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ABSTRACT

The aim of this study to evaluate the effect of flaxseed oil supplementation into Friesian cows on
their productive, blood parameters, fatty acids composition of milk, and physic-chemical properties of
yoghurt. Twenty-four Friesian cows averaged 607+22.5 kg live body weight were randomly assigned into
two groups (12 cows in each group). Cows in group 1st (T1) was served as the control, while those in (T2)
2nd were treated with 2% of DM intake flaxseed oil from until 120 days post-partum. An average daily dry
matter intake DM and TDN increased significantly (P<0.05) with flaxseed oil, compared to the control.
The intake DCP, protein, and solids-not-fat contents were nearly similar in both treatments. Concentrations
of high-density lipoprotein, triglyceride, contents of fat, lactose and total solids were higher significantly
(P<0.05) in T2 than the (T1). Daily milk yield and 4% fat corrected milk were higher significantly by 18.08
in T2 and 13.91% in T1, respectively. Treatment (T2) was slightly lower amounts of small-chain and
medium-chain fatty acids (C4- C10), whereas (C12-C16) were slightly higher in control. DM, fat, ash and
titratable acidity of yoghurt were significantly higher (P<0.05) in treatment T2, whereas pH was similar in
both treatments. Treatment (T1) was contained a fewer total bacterial count than the treatment (T2). Yeasts
and Coliforms were not discovered in all treatments. The treatment (T2) contained the decreased value of
the omega-6/omega-3 ratio. It could be concluded that flaxseed oil improved digestibility, increased the
concentrations of polyunsaturated fatty acid, reduced the concentrations of saturated fatty acids, increased

the (omega 3) in milk and yoghurt.
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INTRODUCTION

Flaxseed is one of the most important food sources of
a-linolenic acid, which institutes 180 g/kg of the fatty acids
and feeding oilseeds and vegetable oils is an effective method
to manipulate fatty acid composition of cow's. The effects of
lactic acid bacteria in yoghurt contain protection against
gastrointestinal upsets, enhanced digestion of lactose and help
the body adjust protein, iron and calcium (Mustafa, et al.
2003).

Making yoghurt with omega-3 fatty acids may be
provide to an increase in omega-3 consumed among.
Flaxseed is very healthy (Larsson et al., 2004, (Marona and
Pedrigon, 2004, DeClercq, 2006, Breslow, 2006, Gebaueret
al., 2006, and Ambrose et al., 2006).

(Oba et al. 2009 and Mervat, et al.,2012) used
flaxseed which contains the high level of (omega- 3 fatty
acid) being essential for humans and necessary to add to milk
products to increase their health effects.

Yoghurt made from cow milk obtained from cows
fed with WLO and inculcated with Bifidobacterium
aldolescentis ATCC 15704 was (20.0), followed by T9
treatment ( yoghurt made from cow milk obtained from cows
fed with WLS and inculcated with Bifidobacterium
aldolescentis ATCC 15704,) was (20.08),followed by T2
treatment (yoghurt made from cow milk obtained from cows
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fed with WLM and inculcated with B. lactisBb.12) (20.99).
The highest content of the (n-6/n-3 ratio) was 45.83, found in
the control yoghurt. Feeding cows with whole linseed, linseed
oil or linseed meal was considered successful strategy for
improving the fatty acids profile of functional yoghurt as dairy
products(Bibianaet al., 2014a, Kholif et al., 2016, and Abeer,
etal. 2018)

The objectives of this work were to use of linseed oil
as a source of energy and study its effect the chemical
composition of milk and profile of fatty acid, feed intake,
blood parameters and manufacture of yoghurt for their milk.

