted in demanded changes in milk fatty acid content 
without causing milk fat depression or modification of other milk constituents. Milk fat was improved in 
unsaturated fatty acids including C18:2 c9 t11 CLA isomer without changing the milk fat concentration. The 
C18:2 c9 t11 concentration increased from 0.03 (FAME, %) in the control group to 0.21 and 0.12 (FAME, %) 
in groups receiving 3.5 and 7% RS, respectively. The diet with 7% LS also elevated the C18:2 c9 t11 level in 
milk from 0.04 (FAME, %) in the control group to 0.11 (FAME, %). Hence a conclusion is drawn that plant 
oils may be an important source of monoenic and also polyenic fatty acids in milk, however, our research 
and analysis of literature data indicate that results are strictly dietary and supplement-dependent. 
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Frelich et al., 2009; Jalč et al., 2009; Samková et al., 
2009). Antongiovanni et al. (2004) and Addis et al. 
(2005) indicated that up to 15% of the total C18:1 
in sheep milk is trans configuration and VA was 
found to be the principal acid (Sanz Sampelayo et 
al., 2007). It should also be stressed that ewe’s milk 
contains a higher concentration of bioactive com-
ponents in comparison with milk of other animal 
species. The term ‘milk bioactive components’ is 
mainly related to conjugated isomers of linoleic 
acid (CLA) and to vaccenic acid (VA). CLA are a 
series of positional and geometric isomers of lino-
leic acid demonstrating beneficial effects for milk 
consumers. The higher concentration of CLA and 
VA in ewe’s milk is determined by the composi-
tion of the extensive diet consumed (Bauman and 
Griinari, 2001; Collomb et al., 2002). The improve-
ment of milk quality by increasing the unsaturated 
fatty acid concentration is the answer to a higher 
demand for milk-derived bioactive components 
with special consideration of their effects on the 
human health. Although CLA is the best known 
for its anti-cancer properties, researchers have also 
found, among others, that the C18:2 c9 t11 form 
of CLA can reduce the risk of cardiovascular dis-
eases and help fight inflammation (Tricon et al., 
2004; Zulet et al., 2005). VA is a precursor of CLA 
synthesis in mammary gland, and hence dietary 
VA may contribute to the amount of CLA avail-
able to the human body. There is also an evidence 
that dietary VA favourably alters the pro-inflam-
matory tendency of mesenteric lymphocytes from 
JCR:LA-cp rats (Blewett et al., 2009). VA was also 
shown to increase the serum level of C18:2 c9 t11 
CLA in humans (Salminen et al., 1998; Turpeinen 
et al., 2002).

The research hypothesis is that rapeseed and lin-
seed oils used as feed additives to ewe’s diets allow 
to achieve the higher secretion of unsaturated fatty 
acids (UFA) into milk with extended emphasis on 
the conjugated linoleic acid concentration.

MATERIAL AND METHODS

Diets, experimental procedure  
and sampling

Two experiments were carried out. Six lactat-
ing ewes (Polish Merino breed) of 50 ± 5 kg body 
weight were assigned to two independent 3 × 3 
Latin square designs. In both experiments dietary 

treatments consisted of 0% supplemental oil (con-
trol group), the control group with supplementation 
of 3.5 or 7% rapeseed (RS) or linseed (LS) oil (Ta- 
ble 1), respectively, for the first (RS) and second (LS) 
experiment; dietary DM basis. Each experiment 
lasted 75 days, comprised 11 weeks of lactation 
from 4th to 14th week and consisted of three 25-day 
periods: 21 days for the animal and rumen micro-
flora adaptation to the corresponding experimental 
diet and 4-day sample collection period. The con-
trol diet (Table 2) was formulated with forage and 
concentrate (60:40) and contained 160 PDIN, 184 
PDIE and 1.60 UFL INRA (IZ-INRA, 1993). The 
programs INWAR version 1.0 and INRAtion ver-
sion 2.63 (1998) were used for calculation. Animals 
were fed twice a day and the concentrate was fed 
at milking. Amounts of concentrate and forage fed 
and refused were recorded daily. Dry matter intake 
(DMI) per day was calculated. 

Sheep were milked twice a day at approximately 
8.00 a.m. and 5.00 p.m. and daily milk yields were 
recorded. Daily composites of milk were prepared 
using a proportion of morning (AM) and evening 
(PM) milking. Composites were prepared in two 
portions for analyses. One part was refrigerated at 
4°C and analyzed for milk constituents. Separate 
aliquots were stored at –20°C, lyophilized and ana-
lyzed for fatty acid composition (Czauderna and 
Kowalczyk, 2001).

