Journal of
Animal Physiology and Animal Nutrition

DOI: 10.1111/jpn.12673

ORIGINAL ARTICLE

The effect of grapeseed oil on performance, rumen fermentation,
antioxidant status and subcutaneous adipose fatty acid profile in
lambs

M. Sharifi’, M. Bashtani’, A. A. Naserian?, H. Farhangfar' and A. Emami’

1 Department of Animal Science, Faculty of Agriculture, University of Birjand, Birjand, Iran, and
2 Department of Animal Science, Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran

Summary

This experiment was carried out to examine the effect of grapeseed oil (GSO) on performance, rumen fermenta-
tion, antioxidant status and subcutaneous adipose fatty acid (FA) profile in lambs. Eighteen Baluchi lambs,
196 + 14 days of age and 39.8 £ 1.7 kg body weight, were randomly assigned to three experimental diets: (i)
diet without GSO (control), (ii) diet containing 2% of GSO (GSO2) and (iii) diet containing 4% of GSO (GS04)
for 42 days. Results showed that the experimental diets had no significant effect on dry matter intake and perfor-
mance (p > 0.05). The supplemented diets with GSO had no effect on pH and NHs-N of rumen fluid (p > 0.05),
but GSO4 increased (p = 0.003) the concentration of propionic acid and reduced (p = 0.002) the concentration
of acetate acid compared to the control. Inclusion 4% of GSO to the diet increased total antioxidant activity and
decreased malondialdehyde in serum and muscle (p < 0.001). The level of blood glutathione peroxidase in diets
containing GSO was higher than control diet (p = 0.02), but diets had no effect on superoxide dismutase in blood
and muscle tissues (p > 0.05). The concentration of vaccenic acid, rumenic acid and linoleic acid and thus
polyunsaturated fatty acid in subcutaneous fat was affected by experimental diets (p < 0.001), as control had the
lowest amount of these FAs and GSO4 had the highest amount of them. Therefore, it can be concluded that the
use of GSO up to 4% improves the antioxidant status and adipose fatty acid profile in lambs without effects on
performance.
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Introduction

Ruminant meat is characterized by high contents of
saturated fatty acids (SFAs) and low levels of polyun-
saturated fatty acids (PUFAs), which has been linked
with a high cardiovascular diseases risk in humans
(Givens, 2005). Diet is considered as very important
factor to change the FA composition. Therefore, the
use of plant oils having unsaturated fatty acid (UFA)
such as soya bean, safflower, sunflower and linseed
can change the FA profile of ruminant products
(Nudda et al., 2015). Also, diet polyphenols can affect
some bacterial strains involved in the biohydrogena-
tion pathway of FA and change the composition of FA
(Vasta et al., 2009, 2010). In particular, it has been
shown that polyphenols can inhibit the proliferation
and activity of Butyrivibrio proteoclasticus, which is
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involved in the last step of biohydrogenation of PUFA,
which consists of the enzymatic reduction of vaccenic
acid (VA) to stearic acid (Buccioni et al., 2015). The
consequent ruminal accumulation of PUFA and their
biohydrogenation intermediates (Khiaosa-Ard et al.,
2009; Vasta et al., 2009) could enhance the extent of
rumen escape of these FAs and, consequently, could
increase their concentrations in adipose tissues (Moate
et al., 2014; Buccioni et al., 2015). Increasing the con-
tent of unsaturated fatty acids in milk could also
increase susceptibility to oxidation. Therefore, the
addition of antioxidants to PUFA-supplemented diets
to improve milk quality seems to be an advisable prac-
tice. (Manso et al., 2015). Many of the antioxidants
used in the food industry are chemically synthesized
(Singh et al., 2005). Natural antioxidants which
derived from edible materials are in high demand for
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food applications amidst concerns over safety and tox-
icity of the consumption of these synthetic antioxi-
dants (Ito et al., 1985).

In 2013, Iran produced more than two million met-
ric tons of grapes (FAOSTAT, 2013). As grapeseeds
consist approximately 5% of the fruit weight (Choi
and Lee, 2009), so around 100 kton of grapeseeds is
discarded annually in Iran.