MATERIALS AND METHODS

Twenty four healthy Friesian cows with an average of
607+22.5 kg body weight (BW) and 23 parities were chosen
at late pre-partum period (45 days pre-partum) to study the
effect off supplementation flaxseed oil cows were divided
into two similar groups, 12 animal in each. Cows were
divided according to their BW, of previous season. Consisted
of 35% concentrate feed mixture (CFM), 25% corn silage
(CS) and 40% rice straw (RS) pre-partum and 55% CFM,
30% CS and 15% RS post-partum without oil supplement in
group (T1) and served as the control, and supplemented with
flaxseed oil at level of 2% of DM intake in group (T) from 45
days pre-partum until 120 days post-partum during the
summer season.
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Fresh cow milk was obtained from the herd supply of
the Sakha station, Animal Production Research Institute,
Agriculture Research Center, Giza, Egypt. This experiment
was carried out at Sakha the Experimental Station of Animal
Production Research Institute belonging to Agriculture
Research Center during summer season 2014-2015. Milk
samples, control (T1) and (T2) donated from animals fed
control diet or linseed oil respectively.

Yoghurt starters were obtained from Chr. Hansen's
laboratory, (Copenhagen, Denmark), Linseed oil was
obtained from Eldemerdash factory for the extraction of
vegetable oils, (Al Mahalla al-Kubra, Gharbia Governorate,
Egyp?).

Blood samples were biweekly collected and separated
by centrifugation at 4000 rpm for 10 min. by the methods
used by Gornall et al., 1949 and Wichselarm, 1946).

Milk analysis using a milkoscan (130 series type
10900 FOSS electric— Denmark).

For making yoghurt, the portions; from cow milk
obtained from cows fed with control diet, which used as
control (T1). The second portion of milk obtained from cows
fed ration supplemented with 3% linseed oil (T2), heated
90°C/10 min and cooled to 42°C then inoculated with (3%)
of yogurt culture and inoculated samples were incubated at
42°C until coagulation, packed in plastic cups and analysis the
chemical, microbiological ,fatty acid and sensory evaluation
after 1, 7, and 14 days . Three replicates were carried out from
all treatments when fresh and after 7 and 14 days.

Yoghurt analyzed for titratable acidity, pH values,
total solids and fat contents. The pH value was measured by
using a laboratory microprocessor pH meter model. Hanna HI
852, Germany. Fat and omega 3 content of the cow milk
(obtained from cows fed with ration supplemented with
linseed oil were determined according to the AOAC (1998).

Total bacterial, coliforms, moulds & yeasts
determination were carried out according to the Zekai, (2003).
Organoleptic evaluation was carried by fifteen panelists from
the staff members of the Dairy Science Dept., Animal
Production Research Institute. yoghurt samples were sensory
evaluated fresh and during the cold storage period at 5°C,
according to the scheme described by Nelson and Trout
(1981).

Fatty acids of milk samples and functional yoghurt
samples were extracted and methylated according to method
996.06 of the AOAC (1998). Tritridecanoin (Sigma,
Oakville, ON, Canada) was used as the internal standard.
Individual FA was identified by comparison of gas
chromatography peaks with known standards (GLC-463; Nu-
Chek Prep Inc.). Fatty acid methyl esters were separated on
an Agilent 6890 GLC fitted with an Agilent autosampler
(model 7683, Agilentinjector, Agilent Ltd., Mississauga, ON,
Canada) and a flame ionization detector. Agilent Chemstation
Rev. B.01.03 (204) software was used for chromatogram
integration and analysis. Samples were introduced onto a
100m Supelco (Oakville, ON, Canada) SP- 2560 column
(part number 24056) via 1ul splitless injections. The
temperature program was: level one, 45°C held for 4min;
level two, 45-150 °C at 13.00/min increments, then held for
47 min; level three, 150-215°C at 4°C / min increments, then
held for 35 min. The injector temperature was set at 250 °C
and the detector was set at 260°C. Column head pressure was
set at 30 psi. A 4 mm i.d.splitless injection liner (Agilent Ltd.,

Mississauga, ON, Canada) was used for all injections. Gas
flow rates were: helium (carrier) 1.1 ml/min, helium
(makeup) 25 ml/min, compressed 350 ml/min and hydrogen
35 ml/min.

