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3- Conjugated isomers of linoleic acid (CLA)
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1- Eicosapentaenoic acid (EPA)
2- Docosahexaenoic acid (DHA)
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2- Texture analyzer
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Table 1- Ingredients and chemical composition of experimental diets
Experimental diets  uisle 3T stao yua

59, XY 089y HHAS 69,
L g (o
(%) sS1os> p3 aald Al IS oR ,Sawbu-ﬁs,; +sale +sale Lo 09,
Ingredients % Control Fish Canola oil o;gilean IS oegy  Ligw kg, CO+SO
oil FO!+CO? FO +SO®
Alfalfa aas 16.0 15.0 15.0 15.0 15.0 15.0 15.0
Barley - 51.0 36.0 36.0 36.0 36.0 36.0 36.0
Wheat straw . oIS 12.5 135 135 135 13.5 135 13.5
Wheat bran au€ u sac 6.0 15.0 15.0 15.0 15.0 15.0 15.0
corn =3 7.0 9.0 9.0 9.0 9.0 9.0 9.0
Soybean meal L o dlla< 5.0 6.0 6.0 6.0 6.0 6.0 6.0
Fish oil oale 2, 0.0 3.0 0.0 0.0 15 15 0.0
Canola oil 13K -z 5, 0.0 0.0 0.3 0.0 15 0.0 15
Soybean 0il L g 02 5, 0.0 0.0 0.0 3.0 0.0 15 15
CaCO3 sk ol < 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Salt < 0.5 0.5 0.5 0.5 0.5 0.5 0.5
saalis g - Sare JSo 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Mineral-vitamin premix
e ol Sa 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Sodium bicarbonate
Chemical _Lears oS5
composition
9 GAEES) acd olie Ll (5330 2.6 2.6 2.6 2.6 2.6 2.6 2.6
i(&i& sale ‘;;\,.\:\S
Metabolizable Energy ( Mcal/kg)
() pld o5 14.5 14.6 14.6 14.6 14.6 14.6 14.6
Crude protein(%)
° (%) 553t ool 2.4 5.4 5.4 5.4 5.4 5.4 54
(%) Ether extract (EE)
*(aem9) AT sole 93.9 93.0 93.0 93.0 93.0 93.0 93.0
Organic matter
SEA el gt o J slael LI 38.5 37.5 37.5 375 37.5 375 375
5 Neutral detergent fiber (%)
(gl s b s Jslaels 3L 185 19.0 19.0 19.0 19.0 19.0 19.0
*Acid detergent fiber (%)
Maoa)somd e glacl,ua g < 382 355 355 355 35.5 35.5 35.5
(NFC%)
Calcium (%) *(wess) pacu 0.36 0.36 0.36 0.36 0.36 0.36 0.36
Phosphorus (%) £ (s ) siws 0.24 0.24 0.24 0.24 0.24 0.24 0.24

1. FO =Fish oil, 2. CO= Canola oil, 3. SO= Soybean oil
ol ool sty oL 3T 3 (6 S o3Il b 1.0 (i drwloes (e 3l ge gl 30 b 58

NFC= 100 -(% CP +% ash +% NDF+% EE) &, s» 4 ol 4mulos 1
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Table 2- Fatty acid compositions of oils (%6)

cor el O Low 0200 BE G4
Fatty Ak Soybean Canola
acid Fish oil oil oil
C14:0 6.2 0.06 0.04
C16:0 22.5 12.26 5.98
Cl6:1 7.9 0.08 0.13
C18:0 4.8 4.0 2.31
C18:1 25.8 23.4 61.1
C18:2 3.6 54.5 21.51
C18:3 1.3 4.5 7.35
C20:4 0.7 - -
C20:5 8.3 - -
C22:6 17.6 - -

Laouls (s kel Juldas g dujad
L s iolad ol ol LB o susl crusts (slasols
cga Bad Jalad 5 43a3 500T GLM a4, 5l suliil
Jae ot suldial SAS (V/4) Lls8lass 5 Lassls 5uGT
o 220 rod 4 olis gl 56T gl sad suliil
sl

