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Objective: Effects of oil supplemented diets on muscle lipid profile was studied using 27 Black
goat kids. Methods: All kids were male with a body weight of 19.4依0.41 kg at the beginning of
the experiment. Kids were randomly divided into 3 groups of 9 kids each. Kids in each group
individually received cereal grain-soybean meal (SBM) total mixed rations (TMR) with a fixed
amount (30 g/kg DM) of oil being either: sesame (SES) oil, a product of sesame seed crushing,
sunflower (SUN) or soybean (SOY) oil. All rations were isonitrogenous and isoenergetic. At the
termination of the 105 d feeding study, all kids were slaughtered. Results: Results of the study
showed that the SES kids muscles had higher (P<0.05) crude protein content compared to that
of kids consuming the SOY or SUN diets, however, tissue fat and cholesterol contents were not
affected by type of supplemental oil. Type of oil had no significant effects on both total saturated
and unsaturated fatty acids. The addition of SES to the concentrate had no effect on C14:0 and
C18:0, but significantly increased (P<0.05) C16:0 compared to diets supplemented with SUN and
SOY. The SES supplemented diets resulted in lower (P<0.05) C18:1 cis-11. However, both SES and
SOY oils increased (P<0.05) the C18:3 all cis proportion. Linolenic acid (C18:3) proportion lowered
(P<0.05) when SUN was included in the diets, which led to a lower C18:2/C18:3 ratio. All types
of oils supplemented had similar effect on C18:2 trans-9,12 and C18:2 cis-9,12. In conclusion,
supplementation of SES has similar effects as SUN or SOY on most of tested parameters. Results of
our study, the first in our region, showed potential advantages of feeding SES supplemented diets
to kids in comparison with diets supplemented with SOY or SUN. In addition the lower price of
SES makes it a feasible feed choice. Conclusions: Supplementation of SES has similar effects on
most of tested parameters. Results of our study, the first in our region, regarding effects on tissue
lipid profile of Black kids, showed potential advantages of feeding SES supplemented diets to
kids in comparison with diets supplemented with SOY or SUN. In addition the lower price of SES
makes it a feasible feed choic.
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1. Introduction
D ietary fat supplementation has become a common
practice to increase the energy density in diets for ruminants
[1-3]. Conjugated linoleic acids (CLA), present in meat from
ruminant animals are formed through isomerization of
linoleic acid by ruminal bacteria[4-6 ]and via desaturation
by body tissues of another product of biohydrogenation[7-8,
5]. T hus, it may be possible to increase the content of
CLA in fat and muscle from animals through increased
dietary availability of the substrate, linoleic acid[9-11].
Alteration of ruminal protozoa through feeding linoleic acid
*Corresponding author:
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may increase CLA concentration, either directly through
increased lipolysis, or indirectly by affecting the bacterial
population that are thought to be primarily responsible for
the biohydrogenation of dietary linoleic acid[12].
The only oil produced locally is the SES, a product of
sesame seed crushing. This type of oil is unrefined and
not suitable for human consumption[13-14]. However, SES
supplemented diets are not fed to animals on a wide scale
compared to diets supplemented with SUN or SOY oils.
In Palestine as in some Middle East countries there is an
increasing interest in incorporation of sesame oil (SES) as oil
supplement in ruminant rations. SES is an oil supplement
with high level of linoleic acid similar to sunflower and
soybean oils. To our knowledge, inclusion of SES, SUN or
SOY oil, especially SES, in diets for finishing Black goat
kids and its effects on muscle lipid profile has not been
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investigated. Feeding of a linoleic acid-rich oil (Table 2)
would enhance the concentration of CLA in kids tissues
compared with an oleic acid-rich oil. However, to our
knowledge little, if any, information available on its effects
on fattening kids tissue lipid profile.
The objectives of this study were to compare the effects of
feeding SES, a non conventional supplemental oil, SUN or
SOY to a cereal grain based diet on muscle lipid profile of
finishing Black goat kids.
2. Materials and methods
2.1 Study Site
The study was conducted at Hebron University, Hebron
city, Palestine, semi-arid area, after approval of the Hebron
University Animal Care and Use Committee.

m) shaded pens and treated with IVOMEC (Merial Limited,
L uluth, GA , USA ) and C ogla V ac ( C ogla L aboratories,
Libourne, France) against internal and external parasites,
and enterotoxaemia, respectively.