Data collected for lactation, digestibility trials and
milk and, functional yoghurt were subjected to statistical
analysis as one-way analysis of variance using SAS (1999),
according to the model. (Duncan, 1955) was used to separate
means when the dietary treatment effect was significant (P
<0.05).

RESULTS AND DISCUSSION

Average daily feed intake by Friesian cows the total
DM and TDN intake post-partum increased significantly
(P<0.05) with flaxseed oil supplementation, but DCP intake
was nearly similar for the two groups. Feed intake reflects the
variation in TDN and DCP. The observed Zachut etal (2011).
Milk yield was 6.4% higher in flaxseed than in control, and
fat content was 0.4 unit lower in flaxseed cows than in control.
Feeding flaxseed oil at 0, 5, 10 and 15 per cent of diet DM of
cattle and found that when fed at 5 per cent increased DM
intake. Higher alfalinolinc acid by 187% was detected in cows
fed flaxseed oil than cows fed sunflower oil 22%, however,
linoleic acid increase 122% in sunflowers than flaxseed oil
74%. Fed whole or processed (rolled or ground) flax, included
at 8 per cent of diet DM, and reported significant increases in
gain and gain efficiency (Drouillard et al.2002, Maddock et
al. 2004 and Ambrose et al., 2006)

Data in Table (1) showed that pH values were not
significantly affected by flaxseed oil supplementation. While,
TVFA concentration increased, but NH3-N concentration
decreased significantly (P<0.05) with flaxseed oil
supplementation. These results illustrated that flaxseed oil
supplementation  stimulates the growth of rumen
microorganisms utilizing ruminal NH3-N and fermented the
carbohydrates producing TVFA. These results confirmed
with increasing CF digestibility with linseed oil
supplementation (Table 1). The results agreement with, Chen
and Russell (1989) affirmed that the reduction of NH3-N
concentration may be related to the depression effect of
unsaturated lipids on the population of gram positive bacteria,
notably the amino acid-fermenting mandatory group, to
supply their energy and protein requirements.

Table 1. Average Daily Feed Intake (kg/head) and Rumen
Fermentation Activity as Affected by Flaxseed
Oil Supplementation, Throughout the First 120
Days of Lactation.

Item Treatments
Control Treatment

CFM (kg)1 10.43 10.73
Corn silage (kg)1 1454 14.96
Rice straw (kg)1 2.80 2.88
Oil (g) 00 350
Total DM (kg) 17.01+0.21b 17.85+0.21a
TDN (kg) 11.11+0.18b 12.45+0.18a
DCP (kg) 1.32+0.05a 1.39+ 0.05a
Some rumen fermentation act ivity (n=12)
PH value 6.31+0.02a 6.26x 0.02a
TVFA’s (meq/100ml) 9.48+0.41b 11.33+0.41a
NH3-N (mg/100ml) 18.45+ 0.52a 16.30+ 0.52b

Results Table (2) showed that the daily milk yield and
4% fat corrected milk yield were significantly higher (P<0.05)
with flaxseed oil the ration than those of the control group.
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Also, flaxseed oil during the first 120 days of lactation
improved fat and total solids percentages as compared to the
control, but protein, lactose and solids percentages not fat
were not significant. This may indicate that flaxseed oil
during the first 120 days of lactation has a positive reflection
on the yield of fat and protein (Table 2).0On the other hand,
flaxseed oil reduced (P<0.05) somatic cell count in milk of
treated group as compared to the control.

Table 2. Milk Yield, the Composition of Milk and Somatic
Cell Count as Affected by Flaxseed Oil
supplementation, Throughout the First 120 Days
of Lactation.

