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Abstract

Background and Objective: Functional foods became important, plus containing essential nutrients to achieves health benefits. So,
this study aimed to examine the effects of theinclusion of full-fat linseed and soy seed in an extruded form on the performance of dairy
Damascus goats. Materials and Methods: Sixty dairy goats divided into 4 groups (401 kg live weight, 2" and 3 lactation seasons) as
follow: (R,) control ration (CR) consisted of concentrate feed mixture (CFM) and corn silage, (R,) CR with extruded linseed (ELS) by 2.5%
and Extruded Soybean Seeds (ESS) by 2.5% in CFM, (R;) CR with ELS by 5% in CFM and (R,) CR with ESS by 5% in CFM. Milk yield recorded,
milk composition, fatty acids, digestibility and blood parameters determined. Results: Data of total digestible nutrients cleared that Ry
and R, were significant (77.14 and 77.15%, respectively). Milk yield recorded an increase with R, more than other rations by 23 and 26%
with R;, 18 and 16% with R, and 7 and 16% with R, as actual and corrected fat. Milk fat was significantly higher with R; (3.14%) compare
with other rations. Values of linolenic acid C18:3 was higher with R, (0.57%, linseed) by 119% compare with R, (soybean) followed by
R, (mix) by 90% then R, by 16%. Blood cholesterol was higher with R, (34 mg dL™") followed by R, (22 mg dL™"), R;(19.20 mg dL™") and
R; (9.6 mg dL™"). Conclusion: Summing up, the addition of oilseed especially linseed in the extruded form had a positive significant effect
on the performance of dairy goats.
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INTRODUCTION

Itis believed that producing healthier milk for consumers
back to a positive relationship among essential fatty acids
(FAs) composition in the milk and dietary source of fat
especially polyunsaturated fatty acids (PUFA) contents such as
conjugated linoleic acid (CLA) concentration', therefore, the
diet fat content as an energy source for dairy animals is the
main factor that influences milk fat and fatty acids
composition. So, types of fat sources used in dairy rations have
been reported when given differential forms such as
encapsulated oils?, calcium salts of palm oil FA3, whole
oilseeds’, crushed oilseeds* as well as oil after extract®,
Moreover, the response of supplementation with plant oils
and seeds such as soybean, sunflower, peanut (high linoleic
acid) and linseed (high linolenic acid) produced milk with
higher vaccenic acid (VA) and CLA contents have been
reporteds’. Besides, an increase of CLA and VA in milk fat was
also observed in experiments that used untraditional oils such
as olive oil” and canola oil®.

Linseed (Linum usitatissimum) and soy seed (Glycine max)
are considered common oilseeds in livestock feeds (ruminants,
poultry and fish) in different forms (oil or meals) because
attracted attention as a lipid supplement for dairy cattle due
to their high significant concentrations of alpha-linolenic acid
(ALA) (omega-3, C18:3 n-3) and linoleic acid (omega-6, C18:2
n-6), an essential fatty acid that is not synthesized by
mammals and resulting in healthier milk for the consumer.
Linseed contains about 40% oil (50-70% of a-linolenic acid
(w-3 fatty acids)), 20% protein and 30% neutral detergent
fiber™™, which makes it an interesting feed ingredient for
inclusion in lactating dairy cows’ rations as a source of both
energy and protein. On the other hand, full-fat soybean is
consisting of 17-20% oil and 36-44% protein on a dry matter
basis' and mainly used in animal diets as meal form because
are very palatable and are easily fed in different feeding
systems, such as top-dressed on silages, part of the total mixed
ration or in a grain mix'2,

Soya bean seeds and linseeds may be successfully fed to
dairy animals in raw form (as full-fat seeds), roasted, rolled,
crushed or ground. Grinding or rolling processing may
increase utilization, depending on the total ration and may
make handling easier, however, grinding or rolling may
increase the risk of rancidity for raw soybeans and linseeds.
The type of processing may affect oil release in the rumen and
influence utilization'®. The oil release in rumen could be a toxic
effect of polyunsaturated fatty acids (PUFA) on ruminal
microbial growth through bio-hydrogenation processes and
decreased the abundance of cellulolytic bacteria. Moreover,
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increasing inclusion of fats or oil levels in the diets of the ewes
and goats resulted in a linear increase of milk fat content
whereas, decreased milk protein in cows and ewes but
not in goats''®. Other reports by Chilliard et a/'” observed a
substantial increase in the VA and CLA content in the milk fat
of goats given dietary supplements of free oil from linseed or
sunflowers. The use of free oil higher than 2% of the diet is not
recommended, because it inhibits rumen microbial activity®.
The whole crude oilseeds were not as efficient as free linseed
or sunflower oils in increasing VA and CLA in goat milk fat'’.

Recently, the extrusion process has been used to increase
the ruminal availability of soy oil, in contrast, roasting may
slow the rate of release of soy oil into the rumen'. In cows, the
use of heat-treated oilseeds (e.g., extruded oilseeds) has
shown a positive influence on VA and CLA concentration in
milk fat compared with raw oilseed®°. Also, the proposed of
processing oilseeds with heat may have effects on ruminal
lipid digestion could be caused by a modification of the seed
coat protection, areduction of the amount of polyunsaturated
fatty acids subjected to bio-hydrogenation or the production
of oxidation products?'. Many investigations are examining
the effect of heat-treated soybeans on the performance of
dairy cows'20223 however, they were primarily designed to
examine the effect of the heating process on protein
degradability.

Therefore, this study aimed to investigate the effects of
extruded full-fat linseed and soybean seeds in the diets of
dairy Damascus goat's on milk yield, milk composition and
fatty acids profile of their milk, digestibility and blood
parameters.

MATERIAL AND METHODS

Study area: This study was carried out at Reda Mansour
Farm, in Elnobaria city, Alexandria, Egypt (June-July, 2018)
regarding field trial, analysis of feeds, faeces, blood and milk
take place in the Department of Animal Production, Faculty of
Agriculture, Cairo University, Giza and Department of Dairy
Sciences, National Research Centre, Giza, Egypt, through the
period from August, 2018-March, 2020.