Grapeseed oil is produced from the seeds in the
pomace left over from juice and wine production by
cold pressing method and thus adds value to the
industry. This agricultural by product contain 10-20%
oil (Crews et al., 2006), so annual production of GSO
is approximately 10-20 kton in Iran and its nutritive
value can be similar to other oil sources such as sun-
flower, flax and fish oils. An important characteristic
of GSO is having very high amount of linoleic acid
and presence of tocopherols and tocotrienols which
exhibit strong antioxidant activity (Beveridge et al.,
2005; Choi and Lee, 2009). In addition, grapeseed has
higher level of polyphenol compounds such as proan-
thocyanidins, mainly composed of catechin, epicate-
chin, gallic acid and polymeric and oligomeric
procyanidins, which can be recovered by extraction
(Monagas et al., 2003). So GSO can consider an alter-
native for other oil sources in the diet of ruminants to
improve meat and milk quality. Jerénimo et al.
(2012) found that adding grapeseed extract had no
effect on lamb muscle FAs but reduces oxidation of
meat lipids by lowering concentration of malondialde-
hyde (MDA). Therefore, it seems that GSO due to
having high levels of linoleic acid, in addition to its
capability to increase PUFA, it can also act as a natural
antioxidant. According to our information, while a
few studies have been conducted on grape by-pro-
ducts in ruminant, there is no study about using GSO
in ruminant nutrition. This study was carried out to
evaluate the effect of GSO on performance, rumen
fermentation, antioxidant status and adipose FA pro-
file in lambs.

Materials and methods

Animals, diets and experimental design

Animals were cared according to the guidelines of the
Iranian Council of Animal Care (1995). A total of
eighteen male Baluchi lambs, with an initial average
body weight (BW) of 39.8 + 1.7 kg and at age of
196 £ 14 days, were randomly assigned to three
experimental diets (7 = 6 per group): (i) diet without
GSO (control), (ii) diet containing 2% of GSO (GSO2)
and (iii) diet containing 4% of GSO (GSO4) on DM
basis. The animals were housed in individual pens.
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Cold-pressed GSO was obtained from the ‘Zait Com-
pany-Kerman, Iran’ factory. FA composition, phenolic
compounds and antioxidant activity of cold-pressed
GSO are presented in Table 1. Linoleic acid (66.43%)
was the most abundant FA in cold-pressed GSO, fol-
lowed by oleic acid (21.48%), palmitic acid (7.49%)
and stearic acid (3.84%). Experimental diets were for-
mulated to meet the requirements according to NRC
(2007). Diets, isoenergetic and isoproteic, were fed as
a total mixed ration (TMR) with 63:37 forage to con-
centrate ratio and were isocaloric and isonitrogenous
(Table 1). The lambs were allowed a 14-days adjust-
ment period and were then fed for 42 days. Diets were
offered twice daily ad libitum (08:00 and 16:00 hours),
and lambs had free access to water and orts were
recorded daily. Individual DMI was calculated using
daily feed offered and feed refuse averaged over the
interval of the experimental period (days 0-42).

Table 1 Ingredients and chemical composition of experimental diets

Dietst
Control GS02 GS04
Ingredients (% DM)
Alfalfa hay 445 445 445
Wheat straw 19.0 19.0 19.0
Barley grain 25.4 23.4 21.4
Grapeseed oilf 0.0 2.0 4.0
Soya bean meal 2.0 2.0 2.0
Wheat bran 7.0 7.0 7.0
Calcium carbonate 0.8 0.8 0.8
Vitamin—mineral Mix§ 0.7 0.7 0.7
Salt 0.3 0.3 0.3
Urea 03 0.3 0.3
Chemical composition, (% DM)

ME] (Mcal/kg of DM) 2.19 2.29 2.39
CP 12.4 12.3 12.2
NDF 46.3 45.7 45.2
NFCT 33.1 32.0 31.0
Ether extract 2.7 4.7 6.6
Ca 0.9 0.9 0.9
P 0.5 0.5 0.5
Total phenolic compounds 0.81 0.87 0.95

fControl, GS02 and GS04 diets contained 0%, 2% and 4% of GSO (DM
basis) respectively.