It Treatments
em Control (T1)  Treatment (T2)

Average daily mi Ik yield (kg/day):
Actual milk yield 15.38+0.8b 18.36+0.8a
4% fat corrected milk 13.91+0.7b 18.08+0.7a
Milk compositi on (%):
Total solids 10.45+0.65b 11.1340.65a
Fat 3.36+0.10b 3.90+0.10a
Protein 2.45+0.08a 2.49+0.08a
Lactose 4.04+0.09a 4.04+0.09a
Solids not fat 7.09+0.87a 7.23+0.87a
Somatic cell count (103/ml):  365.5+12.95a 254.6+12.95b

Cows treated with flaxseed oil diet improved (P<0.05)
daily milk production and 4% fat corrected milk of 19.37 and
29.99%, respectively, compared with control. The present
results come in line with the findings of the higher milk yields
being obtained by Petit et al., 2001; 2004 and Moallem
(2009). Zachut et al. (2011) found that milk yield was 6.4%
higher in flaxseed than in control and fat content was 0.4 unit
lower in flaxseed cows than in control.

limmune response detected in Table (3) shows that
flaxseed oil supplementation significantly (P<0.05) improved
the immune response of treated cows. Treated cows showed
significantly higher lymphocytes in control and significantly
(P<0.05) reduction of monocytes, as compared to the control.
Alfa-linolinc acid is an essential flaxseed oil which immune
response animal. Supply of flaxseed oil improves
performance, health, and immune function. These results
might optimize resistance to diseases by enhancing the
lymphocytes population These changes in deferential
leucocytes count may refer to improve the immune response
in the body (Ndiweni and Finch,1995, and Abu El-Hamd et
al., 2015).

Table 3. Immune Response and Concentration of
Biochemical Parameters in Serum as Affected
by Flaxseed Oil Supplementation, Throughout
the First 120 Days of Lactation.

Itemn Treatments
Control (T1) Treatment (T2)

Lymphocytes (%) 63.56th 69.62+1.95a
Monocytes (%) 13.68+a 10.46+1.05b
Granulocytes (%) 22.31+a 19.60+1.24a
Globulin (g/100 ml) 3.25+0.01b  3.67+0.0la

Total cholesterol (TCH, mg/dL) 170.4+3.12a 161.2+3.12b
High density lipoprotein (HDL,mg/dL)  67.19+3.80b  90.15+3.80a
Triglyceride (mg/dL) 27.35+0.85h  40.00+0.85a
Low density lipoprotein (LDL, mg/dL) 97.18+4.62a  63.05+4.62b

Data concerning the biochemical parameters in blood
in Table (3) show that the concentrations of globulin of cows
blood serum was significantly (P<0.05) higher with adding

flaxseed oil the ration, as compared to the control during the
first 120 days of lactation. Flaxseed oil is essential
polyunsaturated fatty acids deficiency. The data revealed that
the concentration of TCH and LDL were significantly
declined with flaxseed oil ration compared with these of
control ration. Inversely trend between treatments was
occurred in respect of HDL and triglyceride items these
results came Ndiweni and Finch,1995, Mustafa et al., 2002;
Petit, 2003 and Bianchi et al. 2014) .

Results in show cow oil (T2) medium (C4- C12) were
in stated compared. Feeding flaxseed supplementation
properties. It could be found that higher alfalinolinc acid by
187% in cows fed flaxseed oil than cows fed control, and that
milk yields of dairy cows supplemented with linseed oil
decreased while there was no negative effect on dairy cows
supplemented with crude linseed or extruded linseed oil. The
produced cows fed rations supplemented with linseed oil
treatment (T2) contained higher DM, fat and Ash contents
compared with the control while, protein and pH were
coincidence Ambrose et al.2006, Martin et al. (2008),
however Zhang et al. 2006 and Dhiman et al. (1999).

Table 4. Fatty Acids Composition of Milk Supplemented
with Flaxseed Oil Throughout the First 120 Days
of Lactation.

