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SUMMARY

experimental groups in a 4 x 4 Latin Square design experiment with repeated measures in time for

16 weeks (4 treatments and four experimental periods).Each group received one of the following
four dietary treatments:1- Control ration(fed a basal diet of berseem clover and concentrates (60:40 DM
basis), 2- flax group (fed the control diet +2% flaxseed oil), 3- soya group (fed the control diet +2% soybean
oil) and 4- flax & soya group (fed the control diet +2% soybean oil plus flaxseed oil (1:1 v/v)). The results
showed that the supplementation of buffaloes’ diets with soybean, flaxseed oils or mix-oils had no negative
effects on total dry matter intake. Concerning blood serum parameters, flax group had highest values of
serum TP, albumin, glucose, triglycerides, cholesterol (HDL, LDL), creatinine, and GOT, while soybean oil
treated group recorded the highest values of serum cholesterol, AG ratio, (GPT) and urea-N followed by flax
group then flax+soya group. The flax group recorded the highest values of daily milk yield (8.55 kg/h/d), F C
M yield (12.71 kg/h/d) and fat content (7.24%), while soya oil treatment recorded the highest values of total
solids (19.10%), solids not fat (12.04%), protein (4.91%), lactose (6.16%) and ash content (1%). Control
group revealed the lowest values of total solids (17.73%), fat content (6.64%), solids not fat (11.09%), lactose
(5.71%). Flaxseed group recorded the highest values of all milk constituents yield except total protein yield
followed by soya group, then flax + soya group, while control group recorded the lowest values. Fatty acids
in milk showed that Cis:0 was higher in control diet than treated diets. Stearic acid (Cis:0), C1s:4, C20:0 and
Czo:1 revealed higher values with treated diets than control. At the same time, treatment with soya or mixture
of soya and flax oil showed higher values for Cis:2 than control or flax treated animals. It could be concluded
that adding vegetable oils to buffaloes diet enhanced milk yield and fat content and Cis:0, C1s:4, C20:0 and
C20:1, however, treatment with soya or mixture of soya and flax oil showed higher values for Cis:2 than
control or flax treated animals.
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Four lactating buffalos with an average weight of 515 kg were randomly assigned to four

INTRODUCTION

Buffaloes’ milk considers nearly twice as rich in fat and about 30% higher in total solids than cow
milk. Recent research has shown that fatty acids (FAs) may modulate immune responses in several
species including cows. Addition of FAs to dairy cow diets has become common practice in an effort to
increase the energy density of the diet to prevent the state of negative energy balance (NEB) that usually
accompanies the transition period of these animals. Development of new feeding strategies in which
dietary fats influence the immune responses. So we can increase the amount of milk production and
enhance the reproductive performance by improving reproductive tract immunity and decreasing stress
and inflammatory media to postpartum especially during the summer season in Egypt which cause huge
losses.

Flaxseed oil and soybean oil are excellent sources of Cig3s, Cis2, 0Omega-3 FA and omega-6 FAs;
however, feeding high levels of plant oils can negatively affect ruminal fermentation (Onetti et al.,
2001). Dietary oil or oilseed supplementation increases the concentrations of trans fatty acids in milk
(Abo EI-Nor and Khattab, 2012; and Morsy et al., 2015), resulting in healthier milk for humans.
Inclusion of crushed flaxseed or flaxseed oil in the diet did not affect the DM intake or serum
concentrations of total protein, albumin, globulin, albumin/globulin ratio, urea-N, GPT, GOT and
creatinine. While increased milk production, total solids, solids not fat and lactose (Kholif et al. 2018).
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Supplementation of dairy cows (Benchaar et al. 2012) and goats’ diets (Kholif et al. 2016) with flaxseed
oil did not affect feed intake. The effects of level and type of fat supplements on feed intake are
negligible when total fat concentration is below 6% of the DM (Dhiman et al. 2000 and Petit 2002). The
effect of oil sources differing in linoleic or linolenic acid concentrations on feed utilization, milk yield
and composition. Therefore, the current study was conducted to assess the effect of feeding soybean (rich
in linoleic acid) and/or flaxseed (rich in linolenic acid) oils at 2% of daily feed intake soybean oil plus
flaxseed oil (1:1 v/v) for 16 weeks on feed utilization, blood chemistry, milk yield and composition.