Table 2
Fatty acid profile of different sources of oil supplements
C14:0
C16:0
C16:1
C18:0
C18:1
C18:2
C18:3
C20:0

SES

Oil sourcea
SUN

SOY

9.0

6.0

9.0

0.5

1.0

0.5

1.0

4.5

5.5

0.5
0.5
3.5

42.0

19.0

24.0

1.0

1.5

7.0

42.0

47.0

1.0

1.0

68.0
1.0

2.2 Animals

a SES, SUN, and SOY refer to dietary treatments containing sesame
oil, sunflower oil, and soybean oil, respectively.

Twenty-seven male Black goat kids (initial body weight
(BW) = 19.4依0.41 kg) at 60 d of age (i.e., soon after weaning)
were used. Kids were individually housed in (1.5 m伊 0.75

Kids were assigned on the basis of BW to one of three
dietary treatments ( T able 1 ) being a sesame oil diet

2.3 Diets

Table 1
Ingredient and chemical composition of diets containing different oil supplementsa
n
Ingredient composition, g/kg DM
Yellow corn grain
Soybean meal
Wheat bran
Wheat straw
Ammonium chloride
Dicalcium phosphate
Limestone
Salt
Premixc
Fat source
Barley grain
Wheat grain
Nutrient composition, g/kg DM
Dry matter
Organic matter
Crude protein
Ether extractd
Acid detergent fiber
aNeutral detergent fiber
Ash
ME, MJ/ kge

SES

Treatmentb
SUN

SOY

122

122

122

100

100

100

9

190
100
3

9

190
100
3

9

190
100
3

10

10

10

3

3

3

20
1

3

170
242

907
830

20
1

3

170
242

903

831

20
1

3

170
242

897

839

180

184

178

104

100

102

61

69

43

305
8.3

41

310
8.7

40

300
65

8.5

a composition values obtained from the analysis of final diets.
b SES, SUN, and SOY refer to dietary treatments containing 30 g/kg sesame oil, 30 g/kg sunflower oil and 30 g/kg soybean oil on DM basis,
respectively.
c Composition/kg contained, vitamin A, 2,000,000 IU; vitamin D3, 40,000 IU; vitamin E, 400 IU; Mn, 12.8 mg; Zn, 9.0 mg; I, 1.56 mg; Fe, 6.42 mg;
Co, 50 mg; Se, 32 mg plus an antioxidant (Butylated hydroxyanisole, BHA).
dEther extract for both fat sources was estimated to be 999 g/kg.
eMetabolizable energy; based on tabular values (NRC, 1985). Metabolizable energy (ME) contents of SES, SUN and SOY were estimated using
the following equation: ME; MJ/kg = digestible energy (DE)×0.82×4.187 (NRC, 1985).
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containing 30 g/kg DM sesame oil ( SES ; n= 9 ) and two
additional diets containing similar level of sunflower oil
(SUN; n=9) or soybean oil (SOY; n=9). The study was 105 d.
The 30 g/kg fat addition level was chosen to avoid negative
effects associated with higher inclusion levels. Diets were
composed of forage (i.e., 100 g/kg DM wheat straw) and
a concentrate (i.e., 900 g/kg DM of a mixture of cereals,
soybean meal, by products, minerals and a premix, (Table
1). Oils were obtained from commercial sources and were
mixed into the concentrate which was later mixed with the
straw and fed as a total mixed ration (TMR). All diets were
formulated to be isonitrogenous and iso ME, and to meet all
nutrient requirements for finishing kids[15].
T he formulated rations were analyzed according to
procedures of AOAC [16]. T he ingredients and chemical
composition are given in Table 1.
2.4 Slaughter and meat measurements