Table 1. Fatty acid composition of rapeseed (RS) and 
linseed (LS) oil (FAME*, %)

Fatty acid RS LS

C16:0 4.7 5.0

C18:0 1.8 3.6

C18:1 cis9 61.7 20.6

C18:2 cis9, cis12 19.4 16.8

C18:3 cis9, cis12, cis15 8.4 53.2

Other 4.0 0.8

SFA 8.5 8.7

MUFA 63.7 21.3

PUFA 27.8 70.0

*FAME – fatty acid methyl esters; SFA – saturated fatty acids 
(C14:0, C16:0, C18:0); MUFA – monounsaturated fatty acids 
(C16:1, C18:1 cis-9, C18:1 cis 11); PUFA – polyunsaturated 
fatty acids (C18:2 cis9, cis12, C18:3 cis9, cis12, cis15); others 
(C14:0, C16:1, C18:1 cis11)
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Scheme of the 3 × 3 Latin square designs used in 
both experiments: 
 A B C
1 0 3.5 7
2 3.5 7 0
3 7 0 3.5
where: 
A, B, C  = consecutive animal
1, 2, 3  = experimental cycle
0; 3.5; 7  = percentage of oil in dietary dry matter

Calculations and statistical analyses

Atherogenicity index (AI) was calculated accord-
ing to Chilliard et al. (2003) as follows: 

(C12:0 + 4 × C14:0 + C16:0)/(monounsaturated + 
polyunsaturated fatty acids) 

whereas thrombogenic index (TI) was calcu-
lated:

(14:0 + 16:0 + 18:0)/(0.5 × MUFA + 0.5 × n-6 
PUFA + 3 × n-3 PUFA (n-3 PUFA/n-6 PUFA) 

in accordance with Ulbricht and Southgate’s 
proposition (1991).

The acquired data (separately for each ex-
periment) were subjected to one-way analysis of 
variance using the general linear model (GLM) pro-
cedure of the SAS (2006). Multiple comparisons 
among means were carried out by Duncan’s test. 
Significant differences were declared at P < 0.05.

RESULTS

Fatty acid composition of oils used in experi-
ments and ingredient composition of experimental 

Table 2. Ingredient composition (% of DM) of the experimental diets 

Ingredient Control (0%) Oil (3.5%) Oil (7%)

Meadow hay 63.0 60.5 58.5

Wheat meal 30.0 28.9 27.7

Rapeseed meal 5.0 4.9 4.7

Mineral-vitamin premix* 2.0 2.2 2.1

Oil** 0.0 3.5 7.0

*1 kg polfamix OK contains: vitamin A 300 000 IU; vitamin D3 30 000 IU; vitamin E 1.5 g; Fe 0,5 g; Zn 2.5 g; Mg 65.0 g;  
Co 0.015 g; Mn 3.0 g; J 0.01 g; Se 0.003 g; Na 60 g; Ca 240 g; P 120 g 
**1st experiment – rapeseed oil; 2nd experiment – linseed oil

Table 3. Effect of rapeseed oil (RS) on milk yield and its composition

Item
Diets

control (mean ± SD) RS 3.5 (mean ± SD) RS 7 (mean ± SD)

DMI, kg/d    1.6 ± 0.15      1.7 ± 0.20      1.7 ± 0.25

Milk yield, g/d 1 250.0b ± 10.7 1 312.5ab ± 17.9   1 362.5a ± 17.9

Fat (g/day) 80.8b ± 0.85   84.6a ± 1.18   85.0a ± 2.15

Protein (g/day) 69.6b ± 0.10 71.5ab ± 0.25   73.9a ± 0.24

Total solids (g/day) 208.9b ± 1.35 214.5a ± 1.11 219.9a ± 1.18

Composition (%)

Fat    6.5 ± 0.13     6.4 ± 0.21      6.2 ± 0.09

Protein    5.6 ± 0.08     5.5 ± 0.21      5.4 ± 0.15

Total solids  16.7 ± 0.26   16.3 ± 0.36    16.1 ± 0.07

means with the same letter are not significantly different a,b,cP < 0.05
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Table 4. Effect of linseed oil (LS) on milk yield and its composition

Item
Diets

control (mean ± SD) LS 3.5 (mean ± SD) LS 7 (mean ± SD)

