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Table 1- Ingredient and chemical composition of the experimental diets
‘;..ﬁfLo_}i slao yua
The experimental diets
o33 S 3 e S5 o gad 3 Jslae
Dietary components Starch Neutral detergent fiber
Y ils dila ;gau Youls dila b Youls dils e Yeuls dlul
Without canola With canola Without canola With canola
seed seed seed seed
Ingredient (% of DM bases)(Saa sals 4ly s s a) 132
KA dad g 10 10 10 10
Alfalfa hay
sad ol sa 64 62 28 26
Milled barley
IRV PIC L P 0 0 36 36
Dried beet pulp
Gy Y Sl Gl 0 7 0 7
Roasted canola seed
auS Gugn 4 4 0 0
Wheat bran
L ges ddlaS 10 16 14.2 16.2
Soybean Meal
Y 5l diax 10 3 10 3
Canola meal
Sal Ko ju 1.2 1.2 1.0 1.0
Limestone powder
< 0.2 0.2 0.2 0.2
Salt
0.6 0.6 0.6 0.6

sialing 5 (Sars JoSs™
supplements (vitamins and minerals)

Chemical composition (% DM)(Saa suls ) an 5a) (oliards oS 5

" KaA sube 92.5
Dry matter

' AT sole 90.8
Organic matter

Gl 43.8
Starch

Tala 0 18.3

Crude protein

93.6

90.2

30.2

18.2

93.7 94.3
89.9 90.0
15.5 13.3
18.5 18.0
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Yol cea b sl syl 0 24.0 23.0 32.0 32.0
Neutral-detergent fiber

Y sl e oo sl o) g0 11.6 11.1 17.1 16.6
Acid-detergent fiber

T o e slaclaua g S 53.5 50.5 46.3 41.0
Non-fiber carbohydrates?

‘e 2.50 5.10 2.00 4.60

Ether extract

09 $IEKL) aadd salie LB (535
(K2 soble o SIS

Metabolizable energy (Mcal/kg DM)

2.83 297 2.71 2.82

Opeling oS LoV D el ALl Gy aaly H13a Yot A Gelin g el s waly Sl Vs sl JaSo o SIS 5o X
PRl Yoo e e o Sl VYo cuadiie a Slie VY- o0 Gl o SAY el 2 € V40 OlaseS) (BT 8 s Yoo B
ponibes oS o VY a0 Sl Y el a S i Vet san p Sl Yot oo p S le Y+ (al

**Vitamin-trace mineral pre-mix provides per kg of mixed ration: 600000 IU Vitamin A; 200000 IU Vitamin D3;
200mg Vitamin E; 100mg Co; 300 mg Cu; 300 mg Fe; 2100 mg Mg; 2200 mg Mn; 3000 mg Se; 300 mg Zn.

NCVP PSTON RENIRVRN L A DRY IRP RV P RV I SV
Measured in the laboratory
NFC= 100 -(% CP +% ash +% NDF+% EE) Jses dhiuy 4 sad daulas
measured by the formula NFC=100-(%CP+%ash+%NDF+%EE)

il T (5o i 0o 2 Slassud S 53 -Y Jgaa
Table 2- Fatty acids composition of the experimental diets
ile )T slao
The experimental diets

2 sl g g8l by D ol g 59 Syl piad
Fatty acids profile Starch Neutral detergent fiber
Youls ails ;g Y gils dila b Y guls ails (g Yeuls a@la b
Without canola seed  With canola seed Without canola seed  With canola seed
c10:0 0.01 0.02 0.04 0.06
c12:0 0.24 0.25 0.10 0.11
c14:0 1.29 1.25 1.72 1.68
c16:0 18.9 11.3 17.3 12.0
c16:1 0.63 0.44 0.58 0.47
170 0.11 0.12 0.08 0.11
171 0.24 0.25 0.04 0.05
180 585 2.03 2.35 2.39
o181t 0.02 0.03 0.81 0.82
cl18:1c 276 40.4 25.5 29.6
o182t 0.18 0.19 0.35 0.38
c18:2¢ 29.7 26.7 29.2 25.8

c18:3¢c 12.3 10.2 114 10.0
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c18:3t 0.24 1.25 1.71 1.68
C20:0 1.43 1.99 1.11 1.93
C20:1 0.15 0.81 0.13 0.79
C22:0 0.27 0.21 0.49 0.47
C24:0 0.23 0.14 0.20 0.11
C24:1 1.22 1.92 2.13 1.14
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Table 3- Least-square means of test diets on performance of experimental lambs

