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Abstract 
Flax meal is known for its high content of alpha-linolenic acid, widely used as a source of fatty 

acid n-3 in animal feed. In this regard, a study on dairy cows was carried out to assess the influence 
of the use of flax meal on milk fatty acids. 15 dairy cows, Holstein breed (50 ± 23 days in lactation), 
with an average weight of 580 ± 37 kg, were divided into 3 experimental groups (C, E1, E2). Cows, 
were fed 2 times/day, and received a basic concentrate mix (corn, soybean meal, sunflower meal 
and wheat bran) and roughage (alfalfa hay and maize silo). Group C received the basic 
concentrate, while groups E1 and E2 received different formulations of concentrate by substituting 
sunflower meal (12%) for both groups (E1, E2). Besides, in the E2 group concentrate the wheat 
bran was substituted with barley rootlets (17.30%). Milk samples were collected in the morning and 
evening for a period of five consecutive days, on which the determinations of fatty acids were made 
using the chromatographic gas method. The use of flax meal in cows feeds resulted significant 
increase (P <0.05) in milk cows a of n-3 fatty acids at the end of the experiment for both groups fed 
flax meal, in the morning 0.53% and 0.54% in the evening (E1) 0.49% in the morning and 0.53% in 
the evening (E2) versus the C group (0.23%), representing a good source of omega 3. Such data 
indicated that the fatty acid addition was favourable to the fatty alpha-linolenic acid in milk. 
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INTRODUCTION1 
Recent studies have attempted to 

determine in what proportion saturated fatty 
acid has been beneficial to human health. 
Haug et al. [1] determined the benefits of 
polyunsaturated fatty acids n-3 (PUFA) for 
human health. Since milk and dairy products 
are a substantial part of the human fat source, 
it would be beneficial to increase their n-3 
fatty acid content [2]. In recent years, 
research has focused on the effect of 
racemates rich in polyunsaturated fatty acids 
n-3 (PUFA) on the milk fatty acid 
composition. Flax as a source of n-3 fatty 
acids has been widely used as it is well 
known for its abundant α-linolenic acid 
content [3]. It was reported [4] that the flax 
meal has a 68.57% level of linolenic acid.               
The addition of flax meal in the rations of 
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dairy cows changes the composition of milk 
fat by lowering the ratio of saturated fatty 
acids and increasing the ratio of mono and 
polyunsaturated fatty acids. A three-fold 
increase in α-linolenic acid was observed in 
cows milk fed with an addition of flax seed 
[5]. The mechanism of saturation of bacterial 
fatty acids in rumen affects the growth of 
unsaturated fatty acids in milk [6]. It has 
been assumed that barley root will have an 
important role in feeding cows milk. The 
barley crude protein (CP) level is superior to 
maize and inferior to wheat, however it is 
considered to have the lowest quality and 
digestibility [7]. Cardova [8] in a dairy cow 
study, tested the substitution of maize with 
barley by-products and found that the 
average proportion of barley inclusion 
increased with neutral detergent fibre (NDF) 
and acid detergent fibres (ADF). The average 
dry matter consumption (DMI) decreased as 
the proportion of barley was increased. The 
ingestion levels for CP, NDF and ADF were 
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not affected by the increased barley 
proportions in ration. In this context, the 
purpose of the research was to increase the 
ratio of α-linolenic acid in milk by replacing 
the sunflower meal with flax meal and to test 
the effect of replacing a portion of wheat 
bran with barley rootlets on the fatty acid 
concentration from milk and on 
haematological and biochemical parameters. 
 
MATERIAL AND METHODS 

The experiment was conducted on 15 
multiparous Holstein dairy cows, body weight 
of approximately 580±37 kg, at 50±23 days of 
lactation. The cows were randomly allocated 
into three groups of 5 cows in separated pens, 
under same environmental conditions. In this 
experimental design a part of dietary n-6 fatty 
acids in control group (C) was replaced with 
n-3 fatty acids in two experimental flax meal 
and flax meal + barley rootlets (FM and 
FM+BR) groups keeping the diets iso-
energetic and iso-nitrogenous. All cows were 
fed with the total mix ration which was offered 
to cows ad libitum and they were fed twice per 
day. The total mix ration was composed of 
corn silage 30 kg, alfalfa hay 6 kg and 
concentrate 8 kg per cow per day. Concentrate 
for the control (C) group contained corn, 
soybean meal, wheat bran, mineral premix and 
sunflower which was replaced with 12 % flax 
meal (FM) in the experimental 1 group (Table 
1). In addition to that, in the experimental 2 
(FM+BR) group, wheat bran (34.7%) from 
concentrate from group C, was replaced 
partially (17.30%) with barley rootlets (BR).  
 