DMI (kg/day)      1.6 ± 0.10        1.7 ± 0.15      1.7 ± 0.30

Milk yield (g/day) 1 275.0b ± 16.5   1 337.5a ± 25.0 1 387.5a ± 17.0

Fat (g/day)   83.7b ± 0.64     86.7a ± 1.07   89.8a ± 1.01

Protein (g/day)   71.0b ± 1.15    74.2ab ± 0.84   75.7a ± 1.03

Total solids (g/day) 212.7b ± 1.19  219.0ab ± 1.04 225.6a ± 1.02

Composition (%)

Fat      6.6 ± 0.04        6.5 ± 0.07      6.5 ± 0.07

Protein      5.6 ± 0.15        5.5 ± 0.13      5.5 ± 0.15

Total solids    16.7 ± 0.19      16.4 ± 0.04    16.3 ± 0.12

means with the same letter are not significantly different a,b,cP < 0.05

Table 5. Effect of rapeseed oil (RS) supplementation on the fatty acid composition of sheep milk (FAME, %)

Item
Diets

control (mean ± SD) RS 3.5 (mean ± SD) RS 7 (mean ± SD)

∑ saturated1   62.7a ± 6.87  36.0b ± 3.16 47.1b ± 1.74

∑ short chain2   23.5a ± 3.18  11.2b ± 4.29 12.1b ± 4.45

Sat C12 × C14 and C16   26.7a ± 2.64  17.2b ± 6.50  22.2ab ± 2.61

C18:0  12.5a ± 2.14   7.5b ± 3.78  12.8a ± 2.90

∑ C18:13  16.3c ± 5.76 50.8b ± 2.74  38.0a ± 2.55

∑ C18:1 cis4  16.1c ± 5.74 48.9b ± 2.19  37.7a ± 2.98

∑ C18:1 trans5    0.3b ± 0.38   2.9a ± 0.50    2.1a ± 0.77

C18:2 c9 c12   15.5a ± 3.29   5.8b ± 4.39    7.0b ± 3.28

C18:2 c9 t11; CLA 0.03c  ± 0.04 0.21a  ± 0.24  0.12b ± 0.02

C18:3 c9 c12 c15      5.3 ± 2.00     4.0 ± 3.66     5.0 ± 2.57

∑ω-36      5.3 ± 2.00     4.0 ± 3.66     5.0 ± 2.57

∑ω-67  15.6a ± 2.37   7.0b ± 2.21    7.4b ± 3.51

ω-6/ω-3      3.6 ± 2.34     2.3 ± 0.87     1.6 ± 0.32

∑ monounsaturated8  16.4b ± 5.78 51.8a ± 2.73  39.8a ± 2.37

∑ polyunsaturated9    21.0 ± 3.42   12.2 ± 3.98   13.1 ± 4.91

Atherogenic index10    1.3a ± 0.40   0.5b ± 0.34   0.8b ± 0.07

Thrombogenic index11    0.8a ± 0.10   0.3c ± 0.34   0.7b ± 0.09

FAME – fatty acids methyl esters; LS – linseed oil; 1C8 × C10×C12×C14×C16×C18; 2C8×C10; 3C18:1 t6×C18:1 t7×C18:1 
t9×C18:1 c6×C18:1 c9; 4 C18:1 c6×C18:1 c9; 5C18:1 t6×C18:1 t7×C18:1 t9; 6C18:3 c9c12c15 (ω-3); 7C18:2 c9 c12 (ω-6)×C18:3 
c9c12c12 (ω-6); 8 C16:1×C18:1 t6×C18:1 t7×C18:1 t9×C18:1 c6×C18:1 c9; 9C18:2 c9 c12×C18:2 c9 t11×C18:3 c9c12c12×C18:3 
c9c12c15; 10(12:0 + 4 × 14:0+16:0)/(MUFA + PUFA); 11(C14:0 + C16:0 + C18:0)/(0.5 × MUFA + 0.5 × PUFAn-6 + 3 × PUFAn-3 + 
UFAn-3/PUFAn-6), means with the same letter are not significantly different; a,b,cP < 0.05
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diets are shown in Table 1 and 2, respectively. Ta- 
bles 3 and 4 show milk yield and milk composition 
of ewes fed RS and LS supplements, respectively. 
The fatty acid profile of milk fat from ewes fed the 
control diet and rapeseed oil-supplemented rations 
is presented in Table 5 while Table 6 documents the 
effect of control diet and linseed oil-supplemented 
rations on the same characteristic.

