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SUMMARY 
The objective of this study was to evaluate the effect of different levels of 
dietary camelina meal (as a source of polyunsaturated fatty acids, PUFA) on 
milk yield and quality in multiparous cows. The monofactorial experiment was 
organised on 24 cows, randomly assigned to three groups: control group, 
which received a compound feed consisting of corn, wheat bran and sunflower 
meal (31% in the compound feed); camelina 50 group, in which half of the 
sunflower meal was replaced by camelina meal (15.5% in the compound feed); 
camelina 100 group, in which the sunflower meal was completely replaced by 
camelina meal (31% in the compound feed). The three groups received the 
same basal diet, constituted of alfalfa hay, fresh Sudan grass and fresh 
brewer’s grains. The partial or total replacement of the sunflower meal with 
camelina meal did not influence (P>0.05) the milk yield, nor the proximal milk 
composition. On the other hand, milk quality, as reflected by the fatty acids 
(FA) profile, was significantly improved by the dietary camelina meal. Thus, the 
concentrations of PUFA, n-6 PUFA and conjugated linoleic acid (CLA) were 
increased (P<0.001). As the concentration of PUFA and MUFA increased, the 
concentration of saturated fatty acids (SFA) decreased (P=0.002). In 
conclusion, the camelina meal, with its content in residual oil, rich in PUFA, had 
beneficial effects on milk quality expressed by FA profile, which suggests a 
good potential to improve the health status of the consumers. 

Keywords: camelina meal, milk, fatty acids 
 

 
INTRODUCTION 
Milk consumption is expected to increase over the next 20 years, along 

with the increase of the world population (World Health Organisation, 2003). 
The higher milk production must be accompanied by a better quality of the 
milk, in order to meet the consumer requirements and observe the public 
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health policies. Of the milk quality parameters, fatty acids profile is one of the 
most important, by influencing the technological, organoleptic and nutritional 
traits of the milk (Chilliard, 1993). 

Cow milk accounts for over 80% of the total milk production (Tamine, 
2009), which ensures a high impact of the various strategies addressing the 
cows’ milk quality. Cow breeds have been selected for the desired production 
(milk, meat, dual purpose) and also according to the environmental conditions 
(climate, etc.). In time, this retrieved variable milk composition and/or milk 
yields. However, the rigorous selection during the recent decades decreased 
this variability (Tamine, 2009), which increased the importance of other tools 
to manipulate milk composition, such as feeding strategies.  

Lipid structure can be influenced through feeding to obtain products with 
quality traits that support good health state. The key-elements in the milk 
quality studies are the fatty acids and their profile, because particular fatty 
acids have positive or negative influences on human/animal health (Chilliard et 
al. 2002; Jensen, 2002). Fatty acids composition can be manipulated in animal 
products by feeding the animals vegetal resources whose feeding 
characteristics are adequate for the beneficial change of the fatty acids profile 
(Scollan et al., 2001; Bauchart et al., 2005; Givens and Gibbs, 2006).  

It is generally accepted that the general target of such feeding strategies 
should be the increase of the polyunsaturated fatty acids and the decrease of 
the saturated fatty acids. However, it has been shown that vegetal fats 
influence differently the quality of foods and the health status, the interest in 
specific FA becoming a priority (Dubois et al., 2007; Nicolae et al., 2008).  

Thus, there are recommendations for the daily intake of each type of FA, 
for instance, SFA, monounsaturated (MUFA) and, mainly, polyunsaturated 
(PUFA) and their long-chain derivatives. The fat from ruminants is a major 
source of CLA in human diets (Chin et al., 1992), which make the milk 
consumption an important tool to ensure CLA in consumers organisms (Jiang 
et al., 1999). Particularly, n-3 FA are important due to their impact on 
human/animal health (Mahecha et al., 2009; Riediger et al., 2009; Bauchart et 
al., 2010). 