At the end of the study, all kids were slaughtered after

being fasted for 18 h according to routine procedures at local
commercial slaughter houses. The chemical composition of
meat was determined on m.longissimus lumborum samples,
which were analyzed for dry matter (AOAC official method
950.46), ash (AOAC official method 920.153), crude protein
(AOAC official method 981.10) and fat (AOAC official method
960.39). longissimus dorsi pars lumborum muscle samples
were used for intramuscular (IM) fat analysis. Samples were
collected 24 h post-slaughter from the left side of the carcass
and, after ageing for 72 h at - 4°C, they were frozen at - 20°C.
The total fatty acids were extracted, methylated and
analyzed by the method of Aldai et al[17]. Isolation and
quantification of the fatty acid methyl esters (FAMEs) was
performed using a gas chromatograph (GC, Varian Star
3400CX, Varian Associates Inc., California, USA) equipped
with a flame ionization detector and fitted with a BPX70 capillary column ( 120 m, 0 . 25 mm i.d., 0 . 2 µm film
thickness, SGE, Australia). The internal standard used
was the tricosanoic acid methyl ester (C23:0 ME) at 10 mg/
ml. Individual FAMEs were identified by comparing their
retention times with those of an authenticated standard fatty
acid mix Supelco 37 (Sigma Chemical Co. Ltd., Poole, UK).
Identification of the CLA isomers (e. g. cis9-trans11, cis1113trans, trans10-cis12 and cis10-cis12 CLA) was achieved
by comparing retention times with those of another known
standard mix (Sigma Chemical Co. Ltd., Poole, UK). Fatty
acids were expressed as a percentage of total fatty acids
identified as saturated (SFA), monounsaturated (MUFA),
polyunsaturated (PUFA) and total CLA. PUFA/SFA and n -3/
n-6 ratios were also calculated.
2.4.Statistical analysis

Data (longissimus muscle composition of fat, protein,
cholesterol and fatty acids ) were subjected to one-way
analysis of variance using SPSS V16.0[18]. An LSD test was
used to assess significance among treatment means. Each
kid was considered as the statistical unit. The model was:
Y ij = µ + T i + E ij, where Y ij is the observation
(determination from the longissimus muscle) on the jth kid
receiving ith treatment (oil source), µ is the overall mean, Ti
is the effect of ith treatment (oil source), Eij is the residual
for the jth observation receiving ith treatment (oil source).

3. Results
The muscle chemical composition is presented in Table 3.
Tissue of SES kids had higher (P<0.05) crude protein content
compared to that of kids consuming the SOY or SUN diets.
Fat and cholesterol contents were not affected by type of

supplemental oil.

Table 3
Chemical composition of muscles of Black kids fed different oil
supplemented diets
n
Fat, %
Protein, %
Cholesterol, mg/dl

1 SES, SUN,

SES
9

Treatment 1
SUN
SOY

SEM

30.18

30.40

2.447

154.0

15.34

9

29.37

19.94

9

18.97

a

19.11

b

162.0

b

159.0

0.082

and SOY refer to dietary treatments containing sesame oil,
sunflower oil, and soybean oil, respectively.
a,bMeans within rows with different superscript differ significantly
(P<0.05).

Table 4
Intramuscular fatty acid composition (% of identified fatty acids).
C14:0
C16:0
C16:1
C18:0
C18:1 cis-9
C18:1 trans-11
C18:1 cis-11
C18:2 cis-9 trans-11
C18:2 cis-9 cis-12
C18:3
C20:0
SFAw
MUFAx
PUFAy
Total CLAz
SFA/ MUFA+PUFA
C18:2/ C18:3
Atherogenicity indexzz

