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Abstract 
The effect of dietary soybean oil and sunflower oil on fatty acids profile in milk fat was studied on three 
experimental groups of dairy cows. Animals were fed limited amounts of alfalfa hay and compound feed 
and corn silage ad libitum. Compound feeds designed for the experimental groups contained 6% of 
soybean oil or sunflower oil. Inclusion of oil led to notable differences in fatty acids profile of milk. 
Relative proportions of some unsaturated fatty acids increased (e.g. oleic and linoleic acids: 130% cis 
forms;180-220% trans forms) while relative proportions of some saturated fatty acids (capric, lauric, 
mirstic, palmitic) slightly decreased. As the inclusion of vegetable oils is a common practice in some 
dairy farms (esp. for early lactation cows), their effects on the fatty acids profile of milk can be valorized 
in the frame of specific requirements of milk processors and today’s trend in consumers demands 
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1. Introduction 
 
In the last decades, consumers’ preferences 
became more important in establishing 
feeding strategies in animal husbandry. In 
dairy sector, beside milk properties which 
are relevant for processing, focus moved 
also on consumers’ health related issues. 
Milk fat was incriminated as source of 
consumers’ health problems (Noakes, 
1996) because its high content in saturated 
fatty acids, e.g. myristic or palmitic acids.  

Consequently, research in the field of 
ruminant nutrition was conducted toward 
modifying the fatty acids profile of milk 
through dietary means, of which the dietary 
supply of fatty acids (Grummer, 1991; 
Hermansen, 1995). However, interaction 
with ruminal ecosystem is to be taken into 
account: unprotected dietary fat is subject 
to ruminal biohydrogenation and it 
influences on its turn the microbial activity. 

  
 
In some dairy farms, vegetable oils continue 
to be used in order to counteract the 
negative energy balance of cows, which 
occur in certain situations. In most cases, 
the amount of oil dietary supply is usually 
moderate, because of the limitation in feed 
processing capacities in the area.  

While these oils, although unprotected, are 
expected to influence the fatty acids profile 
of milk, a lot of other dietary factors such as 
the amount and quality of fiber, the 
concentrate:forage ratio, the site and rate of 
degradability of starch, the fatty acids 
composition of diet, etc. may interfere.  

The objective of this study was to assess the 
effect on milk fatty acids of moderate 
quantities of soybean oil and sunflower oil 
included in a diet which is typical for South-
Eastern Europe: corn silage / alfalfa hay / 
corn-based feed compound.  
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2. Materials and methods 
 
Eighteen multiparous cows in late lactation 
(230 days in milking), with a potential 
production of 6200 – 6300 l / lactation and 
a production level of 23 kg/day before the 
beginning of the trial were distributed in 
three experimental groups: control (no oil 
supplement), soybean oil, sunflower oil.  

Diets consisted in corn silage fed ad 
libitum, 1.8 kg of alfalfa hay and 9 kg of 
compound feeds. Compound feed of the 
control group was composed of 52.6% 
corn, 13.9% wheat bran, 24.3% soybean 
meal, 5% rapeseed meal and 4.2% macro-
minerals and mineral-vitamin premix. In 
the experimental groups, compound feeds  

 

  

were composed of 27.1% corn, 12% wheat 
bran, 30.1% soybean meal, 20.9% rapeseed 
meal, 6% soybean or sunflower oil and 
3.8% macro-minerals and mineral-vitamin 
premix. Oils were included by spraying the 
feed compound ingredients during mixing. 
Feed compounds were fed in ground form. 
Chemical composition and nutritive value 
of ingredients are presented in tables 1 and 
2.  

Nutritive values of feeds were calculated on 
the base of chemical composition and 
equations proposed by Burlacu, 2002. 
Proximal analyses were performed using 
wet chemistry; fatty acids profiles were 
analyses through gas-chromatography. 

