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Abstract

This study was conducted to investigate the effects of adding levels of camelina oil and
soybean oil to broiler diets on the immune system, lipid profiles, and liver enzymes in
broiler chickens. For this purpose, 360 one-day-old Arian broiler chickens were used in
a completely randomized 2x2 factorial design including (two levels of soybean oil 1 and
2% and two levels of camelina oil 1 and 2%) with 4 treatments, 6 replications, and 15
chickens in each replication. The main effects of soybean oil and camelina oil and the
interaction effects of soybean oil and camelina oil had no effect on the antibody titer
against Newcastle disease and the antibody titer against influenza (p < 0.05).
Numerically, the antibody titer against influenza in the treatments receiving camelina
tended to be significant (p = 0.09). The main effects of soybean oil on SRBC had no
significant effect (p < 0.05). The main effects of camelina oil and the interaction effects
of camelina oil and soybean oil on SRBC tended to be significant (p = 0.090 and p =
0.080). Triglyceride and cholesterol parameters were lower in birds fed 2% camelina oil
and 2% camelina oil and 1% soybean oil. The main effects of soybean oil and the main
effects of camelina oil and the interaction effects of soybean oil and camelina oil on
aspartate aminotransferase (AST) were not significant (p < 0.05). The liver enzymes
alanine aminotransferase (ALT) and alkaline phosphatase (ALP) were affected by the
main effects of soybean oil and camelina oil and the interaction effects of soybean oil
and camelina oil (p < 0.05). Overall, the results of the study showed that the use of
camelina oil reduces triglyceride and cholesterol concentrations and improves liver
enzymes in broiler chickens.

Keywords: Liver enzymes, Immunity, Lipid profile, Antibody titer, Camellia oil.

v



'W—V'\ Ql’a&-& c\i"‘ bl:n»-éj cr\’.} AJLQ.& ‘vﬁm dLﬂ cd)}.ﬂ’: wm%}

ISSN:YVYo-4vYe

S s sl i g0 55 Lsw B, b LS 2, 5l eslatul Ol 1 anslas

ol S slaar g S sl Bl 5 s
‘e:lqu.léls 0._».6‘ ngL;jJJS Oa.v? s‘d-\n")‘.}_ J..’Jé'f s\L;GLw 6-\.@?!'.6 ow sﬁe\;é‘.g]; ﬁ';

E) LI::J}AY cC)Lﬂ.&u": 5 QL‘JL«‘I cul:.w) ol ,ng.bm CLA B L;)'JJL:,S u*‘))“‘ B CJLLDU“_" 5 JSJ‘ ‘&A‘J rjl.ﬁ CJLLJ;UM_” AU =\
U‘J:’.‘ ‘JLJ€J> cd)}j\.&s @}JJ
Olal eslp 2 el J o8ty (SC8 pals 1Sl  alSLe 3 psle 05 8 Y

karim_ghorbani @yahoo.com :&L51Ke J gies®

VEYNVOA S @)U VY oV/e g il s '@)U
DOLI:

oS>

Gl s n cal R 2 2355 s Slae i 53 L ) 5 LS 85 sk 00555 DU Gla L e )
ol 315 03 o fE S A aalad TN sl Sl skl sl e plnil 23S e 55 S la BT 5 s
VLS e e 33 5 Ao a5 ) L B e 50) Jold TXY LSl s 4 dolal DS - b S B s
D35 5 b Bs) kol DA eslimad ST S s 238 g axkad 10 ol 5 LSS T Gl £ L (Ao s Y
> 0/00) 3, 1Y saT ade 55l sle 5 JulSas ade (55l sle 68U LS sy 5 b s Rlie S35 Llels
P = /08 sl 0L (s e 4 Jilod LalS eds ilss slasleg s 15YET ale sl e Olpe s3s i 51
s M S LS i, ol S (> 0/00) St 513 me 536 SRBC (555 Lser 6, ol S
3 A S5 laaminl 3 (P = /Ay 5 p = 0/080) 5l 0L (gLl sme 4 Ll SRBC (555 L 855 5 LS
L a5 L s deoyn ) 5 LS s Ao Y e 5 LS s Ao Y mhan LS GBI, s J S
L (H.jj R 2 5 b o Jlie SIS 5 LS e, ol DI Lse 8y ool DA s St
(ALP) 36lins JISIT 5 (ALT) Sl andl 5 gel (VT A8 slam 5T .(p > +/00) 555 5ls as (AST) jl,ausl 5 yusl
B s p<1/00) 258 3 LS oy, 5 L iy blite S5 LS oy 5 L s, ol Sl 56 co
g 5> S Gl T ss 5 oS 5 L dSs 5 Chle 1alS ol LelS s Sl eslinal sls OLI asg il

Sy S

LblS 205 25 (Sbend b5 coal (S AS 5l il Slods

PPNV
5 3pde ) (S s 3lpe el (g a8 Sl Gl Jl s gielial L) L Ol Comer
O Lo S sme Olge 4 $5uliS Lo A bl 4w Yror Jle B oS end sl
3 oan pls s pl s a)ls edge 650k ol 4 5L Camex A, I L LOVO) ) e