During the experiments animals consumed all 
concentrate and forage. No refusals were recorded. 
Compared with the control treatment, the sup-
plementation of plant oils tended to increase milk 
yield. The improvement was statistically signifi-
cant, except for the group with 3.5% RS supplemen-
tation. The increase in milk yield was followed by a 
tendency to increase milk solids expressed in grams 
per day, whereas neither RS nor LS supplements 
modified the percentage of milk constituents.

Dietary supplementation of plant oils generally 
resulted in a decreased concentration of saturated 
fatty acids including short- and medium-chain 
ones and it elevated the total amount of mo-
nounsaturated fatty acids in milk compared with 
the control diet during the experimental period. 
Feeding RS characterized by high MUFA contents 
significantly increased total C18:1 and both cis 
and trans forms whereas LS enlarged total C18:1, 
cis and trans forms, except when 7% LS was sup-
plemented. 3.5% of RS caused a higher decrease 
in saturated and a remarkably high increase in 
monoenes in comparison with 7% supplementa-
tion. The adverse relation was found when LS was 
added.

The C18:2 c9 t11 CLA increased as an effect of 
3.5 and 7% RS supplementation and also 7% LS ad-
dition. The highest statistically significant increase 

Table 6. Effect of linseed oil (LS) supplementation on the fatty acid composition of sheep milk (FAME, %)

Item
Diets

control (mean ± SD) LS 3.5 (mean ± SD) LS 7 (mean ± SD)

∑ saturated1 62.2a ± 7.76  42.3ab ± 20.02 29.9b ± 8.45

∑ short chain2 22.7a ± 6.66  12.3b ± 6.89   7.1b ± 3.38

Sat C12 × C14 and C16 28.0a ± 0.09  19.9ab ± 11.35 16.8b ± 2.17

C18:0 11.5a  ± 1.00 10.0a  ± 1.11   6.1b ± 1.33

∑ C18:13 19.1c ± 2.09  43.8b ± 2.65 62.7a ± 1.59

∑ C18:1 cis4 19.0c ± 2.09  43.2b ± 2.37 62.5a ± 1.38

∑ C18:1 trans5   0.4b ± 0.47 1.04a  ± 0.41   0.4b ± 0.48

C18:2 c9 c12          10.9a ± 0.59  7.7ab ± 5.25   4.1b ± 2.00

C18:2 c9 t11; CLA 0.04b ± 0.03 0.06ab ± 0.05 0.11a ± 0.02

C18:3 c9 c12 c15     6.7a ± 0.30    3.5b ± 2.36   2.8b ± 1.79 

∑ω-36   6.7a ± 0.30    3.5b ± 2.36   2.8b ± 1.79

∑ω-67 11.6a ± 0.59  7.8ab ± 5.19   4.2b ± 1.83

ω-6/ω-3    1.7 ± 0.25     2.2 ± 1.05    1.7 ± 0.50

∑ monounsaturated8 19.4c ± 2.43  44.2b ± 2.98 62.9a ± 1.82

∑ polyunsaturated9 18.4a ± 0.33  13.5b ± 4.44   7.1b ± 3.52

Atherogenic index10   1.4a ± 0.30    0.7b ± 0.47   0.5b ± 0.11

Thrombogenic index11   0.8a ± 0.23    0.9a ± 0.31   0.4b ± 0.11

FAME – fatty acids methyl esters; LS – linseed oil; 1C8×C10×C12×C14×C16×C18; 2C8×C10; 3C18:1 t6×C18:1 t7×C18:1 
t9×C18:1 c6×C18:1 c9; 4 C18:1 c6×C18:1 c9; 5C18:1 t6×C18:1 t7×C18:1 t9; 6C18:3 c9c12c15 (ω-3); 7C18:2 c9 c12 (ω-6)×C18:3 
c9c12c12 (ω-6); 8 C16:1×C18:1 t6×C18:1 t7×C18:1 t9×C18:1 c6×C18:1 c9; 9C18:2 c9 c12×C18:2 c9 t11×C18:3 c9c12c12× C18:3 
c9c12c15; 10(12:0 + 4 × 14:0+16:0)/(MUFA+PUFA); 11(C14:0 + C16:0 + C18:0)/(0.5 × MUFA + 0.5 × PUFAn-6 + 3 × PUFAn-3 +  
PUFAn-3/PUFAn-6); means with the same letter are not significantly different; a,b,cP < 0.05  
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was observed when 3.5% of rapeseed oil was fed 
to animals. 