1FA content (% of total FA): C14:0: 0.04; cis-9 C14:1: 0.01, C15:0: 0.01,
C16:0:7.49, cis-9 C16:1: 0.11, C17:0: 0.06, cis-9 C17:1: 0.03, C18:0: 3.84,
cis-9 C18:1: 21.48, C18:2 n—6: 66.43, C18:3 n—3: 0.29, C20:0:0.18 Total
phenolic compounds (mg GAE/g): 0.742; relative DPPH scavenging
capacity (mmol TE/g): 1.22.

§Contained (/kg of premix; DM basis): 330 000 IU of vitamin A,

60 000 IU of vitamin D, 1000 IU of vitamin E, 160 g Ca, 85 g P, 63 g Na,
45 g Mg, 2100 mg Zn, 1500 mg Mn, 535 mg Cu, 12 mg Se, 45 mg |.
ME calculated by NRC Software (2007).

TTNFC calculated as 100 — (CP + Ash + NDF + EE).
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Animals were weighed after a 16-h fast before the first
feeding in the morning at the beginning and the end
of the experimental period to determine the average
daily gain (ADG). Feed conversion ratio (FCR) was
calculated according to FCR = [DMI, (kg/d)/ADG,
(kg/d)].

Sampling and slaughter procedures

Diets and refused feed were sampled daily during four
consecutive days (days 38-41) in the experimental
period. During the last 7 days of the experiment, fae-
cal samples were collected every morning around the
feeding time. Subsequently, samples of the diets, feed
refusals and faeces were mixed and dried in an oven
at 60 °C for 48 h (Behdad, Iran) and then ground to
pass through a 2-mm screen and stored for later
analysis.

On day 39 of experiment, 10 ml of blood samples
was collected from the jugular vein of each lamb,
before morning feeding. Blood samples were cen-
trifuged at 3000 g for 10 min, followed by separation
serum and finally frozen at —20 °C for assay of antiox-
idant factors [ferric reducing antioxidant power
(FRAP) and MDA]. Another whole blood sample was
collected in a tube containing potassium ethylene dia-
mine tetra-acetic acid (K-EDTA) to determine glu-
tathione peroxidase (GSH-Px) and superoxide
dismutase (SOD) activities.

Rumen fluid samples were taken from animals
using a stomach tube attached to a vacuum pump 2 h
after the morning feeding on day 40. The pH values of
the fluid samples were determined and recorded using
a pH meter (Metrohm 691). Approximately 100 ml of
ruminal content was strained through four layers of
cheesecloth. A subsample of 10 ml was combined
with 10 ml of HCl 0.2 N for NH;-N analysis. Another
sample (5 ml) was put into a plastic bottle containing
1 ml of 0.25 g/ml metaphosphoric acid for later deter-
mination of volatile fatty acid (VFA) analysis. Ruminal
subsamples were frozen at —20 °C until laboratory
analyses.

At the end of the experiment, lambs were weighed
and transported to the experimental abattoir of the
University of Mashhad where they were fasted for
16 h with free access to water. Lambs were slaugh-
tered, by sectioning jugular veins and the carotid
arteries. After the slaughter, non-carcass components
were removed, carcass was chilled at 4 °C for 24 h,
and then, adipose tissue samples were removed from
the subcutaneous fat (from the back between the 10th
and the 13th ribs) to determine of FA profile. Samples
of muscle were taken from the longissimus lumborum
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(LL) muscle (between the 12th thoracic and 5th lum-
bar vertebrae) to determine the FRAP, MDA and
GSH-Px and SOD activities. Samples were frozen at
—20 °C until laboratory analyses.

Laboratory analysis

The total phenolic compounds (TPC) and relative
DPPH scavenging capacity (RDSC) assay of GSO were
determined, in triplicate, according to Parry et al.
(2006) and Cheng et al. (2006) methods, respectively,
and also, the TPC of experimental diet were deter-
mined according to Makkar (2000) methods.