MATERIALS AND METHODS

Animals were cared and handled at private farm in Embaba, Giza Governorate and the laboratories of
Dairy Animal Production and Dairy Chemistry, National Research Centre (Egypt) during winter of 2018.

Animals, feeding and experimental design:

Four lactating buffalos of about 515 kg of body weight were randomly assigned to four experimental
groups in a 4 x 4 Latin Square Design experiment with repeated measures in time for 16 weeks (4
treatments and four experimental periods). The buffalos were housed individually in soil-surfaced tie
stalls (4.0 m?/animal), under shade, without any bedding and with free access to water and diets. The
experimental diets were formulated to meet their nutrient requirements according to NRC (2000)
recommendations. The basal diet was fed to the animals which contained per kg (as dry matter basis):
600 g of Egyptian berseem clover (Trifolium alexandrinum) and 400 g of concentrates feed mixture.

As recommended by the results of previous research (Ye et al., 2009; and Morsy et al., 2015) and to
prevent negative effect of feeding high levels of plant oil (e.g., decreased feed intake and fiber digestion),
animals were fed the basal diet (control) or the basal diet supplemented at 2% of daily feed intake with
soybean oil, flaxseed oil, or soybean oil plus flaxseed oil at 1:1 v/v for 16 weeks. The oils were store at
room temperature and mixed with the concentrate portion of diets once daily and fed individually two
times a day at 08:00 and 16:00 h in two equal portions. Feed samples of berseem clover and concentrate
feed mixture were took daily, composite weekly and were dried at 60 °C in a forced-air oven for 48 h.
and were ground to pass a 1-mm screen using a Wiley mill, after which the ground samples were store
for chemical analyses. Ingredient and chemical composition of total mixed ration of experimental
lactating buffaloes (DM basis) are listed in (Table 1).

Table (1): Ingredient and chemical composition of total mixed ration of experimental lactating
buffaloes (DM basis).

Item Berseem CFM* TMR**
Roughage : Concentrate ratio 0.6 0.4 1.0
Chemical composition (g/100 g DM)

Dry matter 91.18 91.41 91.27
Ash 11.61 14.85 12.90
Organic matter 88.39 85.15 87.10
Crude protein 12.25 15.89 13.71
Ether extract 2.89 5.04 3.75
Crude fiber 23.22 15.12 19.98
NFE 50.03 49.10 49.66

*Concentrate feed mixture (CFM) consisted of crushedyellow corn, cotton seed meal,wheat bran,calcium
carbonate,minerals and vitaminsand common salt (50:25:20:2:2:1)

“TMR = Total Mixed Ration

Soybean oil, flak seed oil or mix of two oils (1:1) were added to ration as 2% of DM intake (about 300 g/d.).
Minerals and Vitamins: Contained 141 g/kg of Ca, 27 g/kg of P, 65 g/kg of Mg, 14 g/kg of S, 120 g/kg of Na, 6 g/kg
of K, 944 mg/kg of Fe, 1613 mg/kg of Zn, 484 mg/kg of Cu,1748mg of Mn, 58mg/kg of I, 51 mg/kg of Co, 13 mg/kg of
Se, 248,000 U/kg of vitamin A, 74,000 Ul/kg of vitamin D3 and 1656 1U/kg of vitamin E.

Chemical analysis:

Dried feed samples were ground to pass a 1-mm screen using a Wiley mill (Arthur H. Thomas,
Philadelphia, PA, USA), and analyzed for DM (method 930.15), ash (method 942.05), N (method
954.01) and ether extract according to AOAC (2010) official methods.
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Sampling and analysis of blood serum:

On the last day of each experimental period, 10-mL blood samples were taken 4 h after feeding from
the jugular vein of each animal into a clean dry tube, without anticoagulants. Blood samples were
centrifuged at 4,000 xg for 20 min. Serum was separated into 2-mL Eppendorf tubes and frozen at —20
°C until analysis. Blood serum samples analyzed for concentrations of total protein, albumin, urea-N,
glutamate-oxaloacetate transaminase (GOT), glutamate-pyruvate transaminase (GPT), glucose,
creatinine (Cr), cholesterol, triglycerides, low-density lipoprotein cholesterol (LDL) and high-density
lipoprotein cholesterol (HDL), using specific kits following manufacturer instructions. Globulin
concentration calculated by subtracting aloumin values from their corresponding total protein values.