Plant oils reduced the total concentration of poly-
unsaturated fatty acids, but only LS caused sig-
nificant differences (P < 0.05). None of the plant 
oils used affected the ω-6/ω-3 ratio that tended 
to decrease with increasing RS concentration and 
to increase when 3.5% of LS was supplemented. 
The values of atherogenic index were significantly 
decreased in both experiments in all experimen-
tal groups, however, a higher decline was obtained 
when 3.5% of RS and 7% LS were supplemented 
to the diets. Supplementation of RS decreased the 
values of thrombogenic index in both experimental 
groups whereas only 7% of LS reduced TI signifi-
cantly. 

DISCUSSION 

The milk fat composition reflects the effect of 
the environment in terms of both the specific feed-
ing system and more generally the type of rearing 
system, hence many factors such as season, feeding 
practices and breed may change the fat content 
and the milk fatty acid profile (Scintu and Piredda, 
2007). The experimental factors that could change 
milk parameters used in this research were plant 
oils differing in C18:1 c9 and C18:3 c9 c12 c15 fatty 
acids. 

The observed increase in milk yield was probably 
caused by the higher energy content of the oil-sup-
plemented diet and not by the higher DM intake. 
A similar interdependence was also observed by 
Gómez-Cortés et al. (2008) when olive oil was sup-
plemented to dairy ewe diets. Absence of changes 
in the percentage of milk constituents and some 
changes in their concentration expressed were also 
determined in experiments carried out by these 
authors.

The results of the present work confirmed that 
both rapeseed oil and linseed oil supplemented to 
sheep’s diet may significantly (P ≤ 0.05) affect the 
milk fatty acid composition. Milk fat of supple-
mented diets for ewes had a lower saturated and a 
higher content of monoenic fatty acids. According 
to Harfoot and Hazlewood (1988) an increased 
concentration of dietary oleic acid results in an 
increased ruminal level of stearic acid, but other 
authors reported the conversion of oleic acid to a 
great number of trans monoenes (AbuGhazaleh et 
al., 2005). The study of Mosley et al. (2002) dem-

onstrated the ability of mixed ruminal microbes to 
convert oleic acid to a multitude of trans positional 
isomers during the process of oleic acid biohydro-
genation. A decrease in or stable concentration 
of stearic acid in milk samples of the experimen-
tal group is the evidence for not complete rumen 
biohydrogenation. The observed increase in the 
level of C18:1 trans fatty acids, especially when RS 
was supplemented, might be an effect of C18:1 t11 
formation. Vaccenic acid, C18:1 t11, the most im-
portant oleic acid isomer serves as a precursor for 
the synthesis of saturated fatty acids in the rumen 
and of CLA at the tissue level (Mosley et al., 2002). 
During the metabolic process a part of vaccenic 
acid that escapes from the rumen is absorbed in 
the intestine and finally it is ∆9-desaturated in the 
mammary gland into rumenic acid (C18:2 c9 t11), 
the major (more than 90% of the total) CLA isomer 
in milk (Griinari and Bauman, 1999). This isomer 
was also shown to have antioxidant and anticarci-
nogenic properties (Mc Donald, 2000; Mosley et al., 
2002). The concentration of Σ C18:1 trans was sig-
nificantly affected by RS supplementation, whereas 
only 3.5% of LS increased trans C18:1 acid content. 
Our earlier experiments on sheep (Szumacher-
Strabel et al., 2008) also indicated that rapeseed 
oil (5% supplementation to the diet) may increase 
Σ C18:1 cis and C18:1 c9 in milk. 