Table 1. Composition of the concentrate diets 
 

Groups 
Ingredients, % C E1 E2 
Corn 25 25 25 
Bran 13 13 13 
Soybean meal 12 12 12 
Sunflower meal 12 0 0 
Flax meal 0 12 12 
Barley rootlets 0 0 17.30 
Wheat bran 34.6 34.6 17.30 
Calcium 1.10 1.10 1.10 
Salt 1.30 1.30 1.30 
Premix for cows 1.00 1.00 1.00 

 
One experimental batch/group was 

manufactured; compound feed samples were 

collected and assayed for the basic chemical 
composition of the main nutrients. 
Standardized methods (according to CE 
Regulation 152/2009) were used to determine 
nutrients as follows: dry matter (DM), by the 
gravimetric method, drying at 1030C, using 
Sartorius scales and BMT drying oven, 
ECOCELL Blueline Comfort; crude protein 
(CP), by Kjeldahl, method using the 
semiautomatic KJELTEC auto 2300 system – 
Tecator (Sweden); ether extractives (EE) by 
extraction in organic solvents, with SOXTEC-
2055 FOSS system – Tecator (Sweden); crude 
fibre (CF) by the method with intermediary 
filtration, using FIBERTEC 2010 system – 
Tecator; ash (Ash) by the gravimetric method, 
using Caloris CL 1206 furnace; the minerals 
(calcium and phosphorus) were determined by 
inductively coupled plasma optical emission 
spectrometry, using Optima 5300 DV Perkin 
Elmer ICP-EOS spectrometer (Table 2). Milk 
and blood samples from each cow were 
collected on the 1st and last day of experiment. 
For the biochemical parameters we collected 
1-2 mL venous blood, in vacutainer with not 
anticoagulant, with no separating el (green 
cap) for cholesterol, glycaemia and 
triglyceride assessment through 
spectrophotometry. We collected also 1–3 mL 
venous blood (depending on vacutainer 
volume), in vacutainers with EDTA (violet 
caps) and used ADVIA 2120i – Siemens: 
automat analyser of reference for veterinary 
haematology, based on flow cytometry, with 
peroxidase reaction and laser detection. The 
optical microscope was used to examine the 
blood smears. A sample/cow for five days in 
row of morning and evening milking on the 1st 
and last day of experiment was collected and 
mixed for fatty acids composition analyses. 
The fatty acids were determined by gas 
chromatography by transforming the fatty 
acids from the sample in methyl esters, 
followed by component separation in capillary 
column, identification by comparison with 
standard chromatograms and quantitative 
determination of the fatty acids according to 
SR CEN ISO/TS 17764 -2: 2008, using Perkin 
ElmerClarus 500 gas chromatograph, with 
capillary column injection system, high 
polarity stationary phase (BPX70: 60m x 0.25 
mm inner diameter and 0.25µm thick film). 
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Experimental procedures were approved 
by the Ethical Committee of the National 
Research Development Institute for Biology 
and Animal Nutrition, in accordance with 
Romanian Law no. 305/2006 regarding 
handling and protection of animals used for 
experimental purposes. The analytical data 
were compared using variance analysis 
(ANOVA) with STATVIEW for Windows 
(SAS, version 6.0). The experimental results 
were expressed as mean values ± standard 
deviation, the differences being considered 
statistically significant for P <0.05. 
 
RESULTS AND DISCUSSIONS 

Because all treatments were analysed 
from one batch, it was not possible to 
statistically test differences in chemical 
composition among treatments. However, it 
was clear that all treatments (Table 2) were 
balanced iso-energetic and iso-nitrogenous. 
 
