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Fatty acid composition, cholesterol and antioxidant status of infraspinatus
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ABSTRACT
The study assessed the lipid profile, cholesterol and antioxidant status of infraspinatus muscle,
kidney and liver from goats supplemented with increasing levels of blend of 20% palm oil and
80% canola oil. Twenty-four Boer bucks were randomly assigned to diets containing 0, 4 and 8%
oil blend, fed for 100 d and slaughtered. The tissues were subjected to 7 d postmortem storage
at 4 �C. Diet did not affect total lipid and cholesterol content in the tissues. The proportions of
C14:0 in infraspinatus muscle and kidney, and C15:0 in all tissues were lower (p< 0.05) while the
proportion of C18:3n:3 was greater in supplemented goats than the control goats. Proportion of
C18:1n-9 in infraspinatus muscle was higher (p< 0.05) in goats fed oil blend than the control
goats. The liver and the infraspinatus muscle of the control goats had higher C18:1 trans-10 but
lower C18:1 trans-11 compared with those fed other diets. Diet had no effect on catalase, super-
oxide dismutase and glutathione peroxidase activities, and the concentration of c and d-tocoph-
erol and lipid oxidation in all tissues. The concentrations of a-tocopherol and total carotenoid
were greater in the tissues of oil-fed goats compared with the control goats. Regardless of tissue,
the catalase and superoxide dismutase activities were stable throughout storage. Lipid oxidative
stability, glutathione peroxidase activity, tocopherol and carotenoid contents in the tissues
decreased (p< 0.05) as postmortem storage progressed. Dietary 20% palm oil and 80% canola oil
blend modified the fatty acids in goat meat and offal without compromising their oxidative
stability.
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Introduction

There is increasing preference for safer, healthier and
functional meat due to increased health consciousness
among consumers (Howes et al. 2015; Nantapo et al.
2015). The high proportion of saturated fatty acids
(SFA) and cholesterol in red meat has been implicated
in the incidence of various chronic diseases (Pan et al.
2012; Cross et al. 2013). Thus, modifying the fatty acid
profile of red meat is warranted.

The major way of altering tissue lipids in ruminants
is the use of dietary oils (Bessa et al. 2007; Nute et al.
2007). However, the major drawback in enhancing the
unsaturated fatty acid (UFA) in red meat is the high
susceptibility of UFA to lipid oxidation (Nute et al.
2007). Lipid oxidation can reduce the shelf life (Nute
et al. 2007; Olorunsanya et al. 2011) and jeopardize the
nutritive and eating quality of meat (Ponnampalam
et al. 2014). Thus, enhancing the beneficial UFAs in

meat necessitates the need to prevent the UFA from
lipid oxidation. Synthetic antioxidants are effective in
curbing postmortem lipid oxidation in muscle foods
but they are very scarce and expensive particularly in
developing countries (Olorunsanya et al. 2011;
Adeyemi et al. 2013). In addition, there are concerns
about the adverse effects of synthetic antioxidants on
human health (Shahidi & Zhong 2010). Thus, the use
of natural antioxidants could be a viable alternative in
curbing oxidative spoilage in foods (Shahidi & Zhong
2010; Sola-Ojo et al. 2013).

Incorporation of antioxidant-rich vegetable oils in
animals’ diets has been suggested as an effective and
economical way of curbing postmortem lipid oxidation
and an alternative way of enhancing antioxidants in
human diet (Soler-Velasquez et al. 1998; Kang et al.
2001). Albeit, vitamin E and other antioxidant vitamins
play important role in the regulation of oxidation of
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UFA in tissues, various protective antioxidant enzymes
such as glutathione peroxidase, catalase and super-
oxide dismutase are also involved (Renerre et al. 1999).
The efficacies of various oil blends in altering tissue lip-
ids in ruminants have been documented (Bessa et al.
2007; Kim et al. 2007; Jer�onimo et al. 2009).
Nonetheless, information regarding the effects of blend
of palm oil and canola oil on lipid composition and
oxidative stability of liver, kidney and infraspinatus
muscle in goats has not been elucidated. Canola oil
contains about 59% oleic acid, 21% linoleic acid and
13% linolenic acid while the saturated fatty acids
account for about 7% (Lin et al. 2013). Canola oil con-
tains about 0.53–0.97% plant sterols and about
700–1200 ppm tocopherols (Dupont et al. 1989; Lin
et al. 2013). Palm oil is the richest natural plant source
of lipid-soluble antioxidants such as carotenoids (a-
and b-carotenes, lycopenes), vitamin E (a-, b-, d-toco-
trienols and tocopherol) and ubiquinone (Oguntibeju
et al. 2009; Atawodi et al. 2011). Palm oil contains 44%
oleic acid, 10% linoleic acid and about 40% palmitic
acid (Siew & Ng 2000). Based on the fatty acid profile
and antioxidant contents of palm oil and canola oil, we
propose that a blend of these oils will modify the lipid
and antioxidant profile of chevon and offal.

Companion in vitro (Adeyemi et al. 2015a) and in
vivo (Adeyemi et al. 2015c) trials have shown that the
blend of 20% palm oil and 80% canola oil had no det-
rimental effect on rumen metabolism, feed intake and
growth performance in goats. In addition, the serum
biochemical indices and antioxidant status were not
compromised (Adeyemi et al. 2016). Therefore, the
objective of this study was to determine the effects of
dietary supplementation of blend of 20% palm oil and
80% canola oil, and postmortem conditioning on lipid
profile, cholesterol content and antioxidant status of
infraspinatus muscle, liver and kidney in goats.

