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Table 1- Ingredients of the experimental diets (%)

'l sl
She 3‘.9" Pl Exprimental treatments!
Ingredients \ s Y b Y s ¢ s
Tl T2 T3 T4
<y by
Corn grain 44 37.5 343 29
&y s
Corn silage 25 25 25 25
puS ol
Wheat straw 5 5 5 5
pAS e
Wheat bran 16.5 20.5 20.5 23.5
by s
Soybean meal 8.3 9.3 11 11.8
OLs s,
linseed oil 0 1.5 3 4.5
S
Salt 0.4 0.4 0.4 0.4
Tl 5 e S
Mineral & Vitamin premix? 0.5 0.5 0.5 0.5
pelS Sl S
CaCO; 0.30 0.30 0.30 0.30
Chemical composition
(Mo p3) S 03lo
Dry matter (%) 65 65 65 65
(32,3) P& (359
Crude protein (%) 14 14 14 14
(32)3) 55l ojlas
Ether extract (%) 2.1 2.7 3.1 3.4
(30)3) (55 0dzpd )3 Jslomali SLJI
NDF (%) 28.8 28.8 28.8 28.8
(£S5 2 I Lo g g BB (5551
ME (Mcal/kg) 2.76 2.76 2.76 2.76
O oy w3 ¥ 5 ¥ A i sl i 4 ¥ oY O g
VA Jold oS 51 )50k y el aaling )5 Ve g3 celitg (all e 0l e oo e 1 onolizg llall g 015 00 e oo ol JoSe 1 p Sk 2
Ve 28 Ve i 28 V28 2 5V 59y 25 ¥ eme )8 =X coml o8 ¥ 53500 28 Y oies )57+ o p5 Vo jad 25 A+ oS 25
JC TV S E<{JPK 3

IT1, T2, T3 & T4: diets containing 0, 1.5, 3 and 4.5 % linseed oil, respectively
The supplements including: 500,000 IU vitamin A, 100,000 IU vitamin D, 0.1 g vitamin E, 180 g Ca, 90 g P,

20 g Mg, 60 g Na, 2 g Mn,, iron, 3 grams, 0.3 grams of copper, 3 g zinc, 1.0 g of cobalt, 1/0 grams of selenium,
1.0 grams of iodine, 3 g of antioxidant. per kg.
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Table 2- Mean of ruminal degradation of dry matter of experimental treatments (%)

R " bl lole
Degradation parameters? Experimental treatments!

\ s Y L Yol ¢ s P-value SEM

T1 T2 T3 T4

(A)a 55l oy 50 duoyd 25.38 25.30 25.08 24.86 0.112 1.389
(b)ayjos S yis duoyd 51.17 51.09 59.84 50.54 0.153 2.073
(ath) ajpms BB s aoy 76.55 76.39 75.93 75.40 0.195 2.371
(€) s 2320 £ b celo  dop 0.043 0.042 0.041 0.039 0.084 0.003
Suis osle Fgo (gpdy 4 jod do)d
k=0.02 60.30 59.81 59.17 58.24 0.311 3.212
k=0.04 51.88 51.39 50.75 49.79 0.280 2.478
k=0.06 46.73 46.28 45.67 44.75 0.253 3.801

OB oy 203 ¥ T D G (5l iy 4 ¥ 9 ¥ O Jlag !
P P Gy 4705 (C) pd 405 &5 cub Colo o a0y (atD) s B Lise a0y (D) 4 A8 i a0y (8) il @ i A
el P doyd of+F g o[ ¥ e [oY jas fy il
IT1, T2, T3 & T4: diets containing 0, 1.5, 3 and 4.5 % linseed oil, respectively
2 Rapidly degradable (a), Slowly degradable (b), Degradable part (a+b), Degradation rate (c), Effective rumen
degradability in passage rate constant of K= 0.02, 0.04 and 0.06 (%/h)

(1259) sittlojl sloslos NDF (6 a5 (slaaomisl (5o =Y Jga
Table 3- Mean of degradation parameters of NDF of experimental treatments (%)

Tk 4 sl ol " bl sloles
Degradation parameters? Experimental treatments! P-value SEM
Vb Vol T ol ¢ b
T1 T2 T3 T4

(@)l @y i oy 16.47 16.14 15.73 15.41 0.080 2.183
(b)assos &S ji5u duoyd 41.32 40.81 39.46 39.05 0.172 2.331
(@tb) ajs JB jise Aoy 57.792 56.952 55.19%® 54.460 0.045 2.671
(€) pd s ¢y b celo oy 0.054 0.051 0.047 0.046 0.068 0.008
NDF jise ondy a5 20

k=0.02 46.01° 45.442 43.34° 42.53b 0.031 1.614
k=0.04 40.20° 38.992 36.99° 36.22° 0.041 1.416
k=0.06 36.04* 34.882 33.91® 32.29 0.022 1.193