The samples of diets and faeces were analysed for
crude protein (CP), ash, natural detergent fibre (NDF),
organic matter (OM) and acid-insoluble ash (AIA) in
three replicates. Ash (AOAC, 2005, method 942.05)
and crude protein (CP) (Kjeldahl N x 6.25) were
determined by the block digestion method using cop-
per catalyst and steam distillation into boric acid on
2100 Kjeltec distillation unit according to AOAC
(2005). Concentration of natural detergent fibre
(NDF) inclusive of residual ash was determined with-
out sodium sulphite and with the inclusion of heat-
stable a-amylase (100 ml/0.5 g of sample) by method
described by Van Soest et al. (1991). Acid-insoluble
ash (AIA) content was used as an internal marker to
determine the apparent digestibility of DM, organic
matter (OM), CP and NDF, as reported by Van Keulen
and Young (1977).

Ruminal fluid samples were thawed, centrifuged at
1200 g for 10 min, where the supernatant fluid was
analysed for VFA by gas chromatography (Hewlett-
Packard, model 5890, Avondale, PA). The NH;-N con-
centration of rumen fluid samples was analysed by
the procedure developed by Weatherburn (1967).

GSH-Px and SOD in blood and muscle were mea-
sured using a Randox kit (Randox Laboratories, Lon-
don, UK) according to instruction of the kit and
expressed as U/g of haemoglobin (Hb) and U/mg pro-
tein respectively. Haemoglobin content was deter-
mined by a commercial colorimetric kit (Sigma
Diagnostic, Milan, Italy).

Total antioxidant activity in serum and LL muscle
was determined by FRAP method based on the
method described by Benzie and Strain (1999). The
MDA contents of serum and LL muscle were assessed
by measuring thiobarbituric acid reactive substances
(TBARS) according to the method described by Placer
et al. (1966) and Esterbauer and Cheeseman (1990)
respectively. Results were expressed as mg of MDA/kg
for the LL muscle and nmol MDA/ml for serum. The
FA composition of subcutaneous fat was determined
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after extraction of total lipids in accordance with the
method described by Folch et al. (1957). Briefly, a
sample of each (0.5 g, two replicates) was placed in
5-ml screw-top test tube, 2 ml of methanolic potas-
sium hydroxide (2N) was added, and tube cap was
tightened and vigorously shaken for 2 s. Then, 2 ml
of hexane was added into the tube and was shaken
for 5s. Tube was put on the ultrasonic bath for
15 min at 35 °C. The upper layer was separated and
passed through the filter (0.45 m) containing
sodium sulphate anhydrous, and then, 1 pl of filtrate
was injected to gas chromatograph (GC, Youngling
6100, Korea). The GC was equipped with a J&EW
CP-Sil 88  fused  silica  capillary  column
(100 m x 0.25 mm, 0.20 m film thickness, Agilent
Technologies, Santa Clara, CA, USA). The tempera-
tures of injector and detector ports were set at
270 °C and 300 °C respectively. The FA composition
was analysed by isotherm program. The column
temperature was held at 175 °C for 60 min. The
identification of individual FAME was based on a
standard mixture of 37 Component FAME Mix
(Sigma—Aldrich,  Supelco-18919-1AMP, F.A.M.E.
Mix, C4-C24, St. Louis, MO, USA) and 60 individual
FAME standards (Sigma—Aldrich). FAs were
expressed as g/100 g of total FAME.

Statistical analysis

A completely randomized design with three treat-
ments (diets) and six replicates (lambs) was used for
the study. Data of apparent digestibility of nutrients,
ruminal fermentation parameters, antioxidant activ-
ity and FA profile of subcutaneous fat were analysed
using the general linear model procedure of sas
(2002). Data of DMI and performance were analysed
by a mixed model for repeated measurements.
Least-square means were computed and tested for
differences by the Tukey’s test. Differences of least-
square means were considered to be significant at
p <0.05, and that of p <0.10 was considered as a
tendency.

Results

Animal performance

The results of DMI, growth performance and nutrient
digestibility are presented in Table 2. Supplementa-
tion of GSO had no effect on DMI and growth perfor-
mance of the lambs (p > 0.05). The apparent
digestibility of DM, OM and CP was not affected by
dietary GSO (p > 0.05), but NDF digestibility was
reduced when animals fed GSO4 diet (p < 0.001).
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Rumen fermentation

The mean of ruminal fermentation parameters is pre-
sented in Table 3. The average pH and NH;-N were
similar (p > 0.05) for all the diets. The molar propor-
tion of propionate in the rumen was increased by
addition of GSO to the diet and was minimum in con-
trol (p = 0.002). The molar proportion of acetate was
lower in GSO4 diet compared to the control and GSO2
diets (p = 0.003) which in turn decreased acetate/pro-
pionate ratio (p = 0.001). Diets did not affect total
VFA, butyrate acid, valerate acid and isovalerate acid
(p > 0.05).