Yi=p+Ti +&j
el 10 bgsse s 0 bogsye saalie Yol Lo oS
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=8 53 (Yo V) GLKan o 1yl gl bacu g3 sual cicuns
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1- Maillard-like reactions
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Table 3- The meat quality characteristics of lamb fed diet contain different oil sources

LaLass Treatments

L SEas XS REXS)
aa L K oess L ORoo SE + sals +5K SEM!  p-value

Control Canola  Soybean o8 ot

Fish oil oil oil I oo 95 b s L

FO+CO FO+SO Co+SO
=l PH 5.7 5.6 5.6 5.6 5.5 5.6 5.7 0.036  0.8284
Ultimate pH

(/) ol w3 224 230 2.50 2.72 2.62 2.50 242 0068 05252

Drip loss (%)
cdy ) Jeala il 25.47 26.34 25.67 26.36 25.23 25.67 2716  0.260 0.5002

(%)
Cooking loss (%)
(p S 5LS) (b s s 412 4.22 3.92 4.00 3.48 4.15 4.23 0.082  0.8693

Shear force value
(kg)
(L) oy, pmals 41.53 41.58 40.60 40.31 40.50 42.20 44.23 0.445  0.2662

Lightness value
(L)
(@) 303 peals 12,51 13.63 12.23 12.51 11.16 11.82 12.73 1592 0.6213
Redness value (a)
(D) o3 peala 3.94 4.08 3.52 3.46 4.36 3.48 4.17 0.142  0.5587

Yellowness value
(b)
— sla ) gsul
e
Sensory scores?
sl sad 5.20 5.38 5.44 5.45 5.30 5.42 5.36 0.048 0.8428

Odour intensity
80 cudS 5.46 5.40 5.30 5.32 5.23 5.30 5.52 0.078  0.9644

Flavour quality
solul 4.06 5.28 5.23 5.70 5.30 5.28 5.46 0.068  0.2546

Juiciness
S ol gt 5.34 5.37 5.54 5.67 5.54 5.54 5.68 0.055  0.5480

Overall
acceptability

o S amaly sola =A s @Bl5 Csllas 5 uils S20 850 (S8 (5 G g =(ulBe) A B ) Guliie o 5" S (S0e (510 Dlne (slbd

&béaicﬁ‘&g\,ﬂa.a\’b‘}ﬁjii)‘.gigliiraﬁgbs
IStandard error for overall mean; 2The Sensory scores were assessed using an eight-point scale. Scores varied from 1
to 8, with 1 being the minimum score and 8 being the maximum score.
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Table 4- The saturated fatty acid composition of longissimus muscle of lambs fed diet contain
different oil sources (%)
La,las Treatments
Oes0 s
ol . LX) NS b ale i
o;J‘)A aals L ‘_).‘S L‘\’_‘_‘.l +‘;AL6 +‘J.\S C}."j‘)
Fatty ~ Control Fi‘:r: oi| Canola  Soybean o GRso o Lewotss sEME pl
acids oil oil 55 (T Co+ SO value
FO**  Fox 50
CcOo3
C12:0 0.52 0.46 0.49 0.40 0.46 0.49 0.48 0.139 0.9968
C14:0 1.86° 0.47¢ 1.44° 2.1° 0.78° 0.55¢ 0.70° 0.166 0.0008
C16:0 26.98°  2450% 23.06° 23.24%  21.46" 20.18¢ 22.09° 0.987 0.0264
C17:.0 2.382 1.28*  1.60° 1.48%¢ 1.330¢ 1.47% 1.06° 0.124 0.0027
C18:0 18.772 15.84% 1450¢ 14.39¢9  16.99" 18.67% 17.64*® 0.501 0.0016
C20:0 1.30 1.18 1.36 1.38 1.17 1.43 0.77 0.235 0.5346
oo sl pyans 51.83? 43.75° 4247  43.06° 42.20° 42.81° 42.74° 0.991 0.0022
gl
Sum of saturated
fatty acids