O ey 2o ¥y ¥ A ho gl i 4 T 5T g
2= 5 b 3 S0 sdy 425 (C) sy 4 £ ol Celo sty (ath) s LB ity oy (D) 4 a8 sy 20y () il g iy Aoy
el pdoyy ofoF g o] ¥ o]0
IT1, T2, T3 & T4: diets containing 0, 1.5, 3 and 4.5 % linseed oil, respectively
2 Rapidly degradable (a), Slowly degradable (b), Degradable part (a+b), Degradation rate (c), Effective rumen
degradability in passage rate constant of K = 0.02, 0.04 and 0.06 (%/h)
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Table 4- Mean of protein degradation parameters of experimental treatment (%)

Topd 455 sl alp

b ialesl (slaless

Degradation parameters> Experimental treatments! P-value  SEM
Vb Vol ARSI £ ol
Tl ™ 3 T4

(@) ol oy iR oy 26.47 26.23 25.92 25.54 0.091 1.134
(b)ey 5 1S yise duoyd 48.61 48.09 47.83 47.41 0.070  2.132
(@tb) aps B iy 1oy 75.06 74.32 73.75 72.95 0.085  1.127
(C) s pds ajos5 Fp ol el j3 duo s 0/054 0.052 0.051 0.048 0.068  0.005
P Oxon oo S 4P Loy

k=0.02 61.87 60.95 60.14 58.95 0.013  1.326
k=0.04 54.34 53.40 52.62 51.33 0.021  1.431
k=0.06 49.45 48.55 47.81 46.55 0.025  1.702

O ) 1o ¥ g ¥ MO Gio gob culg 4TV Y A s

&5 b Soo sy 43 (C) pd 40 £ b Sl a0y (A1) s JB Lise a0y (D) 45 A8 i dops (8) el @ i dop

sl sopy o[+ gl F el oY g

IT1, T2, T3 & T4: diets containing 0, 1.5, 3 and 4.5 % linseed oil, respectively
2 Rapidly degradable (a), Slowly degradable (b), Degradable part (a+b), Degradation rate (c), Effective rumen
degradability in passage rate constant of K= 0.02, 0.04 and 0.06 (%/h)
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Table 5- The effect of experimental treatments on feed intake, daily weight gain and feed conversion ratio!

o Vbl eloylogs
Traits Experimental treatments! P-value ~SEM
Vb ¥ oles ARSI £ ol
Tl T2 T3 T4

(p,S55hS) &lisy dpae STygs 1.622 1.60° 1.550 1.53b 0.050  0.513
Daily feed intake (kg)
(P5S5S) 0395 955 9 26.50 26.59 27.30 27.51 0.262  0.050
Initial weight (kg)
(P555S) slo bb 59 45.42 46.75 47.37 47.84 0.583  0.151
End of weight (kg)
(p555LS) w139y 359 Liulsd! 0.21 0.22 0.22 0.22 0.133  0.379
Daily gain weight (kg)
whe bas cups 7.71 7.15 6.95 6.80 0.274  0.058
Feed conversion ratio

(P<e/e0) sizly (o )l (e BHST (ghls S 2o o6 By b cind, po (SlagSilie!
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"Means within same row with different superscripts differ (P<0.05)
2Tl1, T2, T3 & T4: diets containing 0, 1.5, 3 and 4.5 % linseed oil, respectively
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Table 6- Effects of experimental treatments on some carcass characteristics!

cliuo ¥ pialegl (lalos
Traits Experimental treatments? P-value  SEM

Vb Vol T obes ¢ b

T1 T2 T3 T4

(PS5 5LS) » 43Y 59 29.85° 33.00° 33.47 34.15* 0.053 0.070
Whole carcass weight (kg)
(p)55LS) p)5 43Y (39 20.87° 21.70%® 21.952 22.75* 0.024  0.734
warm carcass weight (kg)
(P15 5LS) o a3Y 54 17.12 18.48 19.86 19.13 0.026  0.706
Cool carcass weight (kg)
(o53) 45Y 035L 45.94 46.41 45.09 46.58 0.489 1.203
Carcass efficiency (%)
(P55 9LS) S 59 0.75 0.72 0.77 0.73 0.401 0.061
Liver weight (kg)
(P15 5) oS dbogmo 0y 0.19¢ 0.21b¢ 0.23° 0.27 0.122  0.020
Abdominal fat (kg)
(p155LS) 2 UloS ol 7.73 7.91 7.65 7.50 0.293 0.067
Whole gastrointestinal (kg)
(p55L8) I Lo)lS oKz 2.65 2.75 2.78 3.19 0.263 0.030
Empty gastrointestinal (kg)
(P55 0LS) Cowd 359 1.56 1.66 1.72 1.73 0.384  0.013
Shoulder weight (kg)
(p555L5) oy 0ijs 2.11 1.99 2.10 2.15 0.947  0.022
Thigh weight (kg)
(2o (lw) 4 Jobo 77.22 77.00 77.10 77.50 0911 1.382

