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Table 1- Feed ingredients and composition of experimental diets

JO+aald s jua < /YO+aalid s jua aalis s e

CLA 4o s CLA 4n s (CLA sim s jim (55ln) (%) s s sl
Control diet+ Control diet + Control diet Feed ingredients (%)

0.5% CLA 0.25% CLA (Containing 0% CLA)
60.16 60.16 60.16 (3 «ls) Corn grain
23.02 23.02 23.02 (L s 4JlsS) Soybean meal
3.37 3.37 3.37 (p€ L saes) Wheat bran
0.47 1.02 1.47 (Lses 02 5,) SOY 0il
0.5 0.25 0 (CLA J<.) CLA supplement
1.36 1.36 1.36 (i avlS (50) Dicalcium phosphate
9.52 9.52 9.52 (a2e Sas) Oyster shells
0.22 0.22 0.22 (s are Ka3) Common salt
0.1 0.1 0.1 (peeew ol <) Sodium bicarbonate
0.19 0.19 0.19 (&5 530 — DL )DL-Methionine
0.01 0.01 0.01 (wILK g aa ool - L )L-Lysine-HCL
0.3 0.3 0.3 (' selin g b slae (hay) Vitamin premix
0.3 0.3 0.3 (T e ol so Lo slas i) Mineral premix
band S 5
Chemical composition
2700 2700 2700 ((Kcallkg) slay ea g LG s3551) ME(Kcal/kg)
16 16 16 (% alx 35 55) Crude protein (%)
4.00 4.00 4.00 (£ asealS) Calcium (%)
0.38 0.38 0.38 (Vi msiwas J1 5aus) Available phosphorus (%)
0.45 0.45 0.45 (7 o siie) Methionine (%)
0.72 0.72 0.72 (/. oniiewsrt oy ga3e) Methionine+cysteine (%)
0.79 0.79 0.79 (7 ea)) Lysine (%)
0.58 0.58 0.58 (/. e 5 53)Threonine (%)
0.22 0.22 0.22 (7 oé 530 5) Tryptophan(%)
204 204 204 (poSsLS 5o ¥y (S o) 2 (8IS s Jolas

Dietary anion cation balance (Meg/kg)
AB3af et B2 S Le¥/Y Bl IUE N0 IUD3or--- - TU A S A o SHLS 58 50 oud aal slagaalis g olias’
ke Yoo il Gl k0 S e + /400 B12 10 £ s - /07 B9 2 S L ¥ B6 ta S L
Ve fa She VY e ta S lie #o s Sk 00 ol ta Sl Ar (5iKie nSIH 05 o SIS 58 o sud (aals (Sans alge (e
Sk N0 il 5 fa S L
! Supplied vitamins per kilogram of diet: mg: A, 10000 1U, D3 2500 IU, E 10 1U, B1 2.2 mg, B2 4 mg, B3 8mg, B6 2 mg, B9

0.56 mg, B12, 0.015 mg, Cloride Cholin 200mg.
2 Supplied minerals per kilogram of diet: Mn, 80 mg, Fe 50 mg, Zn 60 mg, Cu 12 mg, | 1 mg, Se 0.15 mg.
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Table 2- Effects of different levels of CLA in post-molting diet of laying hens on egg production performance

(%) oy> CLA zohaw Jo! Gaa oo Gda p e 388 aolen wia a9 S
Dietary CLA levels (%) Week1 Week2 Week3 Week4 Total period
0% 74.75 70.95 69.01 67.30 70.25°
0.25% 72.14 68.14 67.66 66.40 68.09°
05% 73.38 74.00 74.28 73.41 74.552
(ko 3,83kl olizsl) SEM 2.59 2.28 2.17 2.77 1.33
()l sz law) P-value 0.781 0.089 0.063 0.076 0.031

Means within same column with different letters differ significantly (P<0.05)
(P</+0) w1 sl Sl oLl I 31 e i 5o 53 wldie uk e b sl Sl