While the beneficial effects of the improved milk are clear, the tools to 
obtain this improvement are still an issue. Thus, the use of soybean, sunflower 
or rapeseeds oils, the most significant crops in the temperate climate regions, 
has its major limitations, the most important one being the competition with 
human consumers (Hymowitz 1990; Downey 1990; Pop et al., 2008; Nicolae et 
al., 2008). Another limitation is their high content of n-6 and/or MUFA, to the 
detriment of n-3 PUFA.  

A possible alternative would be the use of less known oilseed crops (e.g. 
camelina, safflower, etc.), more specifically, of their by-products, that are 
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obtained after the extraction of oils. In many cases, the extraction techniques 
are less efficient that in the case of the main oilseeds, therefore the meals 
contain important quantities of residual oil, which can be used as a tool to 
influence milk FA profile, not only as a source of protein.  

However, it has to be taken into account that the addition of lipids in the 
ruminants’ diet interferes with rumen fermentation (Palmquist, 1994; Nicolae 
et al., 2008; Habeanu et al., 2014) and this may alter their potential effects on 
the milk quality when the lipids sources are not protected against rumen 
biohydrogenation. 

Camelina sativa, or the wild flax, is an oleaginous plant rich in essential n-3 
fatty acids. Little is known about the effects of these plants on animal 
performance. Rather recent studies on ruminants (Hurtaud & Peyraud. 2007; 
Woods and Fearon, 2009; Filleau et al., 2011), poultry (Aziza et al. 2010) and 
pigs (Habeanu et al., 2011), revealed the positive effects of the dietary 
camelina and/or camelina by-products on animal performance. 

Camelina was recently reconsidered as a as source of oils for biofuel or 
other industrial purposes (Zubr, 2003; Gehringer et al., 2006), a processing that 
generates camelina meal, which has not only a good protein value, but also a 
high proportion of residual oil (Hurtaud & Peyraud, 2007; Rinne et al., 2014).  

While the interest of valorising residual oil in ruminants’ diets as source of 
protein and energy is clear, there are only few studies addressing its influence 
on milk quality (Hurtaud & Peyraud, 2007; Halmemies et al, 2011; Szumacher-
Strabel et al., 2011), which do not cover the main feeding typologies applied to 
dairy cows. For example, at the authors’ knowledge, the additional benefits 
from replacing the sunflower meal with camelina meal, as the main protein 
meal of the compound feed, are not assessed.  

In this context, the objective of the study was to evaluate the effects of 
the residual oil from camelina meal (obtained after cold pressing oil extraction 
from camelina seeds), as source of dietary PUFA (n-3 mostly), on cows’ milk 
production and quality. The hypothesis is that, although the passage through 
rumen exposes the residual oil to biohydrogenation, the extent of this process 
does not alter the potential of residual oil to influence milk composition.  

 
 
MATERIAL AND METHODS 
Experimental design and feeding 
The experiment took place in a dairy cows’ farm in South-East part of 

Romania, adapted for feeding trials. The experimental conditions were in 
agreement with Council Directive 2010/63/EU legislation for the protection of 
animals used for scientific purposes.  

http://www.ncbi.nlm.nih.gov/pubmed/?term=Hurtaud%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17954754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Peyraud%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=17954754
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The monofactorial design experiment used 24 multiparous dairy cows with 
an initial average 103 ± 12.10 days in milk and 19.70 ± 0.44 l/day, average milk 
yield. The animals were assigned randomly to 3 groups: Control group, which 
received a compound feed consisting of corn, wheat bran and sunflower meal 
(31% in the compound feed) in addition to the basal diet; Camelina 50 group, 
which received the same basal diet and compound feed, in which 50% of the 
sunflower meal was replaced by camelina meal (15.5% in the compound feed); 
and Camelina 100 group which received the same basal diet and compound 
feed, in which the sunflower meal was replaced completely by camelina meal 
(31% in the compound feed). The diets had similar supplies of energy, protein, 
minerals and vitamins (Table 1). 