Experimental oil seeds: Two oilseeds were used in extruded
forms (linseed and soybean seeds) in this study. They were
exposed to the extruding process for 90 sec at 150°C with
130 rpm speed by using the SX85-Il Twin-screw extruder from
Shandong LUERYA Machinery Manufacturing Co., Ltd.No. 114,
Dougou Industrial Park, Shizhong District, according to
Harper?. The chemical composition and fatty acids profile of
the experimental oilseeds according to Chouinard et a/*
showed in Table 1.
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Experimental animals: Sixty dairy Damascus goatsin average
live weight (40 kg £ 1 kg), lactation seasons 2" and 3 with
average daily milk yield 1300 g. Goats were divided into
4 groups each group contained 15 goats according to the
season of lactation and live body weight. The experiment took
place 60 days divided into the periods, 30 days preparation
period then samples collected two times each 15 days.
Samples were collected during 3 consecutive days in each
period.

Experimental rations: The experimental rations for the
experimental animal's groups were as follow: all of the
treatments fed corn silage plus concentrate feed mixture
(CFM), Roughage: Concentrate ratio was 50:50 in all groups
to cover the total requirements of energy and protein
needed for dairy goats’ maintenance and milk production
according to NRC?. Formulation of experimental concentrate
feed mixtures presented in Table 2. The chemical
composition of corn silage used in the feeding trial was as
follows 7.2% crude protein, 26.80% crude fibre, 2.30% ether
extract, 42.10% neutral detergent fibre and 25.60% acid
detergent fibre.

Feeding procedures: The concentrate feed mixtures were
offered to all animals after milking time (6 am and 4 pm).
Corn silage was offered ad libitum for all animals but the
quantities were recorded. Water was always available.

Milk recording and sampling: Goat's milk was obtained by

daily milk yield was individually recorded and corrected
to 4% FCM by the following formula according to
Gaines?:

FCM (%) = 0.4 * milk yield + 15 * fat yield

During the 3 days, collection period the milk samples
were individually collected from each and stored at (-18°C) for
further analysis.

Digestion trials: At the end of the experiment faeces samples
were withdrawn by the end of each experimental period at
6 am for three successive days from each animal from the
rectum, then dried at 70°C for 24 hrs. Dried faeces samples
were kept individually in polyethylene bags for chemical
analysis. Digestion coefficients were calculated for all animals
by the acid insoluble ash (AIA) method, using silica asan

Table 1: Chemical composition and fatty acids profile of extruded seeds

[tems Full fat linseed Full fat soy seed
Dry matter (%) 94.00 90.00
Crude protein (%) 22.80 41.70
Lipid (ether extract) (%) 35.00 18.80
Ash (%) 3.96 7.25
Crude fiber (%) 28.55 10.23
Fatty acids

Palmitic acid, C16:0 5.52 13.90
Stearic acid, C18:0 490 572
Oleic acid, C18:1n-9 19.40 23.60
Vaccenic acid, C18:1n-7 0.74 1.30
Linoleic acid, C18:2n- 6 14.73 50.36
Linolenic acid, C18:3n-3 534 453
Arachidic acid, C20:0 0.18 0.40
Gadoleic acid, C20:1n-9 0.13 ND
Behenic acid, C22:0 0.15 0.19

Non identified fatty acids 0.65% ND

hand milking system two times daily at 6amand 4 pm.The  *ND:Not detected

Table 2: Formulation of the experimental concentrate feed mixture (CFM) (gm /100 gm)

Experimental concentrate feed mixtures

Items CFM, CFM, CFM, CFM,
Yellow corn, 7.8 % CP 56.00 48.50 41.00 56.00
Wheat bran, 14% CP 25.00 32.50 40.00 25.00
Soybean meal 42% 14.50 9.50 9.50 9.50
Limestone 2.00 2.00 2.00 2.00
Salt 1.00 1.00 1.00 1.00
Sodium bi-Carbonate 1.00 1.00 1.00 1.00
*Premix 0.30 0.30 0.30 0.30
Toxin binder 0.10 0.10 0.10 0.10
Yeast, 45% CP 0.10 0.10 0.10 0.10
Extruded linseed, 22% CP 0.00 2.50 5.00 0.00
Extruded soybean, 41.7% CP 0.00 2.50 0.00 5.00
Total 100.00 100.00 100.00 100.00

*Each 3 kg contained vitamin A:7500000 IU, vitamin Ds: 2000000 IU, vitamin E: 25000 mg, Zinc: 40 g, Manganese: 40 g, Iron: 50 g, Copper: 15 g, lodine: 8 g,
Cobalt: 4 g, Selenium: 3 g and carrier CaCo3 up to 3 kg, CFM;: Control concentrate feed mixtures, CFM,: With extruded linseed and soy seeds, CFM;: With linseed and

CFM,: With extruded soybean seeds
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internal marker according to Van Keulen and Young?.
Nutrients digestibility were calculated according to the
following formula:

Indicator in the feed
Indicator in feces
Nutrient in feces
Nutrient inthe feed

100 x
Digestion coefficient = 100 -

(%)

Nutritive values as total digestible nutrients calculated
according to McDonald et a/? as follows:

TDN (%) = [% digestible CP + % digestible CF +
% digestible NFE + (% digestible EE *2.25)]

Blood sampling: On the final day of the sampling period,
blood samples were individually taken from the jugular vein
of individual animals. Blood samples were directly collected
into clean dried heparinized glass tubes and centrifuged at
4000 rpm for 20 min. Blood plasma was then transferred into
a clean dried glass vial then stored at -18°C until the chemical
analysis.