Table 2 Effect of treatment on dry matter intake, performance and diet
digestibility

Treatmentt
Item Control GS02 GSO4 SEM p value
DMI (g/d) 1326 1331 1343 25 0.88
Performance
Initial BW (kg) 40.3 39.7 394 1.05 0.80
Final BW (kg) 46.3 45.7 455 1.06 0.87
ADG (g/day) 141 143 145 2.69 0.48
FCR 9.40 9.27 9.21 0.21 0.83
Diet digestibility (%)
DM 68.2 67.4 66.1 1.54 0.57
oM 63.8 62.2 61.8 1.62 0.52
cP 63.3 64.37 63.6 1.94 0.92
NDF 48.5° 46.1° 40.9° 112 <0.001

BW, body weight; ADG, average daily gain; FCR, feed conversion ratio.
Different letters in the same line indicate significant statistical differ-
ences (p < 0.05).

+Control, GSO2 and GSO4 diets contained 0%, 2% and 4% of grapeseed
oil (DM basis) respectively.

Table 3 Effect of treatment on ruminal fermentation parameters

Treatmentt
Item Control  GS02 GS04 SEM  pvalue
pH 6.56 6.46 6.59 0.07 0.83
NH3-N (mg/dl) 19.9 21.9 22.2 1.2 0.42
Total VFA (mm/l) 71.8 73.6 72.7 1.0 0.54
Individual VFA (% total VFA)
Acetate 62.6° 61.8%  602° 040 0.003
Propionate 19.5° 204° 218 032 0.002
Butyrate 15.8 16.2 16.4 0.40 0.55
Valerate 1.40 1.04 1.04 0.18 033
Isovalerate 0.52 0.43 0.41 0.04 026
Acetate/propionate  3.20° 3.01° 2765 005 0.001

Different letters in the same line indicate significant statistical differ-
ences (p < 0.05).

+Control, GSO2 and GS04 diets contained 0%, 2% and 4% of grapeseed
oil (DM basis) respectively.
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Antioxidant status of blood and LL muscle

The effects of the diets on antioxidant status of blood
and LL muscle are presented in Table 4. The supple-
mentation of the diet with 4% GSO increased TAC in
blood and LL muscle (p < 0.001). The level of MDA in
both blood and LL muscle was significantly decreased
by adding GSO to the diet and was greatest in lamb
fed GSO4 diet (p < 0.001). The level of blood GSH-Px
was higher in GSO2 and GSO4 compare to the control
(p = 0.02), but the value of SOD in blood and LL mus-
cle was not affected by diets (p > 0.05).

Fatty acid compositions of subcutaneous lipids

Fatty acid profiles of subcutaneous fat in lambs are
shown in Tables 5. The concentration of palmitic acid
decreased in subcutaneous fat of lambs fed GSO4 diet
compared with lambs fed control diet (p = 0.006).
Increasing of GSO to the diet increased (p < 0.001)
the concentration of trans-9 C18:1, VA, cis-9 trans-11
C18:2 CLA (rumenic acid, RA), total CLA and linoleic
acid as the GSO4 had the highest and control had the
lowest concentration of these FA, GSO2 was interme-
diate. The results showed that the increased
(p < 0.001) proportion of GSO in the diet increased
the concentrations of PUFA and PUFA/SFA ratio.

