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SUMMARY

A total of 18 lactating dairy cows were assigned to three groups: control 

group C (no dietary oils), group CO (with dietary canola oil) and group FO 

(with dietary flax seeds oil). All three groups received corn silage (ad libitum), 

alfalfa hay (limited to 4 kg/day) and compound feeds (limited to 6.5 kg/day). 

The inclusion rate of the two dietary oils was 10.4% in the compound feed or 

3.8% on a dry matter basis, so that the cows consumed 600 g daily. The 

monitored experimental parameters were: diet formulation and composition, 

dietary supply of energy and protein, feed intake, milk yield and composition, 

milk fat fatty acids profile. The total intake of dry matter, milk yield, the 

production of milk protein and milk protein didn’t differ significantly among 

the experimental groups, or among them and the control group. On the other 

hand, milk fat and the production of milk fat were very different (P<0.05). The 

following trends were noticed concerning the milk FA profile: decrease of C 

16:0 (P<0.01) and C 16:1 (P<0.05), increase of C 18:0, C 18:1 n-9 trans

(P<0.05), C18:1 n-9 cis (P< 0.01), C 18:3 n-3 (P<0.001), and the stable level of 

C 18:2 n-6 trans, C 18:2 n-6 cis and C 18:3 n-6. Compared to the canola oil, the 

flax seeds oil diet resulted in a lower level of C 18:1 n-9 cis (P<0.01) in the 

milk fat and in a higher level of C 18:3 n-3 (P<0,001). The highest level of milk 

fat PUFA resulted from the use of the dietary flax seeds oil, both compared to 

the diets with canola oil and compared to the control diet (P<0,01).

Keywords: fatty acids (FA), saturated fatty acids (SFA), unsaturated fatty 

acids (USFA), monounsaturated fatty acids (MUFA), polyunsaturated fatty 

acids (PUFA).

INTRODUCTION

Many papers were published during the past 10-15 years which describe 

FA profile of the milk from cows fed on different types of diets using different 

sources of fats and FA. However, despite the large amount of data published in 

a number of reviews, no clear conclusions have yet been drawn on the way in 

which the factors depending on feeding or animals influence milk fat and milk 

FA.
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Milk fat contains over 400 individual fatty acids and their isomers. Cow 

milk contains large amounts of SFA, particularly C 14:0 and C 16:0, which 

determine physiological dysfunctions including higher plasma cholesterol, and 

small amounts of MUFA, PUFA and omega-3 fatty acids with beneficial effects 

on human health.

The problem is how to modify milk FA profile to make it as good as 

possible. One solution is to feed whole oleaginous plants or oils of them to the 

cows. Canola oil and flax seeds oil may influence milk FA level as follows: (1) 

decrease SFA, (2) increase UFA, (3) increase the proportion of the conjugated 

linoleic acid and of the alpha-linolenic acid, (4) decrease the FA omega 6 to FA 

omega 3 ratio. These possible changes relay on the very high level of the canola 

oil in C 18:1 (50-55%), particularly C 18:1 n-9 and of the flax seeds oil in C 

18:3 (40-45%), particularly C 18:3 n-3.

The objective of this study was to assess the effect of including the two oils 

in dairy cows’ diets commonly used in Romania, on milk yield and on milk fat 

FA.

MATERIAL AND METHODS

Experimental protocol

The experiment used 18 lactating cows homogenous in terms of parity (2.7 

± 0.44 lactations), milk yield (21.6 ± 3.2 kg/day), stage of lactation (135 ± 42 

days), milk fat (3.9 ± 0.21%) and milk protein (3.3 ± 0.15%).

The cows were assigned to 3 groups of 6 animals each and fed three dietary 

regimens: a control diet with no oils and two experimental diets with canola oil 

(CO) of flax seeds oil (FO). All three groups received corn silage ad libitum, 

alfalfa hay (limited to 4 kg/day or 3.42 kg DM/day) and compound feeds 

(limited to 6.5 kg/day or 5.79 kg DM/day, with different formulations), which 

covered cow requirements for the expected milk yields.

The experiment was designed as a Latin square, each rotation lasting for 28 

days, of which 21 days of accommodation and 7 days for measurements.

Measurements

Milk yield was measured individually, during the two daily milking 

sessions, during the final 7 days of each experimental period. Milk samples 

were collected, stored at 4

o

 C and analysed for milk fat and protein. Part of the 

samples was frozen for a subsequent determination of the fatty acids by 

chromatography.

Feed intake was measured daily and individually. Under the conditions of 

the limited administration of alfalfa hay and compound feeds, they were 

consumed entirely and there were no leftovers. The administered silage 

quantities were periodically corrected so the leftovers are around 10%.
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During each of the 3 experimental periods we collected two hay samples, 

two corn silage samples and two compound feed samples which were assayed 

for their composition and nutritive value.

The statistical analysis was done using the linear model ANOVA.