Milk analysis and fatty acids profile: Chemical analysis of
milk fat, protein, solids not fat, total solids and ash were
determined by using Master Classic Ultrasonic Milk Analyzer.
Milkotester Ltd. 49 Hristo Botev Str., 4470 Belovo, Bulgaria.One
gram from each milk sample to determine the fatty acids
profile was dissolved in 10 mL hexane and 1 mL of sodium
methoxide (5.4 M) in methanol solution. After strong vertexing
for 1 min, 1 mL of the clear hexane layer was extracted by
filtering through PTFE membrane, transferred into 2 mL GCMS
vial from which 2 pL was injected for GCMS analysis,
Instrument used: GC/MSD 5977A, Agilent, USA, Column used:
Agilent, DB225 60 m X 250:m X 0.25: m. Oven program: 40EC
for 1 min then 7.2 EC min—"to 195 EC, 2.3 EC min~" to 230 EC
for 15 min Inlet: Split mode, split ratio 25:1 Liner Agilent
5190-2294: 990: L Inlet Temperature: 250 EC. Auxiliary
temperature: 250 EC.

Feed and feces analysis: Samples of feeds, rations and faeces
were analyzed for DM (A.O.A.C*°, method 934.01), ash
(no. 942.05), crude protein (no. 968.06), crude fibre (A.O.A.C.
no. 942.05) and ether extract (no. 942.05) according to
A.0.A.C3\. The Organic Matter (OM) was calculated as the
difference between DM and ash contents. Also, nitrogen-free
extract calculated by difference according to the following Eq.:

NFE (%) = 100-(% secondary moisture + % ash + % CP + %EE + %CF)
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Neutral detergent fiber (NDF) and acid detergent fiber
(ADF) contents were analyzed sequentially (Van Soest et a/3?)
using the ANKOM200 (ANKOM Technology 2052 O'Neil Road,
Macedon NY 14502).

Blood plasma analysis: Blood plasma constituents were
determined using commercial kits. Total protein and
creatinine were determined as described by Tietz** and
Walker®*, albumin  was determined according to
Doumas et a/*, urea was determined according to Patton
and Grouch. Blood plasma triglycerides were determined
according to Lopes et a/* and Bucolo and david*® and plasma
cholesterol was measured according to Allain et a/*.

Statistical analysis: Data were analyzed using the general
linear model procedure of SAS*. One-way ANOVA procedure
used to analyze data following the next model:

Y, = p+Ry+E;

where, uis the overall mean of Yy, R; is the treatment effect, E;
is the experimental error. The differences among means were
separated according to Duncan’s New Multiple Range Test
(Duncan’s*").

RESULTS AND DISCUSSION

Chemical composition of the experimental rations: Chemical
composition and fibre fractions contents of the experimental
rations in the Table 3 cleared that rations were closest in all
values except ether extract (EE) content was higher in R,
(8.94%) followed by R, (7.22%) then R, (5.77%) compared with
control diet R, (4.27%). These variances reflected the addition
of Full-fat extruded oilseeds, where R; contained 5% full-fat
linseed with 35% fat mixture and R, contained 5% Full-fat soy
seeds with 18.8% fat. Ration two contained 2.5% of each type
of oilseeds.

Digestibility and nutritive values: Results of digestion
coefficients and nutritive values shown in Table 4 revealed
that no significant differences among all rations in DM
digestibility. however, R, (mix of linseed and soy seed)
recorded lower significant values in OM, CP, CF, NFE and
NDF digestibility comparing with control and other
experimental rations. The ratio in R; linseed recorded the
highest values of fat digestibility (90.71%) compared to the
rations. On the other hand, non-significant differences
were observed among all ration treatments of ADF
digestibility.
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Table 3: Chemical composition of the experimental rations

Experimental rations

Items R, R, Rs R4
DM 89.10 89.10 88.97 89.77
oM 93.00 92.10 92.84 90.96
Ash 7.00 7.90 7.16 9.04
CcP 14.16 14.16 14.19 14.11
EE 427 577 8.94 7.22
CF 14.59 14.82 15.13 1537
NFE 59.99 57.35 54.59 54.27
Fiber fraction

NDF 36.68 3743 36.26 34.58
ADF 14.90 14.51 1532 14.96
ADL 1.80 3.10 2.60 2.20
Hemicellulose 21.78 22.92 20.94 19.62

R,: Control ration, R,: Ration with extruded linseed and soybean seeds, R;: Ration with linseed and R,: Ration with soybean seeds, DM: Dry matter, OM: Organic matter,
CP: Crude protein, EE: Ether extract, CF: Crude fibre, NFE: Nitrogen free extract, NDF: Neutral detergent fibre, ADF: Acid detergent fibre

Table 4: Digestion coefficient and nutritive values of the experimental rations

Experimental rations

Items R, R, R, R, +MSE p-value
Nutrients digestibility (%)

Dry matter (DM) 77.24 77.35 76.01 79.56 0.63 0.247
Organic Matter (OM) 79.52 74.01¢ 78.53%® 81.46° 1.08 0.059
Crude Protein (CP) 82.18° 74.03¢ 77.99% 80.10% 1.23 0.086
Crude Fiber (CF) 71812 57.81¢ 66.59%° 71972 2.14 0.028
Ether Extract (EE) 84.88° 86.70° 90.712 86.32° 0.67 0.012
Nitrogen Free Extract (NFE) 72.93%® 66.65¢ 71.37%® 75.36° 137 0.127
Neutral Detergent Fiber (NDF) 67.96° 52.20¢ 60.17° 64.41° 2.28 0.050
Acid Detergent Fiber (ADF) 51.84 54.73 5273 52.81 1.50 0.941
Nutritive values (%)

Total Digestible Nutrients (TDN) 74.65% 69.06¢ 77.142 77.152 126 0.041
Digestible Crude Protein (DCP) 11.70 10.65 11.06 11.30 0.19 0.264

abcMeans in the same row within each treatment having different superscripts differ (p<0.05). R;: Control ration, R,: Ration with extruded linseed and soybean seeds,

Rs: Ration with linseed and R,: Ration with soybean seeds

Meteab et a/' explained the positive effect of linseed
addition by 10% to dairy Damascus goats' rations through the
higher possibility of escaping from mastication so, increased
passage rate from the rumen and packaging the fat and
protein in such a way not to negatively affect rumen
function. In the same context, Khorasani et a/*, Syed et a/*
and Kim et a/*, suggested that oilseeds promote feed intake,
increase the energy content of the diet and give partial
protection versus microbial attack or reduce the impact of oil
on ruminal microbial or both, leading to negligible effect on
the digestion of fibres as well as improved CP digestibility.