Materials and methods

Animal welfare

The study was conducted following the guidelines of
research policy of the Universiti Putra Malaysia on
Animal welfare and ethics.

Animals and diets

Twenty-four, 4–5 months old Boer bucks weighing
20.54 6 0.474 kg (mean 6 standard deviation) were
used in this study. The goats were drenched against
parasites and randomly assigned to diets containing 0,
4 and 8% oil blend on a dry matter basis of the basal
diet (complete ration mix) and fed for 100 d following

a 14 d adaptation period. Each diet was made up of
50% forage (fresh oil palm frond) and 50% concentrate
on a dry matter basis (Adeyemi et al. 2015c). The
ingredients in the concentrate portion were adjusted
to make the diets isocaloric and isonitrogenous
(Table 1). The oil-supplemented diets were prepared
by manually incorporating the oil blend into the
ground concentrate thoroughly to ensure homogenous
distribution of the oil in the ration. The diets were pre-
pared fresh twice a day and no antioxidant was added.
The diets were offered as complete ration mix (forage
and concentrate) in two equal meals at 0830 and
1430 hours. All goats had free access to water.

Feed samples (400 g) were collected weekly and
stored at �20 �C until analysis. Feed samples were
dried at 60 �C for 48 h to determine the dry matter
content, ground to pass a through a 1 mm screen and
analyzed for ether extract, crude protein and ash
according to the method of AOAC (1990). Neutral
detergent fibre and acid detergent fibre were analysed
by the method of Van Soest et al. (1991). The chemical
and the fatty acid composition of the dietary treat-
ments are presented in Table 1.

The growth performance, nutrient intake and digest-
ibility, and rumen fermentation have been assessed in
a companion feeding trial (Adeyemi et al. 2015c). The
oil blend had no effect on growth performance, feed

Table 1. Chemical and fatty acid composition and contents of
antioxidant compounds in dietary treatments.

Levels of oil blend (%)

0 4 8

Chemical composition
Dry matter, % 67.70 67.90 68.07
Crude protein, % DM 14.27 14.37 14.39
Ether extract, % DM 2.30 6.35 11.11
Organic matter, % DM 93.16 93.42 93.55
Nitrogen free extract, % DM 16.56 13.97 12.45
Acid detergent fibre, % DM 35.04 33.28 32.52
Neutral detergent fibre, % DM 63.52 62.67 62.06
Metabolizable energy, MJ/kg DM 11.59 11.61 11.62
Ca, % DM 1.02 1.05 1.04
P, % DM 0.52 0.54 0.54

Fatty acid, % of total fatty acid
C12:0 0.07 0.07 0.08
C14:0 3.35 1.38 0.99
C16:0 17.64 16.14 14.92
C16:1 0.52 0.31 0.29
C18:0 3.53 3.02 2.74
C18:1n-9 24.19 40.10 50.37
C18:2n-6 44.59 32.01 23.08
C18:3n-3 6.70 7.04 7.90
n-6:n-3 6.66 4.54 2.92

Total fatty acid, g/kg DM 15.83 37.09 52.27

Antioxidant, mg/kg
Total carotenoid 14.81 16.71 19.86
a-Tocopherol 101.12 112.47 123.21
c-Tocopherol 10.22 34.55 49.17
d-Tocopherol 1.21 3.45 5.93

n-6:n-3¼ (C18:2n-6� C18:3n-3).
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efficiency and the intake and digestibility of dry mat-
ter, crude protein, neutral detergent fibre, acid deter-
gent fibre and organic matter but enhanced the intake
and digestibility of crude fat (Adeyemi et al. 2015c).
The mean final body weight of goats fed 0, 4 and 8%
oil blend were 30.75, 32.00 and 30.94 kg, respectively
(Adeyemi et al. 2015c).

Slaughtering, tissue sampling and postmortem
storage

At the end of the feeding trial, the goats were
fasted overnight with ad libitum access to water and
slaughtered in accordance to the Halal slaughter pro-
cedures outlined in MS1500:2009 (Department of
Standards, Malaysia, 2009). After evisceration and car-
cass dressing, the carcasses and offal were subjected
to postmortem aerobic refrigerated storage at 4 �C.
The liver samples were obtained from the right lobe
of the liver while the kidney samples were obtained
from the renal cortex of the right kidney. The infra-
spinatus muscle, central to the scapula spine, was
excised from the left forelimb. On day 0, about 10 g
of each sample was excised, snap frozen in liquid
nitrogen and store at �80 �C until further analysis
while the remaining portions were left intact until a
particular postmortem storage was reached. On 4
and 7 d postmortem, 10 g of each sample was
excised, snap frozen in liquid nitrogen and stored at
�80 �C until further analysis.

Determination of lipid oxidation

Lipid oxidation in the tissues was measured as 2-thio-
barbituric acid reactive substances (TBARS) using
QuantiChromTM TBARS Assay Kit (DTBA-100, BioAssay
Systems, Hayward, CA) following the procedure of the
manufacturer.