Oil supplements that were used in presented ex-
periments are also a rich source of polyunsaturated 
fatty acids like linoleic (C18:2 c9 c12) and linolenic 
(C18:3 c9 c12 c15) acid. These are predominant 
polyunsaturated fatty acids in forages and oil seeds 
and are major substrates for biohydrogenation 
by rumen microorganisms. The biohydrogena-
tion pathway for linoleic acid involves an initial 
isomerization step that results in the formation 
of c9 t11 CLA. Subsequent sequential reduction 
steps may convert CLA to C18:1 t11 and C18:0 
(Carriquiry et al., 2008). Supplementation of RS led 
to a significantly increased content of C18:2 c9 t11  
CLA in fat in comparison with the control diet, 
and also 7% of LS increased the C18:2 c9 t11 CLA 
level almost three times in comparison with the 
control. The more evident increase when RS was 
supplemented might result from its higher linoleic 
acid content in comparison with LS. Also in experi-
ments by Castro et al. (2009) the supplementation 
of soybean oil, rich in linoleic acid, to ewe diets 
increased the C18:2 c9 t11 CLA content by 29% 
in comparison with the control diet. Milk from 
ewes fed the sunflower seed diet contained more  
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C18:2 c9 t11 CLA and less C18:3 c9 c12 c15 than 
milk from ewes fed the flaxseed diet (source of li-
nolenic acid) (Zhang et al., 2006). In our research a 
significantly decreased content of linoleic acid was 
determined when linseed oil was added, whereas no 
changes were observed when RS, a rich source of 
oleic acids, was supplied. Production of improved 
ewe milk is of economic and health importance. In 
comparison with cow milk, which contains 0.6% 
CLA isomers with C18:2 c9 t11 CLA representing 
~80% of this percentage, the CLA concentration in 
ewe milk was found to be around 1% of total fatty 
acids (Luna et al., 2005). 

The supplementation of plant oils affected also 
the content of saturated fatty acids in milk, which 
confirms the potential for decreasing saturated 
fatty acids with lipid supplementation and thus, 
when the bioavailability of C18 fatty acids increases 
as a result of increased dietary intake, C10:0 to 
C16:0 de novo synthesis decreases as does their 
concentration in milk (Gómez-Cortés et al., 2008). 
This relation may be explained by the ruminal bio-
hydrogenation of polyunsaturated fatty acids into 
e.g. C18:1 trans, which is one of the inhibitors of 
de novo fatty acid synthesis, mainly C8:0 to C16:0 
(Chilliard et al., 2003). Both plant oils used as feed 
ingredients decreased the total content of saturated 
fatty acids in milk except 3.5% of LS that did not af-
fect the content of this group of milk fatty acids.

Milk fat is usually considered to be proatherogen-
ic, mainly because of the presence of a large amount 
of saturated fatty acids (mainly lauric, myristic and 
palmitic acid) (Valeille et al., 2006). We decided to 
test whether the dietary supplementation of plant 
oils may affect the milk atherogenic index (AI). 
The atherogenic index is a criterion for the level 
and interrelation of some fatty acids that may have 
atherogenic properties. We determined advanta-
geous changes in milk AI when either RS or LS were 
supplemented. This may be related e.g. to the in-
creased concentration of C18:2 c9 t11 CLA, which 
is now described as having antiatherogenic prop-
erties. The study of Valeille et al. (2006) suggested 
that feeding practices that improve the rumenic 
acid concentration in milk should be encouraged 
in the context of antiatherogenic action.

According to Ulbricht and Southgate (1991) C14:0, 
C16:0 and C18:0 fatty acids are thrombogenic. The 
inclusion of either RS or LS in ewe diets allows to 
decrease the concentration of saturated fatty acids 
and as an effect the value of TI. Huang et al. (2008) 
also showed the beneficial effect of dietary plant 

oil supplementation and stated that the addition 
of soy oil (source of C18:1 c9 and C18:2 c9 c12)  
decreased the thrombogenic (and atherogenic) in-
dex of dairy milk (P < 0.05). 

Feeding diets rich in mono- and polyunsaturated 
fatty acids to lactating ewes under our experimental 
conditions resulted in demanded changes in milk 
fatty acid content without causing milk fat depres-
sion or modification of other milk constituents. 
Milk fat was improved in unsaturated fatty acids 
including C18:2 c9 t11 CLA isomer without chang-
ing the milk fat concentration. Hence a conclusion 
is drawn that plant oils may be an important source 
of monoenic and also polyenic fatty acids in milk, 
however our research and analysis of literature data 
indicate that results are strictly dietary and supple-
ment-dependent. 

REFERENCES

AbuGhazaleh A.A., Riley M.B., Thies E.E., Jenkins T.C. 
(2005): Dilution rate and pH effects on the conversion 
of oleic acid to trans C18:1 positional isomers in  
continuous culture. Journal of Dairy Science, 88,  
4334–4341.

Addis M., Cabbidu A., Pinna G., Decandia M., Piredda 
G., Pirisi A., Molle G. (2005): Milk and cheese fatty 
acid composition in sheep fed Mediterranean fora- 
ges with reference to conjugated linoleic acid cis-9,  
trans-11. Journal of Dairy Science, 88, 3443–3454.