Nutritive values expressed as total digestible nutrients
(TDN) and digestible crude protein (DCP) in Table 4 showed
thatexperimental seeds achieved highervaluesin TDNin case
of separate inclusion in the ratio (R;: 77.14% and R,: 77.15%)
but the (R,) ration recorded the lower value (69.06%)
comparing with control ration (R,:74.65%). At the same time,
no significant differences were observed among treatments
in DCP, 11.7, 10.65, 11.06, 11.30 with R;, R, R; and R,,
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respectively. These results agreed with those findings by
Meteab et a/’ when dairy goat ration contained 10% whole
linseed.

Milk yield and milk composition: Data in Table 5 cleared
that ration three with extruded linseed recorded the highest
(p = 0.002) daily milk production (1481 g day) by 19% more
than the control ratio followed R, and R,. The same trend of
actual milk yield observed fat corrected milk where results
being, 1290, 1108, 1080 and 1021 g/day with R, R,, R, and R,
(p<0.05). Results of the chemical composition of milk cleared
the positive (p<0.05) effects of linseed in R; on milk fat
contents 3.14% compared with other rations showed in
Table 5. On the other hand, the ratio with soybean seeds
recorded a lower value of 2.68% and that was lower than the
ratio with a mix of two extruded seeds (R,:3.08%) and control
ratio (R;:3.00%). Regarding other contents of milk, protein,
lactose, lactose, total solids, solids not fat and ash did not
observe any significant differences among experimental
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Table 5: Milk production and composition

Experimental rations

Items R, R, R, R, +MSE p-value
Milk yield

Actual, g h~'/day 12014 1253¢ 14812 1382° 36.10 0.002
4% Fat Corrected Milk (FCM) 10214 1080¢ 1290° 1108° 30.26 0.000
Milk composition

Fat (%) 3.00° 3.08° 3.142 2.68¢ 0.11 0.020
Fat yield (gm) 36.03 38.59 46.50 37.03 1.27 0.000
Protein (%) 3.28 3.29 333 333 0.05 0.957
Protein yield (gm) 39.40 41.22 49.31 46.02 1.20 0.000
Lactose (%) 497 5.03 5.05 5.06 0.07 0.956
Total Solids (TS) 12.04 12.05 12.33 11.89 0.24 0.930
Solid Not Fat (SNF %) 9.04 911 9.19 9.21 0.14 0.957
Ash (%) 0.80 0.79 0.81 0.82 0.01 0.886

abcMeans in the same row within each treatment having different superscripts differ (p<0.05). R;: Control ration, R,: Ration with extruded linseed and soybean seeds,

Rs: Ration with linseed and R,: Ration with soybean seeds

rations. Generally, Nudda et a/* determining factors it could
affectthe chemical composition of milk, in terms of fat content
and its fatty acid profile as follow: diet (composition and
availability), animal (breed, lactation stage, body condition)
and environmental (especially cold and heat stress). In the
same context, Hermansen“, Dhiman et a/% cleared that the
addition of oilseeds in dairy rations have been many
advantages when its inclusion in the diet. The oil in the seed
is believed to be slowly released when the seed is masticated,
which may help decrease detrimental effects on rumen
fermentation (Harfoot and Hazelwood*®) and increase the
efficiency of milk fat synthesis*°.

The same trend was observed with Meteab et a/" when
linseed used by 10% in Damascus dairy goats’ rations. These
results may be due to improvement in nutrients digestibility,
which is leading to increased nutrients availability for milk
constitutes synthesis. Similar observations were reported by
Chilliard and Ferlay®" who generally observed that increase
dietary lipids led to increasing milk yield, Gomez-Cortes et a/*?
in ewes, Hurtaud et a/°* in dairy cows and Abd El-Aziz et a/>*
in dairy buffaloes with linseed. Also, higher fat corrected milk
(FCM) and fat content% in the milk of R; fed goats were
attributed to high-fat content of linseed consequently high
energy source. Moreover, Bernard et a/>> and Bionaz et a/>
found thatfats as dietary supplements encourage the nutrient
toward the mammary gland instead of toward fat deposition
in the adipose tissue and activate the lipogenic gene
expression at the mammary gland, leading to an increase in
milk fat secretion. Moreover, the use of whole linseed and
soybean seeds as protected fatty acids inside a seed coat did
not disturb rumen function so, increased mammary
lipogenesis because of the increased supply of unsaturated
fatty acid (Table 6). Gargouri et a/> and Nudda et a/®
consistent with the current results, in sheep conversely,
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Martin et a/>° reported decreased FCM yield and fat content
on feeding lactating Holstein cows on extruded linseed and
linseed oil diets and they explained these findings by lower
DMI and lower digestibility of fibre due to the high level of oil
intake. However, Petit'°reported no change in milk yield with
the feeding of (13.3%) whole linseed and Petit and Cortes®
when feeding of (72 and 36 g kg~' DM) the whole linseed.
Increased milk protein concentration numerically in R;and R,
fed goats may be due to the increased CP digestibility
(Table 4) and increase blood total protein and albumin
(Table 7). Nudda et a/>® agreed with the present results, who
reported that linseed supplementation to Saanen goats led
toincreased milk protein concentrations because of higher
protein availability in the intestine. Milk total solids (TS) were
increased with an increased level of linseed supply (R;) than
the other groups. This may be due to the increasing content
of fat and protein in milk. These results agreed with
Silva-Kazama et a/%' with dairy cows.