L) &).0‘333 U:)J < ._\.AJL;A UL.‘:.; C'i‘:u C_u.u‘ s 4_;1‘)‘ -‘aa:r (_;LACJ.A &y Hd CLA alis e CJ]a.a.u Q‘JS‘ @l:u
-4 )3 feadS (5 52 Sl Ol Gy 098 Lo LIS

Vo dsaa a0 US 5 aolen o s puo (Jol sla

cad 80 @ald a0 S pleleyl (aline sladiaa
(P>/0) ol 465 S5 1,8 ciwlo )] slaslas L350

(pUS) 0 a3 (139 s HIISaAT SLAg yo S 95 ) a0 3 43 CLA Qlids 7 ghacs &) 51 -YJ gua
Table 3- Effects of different levels of CLA in post-molting diet of laying hens on egg weight (g)

(%) oy CLA zohaw Jy) Gia pgs Gda p s 388 aoler wia sy498 S
Dietary CLA levels (%) Week1 Week?2 Week3 Week4 Total period
0% 65.95 63.89 63.07 62.51 63.85
0.25 % 66.74 65.38 66.26 62.94 65.58
05% 65.36 65.71 66.38 64.82 65.57
((S5lo 3,5kl olzisl) SEM 0.91 0.73 1.15 1.35 0.59

(i Joine ) P-value 0.198 0.727 0.057 0.168 0.061

Means within same column with different letters differ significantly (P<0.05)
(P<eT-0) wsls ol re o gli (oLl Ll B el sian 5a 5 Gldis 5at Boa b slagSibie

moea b 5l (Ko freadS (G il feadS 05
a3 8 g3 Ay HIKeAS (slag se (sual 55 5 53SB (o iages
o 898 Y ‘,l.ﬁ‘;';} slag so s o CLA abas
;JJ‘GLA&A‘)J ulg..\l‘)g CJA‘Q.&JAJJ:JJ(S‘)JASJJSJ‘
sala GLES ¥ Jgan 5o 6598 IS 5 aoler 5 puw s
Om BWIAL oS 0 saalEa ¥ o ¥V Jolas Lo ol sud
L CLA anjs +/0 suiS b8bys 65,8 wl g aus o
e33O0 Gy ws Llagine a5 8 US o lajlas S
o9 ol golo e SRR Caliane slaslas fus £ ye
slaslass ¢ e adS s s Gu 98 US 5o 55 ¥ Jsaa
G5 (P<-/-0) o sualie (gl e (3YEA) aBA
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Table 4- Effects of different levels of CLA in post-molting diet of laying hens on egg mass (g)

(%) ey CLA g JolGia agsdiia agw s aolep Cia epee S
Dietary CLA levels (%) Weekl Week2 Week3  Week4  Total period
0% 49.30 45.38 43.52° 42.13° 44.92°
0.25 % 48.87 4534 4477 41.79° 45,01°
05% 47.78 49.27 49.302 47,632 48.882
(5Sle s bl slzs) SEM 137 147 147 2.33 0.92
()l sz law) P-value 0.760 0.40 0.025 0.044 0.011

Means within same column with different lette
.(P<'/’0) ..ﬁ_)‘d GJ‘J&M QJL&S (SJLOT _)Ja.t _)‘ ¢

S0 1) ISAAS (slag e SIH A B uas 8 Ho s s
5o (1449) e 5 T ols (2alS (g ls Sae b
w59 CLA b il b € ws S 5,18
S o Gy wbe phals GBu, S s
S eae GEalS 55 CLA SYG £l 5o s colE8as
OoEaa 5 JAS) Wl su 5 5,181, GBW s S

YooV olSan 5 olisa 5 Y- 1Y

rs differ significantly (P<0.05
Ot 58 53wl s s b slanSibe

Slsa Ciyeme 53 CLA Gl £yl ol 3l mls
polem 5 po pus Jol sladiaa Hu HIKaAS slag e
o oLl ol sud G510 Jsaa 53 8,59 S
il GBS 5y S sa B eas wad g3 6550 JS o 4S aay
ool s (P>+/0) 5,5 158 s pm CLA wemys s
58 polen s pose o (Jol gladiia Hu BMWAl aue
Vord Jlaw o playl 5 cal Sl ol il s g
10 VL olhee 4 CLA 3 sulaia «S ws < a8
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Table 5- Effects of different levels of CLA in post-molting diet of laying hens on feed intake (g)