Table 4 Effect of treatment on antioxidant activity in blood and LL
muscle

Treatmentf
Item Control GS02 GS04 SEM p value
Blood
TAC (mmol/l) 0.83° 1.21° 1.83° 011 <0.001
MDA (nmol/ml) 2.37° 2.00° 1.62° 007 <0.001
SOD (Urg 1473 1480 1454 24.83 0.75
Haemoglobin)
GSH-Px (U/g 42.62° 56.907 58.85° 374 0.2
Haemoglobin)
LL muscle
TAC (U/mg 0.42° 0.65° 1.03° 0.05 <0.001
protein)
MDA (g/kg) 0.33° 0.27° 0.19°  0.01 <0.001
SOD (U/mg 1.1 1.14 1.13 0.03 0.80
protein)
GSH-Px (U/mg 0.82 0.91 0.83 0.03 0.24
protein)

TAC, total antioxidant capacity and measured by FRAP; MDA, malondi-
aldehyde; SOD, superoxide dismutase; GSH-Px, glutathione peroxidase.
Different letters in the same line indicate significant statistical differ-
ences (p < 0.05).

tControl, GS02 and GS04 diets contained 0%, 2% and 4% of GSO (DM
basis) respectively.
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Discussion

Characteristics of GSO

Fatty acids profile of GSO has been investigated in
several studies, and it has been shown that linoleic
acid is prevalent in GSO (Kamel et al., 1985; Abou-
Rayan et al., 1998; Crews et al.,, 2006). Beveridge
et al. (2005) reported that 66.8-73.6% linoleic acid
can be seen in the GSO of seeds from seven different
varieties of grapes, which is consistent with the
results of other studies. Lutterodt et al. (2011)
reported that 0.16-0.80 mg GAE/g TPC and 0.07-
2.22 mmol TE/g RDSC can be found in the GSO in
various species.

Performance and apparent total-tract digestibility of
nutrients

The effects of oils on the ruminants DMI and digestion
depend on oil type (i.e. saturated vs. unsaturated) and
level (Doreau and Chilliard, 1997). It has been shown
that the micro-organisms of the rumen are able to
endure up to 5% fatty acids depend on the nature of
the fatty acids (Hatch et al., 1972). However, it has
also been indicated that adding 6% soya bean oil
(8.2% diet) to the diet of lambs did not affect the final
BW and ADG (van Cleef et al.,, 2016). Castro et al.
(2005) showed that adding 4.1% (6.56% diet) palm
oil did not affect the performance characteristics of the
lambs, which is consistent with the results obtained in
the current study.

In the present study, increasing the level of GSO in
diet from 2 to 4% significantly decreased NDF
digestibility. Benchaar et al.(2015) reported that add-
ing 3% linseed oil can decrease the ruminal NDF
digestion. Adding 6% oil can reduce the NDF
digestibility, but the lower levels have no effect on the
NDF digestion (Lunsin et al.,, 2012). The difference
between studies might be partially due to composition
of the basal diet (i.e. forage type), feeding strategy (i.e.
maintenance vs. ad libitum), fat level and type. These
findings suggest that the amount of added oil is a
major determinative factor for the negative effect of
linseed FA on nutrient digestibility (Doreau and
Ferlay, 1995).

Rumen fermentation

Oil supplementation can cause a change in VFA
profile through increasing the proportion of propi-
onate and decreasing acetate (Ivan et al.,, 2013).
Dietary strategies such as use of PUFA to increase
propionate production in the rumen can also reduce
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Table 5 Effect of treatment on total fat (mg/g subcutaneous fat) and fatty acid profile (% of total FAME) subcutaneous fat
Treatmentf