Milk fatty acids: Data of milk fatty acids profile in Table 6
cleared the positive effects of extruded oil seeds on long-chain
fatty acids contents. Whereas the R, with soybean seeds
recorded higher values (p<0.05) with C14,C15 and C16 being
10.18, 1.36 and 34.52%, respectively than other experimental
rations. Regarding C18 isomers fatty acids, The R; (linseed
ration) observed the highest values oleic (C18:1c, 35.70%) and
linolenic (C18:3, 0.57%) incomparable with other groups of
goats. Many researchers had been explained that the milk
fatty acid (FA) profile can be modified to increase the
proportion of monounsaturated and unsaturated fatty acids
(UFA) and decrease the proportion of medium-chain FA by
supplying oilseed to dairy rations2%4, A wide range of positive
health effects has been demonstrated for PUFA by lowering
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Table 6: Effect of the experimental rations feeding on milk fatty acids profile

Experimental rations

Items R, R, Ry R, +MSE p-value
Undecylic, C11:0 0.45 0.43 0.31 0.44 0.04 0.567
Lauric, C12:0 4.56° 3.09° 3.02° 3.10° 0.20 0.000
Tridecylic, C13:0 1.16° 0.64¢ 0.46¢ 0.68 0.10 0.055
Myristic, C14:0 10.0° 9.19¢ 9.19¢ 10.182 0.15 0.006
Myristoleic, C14:1 1.27° 0.852 0.59¢ 0.75¢% 0.1 0.143
Pentadecanoic, C15:0 0.75¢ 1.31° 1.05¢ 1.36* 0.08 0.000
Pentadecenoic acid (cis-10), C15:1 0.38° 0.10¢ 037 0.31¢ 0.03 0.000
Palmitic, C16:0 30.57° 31.37° 30.59° 34.52° 0.53 0.002
Palmitoleic, C16:1 2432 1.99¢ 2.24° 1.91¢ 0.07 0.000
Margaric, C17:0 0.54¢ 0.842 1.082 0.64¢ 0.08 0.071
Heptadecanoic C17:1 0.28° 0.17° 0.03¢ 0.03¢ 0.04 0.006
Stearic, C18:0 7.81 9.23 8.50 8.14 0.40 0.697
Oleic, C18:1¢c 33.29%® 34.15%® 35.70° 31.50¢ 0.53 0.008
Linoleic, C18:2¢c 5.88 574 5.68 5.86 0.04 0.269
Linolenic, C18:3 0.30¢ 0.49° 0.57° 0.26¢ 0.04 0.000
Arachidic, C20:0 0.21¢ 0.29° 0.28° 0.20¢ 0.02 0.026
Gadoleic, C20:1 0.12 0.12 0.16 0.12 0.08 0.180
SFA 56.05° 56.39° 54.48° 59.26* 0.58 0.003
USFA 43952 43612 45342 40.74° 0.56 0.003
MUFA 37.77° 37.38° 39.09° 34.62° 0.55 0.004
PUFA 6.18 6.23 6.25 6.12 0.25 0.998

ab<Means in the same row within each treatment having different superscripts differ (p<0.05). R;: Control ration, R,: Ration with extruded linseed and soybean seeds,
Rs: Ration with linseed and R: Ration with soybean seeds. SFA: Saturated Fatty Acids, USFA: Unsaturated Fatty Acids, MUFA: Monounsaturated Fatty Acids and

PUFA: Polyunsaturated Fatty Acids

Table 7: Effect of the experimental rations feeding on blood parameters of lactating animals

Experimental rations

Items R, R, R; R, +MSE p-value
Total protein (g dL™") 3.63 346 371 3.92 0.18 0.846
Albumin (g dL™") 2.04 2.14 2.15 2.12 0.07 0.959
Triglycerides (mg dL™") 21.23 25.98 2961 24.58 2.52 0.741
Cholesterol (mg dL™") 9.60° 22.00% 19.20° 34.00° 295 0.013
Urea (mg dL™") 10.24 11.52 10.29 15.38 1.07 0.301
Creatinine (mg dL™") 0.74 0.78 0.68 0.69 0.03 0.712

2bMeans in the same row within each treatment having different superscripts differ (p<0.05). R;: Control ration, R,: Ration with extruded linseed and soybean seeds,

Rs: Ration with linseed and R,: Ration with soybean seeds

insulin resistance associated with cardiovascular disease®,
Thus, increasing the concentration of PUFA in milk may be
beneficial to public health and enhance the consumption of
dairy products.

Blood parameters: Results of blood samplesin Table 7 cleared
that no significant differences among experimental animal
groups with different rations in blood constituents except
cholesterol contents. Whereas total protein, albumin and
creatinine had the closest values in all experimental groups.
Numerically R; recorded higher values 29.61 mg dL™! in
triglycerides compared with other rations being 25.99, 24.58
and 21.23 with R,, R, and R;, respectively. On the other hand,
blood urea recorded a higher value with R, 1538 mg dL™!
comparing with 11.52,10.29 and 10.24 mg dL~" with R,, R;and
R,, respectively. These results agreed with Li et a/%” because
the addition of lipid to animal diet generally increased plasma
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lipid contents. The same trend was observed with
Rafalowski and Park®, when dairy cows fed on diets that
contained whole sun flower seeds and amounts increased
from 10 to 30% in the concentrate compare with control
cows. Also, Cozma et a/®® noticed the increase in total blood
lipids when dairy goats fed on hemp seed oil by 4.7% from
daily dry matter, at the same time there was a significant
difference in lipids fraction in blood.