. Treatments
Fatty acids (¢/100g F A) Control Treatment
Butricacid (C4:0) 167 121
Caporic acid (C6:0) 119 1.09
Coprirlic acid (C8:0) 0.67 0.52
Capric acid (C10:0) 151 125
Luric acid (C12:0) 181 1.56
Muyrsatic acid (c14:0) 7.98 6.84
Palmitic acid (C16:0) 28.55 231
Margaric acid (C17:0) 0.92 0.81
Stearic acid (C18:0) 8.12 10.2
Elaidic acid C18:1 (trans -9) 3.88 1.39
Oleic acid C18:1n-9 2.98 1.08
Linoelaidic C18:2 (trans 9-12)* 0.25 0.55
Linoleic C18:2( cis 9-12)* 2.04 197
a- Linolenic acid C18:3n3 (cis 6-9-12)** 0.26 1.22
y- Linolenic acid C18:3 n6 (cis 9-12-15)* 0.59 6.46
CLA cis9,trans11 1.55 2345
CLA trans 9-11 0.12 0.32
Total CLA 167 23.77
C20:5n-3 EPA** 0.01 0.06
C22:4n-6* 0.02 0.04
Arachidonic C22:5n3** 0.03 0.06
C22:6n3 DHA** 0.01 0.07
*n6/n3** 7.83 0.37

Data present in Table (5) show that there is a slightly
different in chemical composition of functional yoghurt
between all treatments. Table (5) also show that Titratable
acidity and pH value of functional yoghurt samples when
fresh and during the storage period at 4°C +2 for 21 days. The
data indicated that acidity increased and pH values decreased
with increasing storage period in both treatments. The
findings Mehanna and Gonc 1988) and (EI-Shibiny et al.
2005). Also, the data showed that the pH value was decreased
the two of linseed ail.

As with total bacterial count in Table (6), which lesser
the treatment linseed (Kankaanpaa et al. 2001). Moulds,
Yeasts and Coliforms were not detected in both treatments

295



Elgaml, N. B. etal.

(Xu et al. 2008) Complete inhibition of F.
gramineous by different concentrations of flaxseed flour.
Moulds and yeasts have appeared after 14 days in the control
and treatment.The presence of proteolysis bacteria in
yoghurt could be due to the presence of starter culture of
Streptococcus thermophilus and L. casei.S thermophilus
contains two unique peptidases, oligopeptidase and amino
peptidase, which have multiple functions in bacterial growth
The dietary lipid influences the gastrointestinal
microbiology and especially the population level of lactic
acid bacteria. Higher concentrations of PUFA inhibited the
growth and mucus adhesion of selected lactobacilli. Free
PUFA in the growth medium induces changes in bacterial
fatty acids in relation to the regulation of the degree of fatty
acid unsaturation, cyclization, and proportions of CLA and
PUFA containing 20 to 22 carbons. (Ringo et al. 1998,
Fernandez et al. 1999, Kankaanpaa et al. (2001) and
Kankaanpaa et al. (2004)

Table 5. Physic-Chemical Properties of Yoghurt made
from Cows Milk Supplemented with Flaxseed
Oil during Storage Period at 5°C for 14 Days.

. Storage Treatments
Properties (days) Control Treatment Mean
1 12.88+0.14 13.96+0.14 13.42B
DM 7 1331+0.14 1388+0.14 13.59A
14 1301+0.14 1341+0.14 1321C
Mean 13.07b 13.75a
1 3.14740.01 3.124+0.01 3.20AB
Fat 7 3.193+0.01 3.170+0.01 3.22A
14 3.163+0.01 3.140+0.01 3.19B
Mean 3.17b 3.24a
1 344+0.011 3.42+0.011 3.43B
Protein 7 348+0.011 3.46+0.011 347A
14 346+0.011 348+0.011 347A
Mean 3.46a 3.45a
1 0.86+0.012 0.94+0.012  0.90B
Ash 7 0.88+0.012 0.97+0.012 0.92B
14 0.9240.012 1.03+0.012 0.98A
Mean 0.89b 098a
1 4.64+0.011 4.61+0.011 4.63
PH 7 45440.011 4.6740.011 450
14 4.43+0.011 4.41+0.011 442
Mean 4.54a 4.49

Table 6. Microbial Analysis of Yoghurt made from Cows
Milk supplemented with Flaxseed Oil during
Storage Period at 5°C for 14 Days.