Determination of antioxidant enzyme activities

Catalase activity was measured using Cayman Catalase
Assay Kit (Cat no # 707002, Cayman Chemical, Ann
Arbor, MI), glutathione peroxidase (GPX) was measured
with EnzyChromTM Glutathione Peroxidase Assay Kit
(Cat no # EGPX-100, BioAssay Systems, Hayward, CA)
while superoxide dismutase (SOD) activity was meas-
ured using Cayman SOD Assay kit (Cat no # 706002,
Cayman Chemical, Ann Arbor, MI) following the proce-
dures of the manufacturer.

Determination of cholesterol, total carotenoid and
tocopherol contents

Cholesterol content in tissue was determined using the
method of Rudel and Morris (1973). The carotenoid
contents in feed and tissue samples were quantified as
described by Okonkwo (2009). The extraction of toc-
opherol from feed and tissue samples was done as
described by Kamal-Eldin et al. (2000). Quantification
of tocopherol contents was done with Agilent 1200
series HPLC (Agilent Technologies, Inc., Santa Clara, CA)
as described by Pegg and Amarowicz (2009).

Fatty acid analysis

The total fat in feed and tissue samples was extracted
with chloroform:methanol (2:1, v/v) mixture following
the method of Folch et al. (1957) modified by Rajion
et al. (1985). The extracted fatty acids (FA) were trans-
methylated to their fatty acid methyl esters (FAME)
using 0.66 N KOH in methanol and 14% methanolic
BF3 according to the method of AOAC (1990). The
FAME was separated by a gas liquid chromatograph
(Agilent 7890A, Agilent Technologies, Inc., Santa Clara,
CA) equipped with a flame ionization detector using a
100 m � 0.25 mm ID (0.20-lm film thickness) Supelco
SP-2560 capillary column. Helium was the carrier gas
and the split ratio after the FAME injection was 10:1.
The temperature of the injector and detector were pro-
grammed at 250 �C and 300 �C, respectively. The col-
umn temperature was set at 100 �C, held for 2 min and
warmed to 170 �C at 10 �C/min, held for 2 min, warmed
to 230 �C at 5 �C/min and then held for 20 min. The
identification of sample fatty acids was done by com-
paring the relative retention times of FAME peaks from
samples with those of standards.

Statistical analysis

The experiment followed a completely randomized
design. Data obtained for fatty acids and cholesterol
were subjected to the generalized linear model (GLM)
procedure of SAS (SAS 2003). The antioxidants and lipid
oxidation data were analyzed using the PROC MIXED
procedure of SAS (SAS 2003) in which diet, postmortem
storage and interaction between diet and postmortem
storage were fitted as fixed effects in a repeated meas-
ure analysis of variance. Before that, compound sym-
metry covariance structure, linear and quadratic
contrasts were tested in regression analysis and found
to have insignificant effects. Means were separated by
Tukey HSD test at a significance level of p< 0.05.
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Results and discussion

Fatty acid composition and cholesterol content of
tissues

The FA profile and cholesterol content of infraspinatus
muscle, liver and kidney of goats supplemented with
increasing levels of oil blend are presented in Tables 2,
3 and 4, respectively. Regardless of tissue, the C18:0
(17.86–20.70%, 19.22–20.20% and 22.00–22.57% in
infrasprinatus muscle, liver and kidney, respectively),
C18:1n-9 (30.50–34.35%, 18.83–20.43% and 17.92–
20.00% in infrasprinatus muscle, liver and kidney,
respectively) and C16:0 (19.00–23.83%, 19.44–20.43%
and 22.27–22.90% in infrasprinatus muscle, liver and
kidney, respectively) were the major FAs.

The proportion of C14:0 in the kidney and infraspinatus
muscle decreased (p< 0.05) as the level of oil blend
increased in the diet. This finding could be due to the
preferential incorporation of long chain FA or due to the
decrease in the mRNA abundance and activity of lipo-
genic enzymes required for the synthesis of medium
chain FA (Kim et al. 2007). Similar findings were observed
when soybean oil (Bessa et al. 2005) and safflower oil
(Boles et al. 2005) were supplemented in lambs.

Regardless of tissue, the proportion of C15:0
decreased (p< 0.05) as the level of oil blend increased
in diet. The C15:0 is an odd chain FA derived from
rumen micro-organisms (Vlaeminck et al. 2006).
Therefore, the depression of this FA in the tissue of oil-
fed goats could be due to the effect of unprotected
fat on rumen microbial ecology and metabolism by
reducing either the proportion of odd chain FA in
microbial biomass or the flow of microbial biomass to
the duodenum. This observation is in tandem with the
decrease in the ruminal concentration of C15:0 in the
oil-fed goats (Adeyemi et al. 2015c).

The proportion of trans-10 C18:1 and trans-11 C18:1
in the liver and infraspinatus muscle differed (p< 0.05)
between diets. The liver and infraspinatus muscle of
the control goats had higher (p< 0.05) C18:1 trans-10
but lower (p< 0.05) C18:1 trans-11 compared those fed
other diets. Similar trends, but of insignificant effects
were observed in the kidney. Both C18:1 trans-11 and
C18:1 trans-10 are intermediate products of biohydro-
genation of unsaturated fats in the rumen (Pottier
et al. 2006; Bessa et al. 2007; Kim et al. 2007). The
increase in the proportion of C18:1 trans-11 in the

Table 2. Mean fatty acid composition (% of total fatty acids)
and cholesterol (mg/100 g wet muscle) of infraspinatus muscle
in goats fed graded levels of blend of 20% palm oil and 80%
canola oil.