Antongiovani M., Mele M., Buccioni A., Petacchi F., Serra 
A., Melis M.P., Cordebbu L., Banni S., Secchiari P. 
(2004): Effect of forage/concentrate ratio and oil sup-
plementation on C18:1 and CLA isomers in milk fat 
from Sarda ewes. Journal of Animal and Feed Sciences, 
13, 669–672.

Bauman D.E., Griinari J.M. (2001): Regulation and nu-
tritional manipulation of milk fat: low syndrome. Live-
stock Production Science, 70, 15–29.

Blewett H.J., Gerdung C.A., Ruth M.R., Proctor S.D., Field 
C.J. (2009): Vaccenic acid favourably alters immune 
function in obese JCR:LA-cp rats. British Journal of 
Nutrition, 102, 526–536.

Carriquiry M., Weber W.J., Baumgard L.H., Crooker B.
A. (2008): In vitro biohydrogenation of four dietary fats. 
Animal Feed Sciences and Technology, 141, 339–355.

Castro T., Manso T., Jimeno V., Del Alamo M., Mantecón 
A.R. (2009): Effects of dietary sources of vegetable fats 
on performance of dairy ewes and conjugated linoleic 
acid (CLA) in milk. Small Ruminant Research, 84, 
47–53.



503

Czech J. Anim. Sci., 55, 2010 (11): 496–504 Original Paper

Chilliard Y., Ferlay A., Rouel J., Lamberett G. (2003): A 
review of nutritional and physiological factors affecting 
goat milk lipid synthesis and lipolysis. Journal of Dairy 
Science, 86, 1751–1770.

Cieślak A., Miltko R., Bełżecki G., Szumacher-Strabel M., 
Michałowski T. (2009): Entodinium caudatum, Eudi-
plodinium maggii and Diploplastron affine: a potential 
reservoir of unsaturated fatty acids for the host. Acta 
Protozoologica, 48, 335–340.

Collomb M., Bütikofer U., Sieber R., Jeangros B., Bosset 
J.O. (2002): Composition of fatty acids in cow’s milk 
fat produced in the lowlands, mountains and highlands 
of Switzerland using high-resolution gas chromato-
graphic. International Dairy Journal, 12, 649–659.

Czauderna M., Kowalczyk J. (2001): Separation of some 
mono-, di- and tri-unsaturated fatty acids containing 
18 carbon atoms by high-performance liquid chroma-
tography and photodiode array detection. Journal of 
Chromatography, 760, 165–178.

Czauderna M., Kowalczyk J., Niedźwiedzka K.M., Wą-
sowska I., Pająk J.J. (2004): The effect of selenium and 
linseed oil on growth of sheep and content of selected 
fatty acids in m. longissimus dorsi. Journal of Animal 
Feed Sciences, 13, 303–306.

Frelich J., Šlachta M., Hanuš O., Špička J., Samková E. 
(2009): Fatty acid composition of cow milk fat produced 
on low-input mountain farms. Czech Journal of Animal 
Science, 54, 532–539.

Gómez-Cortés P., Frutos P., Mantecón A.R., Juárez M., 
Fuenta de la M.A., Hervás G. (2008): Addition of olive 
oil to dairy ewe diets: effect on milk fatty acid profile 
and animal performance. Journal of Dairy Science, 91, 
3119–3127.

Griinari J.M., Bauman D.E. (1999): Biosynthesis of con-
jugated linoleic acid and its incorporation into meat 
and milk in ruminants. In: Yurawecz M.P., Mossoba 
M.M., Pariza M.W., Nelson G.J. (eds.): Advances in 
Conjugated Linoleic Acid Research. AOCS Press, 
Champaign, IL, USA, 180–200.

Harfoot C.G., Hazlewood G.P. (1988): Lipid metabolism 
in the rumen. In: Hobson P.N. (ed.): The Rumen Mi-
crobial Ecosystem. Elsevier Applied Science Publishers, 
London, UK, 285–322.

Huang Y., Schoonmaker J.P., Bradford B.J., Beitz D.C. 
(2008): Response of milk fatty acid composition to di-
etary supplementation of soy oil, conjugated linoleic 
acid, or both. Journal of Dairy Science, 91, 260–270.

IZ-INRA (1993): Instytut Zootechniki. Normy żywie- 
nia bydła, owiec i kóz. Omnitech Press, Warszawa, 
Poland.

Jalč D., Čertík M., Kundríková K., Kubelková P. (2009): 
Effect of microbial oil and fish oil on rumen fermenta-

tion and metabolism of fatty acids in artificial rumen. 
Czech Journal of Animal Science, 54, 229–237.