RESULTS AND DISCUSSION

Diet structure and composition

Tables 1 and 2 show data on diet structure, on compound feed formulation 

and on the dietary protein, fat and fatty acids. The diets were dominated by the 

two bulk forages, so that the forage to concentrates ratio was about 63/37, 

normal for the obtained milk yields.

The two dietary oils were included in amounts of 10.4% of the compound 

feed or 3.8% of the dietary DM, otherwise said, the cows consumed every day 

about 600 g oils. The three diets had similar protein levels, while the dietary fat 

was higher in the experimental diets (5.7% on DM basis) compared to the 

control diet (3.2% on DM basis).

The canola oil diet had a high level of 18:1 and C 18:2 fatty acids, the flax 

seed oil diet had a high level of 18:2 and C 18:3 fatty acids; C 4:0, C 6:0, C 8:0 

and C 10:0 fatty acids were not detected.

Table 1. Diet and compound feeds formulation

Regimen C CO FO

Diet formulation (% of DM)

Corn silage 41.0 39.6 40.0

Alfalfa hay 22.0 22.5 22.4

Compound feed 37.0 37.9 37.6

Compound feed formulation (%)

Corn 58.7 43.2 43.2

Soybean meal 20.7 25.8 25.8

Wheat bran 17.3 17.3 17.3

Canola oil - 10.4 -

Flax seeds oil - - 10.4

Monocalcium phosphate 0.4 0.4 0.4

Calcium carbonate 0.5 0.5 0.5

Vitamine-mineral premix 1.0 1.0 1.0

Salt 1.4 1.4 1.4

Dietary energy and protein supply

Table 3 shows the supply of dietary energy and protein and the ratio of the 

supply and requirement (for the obtained milk yields), which are around 100% 

showing the adequacy of the diet formulations.
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Table 2. Dietary protein, fat and fatty acids

Regimen C CO FO

Dietary protein and fat (% of SU)

PB 14.1 14.5 14.3

GB 3.1 5.7 5.7

Dietary fatty acids (% of the total detected FA)

C 12:0 1.48 0.86 0.77

C 14:0 1.76 0.55 0.41

C 16:0 11.49 8.93 9.84

C 16:1 0.17 0.41 0.20

C 18:0 2.48 2.59 2.99

C 18:1 18.55 35.14 18.46

C 18:2 52.21 38.09 34.82

C 18:3 4.96 6.03 26.31

SFA 17.21 12.93 14.01

MUFA 18.72 35.55 18.66

PUFA 57.17 44.12 61.13

Table 3 - Dietary energy and protein supply and how much of the requirement was met

Regimen C CO FO

Supply of MFU

1

14.42 14.89 14.98

Supply of IDPN

2

 (g) 1488 1496 1501

Supply of IDPE

3

 (g) 1471 1410 1417

MFU supply / MFU requirement 97 100 101

IDPN supply / IDPN requirement 101 101 102

IDPE supply / IDPE requirement 100 96 96

1) MFU = Milk feed unit; 1 MFU = 1720 kcal NE

2) IDPN = Intestinally digestible protein, nitrogen

3) IDPE = Intestinally digestible protein, energy

Feed intake, milk yield and milk composition

Table 4 shows the total DM intake (of which, silage), milk yield, protein 

and fat production, milk protein and fat.

DM intake was quite similar in the three groups, the differences not being 

statistically significant. The small differences were noticed in the intake of corn 

silage (P<0.05) to which the animals had free access. Because of the multiple 

factors of influence it is difficult to make comparison with the data published by 

other authors. However, no author among the ones we cited mentioned higher 

intakes when canola or flax seeds oils, or oils in general, were used in the diets. 

The authors report either a rather constant intake (Bayourthe et al., 2000, Ward 

et al., 2002, Chelikani et al., 2004) or a lower intake (Chouinard et al., 1998; 

Dhiman et al., 2000, Ueda et al., 2003).

Milk yield was slightly higher in the CO group and slightly lower in the FO 

group, compared to the control group. Although the difference between the 

highest and lowest milk yields was of 0.7 kg/day, the differences were not 

significant. There are diverging opinions on the influence of the canola and flax 
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seeds oils on the milk production. Some authors reported a higher production 

(Chouinard et al., 1998, Dhiman et al., 2000, Petit et al., 2004, Loor et al., 2005, 

Zhang et al., 2006), others report an unchanged production (Kennelly, 1996, 

Mir et al., 1999, Bayourthe et al., 2000, Ward et al., 2002, Loor et al., 2002, 

Komprda et al., 2005) while others reported a decrease of the production 

(Chilliard and Ferlay, 2004). Besides the types of oils, there are too many 

variables taken into account to allow comparisons with the data of this paper.

The production of fat and protein depend both on the influence of the oils 

and on the production of milk.