Levels of oil blend (%)

Parameter 0 4 8 SEM p value

C14:0 2.00a 1.80b 1.63c 0.173 0.032
C15:0 0.78a 0.63b 0.51c 0.104 0.010
C16:0 21.03 20.80 19.00 1.323 0.125
C16:1n-7 2.66 2.02 2.01 0.400 0.105
C18:0 20.70 18.10 17.86 1.100 0.190
C18:1 trans-10 0.96a 0.51b 0.36c 0.297 0.044
C18:1 trans-11 2.12c 2.77b 3.35a 0.541 0.023
C18:1n-9 30.50b 32.73a 34.35a 1.266 0.019
CLA c9t11 0.63 0.69 0.61 0.119 0.313
CLA t10 c12 0.34 0.31 0.22 0.227 0.332
C18:2n-6 7.64 8.64 8.89 0.795 0.116
C18:3n-3 1.07a 1.57b 1.67b 0.274 0.029
C20:4n-6 5.39 5.38 5.40 0.001 0.134
C20:5n-3 0.67 0.75 0.79 0.064 0.062
C22:5n-3 0.72 0.74 0.63 0.067 0.101
C22:6n-3 0.74 0.56 0.66 0.068 0.243
Unidentified FA 2.07 2.00 2.08 0.051 0.114P

SFA 44.51 41.33 39.00 2.531 0.155P
MUFA 36.24 38.03 40.07 0.919 0.115P
PUFA 17.17 18.64 18.87 1.233 0.230P
n-3 3.20 3.62 3.73 0.292 0.070P
n-6 13.03 14.01 14.29 0.788 0.110

n-6/n-3 4.07 3.88 3.83 0.191 0.211
PUFA/SFA 0.39 0.45 0.48 0.057 0.120
Total lipid, mg/100 g 3831.20 3879.00 3861.04 36.16 0.110
Cholesterol, mg/100 g 49.21 47.76 44.85 3.110 0.161

a, b, c means having different superscript along the same row are signifi-
cantly different (p< 0.05).

P
SFA¼ (C14:0þ C15:0þ C16:0þ C18:0),P

MUFA¼ (C16:1þ C18:1þ C18:1t10þ C18:1t11),
P

n-3¼ (C18:3n-3þ
C20:5n-3þ C22:5n-3þ C22:6n-3),

P
n-6¼ (C18:2n-6þ C20:4n-6) n-6/n-3¼

(C18:2n-6þ C20:4n-6)� (C18:3n-3þ C20:5n-3þ C22:5n-3þ C22:6n-3),
P

PUFA¼
(CLA c9t11þ CLA c12t10þ

P
n-3þ

P
n-6). SEM: standard error of mean.

Table 3. Mean fatty acid (FA) composition (% of total fatty
acids) and cholesterol (mg/100 g wet tissue) content of liver in
goats fed graded levels of blend of 20% palm oil and 80%
canola oil.

Levels of oil blend (%)

Parameter 0 4 8 SEM p value

C14:0 1.99 1.81 1.90 0.317 0.191
C15:0 0.96a 0.70b 0.57c 0.155 0.042
C16:0 20.20 19.44 20.01 0.289 0.512
C16:1n-7 2.67 1.67 2.29 0.217 0.080
C18:0 28.43 27.11 25.98 1.055 0.201
C18:1 trans-10 0.87a 0.40b 0.21c 0.271 0.015
C18:1 trans-11 2.50c 3.33b 4.07a 0.714 0.028
C18:1n-9 18.83 19.81 20.43 1.882 0.260
CLA c9t11 0.98 0.84 0.92 0.117 0.230
CLA t10c12 0.71 0.54 0.57 0.102 0.171
C18:2n-6 10.06 10.81 9.48 0.213 0.240
C18:3n-3 1.69a 2.06b 2.10b 0.176 0.020
C20:4n-6 6.31 8.19 7.14 1.777 0.290
C20:5n-3 0.61c 0.78b 1.00a 0.153 0.011
C22:5n-3 0.76 0.83 0.78 0.049 0.150
C22:6n-3 0.73 0.89 0.83 0.099 0.140
Unidentified FA 1.70 1.68 1.72 0.025 0.110P

SFA 51.58 49.06 49.46 1.088 0.112P
MUFA 24.87 25.21 27.00 0.418 0.121P
PUFA 21.85 24.05 22.82 1.377 0.320P
n-3 3.78a 4.50b 4.76b 0.596 0.010P
n-6 16.37 19.00 16.62 0.768 0.450

n-6/n-3 4.33a 4.22a 3.49b 0.333 0.020
PUFA/SFA 0.42 0.49 0.46 0.029 0.060
Total lipid, mg/100 g 3596.12 3623.00 3531.10 53.298 0.111
Cholesterol, mg/100 g 226.33 225.08 220.69 11.057 0.610

a, b, c means having different superscript along the same row are signifi-
cantly different (p< 0.05).