 
Table 1. Diets, compound feeds formulation and supply of nutrients  

Item  Control Camelina 50 Camelina 100 

Diet formulation (kg DM/cow) 

Alfalfa hay 2.55 2.55 2.55 

Brewers grains 0.82 0.82 0.82 

Fresh Sudan grass 9.76 9.76 9.76 

Compound feed 5.85 5.87 5.89 

Compound feed formulation (%) 

Corn 51.8 51.8 51.8 

Wheat bran 12.9 12.9 12.9 

Sunflower meal 31.0 15.5 0 

Camelina meal 0 15.5 31.0 

Calcium carbonate 2.3 2.3 2.3 

Salt 1.0 1.0 1.0 

Vitamin-mineral premix 1.0 1.0 1.0 

Nutrients supply  

DM (kg/cow/day) 18.99 19.00 19.02 

FUmilk (cow/day) 15.06 15.42 15.78 

IDPN (g/ cow/day) 1772.32 1788.29 1804.25 

IDPE (g/ cow/day) 1689.74 1689.29 1688.84 

Ca (g/ cow/day) 136.17 141.25 146.34 

P (g/ cow/day) 90.10 91.82 93.54 

 
Chemical analyses 
Feed ingredients were sampled periodically and analysed for dry mater 

(gravimetric method), crude protein (block mineralization method and steam 
distillation), crude fat (organic solvent extraction method), crude fibre (method 
with intermediate filtration) and ash content (gravimetric method), according 
to the Regulation (EC) no. 152/2009. 
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Milk samples were collected during the last two days of the experimental 
period, both at the morning and evening milking and their proximal 
composition (fat, protein and lactose) was determined by infrared 
spectroscopy, using a technique that complies with AOAC method 972.16:2006 
and international IDF standard 141C:2000. A high capacity, fully automated 
MilkoScan 605 spectrophotometer (Foss, Denmark) was used. 

The milk and feeds FA were determined by gas chromatography method 
(SR CEN ISO/TS 17764-2:2008). The principle of the method consist on the 
transformation of FA from the sample of fat into methyl esters, followed by 
the separation of the components in a capillary chromatograph column and 
their identification by comparison with standards chromatograms. The fatty 
acids analysis was done on a Perkin Elmer-Clarus 500 chromatograph with 
capillary column and high polarity stationary phase (BPX70, 60m X 0.25mm 
inner diameter, 0.25 μm film), or high polarity cyanopril phases, which give 
similar resolution for different geometric isomers (Thermo TR-Frame 120m x 
0.25mm ID x 0.25 μm film). 
 

Statistical analysis 
Differences among groups were tested using the GLM procedure of the 

SPSS software (SPSS Statistics version 20.0). The averages were considered 
significantly different for P<0.05. We considered the influence of the 
concerned factor as a tendency for P between 0.051 and 0.10. When 
significant differences were detected, the Tukey test was used to determine 
the groups between which differences were significant. 

 
 
RESULTS AND DISCUSSION 
Chemical composition of feeds 
Camelina meal used contain crude protein 43.48% DM, crude fat 12.90% 

DM, crude fibre 12.94% DM, ash 5.27% DM. Major fatty acid composition (%) 
of the lipid content of camelina meal contain 8.00% palmitic acid, 17.32% oleic 
acid, 26.19% linoleic acid, 29.52% α-linolenic acid. 
 

Milk yield and milk composition 
Table 2 shows the influence of the two different levels of camelina meal 

(15.5 and 31% in compound feed; and  5% and 10% in diet, DM basis) on milk 
yield and milk average composition. Dietary fat has a variable effect on cow 
milk fat, depending on the source (Doreau and Chilliard, 1997; Nicolae et al., 
2008). In our experiment, the dietary camelina meal (which replaced partially 
or completely the sunflower meal), had no significant effect on milk 



Smaranda Toma et al. 

 

90 

production, or its composition (% fat, P=0.58, % protein, P=0.82, or % lactose, 
P=0.99).  