 
Table 1. Chemical composition of diet’s ingredients 

 DM 
g 

CP 
(g/DM) 

Fat 
(g/DM) 

CF 
(g/DM) 

N-free 
extract 
(g/DM) 

Ash 
(g/DM) 

corn 887,8 116,02 40,88 54,74 757,95 30,41 
wheat bran 888,5 175,58 30,27 124,59 607,77 61,79 
rapeseed meal 924,2 377,95 22,4 129,08 389,31 81,26 
soybean meal 894,4 439,15 27,54 67,12 385,01 81,18 
corn silage 245,5 91,92 21,35 270,48 524,38 91,87 
alfalfa hay 795,6 162,67 9,93 338,3 390,87 98,23 

                              DM = dry mater, CP = crude protein, CF = crude fiber 
 

Table 2. Nutritive value of diet’s ingredients (g/kg DM) 

 
corn 
silage 

alfalfa 
hay corn soybean 

meal 
rapeseed 

meal 
wheat 
bran 

UNL 0,908 0,687 1,300 1,387 1,086 0,984 
PDIA 11,58 21,96 66,13 102,76 57,45 32,03 
PDIN 55 98,79 92,86 289,94 233,78 108,89 
PDIE 59,63 64,35 116,96 166,36 110,93 72,59 
UNL = milk feeding units; PDIN, PDIE = intestinally digestible protein allowed by 
energy or nitrogen supply; PDIA = intestinally digestible protein of dietary origin 

 
 

3. Results and Discussions 
 
The diet ingredients fed in limited amounts 
were consumed almost integrally, while the 
consumption of corn silage, although 
variable, didn’t differ among diets (table 
3). 

 These diets led to the daily nutritive 
supplies presented in table 4. Although 
vegetable oils were included on the expense 
of the most energetic ingredient of the feed 
compounds (corn), the diets were iso-
nitrogenous but not iso-energetic. 
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Although the study only focused on fatty 
acids profile, not on milk yield or fat 
content, the design of diets aimed to lower 
the difference in energy supplies of diets. 
Thus, this difference was of only 7% in 
favor of diets containing oils. The  

 

 difference was higher in the case of PDIN 
(intestinally digestible protein allowed by 
nitrogen), but the real protein supply was set 
by the other limiting factor, ruminally 
available energy supply: PDIE (intestinally 
digestible protein allowed by energy) was 
almost the same. 

 
 

Table 3. Consumption of diets’ ingredients (kg DM/cow * day) 
 corn silage alfalfa hay compound feed 

control diet 24,23±4,39 1,82±0,03 9,13±0,0 

soybean oil diet 24,28±4,56 1,83±0,02 9,30±0,0 

sunflower oil diet 24,21±4,50 1,82±0,03 9,30±0,0 
 
 

Table 4. Nutritive supplies of the experimental diets (g / day) 
 DM UNL PDIN PDIE Ca P 
control diet 15538,7 16,37 1671,07 1415,37 109,5 68,8 
soybean oil diet 15818,8 17,61 1941,54 1408,61 115,6 73,4 
sunflower oil 
diet 15801,6 17,59 1940,53 1407,54 115,5 73,3 
DM = dry mate; UNL = milk feeding units; PDIN, PDIE = intestinally 
digestible protein allowed by energy or nitrogen supply 

 
Taking into account the fact that 
differences in nutritive supplies and 
structure of compound feed are rather 
small, it can be assumed that effects on 
fatty acids profile are mainly caused by the 
quantity and nature of vegetal oils included 
in diets. These effects are graphically 
represented in Figures 1 & 2.  

Figure 1 shows the fatty acids profile 
before the experiment, the differences 
among groups are therefore related to 
animals’ individual variability. However, at 
least for part of the fatty acids, the initial 
differences are small comparing to the 
differences recorded after animals’ 
adaptation to experimental diets (Figure 2). 

Generally, differences among groups were 
lower than 10% before the experiment. 
Caution was taking in interpreting fatty 
acids data when initial differences were 
higher and also when relative proportions 
of fatty acids in fat were very small. 
 

 Inclusion of soybean oil and sunflower oil, 
6% in the compound feed and environ 3% 
in the diet (DM basis) led to a general 
tendency to increase the relative proportions 
of unsaturated fatty acids and slightly 
decrease the relative proportion of saturated 
fatty acids.  