P
SFA¼ (C14:0þ C15:0þ C16:0þ C18:0),

P
MUFA¼

(C16:1þ C18:1þ C18:1t10þ C18:1t11),
P

n-3¼ (C18:3n-3þ C20:5n-3þ C22:5n-
3þ C22:6n-3),

P
n-6¼ (C18:2n-6þ C20:4n-6) n-6/n-3¼ (C18:2n-6þ C20:4n-

6)� (C18:3n-3þ C20:5n-3þ C22:5n-3þ C22:6n-3),
P

PUFA¼ (CLA c9t11þ CLA
c12t10þ

P
n-3þ

P
n-6), PUFA/SFA¼ (

P
PUFA/

P
SFA). SEM: standard error of

mean.
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tissues of oil-fed goats compared with the control
goats agrees with the findings of Bessa et al. (2005,
2007). Similarly, dietary canola oil, canolamide or can-
ola oil–canolamide blend (Loor et al. 2002) and 1 kg
canola oil/day (Chelikani et al. 2004) increased the lev-
els of C18:1 trans-11 in bovine milk.

The decrease in the proportion of C18:1 trans-10 fol-
lowing oil supplementation was unexpected. Contrary
to the present observation, supplementation of 10% of
soybean oil with Lucerne or concentrate-based diet
(Bessa et al. 2005) and supplementation of 7.4% of lin-
seed oil, sunflower oil or a blend of sunflower oil and
linseed oil (Bessa et al. 2007) increased the proportion
of C18:1 trans-10 in intramuscular fat of lambs. The
observed decrease in the proportion of C18:1 trans-10
could be due to the increase in dietary a-tocopherol
content as the level of oil blend increased in diet
(Table 1). This observation is tandem with the findings
of Mapiye et al. (2012) who observed that the supple-
mentation of vitamin E led to a reduction in the pro-
portion of C18:1 trans-10 in the subcutaneous fat of
steers. Similarly, Pottier et al. (2006) observed that

supplementation of vitamin E in high-fat diet reduced
the concentration of C18:1 trans-10 and increased the
concentration of C18:1 trans-11 in bovine milk.

It has been posited that a-tocopherol might exhibits
stimulatory and inhibitory effects on the activities and
growth of rumen bacteria that synthesize C18:1 trans-
11 and C18:1 trans-10 respectively (Martin & Jenkins
2002; Pottier et al. 2006). H€artig et al. (2005) posited
that trans FAs are produced in the rumen as a result of
ruminal oxidative stress which can be alleviated by a-
tocopherol. Nonetheless, the ability of a-tocopherol to
alleviate ruminal stress may not be via its normal role
as antioxidant due to the greatly reduced rumen envir-
onment (Mapiye et al. 2012). An alternative mode of
action of a-tocopherol might be related to its structural
resemblance to a-deoxy-a-tocopherolquinol and toco-
pherolquinol which act as endogenous electron donors
in the biohydrogenation of conjugated linoleic acids to
C18:1 trans-11 (Hughes & Tove 1980), thereby enhanc-
ing the production of FAs by this pathway.

The proportion of C18:1n-9 in infraspinatus muscle
was higher in goats fed 4 and 8% oil blend compared
with the control goats. However, the proportion of
C18:1n-9 in infraspinatus muscle did not differ
(p< 0.05) between goats fed 4 and 8% oil blend. The
increase in the proportion of C18:1n-9 could be due to
the increased intake of C18:1n-9 as the oil blend
increased in diet (Adeyemi et al. 2015c). It could also
be due to the desaturation of C18:0 to form C18:1n-9
since the ruminal concentration of C18:0 increased as
the level of oil blend increased in diet (Adeyemi et al.
2015c).

Irrespective of tissue, the proportion of C18:2n-6 did
not differ between diets. This observation is consistent
to that of Karami et al. (2013) who observed that goats
fed 3% canola oil had similar C18:2n-6 in the liver and
longissimus lumborum muscle as those fed 3% palm oil.
Similarly, dietary canola oil, canolamide or canola oil-
canolamide blend (Loor et al. 2002) and 1 kg canola
oil/day (Chelikani et al. 2004) had no effect on the con-
centration of C18:2n-6 in bovine milk compared with
the control diet.

The proportion of C18:3n-3 in the tissues was higher
(p< 0.05) in goats fed diets supplemented with the oil
blend compared with those fed the control diet.
However, the proportion of C18:3n-3 in the liver and
infrasprinatus muscle did not differ between goats fed
diets supplemented with 4 and 8% oil blend. The
increase in the proportion of C18:3n-3 in the tissues
could be due to the increase in the intake and the
ruminal concentration of C18:3n-3 as the level of oil
blend increased in diet (Adeyemi et al. 2015c).
Similarly, dietary C18:3n-3 increased the concentration

Table 4. Mean fatty acid (FA) composition (% of total fatty
acids) and cholesterol content (mg/100 g wet tissue) of kidney
in goats fed graded levels of blend of 20% palm oil and 80%
canola oil.