Storage  Treatments
Components (days) Control Treatment
total bacterial counts 1 7:310.15 8810.15
(log cfulg) ' 7 7.8+0.15 7.7+0.15
14 7.340.15 7.340.15
- 1 7.340.15 7.3+0.15
g@'?_tz(':'ttgbacmi 7 62674015  6.2670.15
14 6.400+0.15 6.400+0.15
1 ND* ND
. 7 ND ND
Coliform 14 ND ND
1 ND ND
Yeasts and moulds 7 ND ND
14 1 1

* ND: Not detected

Table (7) shows that yoghurt made from milk
obtained from cows fed control diet and yoghurt made from
milk obtained from lactating cows fed linseed oil contained
slightly higher amounts of C18:1 trans-9 in control than

treatment. It could also, be seen from table 4 that all treatments
of functional yoghurt made from milk obtained from cows fed
of linseed oil significantly increased the total concentrations
of CLA and omega-3 fatty acids than the milk obtained from
cows fed a control diet . These results could be due to the high
amount of o - linolenic acid (50.51%) and omega-3 fatty acids
(46.51%) in the linseed oil. These results agree with those of
Kholif etal., (2016) who found that increasing of the past few
years, and among all oilseeds, flaxseed is preferred as it has
the highest proportion of n-3 a-linolenic acid constituting 54.4
+4.7 g/100 g of total fatty acids.

Table 7. Fatty Acid of Yoghurt (g/100g FA) Made from
Cows Milk Supplemented with Flaxseed Oil
during Storage at 5°C After one Day

Fatty acids Treatments

(9/100g F A) Control  Treatment
C18:1 (trans -9) Elidonic acid 3.18 1.26
C18:1(cis-9) Oleic acid 291 118
C18:2(trans 9-12) 0.35 2.38
C18:2(cis 9-12) 214 1.86
C18:3(cis6-9-12) Linoleic acid (n6) 0.34 1.48
C18:3 (cis 9-12-15) a- Linoleic acid (N3)  0.65 6.89
CLA cis9,trans11 0.84 24.99
CLA trans9-11 0.33 0.29
Total CLA 117 25.18
n6/n3 0.52 0.21

Yoghurt made from milk obtained cows fed linseed
decrease value of omega-6/omega-3 ratio was 0.21g /100g
FA while, highest n-6/n-3 ratio found in the control yoghurt
(0.52), this could be due to the low ratio of n-6/n-3 in linseed
(0.321:1). Abeer , et al. (2018 ) feeding cows with whole
linseed, linseed oil or linseed meal represents a successful
strategy for improving the fatty acids profile of functional
yoghurt as dairy products, through an increase of omega 3
fatty acids and decreases the value of omega-6/omega-3 ratio
(n-6/n-3 ratio) in milk and both treatments.

Organoleptic properties of yoghurt samples are given
in Table (8). Shows the body and texture of control and
treatment were the highest when fresh, but body and texture
of all treatments decreased with increasing the storage period.
Highest appearance score recorded when fresh and during
storage period. Appearance tended to decrease with storage.
A total score of yoghurt of both treatments decreased with
increasing storage period.

Table 8. Organoleptic Properties of Yoghurt Made from
Milk Cows Flaxseed Oil Supplementation
during Storage at 5°C.

Properties
Treatments Storage Flavour Consistence Appearance Total
(days)  (50) (40) (10) (100)
1 43.67 28.00 6.67 78.33B
Control 7 46.00 31.00 700  84.00B
14 41.00 29.00 633  76.33B
Mean 4356 20.33 6.67 7956B
1 46.67 32.00 6.67  85.67A
Treatment 7 48.00 35.00 700 90.67A
14 4400 37.00 6.33 87.33
Mean  46.22 34.67 6.67  87.89A
CONCLUSION

Linseed oil which known to increase concentrations
of polyunsaturated fatty acid, this can be used as a nutritional
strategy to reduce concentrations of saturated fatty acids and
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Increase concentrations of (omega 3) fatty acids also
increase the acceptability of milk and yoghurt. Further studies
are required to improve the acceptability of dairy products
(feed linseed oil supplementation to cows).
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