1 SES, SUN,

Treatment1

SES

SUN

SOY

22.61

18.79

19.01

9.90

9.96

12.54

1.166

34.88

36.87

41.16

2.438

0.41

0.50

0.51

0.032

3.53

3.17

a

8.62

0.31

b

3.48

2.68
2.61

b

6.98

0.48

a

3.89

2.41
2.38

b

5.65

0.49

a

3.76

SEM

0.370
0.850

0.221
0.811
0.045

0.410

0.77

0.41

0.76

38.74

34.97

38.17

2.060

5.07

5.41

5.55

0.426

a

0.14

46.78
0.41
0.70

10.11
0.70

a

b

0.13

46.94
0.50

0.60

7.22

0.56

b

a

0.06

49.68
0.51
0.64
8.39

0.52

b

0.055

0.026

3.066
0.032
0.058
1.377
0.042

and SOY refer to dietary treatments containing sesame oil,
sunflower oil, and soybean oil, respectively.
a,bMeans within rows with different superscript differ significantly (P
< 0.05).
wSFA = C14:0 + C16:0 + C18:0 + C20:0
xMUFA = C16:1 + C18:1
yPUFA = C18:2 cis-9, cis-12 + C18:2 cis-9, trans-11 + C18:2 trans-10,
cis-12 C20:4 n-6 + C20:5 n-3 + C22:5 n-3 + C22:6 n-3.
z Total CLA = C18:2 cis-9, trans-11 + C18:2 trans-10, cis-12.
zz Ulbricht and Southgate (1991).

Intramuscular fatty acid composition is presented in Table
most abundant fatty acids being oleic acid (C18:1
trans-11) followed by palmitic (C16:0), stearic (C18:0) then
C18:1 cis-9. The addition of SES to the concentrate had no
effect on C14:0 and C18:0, but significantly increased (P<0.05)
4. The
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C16:0 compared to diets supplemented with SUN and SOY.
The SES supplemented diets resulted in lower (P<0.05)
C18:1 cis-11. However, both SES and SOY oils increased
(P<0.05) the C18:3 all cis proportion. Linolenic acid (C18:3)
proportion lowered (P<0.05) when SUN was included in the
diets, which led to a lower C18:2/C18:3 ratio. All types of oils
supplemented had similar effect on C18:2 trans-9,12 and
C18:2 cis-9.
Addition of SES to the diet increased C16:0 (P<0.05). C18:1
trans-11 and C:18 cis-9 proportions were statistically similar
among treatments, however, C18:1 cis-11 was lower (P<0.05)
in SES kids when compared to either SUN or SOY animals.
Saturated (SFA), monounsaturated (MUFA) and long-chain
polyunsaturated (PUFA) fatty acids. The atherogenicity

index was significantly affected by oil supplementation.
Kids fed the SES supplemented diets had higher (P<0.05)
atherogenicity index compared to that of kids fed SUN or
SOY supplemented diets (Table 4).
4. Discussion

T ype of supplemental oil had no effect on the
intramuscular fat chemical composition. Kids fed diets
supplemented with SES, SUN or SOY at levels of 30 g/kg
DM had similar total gain, however, SES kids had heavier
kidney and lower mesenteric fats[3,19]. Values of fatty acids
agree with those reported by previous research[20]. However,
disagree with other research[21-22]. Results of this study
showed that the most abundant fatty acid being oleic acid
(C18:1 trans-11) followed by palmitic acid (C16:0), stearic acid
(C18:0) then C18: cis-9. Addition of SES to the concentrate
had no effect on C14:0 and C18:0, but significantly increased
C16:0 compared to diets supplemented with SUN or SOY.
The SES supplemented diets resulted in lower C18:1 cis-11.
Manso et al.[2]showed a decrease in C16:0, C18:1 cis-11 and
C18:3, and an increase in C18:1 trans when sunflower oil was
fed to lambs. Results of this study were in partial agreement
with those of Manso e al[2]and Ponnama[23], Zervas and
Tsiplakou[24]and Aferri et al[13]where SUN reduced C18:1,
while it had opposite effect on C18:3. Feeding linseed oil
to lambs during the post-weaning period signiﬁcantly
increased the proportions of n-3 PUFA in tissues[25].
The high concentrate diet used in this experiment tended
to reduce the number of cellulolytic bacteria in the rumen[
26]. This high concentrate diet favours lipids which pass the
rumen without being reduced, especially OA and LA[27], and
other alternative biohydrogenation pathways occur with the
appearance of some trans fatty acids[28].
All types of oils supplemented had similar effect on C18:2
fatty acids. In contrast, in a trial with cattle, SOY increased
the CLA trans-10, cis-12 but had no effects on CLA cis-9,
trans-11[29]. Unsaturated fatty acids such as 18:2n-6 undergo
extensive biohydrogenation in the rumen and involves the
formation of 18:2 cis-9, trans-11 and 18:1 trans-11 as major
intermediates with 18:0 being the final product[5]. Oil seeds
such as soybean, sunflower and others mainly contain C18
PUFA and MUFA which are hydrogenated in the rumen and
induce synthesis of conjugated and trans isomers[27].
These contradictions among results may support the idea
that supplementation of high concentrate finishing diets, as
that used in this study, with sources of linoleic acid is not an
efficacious method for increasing the proportion of linoleic
acid[2,30].