Levels of oil blend (%)

Parameter 0 4 8 SEM p value

C14:0 3.80a 3.20b 2.87c 0.400 0.021
C15:0 0.80a 0.71b 0.57c 0.089 0.011
C16:0 22.05 22.57 22.00 1.101 0.162
C16:1n-7 2.98 2.54 2.11 0.463 0.060
C18:0 22.87 22.29 22.80 0.514 0.220
C18:1 trans-10 0.70 0.50 0.46 0.130 0.065
C18:1 trans-11 1.91 2.36 2.55 0.578 0.090
C18:1n-9 17.92 19.21 20.00 2.674 0.222
CLA c9t11 0.87 0.89 0.87 0.053 0.060
CLA t10c12 0.46 0.47 0.46 0.110 0.073
C18:2n-6 14.16 13.20 12.97 0.738 0.182
C18:3n-3 1.24a 1.51b 1.79c 0.269 0.041
C20:4n-6 6.33 6.89 6.56 0.340 0.100
C20:5n-3 0.84 0.90 0.87 0.046 0.192
C22:5n-3 0.96 0.91 0.90 0.060 0.321
C22:6n-3 0.71 0.71 0.70 0.006 0.101
Unidentified FA 1.60 1.21 1.52 0.192 0.119
Total FA, mg/100 g 3201.11 3178.00 3320.22 30.487 0.100P

SFA 49.52 48.77 48.24 1.353 0.191P
MUFA 23.51 24.61 25.12 2.284 0.341P
PUFA 25.57 25.48 25.13 0.353 0.120P
n-3 3.04 4.03 4.27 0.580 0.034P
n-6 20.39 20.12 19.53 0.659 0.192

n-6/n-3 6.71 4.99 4.57 1.164 0.066
PUFA/SFA 0.51 0.52 0.52 0.012 0.100
Total lipid, mg/100 g 3100.56 2987.23 2920.34 32.760 0.112
Cholesterol, mg/100 g 223.61 219.64 212.60 8.155 0.177

a, b, c means having different superscript along the same row are signifi-
cantly different (p< 0.05).

P
SFA¼ (C14:0þ C15:0þ C16:0þ C17:0þ C18:0),P

MUFA¼ (C16:1þ C18:1þ C18:1t10þ C18:1t11),
P

n-3¼ (C18:3n-3þ
C20:5n-3þ C22:5n-3þ C22:6n-3),

P
n-6¼ (C18:2n-6þ C20:4n-6), n-6/n-

3¼ (C18:2n-6þ C20:4n-6)� (C18:3n-3þ C20:5n-3þ C22:5n-3þ C22:6n-3),P
PUFA¼ (CLA c9t11þ CLA c12t10þ

P
n-3þ

P
n-6). SEM: standard error

of mean.
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of C18:3n-3 in the muscle (Karami et al. 2013; Ebrahimi
et al. 2014), liver and kidney of goats (Karami et al.
2013).

Regardless of tissue, the proportion of CLA cis-9
trans-11 and CLA trans-10 cis-12 was not influenced by
diet. This observation was unexpected. Contrary to the
present observation, dietary supplementation of unsat-
urated fats had significant effects on the concentration
of CLA cis-9 trans-11 and CLA trans-10 cis-12 in lamb
tissue (Bessa et al. 2007) and bovine milk (Loor et al.
2002; Chelikani et al. 2004).

The proportion of the long chain n-3 and n-6 FA in
the kidney and infraspinatus muscle was similar
between diets. In the liver, the proportion of C20:5n-3
increased as the level of oil blend increased in diet.
This could be due to the increase in the proportion of
C18:3n-3. The C18:3n-3 is the precursor of the long
chain n-3 PUFA (Bessa et al. 2007; Kim et al. 2007).
Similarly, dietary C18:3n-3 enhanced the proportion of
long chain n-3 FA in cattle (Herdmann et al. 2010),
lambs (Demirel et al. 2004) and goats (Ebrahimi et al.
2014). Similar findings were observed in lambs fed
blend of linseed oil and soybean oil (Bessa et al. 2007)
and blend of linseed oil and sunflower oil (Jer�onimo
et al. 2009).

Regardless of tissue, dietary oil blend had no
effect on the total fatty acid, total saturated, mono-
unsaturated and polyunsaturated fatty acids. The
similarity in total lipid could be due to the similar
metabolizable energy of the diets (Table 1) and the
homogenous feed intake and growth performance
observed during the feeding trial (Adeyemi et al.
2015c). Intramuscular fats can increase when feed
energy are supplied in excess of the basal require-
ment for muscle deposition (Wood et al. 2008).
Glucose has been identified as the major substrate
for de novo fatty acid synthesis in intramuscular adi-
pocytes and other adipose tissues (Smith & Crouse
1984). Diets capable of enhancing glucose supply to
the muscle can increase the deposition of intramus-
cular fat (Pethick et al. 2004; Smith et al. 2009).
Alteration of rumen fermentation to produce propi-
onate (gluconeogenic precursor) could increase the
supply of glucose to the muscle (Pethick et al. 2004).
The oil blend used in the current study had no
effect on the in vitro (Adeyemi et al. 2015a) and in
vivo (Adeyemi et al. 2015c) ruminal concentration of
propionate and this could be responsible for the
similarity in the intramuscular fat across the treat-
ments. The current finding is similar to the insignifi-
cant deposition of intramuscular fat observed when
castor oil (Maia et al. 2012) and sunflower oil

(Marinova et al. 2001) were supplemented in goats’
diets.