(S50 el C12:0 °(P<+/+0) watls so (sl ine BT ghols b ;o Lo Syide Bysa 336 lag LA L K Kl gy Jliae slba)
WKyl ,T el €200 ¢ S jliiead w0l C18:0 ¢ Sitally we 1l C16:0 0 K3 yie w0 C14:0
IStandard error for overall mean, #"Means within a row without a common superscript differ significantly (P<0.05); 2FO = Fish oil,

3CO= Canola oil, *SO= Soybean oil
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Table 5- The unsaturated fatty acid composition of longissimus muscle of lambs fed diet contain
different oil sources (%6)

s )los Treatments

B) o9 o
I W of ' . ’ ’ 135
o s u:‘: S oe) e 0B ol tale sy SEME |
eR e - ¥ ) p-value
Fatty Control  Fish C_anola S_oybean IS oy Lgw gy X
acids oil ol ol FO%+ FO+ o
co? so+  Ccot
SO
C16:1 1.72 1.54 151 1.67 1.50 1.54 132 0.218 0.8898
C17:1 0.34¢ 0.41° 0.64° 0.70° 0.25¢ 0.972 0.06° 0.027 <.0001
C18:1 35.62¢ 37.91°  41.112 41.16°  36.98" 39.02* 38.58" 0.688 0.0056
C18:2 7.26 9.22 9.53 9.94 12.03 10.52 1241 0.941 0.0645
C18:3 0.45¢ 0.82° 1.092 0.86% 0.84° 0.82° 0.66¢ 0.073  0.0095
C20:4 1.67 1.70 151 1.38 2.03 1.64 194 0198 0.3576
C20:5 0.48% 1.942 0.68%¢ 0.28¢ 1.802 0.72 0.80° 0.071 <.0001
C22:5 0.29¢ 0.902 0.44% 0.530¢ 0.812 0.802 0.72% 0.062 0.0018
C22:6 0.32¢ 1.782 0.44% 0.36¢ 1.12° 0.78>  0.75°« 0.124 0.0007
S Lplatlpe oyn glaad 3768 390.86"  43.26° 4353  38.73 41.54%® 39.96* 0.819 0.0095
«GgJJ _\3‘}3_.:\
Monounsaturated
fatty acids
s bgliled o sl 10.48¢ 16.3% 13,70 13.36" 18.64* 15.27® 17.28% 1.025 0.0101
451593 _Lv}u
Polyunsaturated Fatty
Acids
S-8al Gy slodel ggame 8945 10.91°¢ 11.04%¢  11.32%¢  14.07% 12.16%™¢ 14.35% 0.940  0.0446
Sum of omega 6
Y5l Gy glodl gooree 1,549 5.452 2.65° 2.03¢ 4.57° 3.11° 2.93° 0.148 <.0001
Sum of omega 3
PRl &y Kl s 5772 2.03¢ 4,14k 5.622 3.07° 3.91¢  4.91® 0.307 0.0005

Omega 6/ omega 3

sl CLB:1° (P< /- 0) sl oo 5500 sine SMEAT (510 e 58 Lo S yidie g ya S8l slas Sl S Kilia (55 Hlins (gl
15588 wreal C22:5, <4 sllily sSlavead C20:5 (Sl i we ool C18:3 (Sl wewl C18:2 1 Silyl sl C18:1 oSyl

S R0 S0 aal C22:6 (S5 il

IStandard error for overall mean, *@Means within a row without a common superscript differ significantly (P<0.05);