I n this study both SES and SOY increased the C 18 : 3
content. It was expected that supplementation of oils of
similar C18:3 content would cause similar effects on C18:3
concentration, which was reduced by SUN supplementation.
The lower concentration of C18:3 in SUN could be explained
by the weak biohydrogenation process[2]. Bessa et al.[31]
reported an increase in C18:3 proportions. This fact can be
explained that it could be related to the biohydrogenation
process within the rumen which may be enhanced when
animals receive a high unsaturated lipid supplements[32,2,5].
Use of finishing diets supplemented with fats high in linoleic
or oleic fatty acids (e.g. SUN and SES oil) can improve the
concentration of CLAs and its positive impact on human
health[33]. Supplementation of such oils is important in
increasing the PUFA concentration in animal tissues[34].
The high level of linoleic acid in SUN altered the fatty acid
synthesis and activation of some lipogenic enzymes were
inhibited after SUN supplementation. The cis-9 trans-11
isomer is the most abundant CLA, trans-10, cis-12 CLA is
capable of lowering body fat. Kids used in this study when
fed the SES supplemented diets had a better feed conversion
ratio than kids fed the SUN or SOY diets[3]. However, kids
fed the SES supplemented diet had less mesenteric fat and
lower total gastrointestinal tract weights compared to kids
fed the SUN or SOY supplemented diets[3]. Shingfield et
al.[35] reported that increasing ruminal outflow of 18:1trans11 from sunflower seed oil was 10-times higher compared
with 18:2 cis-9 trans-11, which suggests that, the metabolism
of 18:2 cis-9, trans-11 to 18:1 trans-11 occurs at a faster rate
than the conversion of 18:1 trans-11 to 18:0.
Fats of SES supplemented kids had high atherogenicity
index value which is assumed to be more detrimental to the
human health[36]. The depression in atherogenicity index
value associated with SUN is in agreement with previous
research[2,37].

Conflict of interest statement
We declare that we have no conflict of interest.
Acknowledgements
The authors are thankful to An Najah National University
and Hebron University for help and support. The authors
gratefully acknowledge Hebron University, Hebron City,
Palestine for providing the grant for this research (Ref. No:
99/422/2011 dated 22 December 2011).

References
[1] Bauman DE, Corl BA, Peterson DG. The biology of conjugated
linoleic acid in ruminants. In J. Sebedio, W. W. Christie, & R. O.
Adlof (Eds.), Advances in conjugated linoleic acid research 2003;
(pp. 146-173). Champaign, USA: AOCS Press.
[2] Manso T, Bodas R, Castro T, Jimeno V, Mantecon AR. Animal
performance and fatty acid composition of lambs fed with
different vegetable oils. Meat Science 2009; 83: 511- 516.
[3] Saqhir S, Abo Omar J, Naser O, Ghanam I, Abdallah J. Animal
performance and fatty acid composition of lambs fed with
different vegetable oils. Anim Feed Sci Technol 2012; 175: 1- 7.
[4] Obaidat BS, Aloqaily BH. Using sesame hulls in Awassi lambs