le T slao pa

The experimental diets

W P . & . P-Valuel
duln A 00 gudi yu Jglae jaad
Slis * Starch Neutral detergent fiber
Traits* 4l g e o Al g9 o
Y‘QQLS Y‘QALS 4.||JL_1 nys Yyts Mldl—} NDSCx
: ; NDSC RCS
Without With Without With RCS
canolaseed canola seed canola canola seed
seed
P | . .
(pSs4s)atsl 05 23.6+2.67  24.1+243 2384261  234+233 087 083 089
Initial weight(kg)
Sebs) 2l 009
(?. ) . ? 44.9°+6.87 47.7%£7.65 46.5%+7.62 47.8°18.21 0.03 0.92 0.87
Final weight(kg)
X (o
oo Shsd ;S 414019 15140.22 1.48+021  1.49+022 066 075  0.52
Average feed intake
@2 sl o o
Feed conversion 550£0.94  5.31+0.42 5400.38  523:0.60 051 028 046
ratio
039 Ll 3 St
/ L 0.256°+0.09  0.286%£0.07 0.2692+0.09  0.289°+0.10 0.04 0.03 0.35
(pSsLs)l59,
Average daily
gain(kg)

Gls ssla slas 4...;.:'\3.4 RCS1 ‘u:us Sl s Ha Jslss Jlln.“ cola slas ua L anlis gols (5[.&4:)3; dwslds ‘NDSCfQL.u:'lla\

RCSxNDSC J.\liln By -0 R Y SR T PR clas yua L L0 R NS

Camparison; NDSC= Comparing the diets containing starch with the diets containing soluble fiber in neutral
detergent; RCS= Comparing the diets containing roasted canola seed with diets without roasted canola seed;

Intraction RCSxNDSC

Llatd 4 golsdae GRS Gl 5ud Bgsa b slagySle 2000 sl o sl glad # olasye Jilas 5 Sibe Jolit Lasals™
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a.be d\Means within the same row with different letters differ significantly (P<0.05). *Data are included Least-

square means + standard error.
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Table 4- Least-square means of longissimus dorsi muscule fatty acid profile of experimental lambs (%)

ile T slao pa
The experimental diets

ouiagub 3 gl yusd
Starch Neutral detergent fiber P-value!
aaly Gy 9us alsb

e ¥ gils ¥ sils Whidss yauls wlil
- Without With ¥ gils With
Traits* canola canola Without canola NDSCx