 
Table 2. Effect of the dietary Camelina meal level on milk yield and milk composition  

Item  Control Camelina 50 Camelina 100 SEM P 

Milk yield, l/day 19.27 18.35 19.63 0.48 0.55 
% fat 3.398 3.165 3.163 0.09 0.58 
% protein 2.852 2.913 2.953 0.06 0.82 
% lactose 4.451 4.446 4.448 0.04 0.99 
P <0.05 (significant different); P <0.01; P <0.001 (distinctly different and highly significant different)  

 
The differences among milk yields of the three groups were low and 

unsystematic (5% reduction in the group with partial replacement, 1.8% 
increase in the group with total replacement), which support the conclusion 
that milk yield was not significantly affected by the source of dietary protein 
meal, according to the literature (Hurtaud & Peyraud, 2007; Halmemies et al, 
2011).  

The use of camelina meal in the diet, irrespective of the level of inclusion, 

was associated with a numerical decrease of milk fat content ( 7%), which 
could not be detected as significant. Such an influence of the milk fat content 
was also observed in some previous studies (Hurtaud & Peyraud, 2007), but in 
their case, the decrease was very strong and significant. The decrease of milk 
fat content may be an obstacle in valorising the camelina meal in dairy cows 
diets, especially in the countries where the milk price is corrected for fat 
content.  
 

Centesimal fatty acids composition of the milk 
Table 3 shows the centesimal fatty acids composition of the milk, 

expressed as % of total fatty acids ester methil (FAME), associated with the 
inclusion of two different levels of camelina meal in the compound feeds, 
15.5% and 31%. Replacement of sunflower meal with camelina meal, either 
partial or total, improved the PUFA content of the milk (P<0.001), especially n-
6 PUFA and less of this n-3 PUFA, and also MUFA content (P=0.01).  

Thus, a very significant increase of the PUFA concentration was observed: 
1.16 times in camelina 50 group and 1.32 times in camelina 100 group, 
compared to the control group. Also, a very significant increase has been 
noticed for n-6 PUFA, 1.18 times for camelina 50 group and 1.35 times for 
camelina 100 group.  

Among the n-6 PUFA, the linoleic acid (LA) had the most important 
proportion, followed by CLA. The dietary treatment had no significant effect on 
LA proportion. The addition of camelina meal in the diet significantly 
influenced CLA proportion (increase 1.12 times in camelina 50 group and 1.56 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Peyraud%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=17954754
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times in camelina 100 group, compared to the control group), a FA that is well-
known as a mixture of isomers of LA and in small amount, has an intense 
biological activity (Bhattacharya et al. 2006). 

 
Table 3. Centesimal fatty acids composition of the milk as effect of the dietary 
camelina meal 

Fatty acids 
(% of total FAME) 

Control Camelina 
50 

Camelina 
100 

SEM 
Diet effect 
Value of P 

C4:0 (butyric) 0.11 0.08 0.06 0.007 0.025 

C12:0 (lauric) 3.66 3.47 3.46 0.075 0.452 

C14:0 (myristic) 12.93 12.67 12.44 0.153 0.329 

C16:0 (palmitic)  31.02 29.04 28.21 0.344 0.003 

C16:1 (palmitoleic) 1.51 1.40 1.38 0.043 0.356 

C18:0 (stearic) 9.16 9.18 8.85 0.243 0.824 

C18:1 total trans  0.19 0.15 0.84 0.212 0.311 

C18:1cis-9 (oleic) 23.06 25.14 25.35 0.408 0.060 

C18:2n-6 (linoleic) 2.35 2.54 2.54 0.099 0.691 

C18:3n-3 (α- 
linolenic)  

0.47 0.46 0.45 0.011 0.654 

C18:2 CLA  0.78 0.87 1.22 0.045 <0.001 

C20:2n-6 
(eicosadienoic) 

0.24 0.33 0.39 0.015 <0.001 

C20:3n-6 (dihomo-
gamma linolenic 
acid) 