Sabri Saqhir et al./Asian Pac J Trop Biomed 2012; 1:1-5

diets. Small Runinant Research 2010; 225- 230.
[5] Buccionia A, Mauro Decandi M, Minieri S, Molle G A. Cabiddu
A. Lipid metabolism in the rumen: New insights on lipolysis and
biohydrogenation with an emphasis on the role of endogenous
plant factors. Anim Feed Sci Technol 2012; 174: 1- 25.
[6] Noci F, Monahan FJ, Moloney AP. The fatty acid profile of muscle
and adipose tissue of lambs fed camelina or linseed as oil or
seeds. Animal. 2011; 1:134-47.
[7] Destaillats F, Trottier JP, Galvez JMG, Angers P. Analysis of
_-linolenic acid biohydrogenation intermediates in milk fat with
emphasis on conjugated linolenic acid. J Dairy Sci 2005; 88: 32313239.
[8] A kraim F , N icot MC , J uaneda P , E njalbert F . C onjugated
linolenic acid (CLnA), conjugated linoleic acid (CLA) and other
biohydrogenation intermediates in plasma milk fat of cows fed
raw or extruded linseed. Animal 2007; 6: 835-843.
[9] Daskison A¸ kıran, I., Bingöl, M., Karaca, S., Yilmaz, A., Cetin,
A.O., Kor, A., 2010. The effect of feeding system on fattening
performance, slaughter, and carcass characteristics of Norduz
male kids. Trop. Anim. Health Prod. 42: 1459-1463
[10] Yalcıntan, H., Ekiz, B., Özcan, M., 2010. The investigation of
fattening, carcass and meat quality characteristics of Turkish
Saanen, Gökc¸ eada. Maltese and Hair goat kids. In: National Goat
Congress 2010, ¸Canakkale Onsekiz Mart University, 24-26 June
2010, Bildiriler Kitabı, pp. 382-385.
[11] Atay, O., Gökdal, Ö., Kayaardı, S., Eren, V., 2011. Fattening
performance, carcass characteristics and meat quality traits in
Hair goat (Anatolian Black) male kids. J. Anim Vet Adv 10: 13501354.
[12] Dehority BA. Rumen Microbiology. Nottingham University Press,
Nottingham, UK, 2003; 372 pp.
[13] Aferri G, Leme PR, Angélica S, Cravo P, Saulo S, Putrino SM,
José Esler de Freitas Júnior; Francisco Palma Rennó. Fatty
acid composition of the longissimus dorsimuscle in crossbred
steers fed different sources of fatty acids. Rev ista Brasileira de
Zootecnia 2012; 7: 200-208.
[14] Corpet DE.. Red meat and colon cancer: should we become
vegetarians, or can we make meat safer? Meat Science 2011;, 89:
310-316.
[16] N ational R esearch C ouncil ( NRC ) . N utrient R equirement of
Sheep, 6th ed. National Academy Press, 1985; Washington, DC,
USA.
[17] AOAC. Official Methods of Analysis, 15th ed. Assoc. Off. Anal.
Chem 1990, Arlington, VA, USA.
[18] A ldai N , O soro K , B arron LJR , N ajera AI . G as-liquid
chromatographic method for analysing complex mixtures of
fatty acids including conjugated linoleic acids (cis9trans11 and
trans10cis12 isomers) and long-chain (n_3 or n_ 6) polyunsaturated
fatty acids- Application to the intramuscular fat of beef meat.
Journal of Chromatography A 2006; 1110: 133-139.
[19] SPSS. SPSS Base 16.0 User’s Guide. SPSS Inc., 2007; Chicago, IL,
USA.
[20] R ufino LDA , P ereira OG , R ibeiro KG , V aladares F ilho SC ,
Cavali J, Paulino PVR. Effect of substitution of soybean meal
for inactive dry yeast on diet digestibility, lamb’s growth and
meat quality. S mall R uminant R esearch 2012 ; doi: 10 . 1016 /
j.smallrumres.2012.09.014
[21] Castro T, Manso T, Mantecn A R, Guirao J, Jimeno V. Fatty acid
composition and carcass characteristics of growing lambs fed
diets containing palm oil supplements. Meat Science 2005; 69:
757-764.
[22] Berthelot V, Bas P, & Schmidely P. (2010). Utilization of extruded
linseed to modify fatty composition of intensively-reared lamb
meat: effect of associated cereals (wheat vs corn) and linoleic