seed seed canola seed seed NDSC RCS RCS
C10:0 0.09°+0.01 0.08+0.02 0.07°+0.02 0.142+0.05 0.03 0.52 0.04
C12:0 0.23°+0.02 0.225+0.01 0.272+0.03 0.21°+0.02 <0.01 <0.01 0.68
C14:0 2.37+0.11 1.36°+0.13 1.73b+0.19 1.51°4+0.15 0.62 0.04 0.77
C15:0 anteiso 0.23°+0.02 0.24°+0.03 0.392+0.03 0.27°+0.02 0.48 <0.01 0.01
C15:0 2.952+0.39 2.145+0.41 2.962+0.33 2.51+0.34 0.87 0.01 0.88
C16:0 22.6%+1.10 19.7°+1.01 23.32+1.03 20.0+1.33 0.67 <0.01 0.66
Ci16:1 1.03+0.01 2.11340.07 1.07°+0.04 2.22840.6 0.72 <0.01 0.61
C17:0 anteiso 0.14°+0.01 0.19b+0.02 0.22b+0.01 0.392+0.03 0.04 <0.01 0.27
C17:0 0.27°+0.05 0.25+0.04 0.312+0.05 0.38%+0.05 0.54 <0.01 0.47
Ci17:1 1.17%+0.10 1.2924+0.19 0.59+0.16 1.1824+0.11 0.03 <0.01 0.46
C18:0 15.9°+0.97 12.7341.02 15.8b+1.00 14.63+1.10 0.67 <0.01 0.68
C18:1n7 1.91°+0.13 2.65%+0.12 1.66+0.21 3.20%+0.23 0.68 <0.01 0.65
C18:1n9 31.6+1.71 33.32+1.61 32.25+1.21 33.02+1.73 0.01 <0.01 <0.01
C18:2tl11cl15 0.39°+0.08 0.662+0.05 0.38+0.06 0.512+0.04 0.40 <0.01 <0.01
C18:2 cotll 7.11°40.91 9.002+0.92 6.68P+1.01 6.10+0.68 <0.01 <0.01 <0.01
C18:3n3 0.32°+0.12 0.44+0.11 0.482+0.13 0.472+0.16 0.63 <0.01 0.34
C18:3n6 0.10°+0.01 0.182+0.03 0.09°+0.2 0.222+0.03 0.77 <0.01 0.87
C20:0 0.11+0.01 0.06%0.02 0.13+0.01 0.05%0.03 0.57 0.54 0.42
C20:1 0.55P+0.02 0.672+0.02 0.12°+0.04 0.642+0.10 0.51 <0.01 0.50
C20:2 wb 0.50°+0.07 0.622+0.11 0.39°+0.09 0.43+0.11 0.30 <0.01 0.27
c20:3w6 0.29°+0.06 0.372+0.09 0.22b+0.08 0.428+0.10 0.61 <0.01 0.72
c20:4w6(AA) 2.80°+0.11 4,092+0.19 2.54+0.11 4.27%+0.17 0.58 <0.01 0.69
C20:5wW3(EPA) 0.19°+0.04 0.23+0.07 0.228+0.07 0.232+0.06 0.55 <0.01 0.56
C22:0 0.26°+0.02 0.1°+0.01 0.412+0.02 0.27°+0.02 <0.01 0.11 <0.01
C22:4 0.05+0.01 0.8+0.01 0.09+0.03 0.074£0.02 0.53 0.26 0.41
C22:5w3(DPA) 0.59°+0.12 0.64%+0.09 0.57+0.13 0.672+0.10 0.61 <0.01 0.6
C22:6w3(DHA) 0.13+0.04 0.182+0.03 0.15P+0.02 0.172+0.01 0.33 <0.01 0.36
C24:0 0.64+0.05 0.174+0.03 0.31+0.02 0.16%0.01 0.34 0.28 0.55
C24:1 0.15+0.01 0.272+0.02 0.22+0.03 0.292+0.04 0.56 <0.01 0.77
P <5Lm:u.ul‘,:;l.u 5.104+0.67 6.06+0.12 5.58+0.14 6.03+0.76 0.27 0.11 0.41
Other fatty acid
(Fatty acid total) & y» (slasscsl gaa
&L-w“ o2 ‘SLAA:““‘ 45.92+1.12 37.25+1.03 46.28+1.78 40.5P+1.62 0.67 <0.01 0.04
Saturated fatty acid
J:‘_‘-._ REN su*d 47.8°+1.04 55.43+1.24 47.5°+1.13 51.9 b+1.67 0.21 <0.01 0.01
ghad!

Unsaturated fatty acid
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g2 Ga sl 36.50+1.21 40.25+1.23 36.7°+1.44 39.82+1.67 0.61 0.03 0.03

g3 Sa by pladl
wals ga
Monounsaturated fatty
acid

b
ié e sl 11.3°+0.91 15.22+0.87 10.8°+0.79 12.2P+0.81 <0.01 <0.01 0.01
w933 w32 b pladl
dals ga
polyunsaturated fatty
acid

Lyciad

Y-Sl 4 -5l 3.98°+0.06 4.81°+0.10 3.28°+0.08 4.79°+0.7 0.63 0.03 0.77

PUFA/SFA 02504001  0.43%+0.03 0.25°+0.01  0.33%+002 067 0.2 0.68
4ly GJ‘A GLAA_):‘:.; 4...%\3.0 RCS ‘u_"u.‘; b.\l;‘ﬁ By dj.‘.s.o ;.QL_\.H (5\95 GLAA):\:_; L| PRI A LSJL'* LSLA°.):"? 4...44:\&0 4NDSC‘C)L‘-&EL§A‘

RCSXNDSC slaie J3l caidys ¥ 5lS Glo oo slas yua b ity Y oIS

Camparison; NDSC= Comparing the diets containing starch with the diets containing soluble fiber in neutral
detergent; RCS= Comparing the diets containing roasted canola seed with diets without roasted canola seed;
Intraction RCSxXNDSC

Llad @ g,ls ae BYEA) Gl 5ue Ggoa b slagySilie P00 wnl o luslind glha el ye Jilaa 5:Ske Jolis Lasals®
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a be dMeans within the same row with different letters differ significantly (P<0.05). *Data are included Data are
included Least-square means =+ standard error..
2(c20:2w6+c20:3W6+c20:4w6/c20:5W3+c22:5wW3+c22:6W3)
3[C18:2t+C18:2¢c+C18:3c+C18:3t+C20:2wW6+c20:3w6+c20:4 WE(AA)+C20:5W3(EPA)+
C22:5w3(DPA)+C22:6w3(DHA)]/[C10:0+ C12:0+ C14:0+ C15:0 antelso+ C15:0+C15:0 Iso+C16:0+C16:0
Is0+C17:0 antelso+C17:0+C18:0+C20:0+ C22:0+ C24:0]
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Table 5- Effect of the experimental diets on physico-chemical characteristics of lamb’s meat