The cholesterol content of infraspinatus muscle, liver
and kidney was similar across dietary treatments. This
finding is consistent with that of Oliveira et al. (2012)
who observed that dietary oils had no effect on the
cholesterol content of longissimus dorsi muscle of
young Nellore steers. The muscle cholesterol content
in infraspinatus muscle is comparable with the values
(42.2–71.4 mg/100 g) reported by Beserra et al. (2004)
in Moxot�o goats and their crosses slaughtered at 8–10
months which coincides with the age at which animals
in the current study were slaughtered. Similarly, Park
et al. (1991) reported a mean cholesterol content of
57.8, 69.5, 214 and 276 mg/100 g in longissimus dorsi,
biceps femoris, liver and kidney, respectively, in Alpine
and Nubian goats.

Antioxidants and lipid oxidation

The effects of dietary oil blend and postmortem stor-
age on lipid oxidation, contents of antioxidant com-
pounds and activity of antioxidant enzymes in
infraspinatus muscle, liver and kidney of goats are
shown in Table 5. Neither diet nor postmortem storage
influenced (p> 0.05) catalase and superoxide dismu-
tase activities in all tissues. Dietary oil blend did not
affect glutathione peroxidase activity and the concen-
tration of c and d-tocopherol but increased the con-
centration of total carotenoids and a-tocopherol in the
tissues. Diet did not affect (p> 0.05) the thiobarbituric
acid reactive substance (TBARS) values of the tissues.
The total carotenoids, tocopherol and glutathione per-
oxidase activity in the tissues decreased (p< 0.05) as
chill storage continued. The TBARS value of the tissues
increased (p< 0.05) with increasing postmortem stor-
age. The TBARS values observed on day 7 postmortem
were higher (p< 0.05) compared with those observed
on days 0 and 4 in the tissues. There was no signifi-
cant difference (p> 0.05) between the TBARS values
observed on 0 and 4 d postmortem in the tissues.

The antioxidant status of the diet consumed by ani-
mals plays a vital role in the postmortem oxidative
potential of the muscle (Ponnampalam et al. 2014). The
non-significant difference in the TBARS value of infraspi-
natus muscle, kidney and liver across the treatments
indicates that in spite of the higher amount of n-3 PUFA
in the tissues of oil-fed goats, oxidative stability was not
compromised. This could be attributed to the increase
(p< 0.05) in the concentration of total carotenoids and
a-tocopherol in tissues of goats fed diet supplemented
with oil blend relative to those fed the control diet. The
increase in the concentration of total carotenoids and
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a-tocopherol in the tissues mirrored the carotenoid and
tocopherol contents of the diets (Table 1). Both caroten-
oid (precussor of vitamin A) and tocopherol are fat sol-
uble. Thus, the increase in fat content of the diet as
dietary oil blend increased could have aided the
absorption and deposition of these antioxidants in the
tissue of goats. Similar findings were reported by Soler-
Velasquez et al. (1998) who observed an increase in the
a-tocopherol content in the liver and gluteus medius
muscle of pig fed 5 and 10% canola oil compared with
those fed the control diet.

The similarity in the antioxidant enzyme activities in
the tissues across dietary treatments lends support to
the similarity in the TBARS values. Increase in the activ-
ities of antioxidant enzymes may be related to feed-
back mechanism in response to lipid oxidation
(Venkatraman & Pinnavaia 1998). Earlier studies have
reported significant increase in postmortem catalase
(Lemaitre et al. 1997; Venkatraman & Pinnavaia 1998),
glutathione peroxidase (Luostarinen et al. 1997;
Venkatraman & Pinnavaia 1998) and superoxide dismu-
tase (Renerre et al. 1996) activities in response to oxi-
dative stress caused by dietary supplementation of
unsaturated fats. Thus, the higher tocopherol and
carotenoid contents in the tissues of goats fed oil
blend which prevented lipid oxidation in spite of the
increase in total n-3 FA might be responsible for the
similarity in the antioxidant enzyme activities across
the dietary treatments.

The response of antioxidant enzymes to postmor-
tem chill storage of meat has yielded inconsistent
results in the literature (Renerre et al. 1996; Renerre
et al. 1999; Adeyemi et al. 2015b). In the current study,
irrespective of tissue, the superoxide dismutase and
catalase activities were stable while the glutathione
peroxidase activity decreased (p< 0.05) over storage.
Renerre et al. (1999) observed a decrease in glutathi-
one peroxidase activity over a 9-d postmortem storage
in turkey fed different oils. However, Renerre et al.
(1996) observed a non-significant decrease in catalase
and glutathione peroxidase activities and a significant
decrease in superoxide dismutase activity in different
bovine muscles chilled for 8 d. In contrast, catalase,
superoxide dismutase and glutathione peroxidase
activities were stable during an 8 d ageing of semi-
membranosus muscle in goats (Adeyemi et al. 2015b).

The increase (p< 0.05) in TBARS value and the
decrease in tocopherol, carotenoid and glutathione
peroxidase activity (p< 0.05) as postmortem storage
progressed reflect the breakdown of antioxidant
defence system in the tissues. The increase in TBARS
during refrigerated storage is consistent with the
report in broiler meat (Adeyemi & Olorunsanya 2012),
chevon (Sabow et al. 2015; Sabow et al. 2016) and
beef (Renerre et al. 1996). The decrease in the concen-
tration of tocopherol is in tandem with the report of
Irie et al. (1998) who observed a reduction in the con-
centration of a-tocopherol in Japanese beef as

Table 5. Effect of diet and postmortem storage on antioxidant status and lipid oxidation in tissues of goats.
Levels of oil blend (%) Postmortem storage (d) p value