Generally, the results of the study cleared that oilseeds
such as linseed and soybean could be used in the extruded
form to replace up to 5% of soybean meal in goat rations.
Also, data of digestion coefficients and feeding values
confirmed those seeds consider in a full-fat extruded
form considered a good source of energy and protein in
dairy goats. At the same time, the addition of oilseeds
had effects positively on the milk fatty acids profile of
goats.
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CONCLUSION

Results of milk yield, milk fat and fatty acids profile of milk
cleared the significant effects of linseed addition in the
extruded form with dairy goats. Results of soybean addition
individually were not promising that may be related to fatty
acid profile and some of the anti-nutritional factors, so this
issue needs more investigation with the Damascus goats.
Generally, there were appositive effects of oilseeds on
digestibility, milk and fatty acids without any adverse effects
on blood parameters, so we suggest using extruded linseed in
goats ration to achieve high yield milk production and
beneficial milk fatty acids profile for both newcomers and
humans and more immune boosters in blood.

SIGNIFICANCE STATEMENT

This study discovers the possible effect of using extruded
linseed in dairy goats rations alone or combination with
Full-fat soy seeds in milk yield, milk fatty acids profile and
blood parameters. Results indicated that the milk fatty acids
profile of dairy goats could be changed by changing the feed
formula structure to produce functional milk with a high
concentration of polyunsaturated fatty acids. This study will
help researchers for more investigations on different oilseeds
or with different levels for linseeds and soybean seeds.

REFERENCES

1. Meteab, M.., HM. El-Sayed, AM. EL-Essawy, M.S. Nassar
and N.E. El-Bordeny, 2020. Effect of dietary incremental
levels of flaxseed supplementation on productive
performance of lactating damascus goats. Int. J. Envir. Agri.
Biotech., 5:181-191.

2. Gawad, RM.A, H.M. Kattab, M. Strabel, S.A.A. EI-Nor and
A.Cieslak et al, 2015. Effect of different levels from linseed oil
and linseed oil beads on rumen fermentation and microbial
parameters using gas production system and rumen
simulation technique. Asian J. Anim. Vet. Adv., 10: 97-118.

3. Saeed, A, M. Gohar, A. Khaliqgue, N. Ahmad and
F. Shahzad et a/, 2016. Effect of supplementation of rumen
protected lysine and methionine on production performance,
milk and blood parameters of early lactating nili-ravi
buffaloes. Pakistan J. Zool., 48: 359-363.

4. Kholif, SM.,, TA. Morsy, O.H. Matloup, HM. Ebeid and
AM. Kholi, 2015. Effects of crushed linseed or linseed oil
supplementation on performance of dairy goats and fatty
acid profile in milk. Life Sci. J., 12: 94-99.

82

5.

Ebeid H.M.,, L. Mengwei, A.E. Kholif, Faiz-ul. Hassan, P. Lijuan,
L. Xinand Y. Chengjian, 2020. Moringa oleifera oil modulates
rumen microflora to mediate in vitro fermentation kinetics
and methanogenesis in total mix rations. Current
Microbiology 77:1271-1282.

Dhiman, T.R., L.D. Satter, M.W. Pariza, M.P. Galli, K. Albright
and M.X. Tolosa, 2000. Conjugated Linoleic Acid (CLA) content
of milk from cows offered diets rich in linoleic and linolenic
acid. J. Dairy Sci., 83: 1016-1027.

Secchiari, P, M. Antongiovanni, M. Mele, A. Serra and
A. Buccioni et al, 2003. Effect of kind of dietary fat on the
quality of milk fat from Italian Friesian cows. Livest. Prod. Sci.,
83:43-52.

Chouinard, P.Y., L. Corneau, W.R. Butler, D.E. Bauman,
Y. Chilliard and J.K. Drackley, 2001. Effect of dietary lipid
source on conjugated linoleic acid concentrations in milk fat.
J. Dairy Sci., 84: 680-690.

Petit, H.V.,2002. Digestion, milk production, milk composition
and blood composition of dairy cows fed whole flaxseed.
J. Dairy Sci., 85: 1482-1490.

Petit,H.V.,2003. Digestion, milk production, milk composition
and blood composition of dairy cows fed formaldehyde
treated flaxseed or sunflower seed. J. Dairy Sci., 86: 2637-2646.

. Xu, J, H. Gao, L. Song, W. Yang and C. Chen et a/, 2013.

Flaxseed oil and alpha-lipoic acid combination ameliorates
hepatic oxidative stress and lipid accumulation in comparison
to lard. Lipids Health Dis., Vol. 12. 10.1186/1476-511X-12-58.

. Amaral-Phillips, D.M., RW. Hemken and J.A. Jackson, 1997.

Should you be feeding fat to your dairy cows? ASC-134.
Lexington: University of Kentucky Cooperative Extension
Service. http://www?2.ca.uky.edu/agcomm/pubs/asc/asc134/
asc134.pdf

. Reddy,P.V., J.L.Morrilland T.G. Nagaraja, 1994. Release of free

and subsequent fatty acids from raw or processed soybeans
effects on fiber digestibilities. J. Dairy Sci., 77: 3410-3416.
Matgorzata, P.,R.M. Majewska, A. Krawczynska, G. Betzeckiand
B. Kowalik, 2020. Rapeseed and linseed oil supplementation
affects hydrolytic activities in the rumen of sheep. Livest. Sci.,
Vol. 240. 10.1016/j.livsci.2020.104175.

. Casals, R, G. Caja, M.V. Pol, X. Such, E. Albanell, A. Gargouri

and J. Casellas 2006. Response of lactating dairy ewes to
various levels of dietary calcium soaps of fatty acids. J. Anim.
Feed Sci., Technol., 131:312-332.

Nawaz, H. and M. Ali, 2016. Effect of supplemental fat on dry
matter intake, nutrient digestibility, milk yield and milk
composition of ruminants. Pak. J. Agri. Sci., 53: 271-275.
Chilliard, Y., A.Ferlay, J. Rouel and G. Lamberet, 2003. A review
of nutritional and physiological factors affecting goat milk
lipid synthesis and lipolysis. J. Dairy Sci., 86: 1751-1770.
Jenkins, T.C., 1993. Lipid metabolism in the rumen. J. Dairy
Sci., 76:3851-3863.