Table 2 Chemical composition of compound 
feeds 
Item C E1 E2
DM, % 88.03 88.07 88.33 
OM, % 83.17 83.50 83.66 
CP, % 20.08 20.10 20.20 
EE, % 2.20 2.31 2.23 
CF, % 7.37 7.31 7.45 
Ash, % 4.92 4.74 4.74
DM-dry matter, OM-organic matter, CP-crude 
protein, EE-ether extractives, CF-crude fibre 
 

From figure 1, regarding results for 
chemical composition of milk collected in the 
morning, it can be observed, that the highest 
level of CP it was found in the C group 
samples (3.16%). The EE content in E1 
group was 4.31% compared with C group 
(4.12%) and E2 (4.21%). Although this 
difference is noticeably higher, but not 
statistically assured. 

 
 

Figure 1. Chemical composition of milk collected 
in the morning 

The results of analysed milk samples 
collected at evening milking, had the highest 
level of CP, and was determined in samples 
of group E2 (3.07%) compared to C group 
(3.05%). For milk fat, the E2 group 
registered the highest concentration (4.32%) 
compared to E1 (4.13%) and respectively 
(4.22%) in C group. These significant 
differences are not statistically assured, but 
many studies [9,10,11] had reported that the 
DM and CP are related with the milk yield. 
 

 
 

Figure 2. Chemical composition of milk collected 
in the evening 

 
The proportions of milk fatty acids from 

samples collected on the 1st day of 
experiment, for morning and evening milks 
were similar as fatty acids composition. 
There were no differences between groups.  

Feeding flax meal had an effect on milk 
fatty acids content (Table 3), in both 
experimental groups for both milking 
(morning and evening). The n-3 
polyunsaturated fatty acids, were 
significantly higher (P≤0.05) in E1 (0.53% of 
total FAMEs) and 0,49% of total FAMEs in 
E2 compared with C group (0.24% of total 
FAMEs) for the first milk. In the second milk 
the E2 group was slightly higher (0.54% of 
total FAMEs) compared with E1 group 
(0.53% of total FAMEs) but both 
significantly higher than C group (0.23% of 
total FAMEs). The palmitic saturated fatty 
acid (C16:0), considered by the World Health 
Organization in the same group with the trans 
acids responsible for the higher risk of 
cardiovascular diseases [12], decreased in the 
milk fat of cows fed FM diet in both milks 
compared to FM+BR and C diet. Similar 
results were reported by [13]. According to 
[13], the fatty acids stored as triglycerides in 
ruminant adipose tissue are mainly C16:0, 
C18:0 and cis9 C18:1, and are dependent on 
nutritional history of the cow [14]. This can 
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be explained that the fatty acids determined 
in milk on last day of experiment came not 
only from dietary source but also from fat 
storages filled in previous lactation. This 
might be the explanation for lower PUFA 
and C 18:3n3 response in FM supplemented 
groups compared to the research of [15]. 
Also, for C20:3n6 and C20:3n3, respectively, 

significant differences (P≤0.05) were 
recorded between FM group and FM+BR 
respectively C group. Also, some authors 
compared milk composition after replacing 
saturated fats in feed with FM [16,17], and 
they also observed significant difference in n-
3 PUFA from milk. 

 
Table 3. Milk fat fatty acids composition (% of total FAMEs) 
 

Fatty acids C E1 E2 C E1 E2 
Morning samples Evening samples 

SF
A 

C 14:0 12.81±1.4 13.47±0.5 13.87±0.9 13.35±1.23 14.13±0.7 14.01±0.9 
C 15:0 0.53±0.10 0.57±0.04 0.58±0.13 0.52±0.09 0.59±0.05 0.58±0.13 
C 16:0 36.07±2.8 33.94±3.8 36.46±3.2 36.50±2.9 34.53±4.1 36.56±3.3 
C17:0 0.45±0.07 0.48±0.04 0.47±0.12 0.48±0.05 0.46±0.03 0.51±0.10 
C 18:0 9.19±1.94 8.25±1.01 8.00±1.15 8.71±1.70 8.21±1.14 7.42±1.34 

M
U

FA
 C 14:1 1.34±0.32 1.46±0.16 1.49±0.26 1.40±0.22 1.53±0.22 1.51±0.32 

C 15:1 1.26±0.24 1.39±0.11 1.46±0.29 1.30±0.27 1.42±0.13 1.46±0.36 
C 16:1 2.47±0.43 2.53±0.30 2.16±0.25 2.38±0.44 2.26±0.18 2.33±0.21 
C 17:1 0.58±0.11 0.62±0.04 0.58±0.08 0.56±0.08 0.67±0.10 0.60±0.10 