For both oils, the effects are more marked in 
case of oleic and linoleic acids: for cis 
isomers increase was as high as 130 to 
135%, while for trans isomers, the increase 
was 180 to 215% and 215 to 220%, 
respectively (Table 5). Linolenic acid also 
increased while palmitoleic acid and 
eicosatrienic acids tended to decrease.  
The increase of the relative proportions of 
unsaturated fatty acids was accompanied by 
slight, but clear decrease of the proportion 
of some saturated fatty acids. Thus, for 
experimental groups (soybean oil and 
sunflower oil), lauric acid was decreased by 
8% and 18% percents, myristic acid was 
decreased by 10% and 16% and palmitic 
acid was decreased by 23% and 29%, 
respectively.  
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Figure 1. Fatty acids profile in milk fat before feeding experimental diets 
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Figure 2. Fatty acids profile in milk fat  
after adaptation of cows to experimental diets 
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Capric acid was only decreased by 
inclusion of sunflower oil. There are also 
differences between soybean and sunflower 
oils in case of oleic acid trans and linolenic 
acid: the increase was more marked in case 
of sunflower oil experimental group. 

The effects induced by inclusion of 
sunflower oil were on the same trend but 
less marked than effects observed by 
Bernard, 2005 on goats. The differences 
can be related to species particularities as 
well as to the fact that sunflower rich in 
oleic acid was used. A notable difference is 
on the cis isomers of oleic acid, which 
decreased in the mentioned study. 

The literature references on the effects of 
soybean oil are non-systematic, but the 
trend is same. By including 2% of 
unprotected soybean oil in cows’s diet,  
 

 Zheng (2005), found similar decrease of 
C14:0 but much lower decrease of C16:0. 
Cis isomers of oleic acid increased more 
than in our study (+50% vs 36%), whereas 
increase of trans isomers was similar.  
By treating soybean oil against ruminal 
biohydrogenation (Ca salts of fatty acids, 
extrusion of raw soybean), Chouinard 
(1998) and Whitlock (2002) also found the 
same trends as in our study. However, the 
effect of decreasing proportion of saturated 
acids (C10:0, C12:0, C14:0, C16:0) was 
more marked, while decrease of C16:1 was 
much lower. A more consistent effect is that 
in cis isomers of oleic acids: the most 
frequent reported increase matched those in 
our study, whereas for other isomers or 
unsaturated fatty (C18:1 trans, C18:2 cis 
and trans, C18:3) reported effects are more 
variable (from negative effects to six times 
increase). 

 
 

Table 5. Milk fatty acids profile after adaptation to the experimental  
diets – highlight on the notable effects (% in fat) 

FATTY ACID   
sunflower 

group 
soybean 
group 

control 
group 

sunflower 
/ control 

soybean 
/ control 

Capric C 10:0 3,10 3,52 3,58 87% 98% 
Lauric C 12:0 3,35 3,78 4,10 82% 92% 
Miristic C 14:0 10,97 11,71 13,07 84% 90% 
Palmitic C 16:0 23,49 25,49 33,11 71% 77% 
Palmitoleic C 16:1 1,77 1,58 1,94 91% 81% 
Stearic C 18:0 9,95 9,58 8,83 113% 108% 
Oleic trans C 18:1n9t 4,83 4,10 2,24 216% 183% 
Oleic cis C 18:1n9c 26,03 24,49 19,19 136% 128% 
Linoleic trans C 18:2n6t 1,04 1,06 0,48 216% 222% 
Linoleic cis C 18:2n6c 2,86 2,82 2,17 131% 130% 
Linolenic 
γ(gama) C 18:3n6 0,41 0,44 0,35 119% 127% 
Linolenic C 18:3n3 1,49 1,16 0,59 252% 195% 

 
 

Protection against ruminal activity may 
explain such variability: this strengthen by 
some 10% (for Ca salts, in average) the 
effects of decreasing saturated fatty acids 
and increase of unsaturated fatty acids 
(Lundy, 2004). However, the influence of  
 

 protection varies according to the individual 
fatty acids and the nature of protection. 
Other dietary or anima-related factors, such 
as days in milking (Grummer, 1991) may 
also interfere. 
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4. Conclusions 
 
Inclusion of 3% soybean oil and sunflower 
oil in dairy cows’ corn silage -alfalfa based 
diets led to a general decrease of some 
saturated fatty acids (C10:0, C12:0, C14:0, 
C16:0) and increase of some unsaturated 
fatty acids (C18:1, C18:2, C18:3). A clear 
decrease of C16:1 was also noticed. 
Although inclusion of vegetable oils, even 
in an unprotected form, lead to higher 
feeding costs (because of the high cost of 
energy supply through oil), the opportunity 
of releasing on the market brands of dairy 
products claiming to be healthier for the 
consumers may ensure higher sales or 
higher prices.  
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