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Int. J. Dairy 5ci, 16 (2): 75-84, 2021

Scott, T.A,, D.K. Combs and R.R. Grummer, 1991. Effects of
roasting, extrusion and particle size on the feeding value of
soybeans for dairy cows. J. Dairy Sci., 74: 2555-2562.
Chouinard, P.Y., V. Girard and G.J. Brisson, 1997. Performance
and profiles of milk fatty acids of cows fed full fat, heat-
treated soybeans using various processing methods'. J. Dairy
Sci., 80: 334-342.

Privé, F., S. Combes, L. Cauquil, Y. Farizon, F. Enjalbert and
A. Troegeler-Meynadier, 2010. Temperature and duration of
heating of sunflower oil affect ruminal biohydrogenation of
linoleic acid /n vitro. J. Dairy Sci., 93: 711-722.

Dhiman, T.R., A.C. Korevaar and L.D. Satter, 1997. Particle size
of roasted soybeans and the effect on milk production of
dairy cows. J. Dairy Sci., 80: 1722-1727.

Faldet, M.A. and L.D. Satter, 1991. Feeding heat-treated
full fat soybeans to cows in early lactation. J. Dairy Sci,,
74:3047-3054.

Harper, J.M., 1981. Extrusion of Foods. Vol. 1-2, CRC Press Inc.,
Boca Raton, FL., ISBN: 08-49352045, pp: 1-212.

Chouinard, P.Y., J. Levesque, V. Girard and G.J. Brisson, 1997.
Dietary soybeans extruded at different temperatures: Milk
composition and /n situ fatty acid reactions. J. Dairy Sci.,
80:2913-2924.

NRC, 1981. Nutrient Requirements of Goats. National
Academy Press, Washington DC., USA., Pages: 91.

Gaines, W.L., 1928. The energy basis of measuring milk yield
in dairy cows. Bulletin No. 308, University of Illinois, Urbana,
Illinois, USA.

Van Keulen, J. and B.A. Young, 1977. Evaluation of acid-
insoluble ash as a natural marker in ruminant digestibility
studies. J. Anim. Sci., 44: 282-287.

Mcdonald, P., R.A. Edwards., J.F.D. Greenhalgh, C.A. Morgan,
L.A. Sinclair and R.G. Wilkinson, 2010. Animal nutrition.
7th Edn., Prentice Hall, Hoboken, New Jersey, Pages: 692.
AOAC., 1990. Official Methods of Analysis. 15th Edn.,
Association of official Analytical Chemists, Washnigton.
AOAC., 2000. Official Methods of Analysis. 17th Edn,
Association of Official Analytical Chemists, Arlington, VA,
USA.

Van Soest, P.J., J.B. Robertson and B.A. Lewis, 1991. Methods
for dietary fiber, neutral detergent fiber and nonstarch
polysaccharides in relation to animal nutrition. J. Dairy Sci.,
74:3583-3597.

Tietz, N.W., 1986. Textbook of Clinical Chemistry. W.B.
Saunders, Philadelphia, USA., ISBN-13: 9780721688862, pp:
1271.

Walker, H.K.,, W.D. Hal and J.W. Hurst, 1990. Clinical Methods:
The History, Physical and Laboratory Examinations. 3rd Edn.,
Butterworth Publishers, Boston, USA., ISBN: 9780409900774,
Pages: 1087.

Doumas, B.T., W.A. Watson and H.G. Biggs, 1971. Albumin
standards and the measurement of serum albumin with
bromcresol green. Clin. Chim. Acta, 31: 87-96.

83

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Patton, C.J. and S.R. Crouch, 1977. Spectrophotometric and
kinetics investigation of the Berthelot reaction for the
determination of ammonia. Anal. Chem., 49: 464-469.
Lopes, C.M., AR. Bagaldo, L.P.Barbosa, F.L. de Aradjo and
B.Y. de Souza Oliveira et a/, 2017. Biochemical and seminal
parameters of lambs fed palm kernel cake under grazing
system. R. Bras. Zootec., 46: 670-677.

Bucolo, G. and H. David, 1973. Quantitative determination
of serum triglycerides by the use of enzymes. Clin. Chem.,
19: 476-482.

Allain, C.C,, L.S. Poon, C.S.G. Chan, W. Richmond and P.C. Fu,
1974. Enzymatic determination of total serum cholesterol.
Clin. Chem., 20: 470-475.

SAS.,2000. Statistical Analysis Systems User's Guide Statistics.
5th Edn., SAS Institute Inc., Raleigh, North Carolina, USA.
Duncan, D.B., 1955. Multiple range and multiple F tests.
Biometrics, 11: 1-42.

Khorasani, G.R,, G. de Boer, P.H. Robinson and J.J. Kennelly,
1992. Effect of canola fat on ruminal and total tract digestion,
plasma hormones and metabolites in lactating dairy cows.
J. Dairy Sci., 75: 492-501.

Syadati, S.A., A. Mirzaei-Aghsaghali, H. Fathi and J. Davuodi,
2012. Importance essential fatty acids (n-6 and n-3) in animal
nutrition: I: Ruminant. Ann. Biol. Res., 3: 1161-1176.

Kim, CM., J.H. Kim, T.Y. Chung and KK. Park, 2004. Effects of
flaxseed diets on fattening response of hanwoo cattle: 2. fatty
acid composition of serum and adipose tissues. Asian
Australas. J. Anim. Sci., 17: 1246-1254.

Nudda, A, G. Battacone, 0O.B. Neto, A. Cannas,
A.H.D. Francesconi, A.S. Atzori and G. Pulina, 2014. Feeding
strategies to design the fatty acid profile of sheep milk and
cheese. R. Bras. Zootec., 43: 445-456.

Hermansen, J.E., 1995. Prediction of milk fatty acid profile in
dairy cows fed dietary fat differing in fatty acid composition.
J. Dairy Sci., 78: 872-879.

Dhiman, T.R,, G.R. Anand, L.D. Satter and M.W. Pariza, 1999.
Conjugated linoleic acid content of milk from cows fed
different diets. J. Dairy Sci., 82: 2146-2156.