Milk sampling and milk composition:

Milk production was determined at the last week of each experimental period (5 days as a collection
period). Animals were hand milked twice daily at 09:00 and 21:00 and samples (100 g/kg of recorded
milk yield) were collected at each milking. A mixed sample of milk (proportional to amounts produced
in the morning and evening) were take daily. Milk samples were analyzed for total solids, fat, protein,
and lactose using Milkotester (Bulgaria) (Model mastereco milk analyzer S/NO: 22646). The ash content
of milk was determining after heating a milk sample in a muffle furnace at 550 °C for 8 h. The fatty acid
methyl ester was prepared according to the method of AOAC (2005). Fatty acid methyl esters were
injected into HP 6890 series GC apparatus provided with a DB-23 column (60 m x 0.32 mm x 25 um).
Carrier gas was N2 with flow rate 2.2 mL/min, splitting ratio of 1:50. The injector temperature was 250
°C and that of Flame lonization Detector (FID) was 300 °C. The temperature setting was as follows: 150
°C to 210 °C min-1 and then held at 210 °C for 25 min. peaks were identified by comparing the retention
times obtained with standard methyl esters.

Statistical analyses:

Data were analyzed using the procedure of SAS (SAS, 2004). Duncan test was used to separate the
effect of means (Duncan, 1955).

RESULTS AND DISCUSSION

Feed intake:

The present results in Table (3) indicated that no differences were found among treated groups in dry
matter intake (kg/h/d) by using plant oils in the diet of lactating buffaloes, which indicates that the
palatability of the diets was not affected by the soybean oil, flaxseed oil or mix of both. Benchaar et al.
(2012) and Kholif et al. (2016) observed that supplementation of dairy cows and goats’ diets with
flaxseed oil, respectively, did not affect feed intake. Similarly, Morsy et al. (2015) found that feed intake
did not affected by feeding sunflower oil or whole seeds to lactating Damascus goats. In our study, the
oil supplementation was approximately 2% of the feed intake which is not high enough to depress the
intake because it is below the safe level for ruminal microflora activity (Morsy et al. 2015 and Kholif et
al. 2016). Dhiman et al. (2000) and Petit (2002) noted that the effects of level and type of fat
supplements on feed intake are negligible when total fat concentration is below 6% of the DM.

Blood serum:

Data of Table (2) showed that flaxseed oil treated group had highest values of serum TP, Albumin,
glucose, triglycerides, cholesterol (HDL and LDL), creatinine and GOT, while soybean oil treated group
recorded the highest values of serum cholesterol, AG ratio, (GPT)and urea-N followed by flaxseed group
then flax-soya treated group. However, control group revealed the highest value globulin and the lowest
values of serum albumin, AG ratio, cholesterol (HDL and LDL), GPT, GOT, creatinine and urea-N. A
significantly (P<0.05) higher values were detected for only the serum albumin, globulin, A/G ratio,
glucose, triglycerides, and urea-N. All measured blood metabolites were within the reference ranges
reported by Boyd (2011). Values of serum GPT, GOT and creatinine indicated that feeding plant oils
had no negative effect on liver function and kidney function , also, it had the lower contents of
triglycerides (except flaxseed oil) avoiding that hazards of heart disease. Data also showed that the
benefit effect of flaxseed oil to increase serum values of TP, albumin, glucose and HDL. These increases
might be due to the higher bypass protein supplied from linseed diet and lower stress due to the anti-
inflammatory effect of omega 3 in flaxseed oil treated animals (Amaral et al., 2008).
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Table (2): Effect of soybean and/or flaxseed oil on buffaloes’ blood serum parameters.

Item Control Flax Soya Flax-soya S.E.
GOT (Ufl) 37.63 42.60 39.88 41.93 0.97
GPT (U/l) 13.25 16.15 17.25 14.78 0.81
Glucose (mg/dl) 42.012 54.312 35.00° 43.12° 0.13
TriGlyc. (mg/dl) 35.932 40.37° 24.45P 23.52° 0.60
Chol (mg/dl) 117.67 151.08 159.05 143.97 2.06
HDL (mg/dl) 88.27 107.72 93.90 88.01 1.01
LDL (mg/l) 15.90 35.15 18.18 30.73 0.41
TP (mg/dl) 6.68 7.32 6.20 5.81 0.22
Alb. (mg/dl) 2.73° 3.582 3.14% 2.97%® 0.28
Glob. (mg/dl) 3.952 3.74% 3.06° 2.84° 0.22
AG ratio 0.88° 1.00% 1.04%® 1.052 0.15
Urea (mg/dl) 59.73¢ 81.51° 95.11° 75.61% 411
Cr (mg/) 1.18 1.42 1.33 1.21 0.12