Carcass length (cm)

(P<e/e0) szl o 515 (me ST (gl S o o8 By > b cind, po (slagSilee!
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"Means within same row with different superscripts differ (P<0.05)
Tl1, T2, T3 & T4: diets containing 0, 1.5, 3 and 4.5 % linseed oil, respectively
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Table 7- Effect of experimental treatments on apparent digestibility (%)!

cliw bl sl Lo
Traits Experimental treatments? P-value  SEM

Vb T obed ¢ b

Tl T3 T4

Six osle 71.322 70.15% 69.18%® 68.17° 0.011 1.211
Dry matter
pl S 70.12% 68.32° 67.28b 66.17° 0.032  0.560
Crude protein
S e g 3 J el LI 69.14° 69.00? 68.24* 66.32° 0.053 1.113
NDF
o 74.02° 75.11° 75.72° 77.122 0.015  1.217
Crude fat

(P<e/-0) sasl oo s ime BT gl)ls St pue By > b iy yo (sl Sile’
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"Means within same row with different superscripts differ (P<0.05)
T1, T2, T3 & T4: diets containing 0, 1.5, 3 and 4.5 % linseed oil, respectively
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Table 8- Effects of experimental treatments on blood parameters (mg/dl)!

cliw T taloj] sla e
Traits Experimental treatments? P-value SEM

Vb ¥ oles ARSI £ ol

Tl T2 T3 T4

S8 49.512 43.14° 47.31b¢ 45.18¢ 0.031 1.624
Glucose
bS5 36.75¢ 39.71° 41.23° 43.122 0.022  0.386
Triglyceride
Js s 69.17¢ 70.00b¢ 71.42° 73.122 0.010  0.273
Cholesterol
YU anedls b 55 0 5 22.17° 22.68° 23.12%® 24.17* 0.033  0.140
HDL
ol il b ot el 38.65° 39.582 40.06° 40.332 0.044  2.188
LDL
ol ke el b s ) 7.35 8.24 8.62 0.275  0.087
VLDL

(P<e/-0) At (o )b (sino BMSI (gl Sjnto i By b cid) 50 clopySls)

O ) 1o ¥ g ¥ 0 Gio ol i 4T Y Y A T

"Means within same row with different superscripts differ (P<0.05)
2Tl1, T2, T3 & T4: diets containing 0, 1.5, 3 and 4.5 % linseed oil, respectively
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Table 9- Effects of experimental treatments on Fatty Acids profile of carcass!

O Al il layle

Fatty acids Experimental treatments’ P-value  SEM
Vb ¥ obes T ke £ ol
Tl T2 T3 T4

C1a:0 ( Sty 2l) 4.31 4.39 4.44 4.53 0.090  0.046
Ci6:0 (Szally snsl) 24.42 24.02 23.84 23.60 0.112  0.318
Cie:1 (Sgall apl) 1.98 1.82 1.69 1.60 0.073  0.129
Ci8:0 (S5 lzal al) 12.93 12.80 12.68 12.52 0.084 1.275
Cig:1 no (Sdgl s0l) 31.56 31.72 32.13 32.49 0.390  1.020
Cig:l n7 (Sl asl) 12.42 12.02 11.85 11.62 0.085  0.633
Cig:2 n6 (g amsl) 5.40 5.57 5.80 5.92 0.091  0.037
Cis:1 no 11 (sl Siiuoly ) 0.47° 0.632® 0.722 0.86 0.057  0.024
Cis:3 03 (Sdgd ) 0.47° 0.6420 0.712 0.84 0.044  0.022
C20:4 16 (Kgl)] ) 0.87 0.72 0.64 0.58 0.065  0.021
C20:5 03 (Sszally 1ol 0.06 0.07 0.09 0.11 0.065  0.203
C22:5 n3 (EPA) 0.18 0.20 0.23 0.27 0.066  0.022
C»:6 n; (DHA) 0.06 0.06 0.09 0.11 0.077  0.041
SFA (glusl o yzapl) 41.66 41.21 40.96 40.65 0.291  2.420
MUFA (glalpt S5 0y slasel) 45.96 45.63 45.67 45.71 0362  2.433
PUFA (gls! peris 0 slar) 7.51 7.88 8.29 8.65 0.093  0.344
6—1 (5 Kl ©paml) 6.27 6.29 6.44 6.50 0.174  0.035
31 (¥ Kl o pawl) 0.71 0.90 1.04 1.22 0.075  0.063
S/P (gltlpinis & glsl Oy slasl o) 0.18 0.19 0.20 0.21 0.066  0.033
N6M3 (YKl 4 SK0g) sl Connn) 8.83¢2 6.98 6.19% 5.32¢ 0.040  0.355
(P<e7-0) Aty o )15 (sino M (s S yne i By o b i3y 50 (Sl