Harfoot, C.G. and G.P. Hazlewood, 1988. Lipid Metabolism in
the Rumen. In: The Rumen Microbial Ecosystem, Hobson,
P.N. (Ed.). Elsevier, London, UK., pp: 285-322.

Schauff, D.J. and J.H. Clark, 1992. Effects of feeding diets
containing calcium salts of long-chain fatty acids to lactating
dairy cows. J. Dairy Sci., 75: 2990-3002.

Palmquist, D.L., A.D. Beaulieu and D.M. Barbano, 1993. Feed
and animal factors influencing milk fat composition. J. Dairy
Sci., 76:1753-1771.

Chilliard, Y. and A. Ferlay, 2004. Dietary lipids and forages
interactions on cow and goat milk fatty acid composition and
sensory properties. Reprod. Nutr. Dev., 44: 467-492.
Gomez-Cortes, P, A. Bach, P. Luna, M. Juarez and
M.A. de la Fuente, 2009. Effects of extruded linseed
supplementation on n-3 fatty acids and conjugated linoleic
acidinmilkand cheese from ewes. J. Dairy Sci., 92:4122-4134.



53.

54.

55.

56.

57.

58.

59.

60.

61.

Int. J. Dairy 5ci, 16 (2): 75-84, 2021

Hurtaud, C., F. Faucon, S. Couvreur and J.L. Peyraud, 2010.
Linear relationship between increasing amounts of extruded
linseed in dairy cow diet and milk fatty acid composition and
butter properties. J. Dairy Sci., 93: 1429-1443.

Abd El-Aziz, M., S.M.Kholifand T.A. Morsy, 2012. Buffalo's milk
composition and its fat properties as affected by feeding diet
supplemented with flaxseed or fibrolytic enzymes in early
lactation. J. Life Sci., 4: 19-25.

Bernard, L, M. Bonnet, C. Leroux, KJ. Shingfield and
Y. Chilliard, 20009. Effect of sunflower-seed oil and linseed oil
on tissue lipid metabolism, gene expression and milk fatty
acid secretion in Alpine goats fed maize silage-based diets.
J. Dairy Sci., 92: 6083-6094.

Bionaz, M., B.J. Thering and J.J. Loor, 2012. Fine metabolic
regulation in ruminants via nutrient-gene interactions:
Saturated long-chain fatty acids increase expression of genes
involved in lipid metabolism and immune response partly
through PPAR-a activation. Br. J. Nutr., 107: 179-191.
Gargouri, A, G. Caja, R. Casals and I. Mezghani, 2006.
Lactational evaluation of effects of calcium soap of fatty acids
on dairy ewes. Small Rumin. Res., 66: 1-10.
Nudda, G., A. Battacone, S. Atzori, C. Dimauro and S.P.G. Rassu,
2013. Effect of extruded linseed supplementation on blood
metabolic profile and milk performance of Saanen goats.
Animal, 7: 1464-1471.

Martin, C., J. Rouel, J.P. Jouany, M. Doreau and Y. Chilliard,
2008. Methane output and diet digestibility in response to
feeding dairy cows crude linseed, extruded linseed or linseed
oil. J. Anim. Sci., 86: 2642-2650.

Petit, HV. and C. Cortes, 2010. Milk production and
composition, milk fatty acid profile and blood composition of
dairy cows fed whole or ground flaxseed in the first half of
lactation. Anim. Feed Sci. Technol., 158: 36-43.

daSilva, D.C,, G.T. Santos, A.F. Branco, J.C. Damasceno and
R. Kazama et al, 2007. Production performance and milk
composition of dairy cows fed whole or ground flaxseed with
or without monensin. J. Dairy Sci., 90: 2928-2936.

84

62.

63.

64.

65.

66.

67.

68.

69.

Whitock, L.A., D.J. Schingoethe, A.R. Hippen, KF. Kalscheur,
R.J. Baer, N. Ramaswamy and K.M. Kasperson, 2002. Fish oil
and extruded soybeans fed in combination increase
conjugated lionleic acids in milk of dairy cows more than
when fed separately. J. Dairy Sci., 85: 234-243.

Chichlowski, M\W., JW. Schroeder, CS. Park, W.L. Keller
D.E. Schimek, 2005. Altering the fatty acids in milk fat by
including canola seed in dairy cattle diets. J. Dairy Sci,
88:3084-3094.

Reveneau, C., C.V.D.M. Ribeiro, M.L. Eastridge, N.R. St-Pierre
and J.L.Firkins, 2005. Processing whole cottonseed moderates
fatty acid metabolism and improves performance by dairy
cows. J. Dairy Sci., 88: 4342-4355.

Kennelly, J.J., 1996. The fatty acid composition of milk fat
as influenced by feeding oilseeds. Anim. Feed Sci. Technol.,
60: 137-152.

Aminot-Gilchrist, D.V. and H.D.I. Anderson, 2004. Insulin
resistance-associated cardiovascular disease: Potential
benefits of conjugated linoleic acid. Am. J. Clin. Nutr,,
79:1159-1163.

Li, X.Z, C.G. Yan, H.G. Lee, C.W. Choi and M.K. Song, 2012.
Influence of dietary plant oils on mammary lipogenic
enzymes and the conjugated linoleic acid content of
plasma and milk fat of lactating goats. Anim. Feed Sci.
Technol., 174: 26-35.

Rafalowski, W. and C.S. Park, 1982. Whole sunflower seed
asa fat supplement for lactating cows. J. Dairy Sci.,
65: 1484-1492.

Cozma, A., S. Andrei, A. Pintea, D. Miere, L. Filip, F. Loghin and
A. Ferlay, 2015. Effect of hemp seed oil supplementation on
plasma lipid profile, liver function, milk fatty acid, cholesterol
and vitamin A concentrations in carpathian goats. Czech J.
Anim. Sci., 60: 289-301.



	IJDS.pdf
	Page 1