0.14 0.24 0.31 0.016 <0.001 

C20:3n-3 
(eicosatrienoic) 

0.12 0.16 0.22 0.012 0.005 

C20:4n-6 
(arahidonic) 

0.06 0.05 0.05 0.008 0.746 

C22:1n-9 (erucic ) 0.05 0.03 0.04 0.006 0.707 

Total SFA 64.98 61.87 60.34 0.540 0.002 

Total MUFA 27.68 29.58 30.49 0.390 0.010 

Total PUFA 5.52 6.43 7.31 0.190 <0.001 

Total n-6 PUFA 4.92 5.82 6.64 0.181 <0.001 

Total n-3 PUFA 0.60 0.62 0.67 0.018 0.253 
      

Total SFA = C4:0+ C6:0 + C8:0 + C10:0 + C11:0 + C12:0 + C13:0 + C14:0 + C15:0 + C16:0 + C17:0 + C18:0 + 
C20:0; Total MUFA = C14:1 + C15:1+ C16:1 + C17:1 + C18:1cis-9 + C18:1 trans total; C22:1n-9; Total PUFA = 
C18:2n-6 +C18:3n-3 +C18:3n-6 + CLA + C20:2n-6 + C20:3n-6 + C20:3n-3 + C20:4n-6+C20:2 trans 

 
The precursors of CLA are dietary PUFA, mainly LA and α-linolenic (LNA) 

acids (Chilliard et al. 2002). The biohydrogenation of LA and LNA in the rumen 
may reach on average up to 80 and 90% respectively (Chilliard et al. 2002), 
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which means that the effects on milk quality were presumably due to only a 
part of the dietary PUFA. As the proportion of the LA and LNA in camelina meal 
was 55.72%, it means that more than half of the oils supplemented through 
the residual oil in camelina meal (12.89%, DM basis) are CLA precursors.  

Against our expectations, the values for the LNA were similar among the 
three groups; a possible explanation is that the biohydrogenation in the rumen 
flattened the effect on milk FA and LNA may be hydrogenated in stearic acid. 

As expected, the relative proportion of oleic acid, the most important 
MUFA, was positively influenced by the inclusion of camelina meal (P = 0.06). 
As the proportion of PUFA and MUFA increased, the proportion of SFA 
decreased (P=0.002) by 4.8% in camelina 50 and by 7.6% in camelina 100. The 
palmitic FA was predominant among the SFA (28-31%), followed by the 
myristic (≈12%) and stearic (8-9%) FA. Of these, only palmitic FA was 
significantly decreased by the treatment (P=0.003).  

The few literature data available also indicate a decrease of milk SFA and 
an increase of milk MUFA and PUFA subsequent to the use of camelina meal or 
camelina expeller (Hurtaud & Peyraud, 2007; Halmemies et al, 2011). 

The changes in FA profile were obtained with a rather simple change in 
feeding strategy: a replacement of the main protein/low fat source of the 
compound feed with a similar protein source which contains residual oil that 
had some positive effects on milk fat quality. Indeed, Woods et al. (2009) 
reported that the changes in animal feeds can easily shift the FA profile and 
thus increase PUFA concentration in animal products.  

This suggests that camelina meal can be also used, among other sources of 
PUFA, to shift the FA profile of milk in a way that is beneficial for the 
consumers’ health. 

 
 
CONCLUSIONS 
The replacement of the sunflower meal by camelina meal didn’t have a 

significant effect on milk yield and on milk components (protein, fat and 
lactose).  

On the other hand, due to its content in residual oil, and although was not 
protected against ruminal biohydrogenation, camelina meal improved the milk 
FA profile, by increasing PUFA n-3 and n-6. Of these noticeable effects were 
observed for CLA, a FA known for its beneficial effects on milk consumers’ 
health. This raises the opportunity to implement cost-efficient feeding 
strategies for improving milk FA profile.  

However, more studies are necessary in order to clarify the effects on LNA 
and other biologically active FA.  
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