Luna P., Fontecha J., Juárez M., Fuente de la M.A. (2005): 
Conjugated linoleic acid in ewe milk fat. Journal of 
Dairy Research, 72, 415–424.

McDonald H.B. (2000): Conjugated linoleic acid and  
disease preventions: A review of current knowledge.  
Journal of the American College of Nutrition, 19, 
111S–118S.

Mosley E.E., Powell G.L., Riley M.B., Jenkins T.C. (2002): 
Microbial biohydrogenation of oleic acid to trans iso-
mers in vitro. Journal of Lipid Research, 43, 290–296.

Niedźwiedzka M.K., Kowalczyk J., Czauderna M. (2008): 
Influence of selenate and linseed oil on fatty-acid and 
amino-acid profiles in the liver, muscles, fat tissues and 
blood plasma of sheep. Journal of Animal Feed Sci-
ences, 17, 328–343.

Salminen I., Mutanen M., Jauhiainen M., Aro A. (1998): 
Dietary trans fatty acids increase conjugated linoleic 
acid levels in human serum. Journal of Nutritional 
Biochemistry, 9, 93–98.

Samková E., Pešek M., Špička J., Pelikánová T., Hanuš O. 
(2009): The effect of feeding diets markedly differing 
in the proportion of grass and maize silages on bovine 
milk fat composition. Czech Journal of Animal Science, 
54, 93–100.

Sanz Sampelayo M. R., Chilliard Y., Schmidely P., Boza 
J. (2007): Influence of type of diet on the fat constitu-
ents of goat and sheep milk. Small Ruminant Research, 
68, 42–63.

SAS (2006): SAS/STAT® Users Guide (Release 6.12). SAS 
Institute Inc., Cary, NC, USA.

Scintu M. F., Piredda G. (2007): Typicity and biodiversity 
of goat and sheep milk products. Small Ruminant Re-
search, 68, 221–231.

Szumacher-Strabel M., Cieślak A., Nowakowska A., 
Potkański A. (2008): The effect of rapeseed oil and a 
combination of linseed and fish oils in the diets for 
sheep on milk fatty acid profile. Züchtungskunde, 80, 
412–419.

Tricon S., Burdge G.C., Kew S., Banerjee T., Russell J.J., 
Jones E.L., Grimble R.F., Williams C.M., Yaqoob P., 
Calder P.C. (2004): Opposing effects of cis-9, trans-11 
and trans-10, cis-12 conjugated linoleic acid on blood 
lipids in healthy humans. American Journal of Clinical 
Nutrition, 80, 614–620.

Turpeinen A.M., Mutanen M., Aro A., Salminen I., Basu 
S., Palmquist D.L., Griinari J.M. (2002): Bioconversion 
of vaccenic acid to conjugated linoleic acid in humans. 
American Journal of Clinical Nutrition, 76, 504–510.

Ulbricht T.L.V., Southgate D.A.T. (1991): Coronary heart 
disease: seven dietary factors. Lancet, 338, 985–992.



504

Original Paper Czech J. Anim. Sci., 55, 2010 (11): 496–504

Valeille K., Férézou J., Parquet M., Amsler G., Gripois D., 
Quignard-Boulangé A., Martin J.Ch. (2006): The natu-
ral concentration of conjugated linoleic acid, cis-9, 
trans-11, in milk fat has antiatherogenic effects in hy-
perlipidemic hamsters. The Journal of Nutrition, 9, 
1305–1310.

Zhang R.H., Mustafa A.F., Zhao X. (2006): Effect of feed-
ing oilseeds rich in linoleic and linolenic fatty acids to 
lactating ewes on cheese yield and on fatty acid com-

Corresponding Author 

Malgorzata Szumacher-Strabel, Department of Animal Nutrition and Feed Management,  
Poznan University of Life Sciences, Poznan, Poland
Tel. +486 184 872 28, fax +486 184 872 26, e-mail: mstrabel@jay.up.poznan.pl

position of milk and cheese. Animal Feed Science and 
Technology, 127, 220–233.

Zulet M.A., Marti A., Parra M.D., Martínez J.A. (2005): 
Inflammation and conjugated linoleic acid: mecha-
nisms of action and implications for human health. 
Journal of Physiological Biochemistry, 61, 483–494.

Received: 2009–10–20
Accepted after corrections: 2010–04–21