S.E. = Standard error, GOT = Glutamic-oxaloacetic transaminases, GPT = Glutamic-pyruvic transaminases.
TriGlyc. = Triglycerides, Chol. = Cholesterol, HDL = High density lipoprotein, LDL = Low density lipoprotein, TP
= Total proteins, Alb. = Albumin, Glob. = Globulin, AG ratio = Albumin/ Globulin ratio, Cr = Creatinine.

Milk yield and composition:

Data of Table (3) indicated that animals received flaxseed oil recorded the highest values (P>0.05)
of milk yield (8.55 kg/h/d), FCM vyield ( 12.71 kg/h/d) and fat content (7.24%), while soya oil treatment
recorded the highest values of total solids (19.10%), solids not fat (12.04%), protein (4.91%), lactose
(6.16%) and ash content (0.97%), control group revealed the lowest values of total solids (17.73%), fat
content (6.64%), solids not fat (11.09%), lactose (5.71%) and ash content (0.96%). Also the ash content
and milk pH showed no differences (P>0.05) among all treated groups. Data indicated that flaxseed oil,
soy oil and flax-soya treated animals had higher FCM yield values (12.71, 11.92 and 11.63 kg /d., resp.)
than that of control animals (11.6 kg/d). Data also revealed that (flaxseed) group had higher fat-corrected
milk yield value by about 9.6 % than control group ,In general adding plant oils to the diets of lactating
buffaloes increasing milk constituents but flaxseed group only increased milk yield in this study.

The results of milk production in this study were in the line of Cortes et al. (2010) when used whole
flaxseed, or Caroprese et al. (2010) when used flaxseed oil. Similar results were also recently noted
by Neveu et al. (2014). These results are conflict with the findings of other studies, which found a
reduction in milk production (Petit et al., 2005) or higher milk production as a result of linseed oil or
crushed linseed (Kholif et al. 2015), and extruded linseed (Gomez-Cortes et al. 2009 and Kholif et al.
2011), flaxseed oil, soy oil or mix of both (Kholif et al. 2016) and linseed oil (Benchaar et al. 2012). An
increase in milk production may be due to higher bypass protein supplied from linseed diet and lower
stress due to the anti-inflammatory effect of omega3 in flaxseed oil treated animals (Amaral et al.,2008)
.Also,the relative improvement in milk production by feeding of linseed oil might be due to the higher
serum glucose values recoded by flaxseed oil treated animals (Table 2) .Milk produced from buffaloes
fed flaxseed contained higher fat contents compared to control sample. The same results were found by
Dhiman et al. (2000) who mentioned that feeding fat through seeds maintains or increases milk fat
content. These increases of milk fat content could be attributed to the higher serum triglycerides and
cholesterol values recoded by flaxseed oil treated animals (Table 2).

Total solids content in milk from buffaloes fed flaxseed was slightly increased compared to the
control sample which may be due to the higher fat and lactose contents.. However, the pH values did not
change in both milk samples (Foda et al. 2012). The positive effects of flaxseed oil supply on milk
protein content is a relevant result as this parameter not only affects milk price but also determines the
speed and quality of coagulation in cheese production (Antonacci et al. 2017). These increases might be
due to the higher serum total protein and Albumin values (Table 2). In confined production systems,
supplementation with unprotected lipids often decrease milk protein content (Morand-Fehr et al. 1986,
Gagliostro and Chilliard, 1992 and Palmquist et al., 1993). Other studies have reported that oils
supplementation did not affect either milk fat (Gonthier et al., 2005) or protein concentration (Petit et al.,
2004 and Martin et al., 2008).
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Table (3): Milk yield and composition (%) of lactating buffaloes fed a basal diet supplemented with
soybean and/or flaxseed oils.