Table 4. Feed intake, milk yield and milk composition 

C CO FO Significance

Total DM intake (kg/day) 15.62 15.25 15.34 ns

- of which corn silage 6.41

a

6.04

b

6.13

b

*

Milk yield (kg/day) 22.05 22.51 21.79 ns

Fat production (kg/day) 864

a

774

b

769

b

*

Protein production (kg/day) 754 752 738 ns

Milk fat (%) 3.92

a

3.44

b

3.53

b

*

Milk protein (%) 3.42 3.34 3.39 ns

Different superscripts within a row show significant differences; *: P<0.05; ns: not significant

In our experiment, the production of fat and milk fat were similar in the two 

experimental groups, but lower than in the control group (P<0.05), in agreement 

with the reports of Focant et al., 1998, DePeters et al., 2001, Chilliard et al., 

2001, Chilliard and Ferlay, 2004, Bell et al., 2006. Other authors, however, 

reported an unchanged production of fat subsequent to the administration of 

dietary canola or flax seeds oil (Bayourthe et al., 2000, Komprda et al., 2005, 

Zhang et al., 2006). Milk fat might decrease while the production of fat remains 

unchanged or it may increase if the milk production increases.

The production of protein and milk protein, according to the literature, 

remain constant or may decrease slightly (Loor et al., 2002, Loor and Herbein, 

2003, Zhang et al., 2006). Only Flowers et al. (2008) noticed a quadratic 

increase. In our experiment, these two parameters didn’t differ significantly, 

both between the experimental groups and between them and the control group.

Milk fatty acids profile

Table 5 shows the milk fatty acids profile. We analyzed a wider range of 

fatty acids but we selected only those with a higher proportion and importance.

The literature data, obtained in various feeding conditions, show a decrease 

of milk SFA and an increase of milk UFA subsequent to the use of whole flax 

seeds or flax seeds oil (Kelly, 1998, Chouinard, 2001, Chilliard, 2000, 2002, 

Gonthier, 2005, Petit, 2002, 2003, 2007). In many reports, PUFA and 

sometimes MUFA increase; however the extent of these changes is quite 

variable. 
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Table 5. Diet effects on the milk fatty acids profile (% of the total analyzed FA)

Regimen C CO FO Significance

C 4:0 1.33 1.42 1.43 ns

C 6:0 2.02 2.08 2.24 ns

C 8:0 1.78 1.71 1.73 ns

C 10:0 3.03 2.58 2.64 ns

C 12:0 4.33 3.74 3.88 ns

C 14:0 12.70 12.21 12.09 ns

C 16:0 32.05

a

25.41

b

24.75

b

**

C 16:1 2.17

a

1.66

b

1.70

b

*

C 18:0 11.04

b

13.48

a

14.21

a

*

C 18:1 n-9 trans 2.29

b

2.56

a

2.58

a

*

C 18:1 n-9 cis 19.21

c

25.17

a

23.89

b

**

C 18:2 n-6 trans 0.24 0.25 0.24 ns

C 18:2 n-6 cis 2.38 2.34 2.42 ns

C 18:3 n-6 0.30 0.33 0.31 ns

C 18:3 n-3 0.58

b

0.68

b

1.12

a

***

SFA 68.28

a

62.63

b

62.97

b

**

MUFA 23.67

b

29.39

a

28.17

a

*

PUFA 3.50

b

3.60

b

4.09

a

**

Different superscripts within a row show significant differences; *: P<0.05; **: P<0.01; ***: 

P<0.001; ns: not significant

In our experiment we noticed in both experimental groups, compared to the 

control group, the decrease of C 16:0 (P<0.01) and C 16:1 (P<0.05), the 

increase of C 18:0 and C 18:1 n-9 trans (P<0.05), the increase of C18:1 n-9 cis

(P< 0,01), the increase of C 18:3 n-3 (P<0,001), and the unchanged status of C 

18:2 n-6 trans, C 18:2 n-6 cis and C 18:3 n-6.

The flax seeds oil diet resulted in a lower milk fat C 18:1 n-9 cis (P<0.01) 

and in a higher milk fat C 18:3 n-3 (P<0,001) compared to the canola oil diet.

C 18:3 n-3, one of the FA most studied during the recent period, 

represented 1.12% of the total milk fatty acids when flax seeds oil was used, 

compared to 0.68 and 0.58% when canola oil was used or compared to the 

control diet. Moate et al. (2007) report in their review on 28 publications, that 

the average level of C 18:3 n-3 in the milk was 5.9% of the total FA, with a 

range from 0.2 to 19.

Milk PUFA was the highest when flax seeds oil was used compared to the 

canola oil diet and to the control diet (P<0.01).

CONCLUSIONS

The use of 3.8% on DM basis of canola and flax seeds oils in dairy cows 

diets with 63/37 ratio of forages to concentrates changed significantly the milk 

fatty acids profile. C 16:0 and C 16:1 decreased and C 18:0, C 18:1 n-9 trans, 

C18:1 n-9 cis, C 18:3 n-3 increased. 
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C 18:3 n-3 was 1.12% of the total milk FA when flax seeds oil was used, 

compared to 0.68 and 0.58% when canola oil was used or compared to the 

control diet.

The production of milk, the production of protein and milk protein were 

similar between the experimental groups and the control group. The production 

of fat and milk fat were, however, lower in the experimental groups and were 

similar among them.
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