2FO = Fish oil, 3CO= Canola oil, *SO= Soybean oil
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Effect of incorporation of canola, soybean and fish oils to the diet on fatty acid
composition and quality of meat in fattening lambs
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Introduction: In recent years, there has been a growing interest in identifying strategies to enhance
the concentration of healthy fatty acids in ruminant foods (meat and milk), such as conjugated linoleic
acid (CLA) and n-3 polyunsaturated fatty acids (PUFASs). The composition of fatty acids in the meat
has an important role in health consumers. Dietary supplementation oils rich in polyunsaturated fatty
acids (PUFA) can be used to increase conjugated linoleic acid (CLA) and n—3 PUFA, and improve
nutritional quality of ruminant meat. Fish oil is rich in omega-3 fatty acids, eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA), when added as a supplement to the diet of ruminants; they
alter into vaccenic acid in the rumen, which can be used for synthesis of CLA in different tissues.
Vegetable oils such as soybean and canola oils contain polyunsaturated fatty acids linoleic and
linolenic acid and their potential benefits have been proved for human health. The composition of the
diet fed to ruminants can influence the meat fatty acid composition. This study was carried out to
investigate the effects of canola, soybean and fish oils on meat quality and fatty acid composition of
longissimus muscle in fattening lambs.

Material and methods: Thirty-five male lambs with an initial body weight of 27.8 £ 2 kg and 4-5
months old were used in a completely randomized design for an 84-day feeding experiment with a
14-day adaptation period. Experimental treatments included: 1- control diet based (without oil), 2-
diet with 3 % fish oil, 3- diet with 3 % canola oil, 4- diet with 3 % soybean oil 5- diet with 1.5 % fish
oil + 1.5 % canola oil, 6- diet with 1.5 % fish oil + 1.5 % soybean oil, 7- diet with 1.5 % canola oil +
1.5 % fish oil. Five lambs were then randomly allocated to each treatment. At the end of the
experimental period, lambs were slaughtered after 16 h of starving. Sampling of longissimus muscle
was performed between 12th and 13th ribs from the left halves of each carcass. Samples of muscle
were dissected and ground to homogeneity for determination of fatty acid composition, for lipid
extraction using a 2:1 solution of chloroform: methanol, according to the procedure described by
Folch. PH values measured with pH meter at 24 h after slaughter. Meat colour was measured on
muscle dissected from the after ageing for 48 h at 4 °C. Meat colour of samples was assessed using
the L*, a* and b* system with a Hunter Lab colourimeter. The attributes of meat odour intensity,
juiciness, flavour intensity, flavour quality and overall acceptability were assessed using an eight-
point scale. Scores varied from 1 to 8, with 1 being the minimum score and 8 being the maximum
score.

Results and discussion: Different sources of lipid supplementation at 3% in the diet did not
significant effect on meat colour and ultimate pH (p>0.05). There were no significant differences in
cooking loss and shear force value among treatments (p>0.05). In this study, the most abundant fatty
acid of meat was oleic (18:1 cis-9), followed by palmitic (16:0) and stearic (18:0), respectively. All
experimental diets contain oils stimulated the accumulation of polyunsaturated fatty acids (PUFA) in
the longissimus muscle of lambs compared with the control (P<0.05). The lambs fed with fish oil had
the highest the 20:5n—3 (EPA) and C22:5 (DPA) or 22:6n—3 (DHA). The concentrations of saturated
fatty acids significantly reduced with different oil supplementations. The oil supplementations
effectively decreased n-6 to n-3 ratio in the longissimus muscle compared with the control diet.
Inclusion of oil in diets increased the concentration of polyunsaturated fatty acids and decreased the
proportion of saturated fatty acids in longissimus muscle. These results of current study show that oil
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sources with long chain contain polyunsaturated fatty acids can bypass rumen microbial degradation
when added to diet of ruminant, and be absorbed in the small intestine and deposited in organs and
muscles through the circulatory system.

Conclusions: In conclusion, the incorporation of soybean, canola and fish oils up to 3% had
beneficial effects on fatty acid composition of meat and can be used as a strategy to increase the meat
content of polyunsaturated fatty acids, especially the level of long-chain n-3 fatty acids and
improvement of n-6/n-3 ratio.
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