C18:1n9c 20.10±3.2 20.80±2.2 18.57±1.7 19.24±2.1 19.55±1.9 17.74±1.5 

n6
-P

U
FA

 C 18:3n6 0.07±0.04 0.08±0.03c 0.03±0.02b 0.06±0.03c 0.09±0.01 0.10±0.01a 
C20(2n6) 0.10±0.02 0.08±0.01 0.09±0.02 0.09±0.02 0.07±0.01 0.08±0.02 
C20(3n6) 0.09±0.04 0.12±0.02c 0.07±0.01b 0.06±0.02 0.10±0.03 0.09±0.03 
C20(4n6) 0.14±0.04 0.13±0.02 0.10±0.02 0.14±0.04 0.13±0.02 0.12±0.02 

n3
-

PU
FA

 C 18:3n3 0.24±0.09bc 0.53±0.07a 0.49±0.14a 0.23±0.09bc 0.53±0.05a 0.54±0.09a 

C20(3n3) 0.08±0.02 0.10±0.00 0.08±0.02 0.08±0.02 0.08±0.02 0.09±0.02 

∑SFA 69.34±4.18 68.14±2.8 71.20±2.6 70.21±3.85 69.62±2.4 71.34±2.3 
∑UFA 29.47±4.02 30.85±2.7 27.80±2.6 28.63±3.7 29.32±2.3 27.62±2.2 

∑MUFA 25.77±3.38 26.80±2.5 24.27±2.04 24.88±3.10 25.42±2.06 23.64±1.89 
∑PUFA 3.70±0.88 4.05±0.30 3.53±0.61 3.76±0.90 3.90±0.29 3.98±0.37 

Ω3 0.32±0.09bc 0.62±0.07a 0.57±0.16a 0.31±0.11bc 0.60±0.06a 0.65±0.08a 
Ω6 3.05±0.78 3.11±0.25 2.69±0.42 3.14±0.78 2.97±0.24 3.01±0.31 

Ω6/Ω3 9.77±0.60bc 5.02±0.42a 4.87±0.63a 10.26±1.02bc 4.95±0.35a 4.63±0.22a 
Where: a,b,c significant differences (P≤0.05) compared to C, E1, E2. C - control group, E1 - 
experimental group with FM, E2 - experimental group with FM+BR; SFA - Saturated fatty acids, UFA- 
unsaturated fatty acids, MUFA - Monounsaturated fatty acids, PUFA - Polyunsaturated fatty acids. 
 

It is well known, that diets containing 
relatively high proportions of 
polyunsaturated fatty acids, promote shifts in 
biohydrogenation pathways [18] and produce 
unique fatty acids intermediates which are 
potent inhibitors of milk fat synthesis [18].  

The results in this study regarding the milk 
fatty acid composition of flax meal fed cows 
agree with the results of other authors [18]. 
The increase of PUFA and MUFA are similar 
with the results of other authors who fed dairy 
cows with flax meal [19].  In the present study 
the increase of PUFA ratio in milk was not as 
consistent as some other authors reported by 
using extruded flax meal [14] or micronized 
flax meal [20]. Also, some authors studied the 
milk composition after replacing saturated fats 

in feed with flax meal [15,12]. In this study we 
have determined an increase (P<0.05) of α-
linolenic acid in milk of both groups compared 
to the C group. Also, the essential fatty acids 
for human health, were higher in experimental 
groups, compared with C group. 

Blood plasma parameters had almost the 
same value. The differences between means 
of blood plasma parameters, were not 
significant as presented in Table 4. The 
biochemical parameters determined in the 
serum (Table 4) revealed several benefits of 
feeding the flax meal to dairy cows. The 
glycaemia parameter of the energy plasma 
profile was significantly (P≤0.05) lower in 
experimental groups compared with C group. 
The cholesterol and triglycerides were higher 
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in experimental groups feed FM and FM+RB 
compared to group C, but we cannot explain 
what was the reason. We can assume that the 
diets rich in fatty acids, has some influences 
on blood plasma. Some studies [21] also 
show no significant differences in cows 

blood samples. The same trend was noticed 
in the mineral and enzymatic profile. The 
values determined for the haematological 
parameters, which show the health state of 
the cows (Table 4) ranged within the normal 
values reported in the literature [22, 21]. 