Hile 3T stae jaa
The experimental diets

bty ouis gudi o Jglas yisd P-value!
o Starch 533
e Neutral detergent fiber
Traits* wila g
dala G 9us
' Ysls NDSCx
Yals  Yals alil Without ~ Ysils @las NDSC RCS g
Without With canola With
canolaseed canola seed seed canola seed

cu gl wus 75.5+2.3 75.6+2.7 74.1+2.4 75.2+2.5 0.81 0.68 0.73
Moisture percentage
Ol g 9 9y 20.5+1.1 20.4+1.0 20.2+1.2 20.4+0.92 084 0.77 0.84
protein percentage

LSIA sas 3.60+0.17 3.61+0.27 4.80+0.61 2.30+0.13 0.81 0.32 0.41
ash percentage
o s 1.27+0.02 2.32+0.04 1.28+0.02 2.27+0.03 0.71 <0.01 0.44
fat percentage
Vor/a s slis)J g siuls 97.1°42.1 227.4%+4.3 77.493.1 157.5°+4.4 0.02 <0.01 <0.01
(pos
cholesterol (mg/ml)
pH 5.31+0.19 5.23+0.15 5.44+0.17 5.37+0.21 0.82 0.78 0.77
L" 49.7°+2.4 59.7%+3.1 47.7°+3.2 51.8°+3.6 0.04 <0.01 <0.01
a’ 19.8+1.61 18.4+1.33 22.3+1.68 18.2+1.29 0.73 0.79 0.57
b 3.82+0.61 3.91+0.58 3.25+0.69 4.39+0.60 0.81 0.69 0.55
c’ 20.2+1.2 18.2+1.8 22.5+2.4 18.9+1.7 0.77 0.61 0.65
h* 31.1+2.3 28.8+2.6 29.3+2.5 29.8+2.8 064 071 0.55

Glo ssla slas 4...;.:'\3.4 RCS ‘u:us Sl s Ha Jslss Jlln.“ cola slas ua L aolis gola (5[.&4:)3; dwslds ‘NDSCfQL.u:'lla\

RCSxNDSC J.\liln By (-0 Y S Gy Gy clas yua L L0 R NS

Camparison; NDSC= Comparing the diets containing starch with the diets containing soluble fiber in neutral
detergent; RCS= Comparing the diets containing roasted canola seed with diets without roasted canola seed;

Intraction RCSxNDSC

Llat a4 gols das GRS Gl 5ue Bgpa b slagySlie 2000 sl o sl lad F olayo J8laa Kl Jobis Lasols®

(p<+/+0) wils s,LeT

a.be d\Means within the same row with different letters differ significantly (P<0.05). *Data are included Least-square

means + standard error.
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Introduction: Red meat is one of the best dietary sources of fat and protein for humans. The fatty
acid composition of meat has long been studied, but still receives a lot of attention in research because
of its implications for human health. Besides a lower total fat intake, human nutritionists are
recommending a higher intake of polyunsaturated fatty acids, and especially of n-3 fatty acids at the
expense of n-6 fatty acids. Numerous animal feeding trials have been carried out using different
species and breeds aiming at bringing the polyunsaturated fatty acid/saturated fatty acid (P/S) ratio
of meat closer to the recommended value (>0.7), as well as for the n-6/n-3 ratio (<5). Sugar beet pulp
(SBP) contains 70% carbohydrates mainly as neutral detergent soluble fiber, which has high water-binding
capacity and a slow fermentation rate in rumen compared to the barley grain. Replacing barley with SBP may
overcome digestive disorders such as acidosis problem and lead to the utilization of dietary energy towards
animal growth, carcass gain, and muscle intramuscular fat deposition. On the other hand, feeds containing fats
and oils are being used in animal diets to increase energy density and to manipulate intramuscular fat content
and fatty acid composition of the meat. Canola seed contains approximately 40 to 43 % oil in which oleic acid,
linoleic acid, and a-linolenic acid contribute to 61, 20 and 10%, respectively. High fat content of canola seed
makes it an attractive feedstuff to improve energy density of diets for finishing lambs grown in dry regions,
where pasture availability is low. To our knowledge, information containing the effects of SBP as a slow
fermentable carbohydrate source with an inclusion of roasted canola seed on growth performance and meat
quality characteristics of fattening lambs is not investigated. The objective of this study was to evaluate the
effects SBP with or without RCS in a high concentrate diet on performance and muscle composition of Arabian
fattening lambs.