(%) oy CLA zohaw Jy) Gia pgs da pgeu 88 aoler wia sy98 S
Dietary CLA levels (%) Week1 Week2 Week3 Week4 Total period
0% 102.6 101.8 101.4 100.8 101.65
0.25 % 102.4 101.2 101.4 101.4 101.45
05% 101.8 101.7 101.6 101.6 101.85
(Sile 5 i oLz2)) SEM 0.47 0.37 0.54 0.53 0.27
() sz aw) P-value 0.477 0.374 0.955 0.565 0.489

Means within same column with different letters differ significantly (P<0.05)
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Table 6- Effects of different levels of CLA in post-molting

3 AYL a3l (Sau slasy S 4 cuns CLA ws s
Josa S wdly Glils 50 g AS Sha Las s
OBW s Shsa bud uys S aas oo ol £
o 5sb WCLALGA ;0 /0 (s5la 6 pua s0iS =il o
Shsa dad e © bsye Hlie )5S g5k
05 CLA smju /Y0 858 5 aals 65 8 8w

luu;an:\..;‘,ACLAdﬁ.&ac‘ghwbbﬁl—f'dj;?
diet of laying hens on feed conversion ratio (g:g)

(%) oy CLA g Jsl caa pos Gia o s poley wida 8559 JS
Dietary CLA levels (%) Week1 Week2 Week3 Week4 Total period
0% 2.08 2.26 2.37% 2.422 2.282
0.25 % 2.08 2.23 2.27® 2.47%® 2.262
05% 2.14 2.06 2.06° 2.14° 2.09°
(ke 3l oLz2)) SEM 0.058 0.071 0.065 0.147 0.044
()5 sz daw) P-value 0.730 0.068 0.016 0.049 0.021

Means within same column with different letters differ significantly (P<0.05)
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Table 7- Effects of different levels of CLA in post-molting diet of laying hens on blood lipids and total
antioxidant capacity

(%) oy CLA zohaw Triglyceride  Cholesterol HDL LDL VLDL TAC
Dietary CLA levels (%) (mg/dl) (mg/dl) (mg/dl) ~ (mg/dl)  (mg/dl) (mmol/l)
0% 1742 123 19 69.7 34.8 0.257
0.25% 170? 120 20 68.6 31.9 0.277
0.5% 159° 116 17 67.9 32.1 0.230
(0xSilee 3wkl olizil) SEM 5.93 3.18 1.87 4.50 1.18 0.022
(ssbo sime ) P-value 0.047 0.148 0.335 0.960 0.210 0.369

Means within same column with different letters differ significantly (P<0.05)

(P<eT-0) wsls ol ime o sli (ol Ll B ey sian 5o 5 Glis sut Boa b slageSibe

HDL: High Density Lipoprotein(¥L J&s b 505 55 sul)
LDL: Low Density Lipoprotein(culs J&s b i 550 5ud)

VLDL: Very Low Density Lipoprotein(gub sluw J&s L (5 55 5al)

TAC: Total Antioxidant Capacity(JS sl 37 cas k)
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Table 8- Effects of different levels of CLA in post-molting diet of laying hens on production of immunoglobulin
G, immunoglobulin M and immunoglobulin T against SRBC

(%) oy CLA zohaw 19G IgM IgT
Dietary CLA levels (%) G ol 0 5K sl Myl 50 5K sl T Gl 52 5 sl
0% 1.00° 1.75° 2.75°
0.25 % 1.50° 1.75° 3.25°
05% 2.502 2.75% 5.25%
(S 3t oLz) SEM 0.035 0.031 0.055