Parameter Tissue 0 4 8 SEM 0 4 7 SEM Diet (D) Storage (S) D� S

Total carotenoids, mg/Kg Infraspinatus 0.13b 0.18ab 0.23a 0.04 0.27a 0.13b 0.12b 0.04 0.024 0.046 0.432
Liver 0.37b 0.45ab 0.52a 0.05 0.55a 0.51a 0.27b 0.06 0.034 0.001 0.705
Kidney 0.42b 0.53a 0.57a 0.48 0.59a 0.53ab 0.40b 0.05 0.022 0.020 0.786

a-Tocopherol, mg/kg Infraspinatus 2.98b 3.80a 4.02a 0.36 4.55a 3.92ab 2.83b 0.34 0.022 0.001 0.105
Liver 29.88b 38.00ab 44.66a 3.47 45.00a 39.22ab 28.33b 3.26 0.021 0.001 0.116
Kidney 12.92c 15.15b 17.65a 0.93 16.92a 14.55b 14.25b 1.07 0.005 0.061 0.557

c-Tocopherol, mg/kg Infraspinatus 0.66 0.74 0.78 0.05 0.77a 0.73b 0.68c 0.05 0.329 0.004 0.110
Liver 6.76 7.53 8.00 0.54 7.87a 7.4ab 7.03b 0.55 0.282 0.032 0.116
Kidney 1.48 1.66 1.74 0.08 1.68a 1.67a 1.53b 0.08 0.364 0.037 0.580

d-Tocopherol, mg/kg Infraspinatus 0.06 0.07 0.07 0.007 0.08a 0.07a 0.04b 0.005 0.428 0.001 0.216
Liver 0.60 0.65 0.72 0.07 0.81a 0.71a 0.45b 0.05 0.470 0.003 0.341
Kidney 0.12 0.12 0.14 0.01 0.16a 0.13a 0.07b 0.01 0.537 <0.001 0.856

Glutathione peroxidase1 Infraspinatus 67.52 64.90 60.69 7.22 71.337a 55.878b 45.891b 7.04 0.282 0.012 0.134
Liver 139.03 134.80 124.63 15.06 145.93a 111.76ab 91.78b 14.52 0.195 0.005 0.074
Kidney 81.02 74.78 70.88 9.03 87.06a 67.56a 55.07b 8.71 0.165 0.044 0.063

Catalase2 Infraspinatus 1624.3 1721.2 1623.9 39.50 1733.2 1834.3 1691.3 41.55 0.321 0.101 0.743
Liver 3261.3 3091.4 3100.2 43.30 3203.2 2956.7 3311.7 52.15 0.242 0.563 0.320
Kidney 2745.4 2822.4 3001.2 44.79 2951.8 3201.4 2856.2 45.80 0.342 0.876 0.561

Superoxide dismutase3 Infraspinatus 2.30 2.37 2.34 0.13 2.78 2.59 2.75 0.17 0.231 0.211 0.113
Liver 4.32 4.11 4.19 0.34 4.76 5.01 5.22 0.40 0.684 0.391 0.971
Kidney 3.92 3.90 3.88 0.30 3.78 3.87 3.92 0.33 0.361 0.222 0.563

TBARS, mg MDA/kg Infraspinatus 0.32 0.27 0.25 0.06 0.16b 0.28b 0.41a 0.05 0.717 0.010 0.099
Liver 2.17 1.73 1.02 1.04 0.30b 0.38b 2.23a 0.90 0.7393 0.005 0.801
Kidney 2.82 2.68 1.51 0.86 0.62b 0.69b 2.71a 0.51 0.5059 <.0001 <.0001

a, b, c means having different superscript along the same row for each factor are significantly different (p< 0.05). 1Glutathione peroxidase activity is
expressed as nmoles NADPH oxidized/min/mg protein. 2One unit corresponds to the amount of enzyme needed to inhibit 50% dismutation of the super-
oxide radical. 3Catalase activity is expressed as nmol.H2O2/min/mg protein. D: diet; S: storage; D� S: interaction between diet and storage; SEM: standard
error of mean.
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postmortem storage continued. Similarly, the tocoph-
erol and carotenoid contents decreased over an 8-d
chill storage of semimembranosus muscle in goats
(Adeyemi et al. 2015b).

Regardless of diet, tissue and postmortem storage,
the TBARS value observed on 0 and 4 d postmortem
was less than 0.6 mg/kg needed to bring about an
objectionable flavour associated with lipid oxidation
(Greene & Cumuze 1982). However, there was about
five-fold increase in TBARS value of liver and kidney on
day 7 postmortem. The implication of this finding is
that liver and kidney should not be stored beyond 4 d
at 4 �C.

Conclusions

The current study demonstrates that dietary supple-
mentation of blend of 20% palm oil and 80% canola
oil beneficially altered the lipid profile and antioxidant
status of infraspinatus muscle, liver and kidney from
goats. The oxidative stability of infraspinatus muscle
could be maintained for 7 d while that of the liver and
kidney could only be maintained for 4 d at chill stor-
age. Further study to determine the effect of dietary
blend of 20% palm oil and 80% canola oil on meat
quality and fatty acid composition of other muscles is
suggested. Also, further research is suggested to estab-
lish the mechanism(s) by which dietary a-tocopherol
influences biohydrogenation pathways from PUFA to
trans C18:1 isomers.
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