5

content of diet. Meat Science 2010; 84: 114-124.
[23] Radunz AE, Wickersham LA, Loerch SC, Fluharty F L, Reynolds
CK, Zerby H N. Effects of dietary polyunsaturated fatty acid
supplementation on fatty acid composition in muscle and
subcutaneous adipose tissue of lambs. Journal of Animal Science
2009; 87: 4082-4091.
[24] Ponnampalam, E. N., Warner, R., Kitessa, S., McDonagh, M.,
Pethick, D, Allen, D. Inﬂuence of ﬁnishing systems and sampling
site on fatty acid composition and retail shelf-life of lamb.
Animal Production Science 2010; 50: 775-781
[25] Zervas G, Tsiplakou E. The effect of feeding systems on the
characteristics of products from small ruminants. Meat Science
2011; 101: 140-149.
[26] Berthelot V, Bas P, Pottier E, Normand J. The effect of maternal
linseed supplementation and/or lamb linseed supplementation on
muscle and subcutaneous adipose tissue fatty acid composition of
indoor lambs. Meat Science 2012; 90: 548-557.
[27] L o o r J J , U e d a K , F e r l a y A , C h i l l i a r d Y , D o r e a u M .
Biohydrogenation, duodenum flow and intestinal digestibility
of trans fatty acids and conjugated linoleic acids in response to
dietary forage:concentrate ratio and linseed oil in dietary cows. J
Dairy Sci 2004; 87: 2472- 2485.
[28] Daley CA, Abbott A, Doyle PS, Nader GL, Larson S. A review
of fatty acid profiles and antioxidant content in grass-fed and
grain-fed beef. Nutrition Journal 2010; 9:10
[29] Masi LN, Martins AR, Neto JSR, do Amaral CL, AR, Vinolo MAR,
Júnior EAL, Hirabara SM, Curi R. Sunflower Oil Supplementation
H as P roinflammatory E ffects and D oes N ot R everse I nsulin
Resistance in Obesity Induced by High-Fat Diet in C57BL/6 Mice.
J Biomed Biotechnol 2012; 2012.
[30] B eaulieu AD , D rackley JK , M erchen NR . C oncentrations of
conjugated linoleic acid (cis-9, trans-11-octadecadienoic acid)
are not increased in tissue lipids of cattle fed a high-concentrate
diet supplemented with soybean oil. J Anim Sci 2002; 80: 847-861.
[31] Najafi MH, Zeinoldin S, Ganikhanlou M, Mohammadi H, Hopkins
DL, Ponnampalani H. Meat Science 2012; 92: 848- 854.
[32] Bessa RJ, Portugal PV, Mendes IA, Santos-Silva J. carcass and
meat quality and fatty acid composition of carcass composition,
and muscle and fat CLA concentrate. Livest Prod Sci 2005; 96:
185-194.
[33] Wachira AM, Sinclair LA, Wilkinson RG, Hallett K, Enser M,
W ood JD . R umen biohydrogenation of n-3 polyunsaturated
fatty acids and their effects on microbial efficiency and nutrient
digestibility in sheep. J Agri Sci 2001; 135: 419- 428.
[34] Kott RW, Hatfield PG, Bergman JW, Flynn CR., Van Wagoner H,
Boles J A. Feedlot performance, carcass composition, and muscle
and fat CLA concentrations of lambs fed diets supplemented with
safflower seeds. Small Rumin Res 2003; 49: 11- 17.
[35] Yu LL, Wang RL, Zhang YZ, Kleemann DO, Zhu XP, Jia ZH.
Effects of selenium supplementation on polyunsaturated fatty
acid concentrations and antioxidant status in plasma and liver
of lambs fed linseed oil or sunflower oil diets. Anim. Feed Sci
Technol 2008; 140: 39- 51.
[36] Shingfield KJ, Reynolds CK, Lupoli B, Toivonen V, Yurawecz
MP, Delmonte P, Griinari JM, Grandison AS, Beever DE. Effect of
forage type and proportion of concentrate in the diet on milk fatty
acid composition in cows given sunflower oil and fish oil. Anim
Sci 2005; 80: 225- 238.
[37] Ulbricht TL, Southgate DA. Coronary heart disease: Seven dietary
factors. Lancet 1991; 338: 985- 992.
[38] Terré M, Nudda A, Boe F, Gaias, G, Bach A. Performance, immune
response and fatty acid profile in lambs supplemented with a
CLA-mixture. Animal Feed Sci and Technol 2011; 165: 1-7.