Item Treatment® SEM
Control Flax Soya FlaxSoya

Dry matter intake (kg/h/d.) 12.92 12.91 12.90 12.88 0.88
Milk yield (kg/h/d) 8.31 8.55 8.17 8.25 0.21
F C M yield (kg/h/d) 11.6 12.71 11.92 11.63

Milk pH 6.69 6.69 6.78 6.75 0.02
Total solids 17.73 18.74 19.10 18.35 0.70
Solids not fat 11.09 11.50 12.04 11.62 0.19
Fat 6.64 7.24 7.06 6.73 0.71
Protein 4.42 4.38 491 4.49 0.07
Lactose 5.71 6.15 6.16 6.13 0.12
Ash 0.96 0.98 0.97 1.00 0.02

The basal diet based on 400 g of concentrates feed mixture/kg DM and 600 g berseem clover (Trifolium
alexandrinum)/kg DM without addition of oil (Control) or with addition of 300 ml of soybean oil (Soya), 300 ml of
flaxseed oil (Flax), or 300 ml of soybean + flaxseed oil (1:1 v/v)/goat/d (FlaxSoy).

SEM = Standard error mean, Flax = Flaxseed oil treatment, Soy = Soybean oil treatment, FlaxSoy = Flaxseed oil +
Soybean oil treatment . FCM = 0.4 (Milk Yield) + 15(Fat Yield)

All values are not significant at 5% level.

Fatty acids profile in milk:

Data in Table (4) shows the effect of soybean and/or flaxseed oil on buffaloes’ milk fatty acids
profile. It was remarked that were insignificants between treatments concerning all short-chain fatty
acids (C4:0-C12:0), while C16:0 as a medium-chain fatty acid was higher in control diet than treated
diets. Stearic acid (C18:0), C18:4, C20:0 and C20:1 revealed higher values with treated diets than

Table (4): Effect of soybean and/or flaxseed oil on buffaloes’ milk fatty acids.

Fatty acid (%) Treatment

Control Flax Soya Flax Soya S.E.

C4:0 3.79 3.54 2.26 2.85 1.40
C6:0 1.77 1.48 1.03 1.22 0.90
C8:0 0.76 0.58 0.44 0.48 0.09
C10:0 1.26 0.97 0.83 0.86 0.29
C12:0 1.80 1.46 1.33 1.39 0.13
C13:0 0.07 0.06 0.05 0.06 0.02
C14:0 7.78 7.11 7.14 7.13 0.31
Cl4:1 0.38 0.23 0.29 0.27 0.11
C15:0 1.16 1.05 1.10 1.08 0.05
C15:1 0.30 0.28 0.28 0.28 0.02
C16:0 27.86° 22.35° 21.85° 22.10° 0.15*
C16:1 1.26 0.93 0.92 0.92 0.05
C17:.0 0.82 0.75 0.77 0.77 0.08
Cl7:1 0.25 0.19 0.22 0.21 0.04
C18:0 15.41° 19.492 17.982 18.732 0.16"
C18:1 27.65 31.43 34.49 32.95 0.66
C18:2T 0.81 1.15 1.27 1.23 0.02
C18:2 1.91° 1.85° 2.17° 2.022 0.04"
C18:3 0.29° 0.53? 0.41° 0.442 0.02"
C18:4 0.99° 1.218 1.98° 1.628 0.02"
C20:0 0.32° 0.442 0.41° 0.43? 0.01"
C20:1 0.21° 0.272 0.28? 0.272 0.01"
C22:0 0.16 0.16 0.18 0.17 0.01
Total unknown 1.94 2.43 2.28 2.55 0.30

aandb gperscripts at the same row means significant at 5% level. * Means significant at 5% level.
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control. At the same time, treatment with soya or mixture of soya and flax oil showed higher values for
C18:2 than control or flax treated animals. The data of EI-Sherbiny et al. (2015) agreed with these
results. Also, AbuGazaleh and Holmes (2007) reported that the concentration of cis-9, trans-11CLA and
vaccenic acid in milk fat were higher for cows fed oil-supplemented diets over 8 weeks of oil
supplementation.

CONCLUSION

It could be concluded that adding vegetable oils to buffaloes diet enhanced milk yield and fat content
and C18:0, C18:4, C20:0 and C20:1, however, treatment with soya or mixture of soya and flax oil
showed higher values for C18:2 than control or flax treated animals. Additional studies, including in
vitro and in vivo experiments, are recommended to investigate the inclusion of flaxseed oil, soybean oil
or mix of both at varying concentrations on lactation performance.
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