Fatty acid Control GS02 GSO4 SEM p value

Total FA (mg/g) 685.4 693.5 691.2 21.4 0.91

FA composition, g/100 g of total FAME
C12:0 (Lauric) 0.48 0.53 0.40 0.07 0.53
C14:0 (Myristic) 415 4.07 3.80 0.17 0.38
cis-9 C14:1 (Myristoleic) 0.45 0.30 0.36 0.07 0.40
C15:0 (Pentadecanoic) 0.76 0.68 0.69 0.05 0.64
C16:0 (Palmitic) 29.93% 28.31% 26.69° 0.52 0.006
cis-9 C16:1 (Palmitoleic) 0.72 0.72 0.68 0.03 0.68
C17:0 (Heptadecanoic) 0.89 0.89 0.97 0.04 0.40
cis-9 C17:1 (Heptadecenoic) 0.60 0.68 0.70 0.05 0.39
C18:0 (Stearic) 17.81 18.43 19.23 0.61 0.31
trans-9 C18:1 (Elaidic) 0.14°¢ 0.26° 0.28% 0.01 <0.001
trans-11 C18:1 (Vaccenic) 0.65°¢ 1.22° 2.18? 0.04 <0.001
Cis-9 C18:1 (Oleic) 36.27 35.13 34.32 0.86 0.32
C18:2 n—6 (Linoleic) 3.11¢ 417° 5.357 0.17 <0.001
cis- 9 trans-11 C18:2 Rumenic acid (CLA) 0.62° 0.77° 0.94° 0.01 <0.001
C18:3 n—3 (Linolenic) 0.50 0.67 0.52 0.10 0.45
C20:0 (Arachidic) 0.57 0.48 0.48 0.08 0.74
C20:1 (Eicosenoic) 0.12 0.13 0.13 0.01 0.91
C20:5 n—3 (Eicosapentaenoic) 0.02 0.04 0.03 0.006 0.87
C22:0 (Behenic) 0.07 0.09 0.07 0.01 0.48
C22:5 n—3 (Docosapentaenoic) 0.03 0.04 0.04 0.006 0.52
SFA 54.68 53.51 52.37 0.76 0.19
MUFA 38.97 38.46 38.87 0.87 0.35
PUFA 438 5.81° 7.02° 0.22 <0.001
MUFA/SFA 0.71 0.71 0.74 0.02 0.87
PUFA/SFA 0.07¢ 0.10° 0.13° 0.004 <0.001
Total CLA 0.70° 0.87° 1.06% 0.01 0.001

FAME, fatty acid methyl esters; SFA, saturated fatty acid; MUFA, mono unsaturated fatty acid; PUFA, polyunsaturated fatty acid.
Different letters in the same line indicate significant statistical differences (p < 0.05).
+Control, GS02 and GS04 diets contained 0%, 2% and 4% of GSO (DM basis) respectively.

methanogenesis through making the proper condi-
tions for lower hydrogen availability for methane
production (Martin et al., 2010). In agreement with
results of the current study, Benchaar et al. (2015)
and Lunsin et al. (2012) reported that supplement-
ing the diet with linseed or rice bran oil increased
propionic acid and decreased acetate acids in rumen
fluid respectively. Mapato et al. (2010) reported that
6% sunflower oil compared with the 3% sunflower
oil can decrease molar proportion of ruminal acetate
and can also increase propionate leading to the
decreased acetate: propionate ratio. Oil supplemen-
tation can reduce the fibre degradation in the
rumen, as fibres play an essential role in acetate
production, and a reduction in the fibre digestibility
reduces the acetate (Doreau and Ferlay, 1995). As it
was explained before, adding GSO to the diet
decreased the NDF digestibility and consequently
decreased in the acetate proportion and acetate:
propionate ratio.