 
Table 4. Biochemical and haematological parameters (average values/group) 
 

Specification  C E1 E2 
Serum biochemical parameters*
Energy plasma profile
Glycaemia, (mg/dl) 45.01±4.6 34.00±4.92 25.57±2.90 
Cholesterol, (mg/dl) 127.57±24.234 140.00±21.01 142.76±23.32 
Triglycerides, (mg/dl) 2.93±2.7 2.44±2.87 3.28±3.52 
Protein profile 
Albumin, (mg/dl) 2.6±0.548 2.6±0.548 2.6±0.54 
Total bilirubin, (mg/dl) 0.1±0.02 0.07±0.01 0.08±0.01 
Total protein, (g/dl) 7.70±1.23 5.90±0.33 5.83±0.74 
Creatinine, (mg/dl) 0.85±0.11 0.89±0.13 0.94±0.07 
Urea, (mg/dl) 15.29±6.80 11.90±2.68 16.32±2.42 
Mineral profile 
Calcium, (mg/dl) 8.06±0.95 7.25±0.71 7.23±1.08 
Phosphorus, (mg/dl)) 4.84±1.02 4.47±0.40 5.77±0.79 
Magnesium, (mg/dl 2.13±0.41 1.84±0.21 1.83±0.15 
Iron, (ug/dl) 128.15±31.70 114.64±21.13 102.18±23.49 
Enzyme profile 
Alt (TGP), U/L  28.76±9.14 27.93±4.51 27.96±4.49 
Ast (TGO), U/L 84.40±25.95 63.08±5.91 86.45±23.26 
Alkaline phosphatase, U/L 40.41±20.39 35.03±7.99 35.69±7.81 
Gama GT,  28.68±5.29 19.59±1.85 29.58±3.64 
Haematological parameters **
Leucocyte m/mm 16.54±14.23 9.14±2.70 8.11±1.63 
Lymphocyte, % 45.62±25.90 39.7±13.30 38.36±4.86 
Monocyte, % 5.12±2.52 5.96±1.07 6.6±1.11 
Neutrophil, % 24.52±11.32 30.22±7.64 33.44±4.03 
Eosinophil, % 24.22±13.17 23.62±5.72 21.3±5.01 
Basophile, % 0.52±0.32 0.5±0.2 0.3±0.15 
Erythrocyte, m/mm 5.41±0.67 5.41±0.45 5.52±0.34 
VEM, fl 44.12±1.68 46.04±2.49 44.06±1.00 
Hct, % 23.88±3.11 24.88±2.56 24.34±1.92 
Hem, pg 16.30±0.26 16.22±0.59 16.18±0.30 
Chem, g/dl 37.06±1.35 35.44±1.27 36.78±0.98 
IDE 11.66±0.84 12.06±0.99 11.44±0.56 
RRg 2.68±2.02 5.87±3.65 5.97±4.62 
Hb, g/dl 8.86±1.19 8.82±0.86 8.96±0.68 
PLT, m/mm 191.4±44.69 172.4±19.69 189.4±81.81 
VPM, fl 10.60±0.45 10.60±0.55 10.70±0.50 
Pct, % 0.20±0,05 0.18±0.03 0.20±0.09 
IDP 7.40±1,40 7.84±0.54 7.85±0.62 
PLCR, % 8.50±3.70 5.40±2.70 6.40±4.39 

Where a,b,c, = significant differences (P≤0.05) compared to C, E1, E2. *(Merk, 2014) **reference 
values according to: Weiss D.J., Wardrop K.J. - Schalm's Veterinary Hematology, 6th Ed., 2010, Ed. 
Blackwell, pp. 965 and Jain, 1993. 
 
CONCLUSIONS  

Despite the limited available published 
data, some rigorous researches are needed on 
the influence of flax meal on blood parameters 
and fatty acids composition of milk. Feeding 

dairy cows with flax meal acted positively on 
milk fatty acid composition by increasing the 
ratio of n-3 fatty acids and the omega3. When 
supplementing flax meal in a practical range 
of feeding fat to dairy cows, the milk fatty acid 
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profile was improved with increased 
potentially human health-beneficial fatty acids. 
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