OB gy 2o ¥ ¥ M0 ho ggls i g 4T oYY O o T

"Means within same row with different superscripts differ (P<0.05)
T1, T2, T3 & T4: diets containing 0, 1.5, 3 and 4.5 % linseed oil, respectively
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Introduction The extracted oil from linen contains about 50% linolenic acid from the family of
omega-3 fatty acids. Among edible sources, fish oil and linseed oil are a rich source of omega-3
fatty acids. Linoleic acid and linolenic acid are a key factor in the normal growth and reproduction
of animal, were not considered an important issue for animal nutrition. Essential fatty acids,
including linoleic acid, linolenic acid and arachidonic acid, and in recent years the demand for
foods with omega-3 long-chain fatty acid conjugated linoleic acid is high because of important
biological role of these fatty acids in the body. Alpha-linolenic acid is an essential fatty acid that
cannot be manufactured by the human body, but are essential for the body's metabolism. Although
mammals cannot make omega-3 fatty acids, but have limited functionality in the form of fatty acid.
Linseed has a high linolenic acid as a substrate for the synthesis of long-chain omega-3 fatty acid
that for the (EPA), which is the precursor for eicosanoids. Eicosanoid are similar compounds of
hormones that play an essential role in the immune response. In addition, EPA can become (DHA),
which is an essential fatty acid in cell tissue layers of the eye and brain. The objective of this study
was to evaluate the effects of linseed oil on degradability, performance, carcass characteristics and
some blood parameters in fattening lambs

Material and methods In first experiment, ruminal degradability of dry matter, crude protein,
NDF and ADF were measured by nylon bag technique using three fistulated Zell sheep that fed at
maintenance level. Incubation time consisted of 0, 4, 8, 16, 24, 36, 48, 72 and 96. The experimental
animal were kept in individual cage and fed at 8§ am and 20 pm with experimental diet to ratio of 70
to 30 forage to concentrate. In the second experiment, the effects of various levels of linseed oil on
performance, carcass characteristics and blood parameters were studied. The performed experiment
was completely randomized design (CRD) with four diets containing zero, 1.5, 3 and 4.5 percent
linseed oil on 16 male lambs with initial average weight 27+ 2 kg and 5-6 months old for 90 days.
Energy and chemical composition of rations were similar. The experimental diet was balanced
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using the Small Ruminants Nutrition System (SRNS). Monthly weighing was carried out at the end
of the experiment by applying 12 hours of starvation before weighing, and daily feed intake was
used to calculate the feed conversion ratio. Data obtained were analyzed by statistical software SAS
(version 1.9).

Results and discussion Dry matter degradability significantly affected by experimental
treatments (P<0.05). However, the crude protein, NDF and ADF not observed significant difference
between treatments. In first experiment, ruminal degradability of dry matter, crude protein, NDF
and ADF were measured by nylon bag technique using three fistulated Zell sheep that fed at
maintenance level. Incubation time consisted of 0, 4, 8, 16, 24, 36, 48, 72 and 96 h. Dry matter
degradability and crude protein not observed significant difference between treatments. In the
second experiment, experimental diets had significant effect on feed intake also results of the
current experiment showed that linseed oil in 4.5% of dry matter had most negative effects on
nutrient digestibility of total mixed ration (P< 0/05). Diet contained linseed oil and thyme oil
affected some carcass characteristics significantly compared to other treatments (P<0/05). Linseed
oil increased C18:3, C18:2 and P/S ratio (P<0.05). Linseed oil had a significant effect on the blood
parameters of treatments.

Conclusion In general, degradation of dry matter results showed that adding linseed oil, had
little effect on the degradation of dry matter and protein and numerically, was reduced compared to
control. With increasing the level of linseed oil in the diet, the mean of NDF degradability, feed
intake, and apparent digestibility of nutrients was a downward trend and did not improve these
indices. In this study, adding linseed oil improved daily gain and feed conversion ratio compared to
the control. The carcass fatty acids, omega-3 fatty acids increased, which is an indicator of health.
The overall result of this study showed that increasing the level of linseed oil decreased the average
degradation of NDF, feed intake and digestibility of nutrients but improved the carcass quality
traits.

Key words: Blood parameters, Carcass characteristics, Linolenic acid, Linseed oil