(i J3ine ) P-value 0.047 <0.01 <0.01

Means within same column with different letters differ significantly (P<0.05)
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Introduction: Recently, there has been increased research on isomers of conjugated linoleic acid.
Conjugated linoleic acid (CLA) is a mixture of several geometrical and positional conjugated isomers
of linoleic acid (LA, C18:2) which involve a double bond at positions 8 and 10, 9 and 11, 10 and 12
or 11 and 1, but the c-9, t-11 and t-10, c-12 isomers are physiologically important. CLA is produced
in the rumen as a result of incomplete bio-hydrogenation of Linoleic acid. When bio-hydrogenation
is incomplete, CLA can escape the rumen and be absorbed through the gastrointestinal tract, thereby
providing the peripheral tissues with various isomers of CLA. Due to production of CLA isomers in
ruminant’s rumen, ruminant products, such as milk and meat are main CLA sources in human diets
(Chin et al., 1992). CLA has been reported to have anticarcinogenic, hypocholesterolemic, and
antiartherogenic effects in laboratory animals. Some reports showed positive effects of CLA isomers
on egg production, egg quality, immune response, antioxidant status and gene expression in laying
hens. It has been documented that layer hens meet some oxidative attacks during force molting (Siegel
1980), therefore, the aim of this study was to evaluate the effect of different levels of conjugated
linoleic acid (CLA) on egg production performance, some blood biochemical parameters and immune
response of laying hens in post-molting phase.

Material and methods: In this experiment, sixty W-36 White leghorn laying hens in post-molting
phase (78 week) were assigned to 3 treatments with 5 replications and 4 birds each based on
completely randomized design. The purity of CLA source used in this study was above 90% with
mixture of 50% c9-t11 and 50% c10-t12 isomers. Experimental diets were 1) Control diet (basal diet
containing 0% CLA), 2) basal diet+0. 25% pure CLA and 3) basal diet+0.5% pure CLA and after
adaptation period, diets were fed for 4 weeks. Egg production, egg weight, feed consumption, egg
mass and feed conversion ratio were recorded weekly. In the end of experiment, two birds from each
replicate close to cage average weight, was selected, blood samples were collected from the wing and
serum separated. Total antioxidant capacity (TAC), total cholesterol, triglyceride and high density
lipoprotein (HDL) cholesterol and low density lipoprotein (LDL) were measured using analytical
kits. Another bird per replicate with average cage weight selected, after injection of vaccine in breast
muscle, two weeks later, immune response was measured based on Hemagglutination-Inhibition
(HI) Test. All data were analyzed by ANOVA using the procedure described by the SAS Institute
(2009). Tukey test was used to determine the significant differences between treatment means.
Results and discussion: Results showed that egg production rate and egg mass of birds fed 0.5 %
CLA were significantly higher than birds fed control diet or diet containing 0.25 % CLA during whole
experimental period, but egg weight and feed consumption were not affected by dietary CLA level.
Also feed conversion ratio of birds fed 0.5 % CLA was significantly (P<0.05) lower than control birds
or those fed diet containing 0.25 % CLA. Ahn et al. (1991) reported improvement in egg production
of layer hens fed 1.5 % CLA but Cherian et al. (2007) reported that egg production and egg mass of
laying hens were unaffected by incorporating 0.25% CLA during the peak production period. Also
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Bolukbasi and Erhan (2004) reported no significant effect of 1% CLA in laying hens diet on the rate
of egg production. Total cholesterol, HDL, LDL and VLDL in blood serum of birds were not affected
by dietary CLA (P>0.05) in present study, but serum triglyceride decreased significantly with increase
CLA level (P<0.05). Similarly, Munday et al. (1999) reported that mice fed CLA had lower serum
triglyceride. The beneficial effects of CLA might be related to the fact that CLA decreases the activity
of lipoprotein lipase (Park et al., 1997). Ha et al. (1990) reported that CLA is an effective antioxidant,
more potent than a-tocopherol and almost as effective as butylated hydroxytolune (BHT), but total
antioxidant capacity in blood serum of birds in present study were not affected by dietary CLA
(P>0.05).

Conclusion: It is concluded that use of 0.5% CLA in post-molting diet of laying hens improved
immune system and egg production performance and decreased blood serum triglyceride of birds.

Key Words: Immunoglobolin, egg, Triglyceride, lipoprotein, Pure conjugated linoleic acid