Materials and methods: This experiment was approved by the Animal Care and Ethics Committee
of Ramin University of Livestock Research. In this study, twenty-four Arabian male lambs, 4 months
old, (23.7+2.5 kg; mean initial BW+SD) were kept in individualcages (1.4x1.2 m). The fattening
period was 99 d including 14 d as adaptation period. At the start of the adaptation period, all the
animals were treated for external and internal parasites and vaccinated against enterotoxaemia. The
animals were randomly assigned to one of the four dietary treatments included 1) starch, 2) starch
with roasted canol seeds, 3) Neutral detergent soluble fiber and 4) Neutral detergent soluble fiber
with roasted canola seed. The diets were offered to animals to meet the requirements of growth rate
at 250 g/day according to National Research Council (NRC, 2007). Lambs were weighed weekly
throughout the experimental period prior to the morning feeding. Feed conversion ratio was
calculated as the ratio between average daily intake and average daily gain. Average daily gain was
calculated for each sheep from regression analysis of live weight vs. time from day 1 to 99 of each
treatment. At the end of the trial, all the animals were slaughtered according to Halal method. Samples
from Longissimus dorsi (LD) between 5™ and 6 ribs trimmed of all external subcutaneous fat were
collected. These were used to determine moisture, crude protein, fat, and ash contents of meat
according to Association of Official Analytical Chemistry (AOAC, 2006). Lightness (L"), redness
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(@), and yellowness (b") of meat samples were measured using a Minolta CR-300 colorimeter in the
CIE L*a*b*. Hue angle (H") was calculated as tan* (b*/a") x (180/x) and Chroma (C”) as (a"?+b"?)*2.
The colorimeter was set for using the illuminant A and 10° standard observers. About 50 g of the LD
muscle between 6™ to 9™ ribs were taken for determination of fatty acid profiles. Muscle lipids were
extracted as described by Folch et al. (1957), using dichloromethane and methanol (2:1 vol/vol),
instead of chloroform and methanol (2:1 vol/vol), and were methylated according to Metcalfe and
Schmitz (1961). The transmethylated samples were analyzed by a gas chromatograph with a flame
ionization detector and a capillary column measuring 100 m in length x 0.25 mm i.e., with a thickness
of 0.20 mm. Helium was used as the carrier gas at a flow rate of 1 mL/min. Also, tridecanoic acid
(C13:0) was used as internal standard. The initial temperature of the oven was 70 "C and was increased
by 10 "C/min to 175 "C, where it was maintained for 25 min. The temperature was then increased by
7 "C/min to 220 °C, where it was maintained for 10 min, followed by another increase by 10 “C/min
to 230 'C, where it remained for 4 min. The temperature of the injector was 280 ‘C, and the
temperature of the detector was 300 “C. Identification of the fatty acids was carried out by comparison
of the retention times with standards of fatty acids from butter, and the percentage of fatty acids was
obtained by means of Chromquest 5.5 software. Performance data were analyzed completely random
design with repeated measurement PROC MIXED and compound symmetry model. Meat
Characteristics data were as a completely randomized design with a 2x2 factorial arrangement using
PROC GLM in SAS software.

Results and discussion: Partial replacement of starch with soluble fiber significantly increased
performance concentration of capric, ¢17:0 anteiso and behenic acid and significantly reduced lauric,
heptadecanoic, oleic, linoleic and polyunsaturated fatty acids of longissimus dorsi (P<0.05). Addition
of roasted canola seed to diets increased performance (average 288 g vs. 262 g) and reduced the
concentration of isopalmitic and behenic acid and significantly increased concentration of Lauric,
Myristic, Anteiso-pentadecanoic, Pentadecenoic, Palmitic, Palmitoleic, Stearic, Vaccenic,
Conjugated linoleic, Oleic, a-Linolenic, y-Linolenic, Gondoic, Docosatetraenoic, h-y-Linolenic,
Arachidonic, Eicosapentaenoic, Nervonic, Docosapentaenoic, Docosahexaenoic acids and the total
concentration of unsaturated fatty acids with one or polyunsaturated fatty acid pattern longissimus
dorsi (p<0.05). Canola seed addition significantly increased n-6/n-3 and p/s ratio (P<0.05).
Replacement of starch with soluble fiber significantly decreased and fat addition significantly
increased meat cholesterol concentratin (P<0.05).

Conclusion: The results showed that the use of canola seeds by changing the indicators of unsaturated
fatty acids, omega-6 to omega-3 ratios reform and polyunsaturated fatty acids to saturated fatty acids
can improve the quality and quantity of meat.

Keywords: Fattening lambs, Barley seeds, Beet pulp, Roasted canola seed, Meat Color