Antioxidant status of blood and LL muscle

Lipid oxidation is considered as one of the main rea-
sons to reduce the quality of meat and meat products.
A large number of compounds are generated during
the oxidation processes which adversely affect texture,
colour, flavour, nutritive value and safety of meat
products (Lahucky et al., 2010) which can limit the
shelf-life of the meat (Karakaya et al., 2011). Antioxi-
dants can be used to prevent or delay these oxidation
processes. Antioxidants can consider as a defence
mechanisms against free radical species for the protec-
tion of both intracellular and extracellular compo-
nents (Jiang and Xiong, 2016). In line with the results
of our study, Liu et al. (2016) found that inclusion of
polyphenols from chestnut tannins increased TAC,
GSH-Px and decreased MDA content in serum and
liver of the lamb which can be due to the selectively
induction of antioxidant enzyme gene expression by
polyphenols (condensed tannin). Emami et al. (2015)
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reported that adding pomegranate seed as a source of
natural antioxidant to the kids diet decreased MDA
and increased TAC in plasma, liver and LL muscle
(Emami et al., 2015). Dong et al. (2015) reported that
polyphenolic extracts of Castanea mollissima Blume
increased the contents of GSH-Px and TAC and
decreased MDA in intestinal crypt-like epithelial cell
in vitro. In contrast with our study, Sgorlon et al.
(2006) found that grape skin extract as a supplemen-
tation in the sheep diet, which is rich in polyphenols
and condensed tannins increased the expression of
SOD in plasma. Sun et al. (2015) reported that TAC,
GSH-Px, MDA and catalase content of muscle lambs
fed with Suaeda glauca seed (a source of natural
antioxidant) did not change through the treatments.
The strong antioxidant potential of grapeseed can be
attributed to the extremely high concentrations of
polyphenols, such as gallic acid, gallocatechin and epi-
gallocatechin of the grapeseed (Shi et al., 2003). Also,
grapeseed can provide more significant protection
against free radicals and free radical-induced lipid per-
oxidation than vitamins C, E and B-carotene (Bagchi
et al., 1997; Balogh et al., 2000). Colindres and Susan
Brewer (2011) compared the effect of three natural
(grapeseed extract, oleoresin rosemary and oregano
extract) with three synthetic [butylated hydroxyanisole,
butylated (BHA), hydroxytoluene (BHT), propyl gallate
(PG)] antioxidants on oxidative stability of ground beef
patties and results showed that effective antioxidants
were more in PG > grapeseed extract > oleoresin rose-
mary > BHA > oregano extract > BHT > control group
respectively. Generally, a higher intake of natural
antioxidants can results in transferring these molecules
to animal tissues with a consequent increase of total
antioxidant capacity (Descalzo and Sancho, 2008). In
this study, it seems that the higher intake of antioxi-
dants from GSO such as polyphenols or tocotrienols
cease transfer this compounds to blood and meat and
increased antioxidant parameters in this tissues.

Adipose fatty acid

UFAs supplementation usually decrease the palmitic
concentration, which is favourable as this FA is the
major hypercholesterolaemic FA (Givens, 2005).
Jerénimo et al. (2012) reported that adding 6% veg-
etable oil to the lamb diet containing grapeseed
extract causes a reduction in the palmitic concentra-
tion in muscle. Mapiye et al. (2013) stated that flax-
seed supplementation decreased the palmitic
concentration in the adipose tissue of steers.

As expected, adding GSO which contains a high
concentration of linoleic acid can increase this FA
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concentration in the adipose tissue which is consistent
with previous results on lambs fed with high-linoleic
diets (Boles et al., 2005; Bas et al., 2007). Bessa et al.
(2007) reported that adding sunflower oil and linseed
oil increased the linoleic and linolenic acids concen-
trations in the lambs” muscular tissue respectively.

Several studies also demonstrated that oil supple-
mentation with high levels of linoleic and linolenic
acids can increase CLA, VA and PUFA and decrease
SFA in ruminant adipose tissues, which is consistent
with our results. Boles et al. (2005) reported that PUFA
and its isomers particularly CLA in the muscle can be
increased by elevating safflower oil levels to the diet
due to its high linoleic acid content. In the past decade,
it was believed that the CLA produced in the rumen
was the most important source of CLA in milk and
meat, but recently it is strongly suggested that endoge-
nous synthesis of VA by A’-desaturase in the mammary
gland (Griinari et al., 2000) and subcutaneous or intra-
muscular fat (Raes et al., 2004) can be the predominant
production pathway Thus, in our study, increasing the
concentration of RA and total CLA in subcutaneous fat
by adding GSO to the diet can be attributed to the
increase in VA concentration in the rumen. The use of
GSO in ruminant nutrition could improve the quality
of the derived foods, by the increase of the content of
fatty acids, such as CLA, VA and PUFA, which are con-
sidered beneficial to human health.

Conclusion

According to our results, dietary supplementation of
GSO had no effect on lamb performance and nutrient
digestibility, except NDF which was decreased by
addition of oil to the diet. Diets with GSO had the
higher TAC content and lower MDA content in serum
and meat of lambs. Dietary inclusion of GSO improved
adipose FA composition by increasing the proportion
of VA, CLA, PUFA and PUFA/SFA ratio. Thus, our
results suggest that use of GSO up to 4% in the lamb
diet might be a good approach to increase meat
antioxidant activity and improvement of adipose FA
composition from the point of view of the human con-
sumer, without effects on animal performance.
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