A



bb&.«h K ;éLU'; f‘; Av-vi Qbaw NEevw Ot’....ﬂj gc}.: a_)l.a.:a gr.h.\.&.h JL.» ‘6_)_95\? wt.;;;ﬁ)

o el S cud el SIS S b
o =l O ol 5 28 o Y-
S plaely bS5 ol (Ll
Sl oy UL Wl 53 Lk e SIS 5S
TEF 5 e G e Y O e
ol s oekd Glesy, sladsle 51w S s
L) dase 2ol 1) oo sladend (US 2e
S Lsw 8o Dlls 4 5SS S 4 ey
53 b s 3l eslinad b 5l Ll G s
OBl 5 oseS b gladle s opb 4ds
LS Graasie 5 ailed g axlse b s sy Sl
Glaiasy 5 Lt Ly o5 3l dis &
LolS LS sl 4 8 oy oo e o2l 53 (2 date
oy bl s ppat 4 S cl Al
S e 5 Sl o3 S s | ol
el ol Gl 5 Si w0 0T (VL e slis O
El Ll e 55i8 Six (il s olS ) e
sl Slsjly 4 Saly s e 5 sslee
w3 golye Sl e oslinal 5 ol sl i o,
e b Slagh opl oplabe sl andls JLis w0 1)
Ly 52 b LS o) 5l eslinal I e i
3 Sk Gladdsn (el e e 2

A el sl 22 S glaar o AS slag 5T

L, g3l
SR sos, sladils LdalS s o8y, 4
038 Mo 3l ey A3 g LT p 5 ed e 5L
S ks gl dakls 038 a3 5 laallsl
o A el s e s b e slaails
3oy o 55 JLid Jlasl y one gy 3 e
S S Sl e S haw g Vsens jLS
Gl 23 S dl s b il gl SO s s

b Ladils L;'»)}k}wc&)) Q—i‘)b .,LJ& S4 9

4

s ool B el Glas ol s Sl
3 e sl o ol 53 (Gl s e
35750 0o oSl e mbe Obe 03 b
e Sl s eolatl Sl pb Sl s s
Loy 4 oaxrg Lol 933 4 e oSl
3l eslinals 50 olde GL‘.» Cudgdoms 5 Coumas
S 9 o5 Oledily Il e 5 L b
S0 oSl (3b el Lils b Sl s
o3l gl o3> (Camelina sativa) |s5le LIS
o3y Ol calee Sliglesl L3 5 el anlSl
L Coslin 5 1S Sl o Sllasl &S il o
S 0Ll Ll @ ol i ol Gl
ot sl olS ol e 305 13S0 e
Wle by slaails 53 il CHE PRGN ¢
QY) a5l 08w, ol 5 Sl S slaslu s
LlelS &ils 63,50 3 Olye @ Olye & WL ey,
O30 WL s gle 5 St Glas 5 edle
53 357 3 SOIS| ST S B el O Kl 0158
Llels O 8) 3405 (gl Sz Lols O
S5 bS5 5 d8s S5 5 2V sk sl
OF VL 5 sslaeS) (ool Cel o5 il o
Sl O a5le gLl o lanis,s ple 4 o
Sl deys 00 5l iy 4SSl 4 4 LYY YY)
Cor skl L Ll o) 55 o sladd
as e B dielae L oA Loglalne
oy5 5 Ml OpenldenS] Anzes SLIS ol il
LS L o
L Cel oS U555 il pladli.s] 2

29 Lol ‘.LSL;A nglf.blﬁ
O sl denST ol 55 0l CLM\ sl ooy 2
LLES o) o Sl el Corpe Nl e
Al asls QLS o) 4 Cuwd S B LL
JP o SO P G U P P Wt I I A AT S

sl slite OB, 0 lady sk b



bb&.«h K ;éLU'; f‘; Av-vi Qbaw NEevw Ot’....ﬂj gc}.: a_)l.a.:a gr.h.\.&.h JL.» ‘6_)_95\? wt.;;;ﬁ)

HDL 5 LDL (b ;oS5 5 ¢ S5 «Js 2l
Skl a8 slampl s 5 el
SIS 5 A el VT Gl ]
Sobd S Sheslanal b g 53 355 50 SLLELS
Xov =0smedD) VT olas b (L3051 0k)
Glr @bl s ,Seslul (LKl
S el b g slaisad 53 15N 5 JulS
el el Jeadlszes b 1Y ol glacs
C}la B s mbesl pl claesls Jedow 5 4w
Al Ll YT LSl g 4 5 alas SlS
Yijk=ptAl il o p5 Sse 4 b Sobel Je
xie sl =Yij Jue ol s +Bj +(AB)ij+ eijk
Saisyge eate 6l anelr SSle SOLy =g catnl s
A =AB)j (o5, plaw N =Bi 85, ¢ 5 5 =Ai
bl sl =eifk 5 ey a5 g bl
e 5 eslinad b oodel vy glaesls 5 dal g
GLM w5, (Y++Y) 5 SAS (bl Sisle 5 4
wals Lo 0ol Sl ke aglie sl s U

A eslaial sy v /00 cb.w); Sls (!

Lo 020 5 BelS 255 Jool Jl 4 by o i
05 et Slddsn n LOT bl 55
gt Sl ol LI Jad s 22 S glaar
ol DA U ced g laasial Bl psus
ssms ol L > 000) L3S 5 L )
o Ld IS Ls sy Ao 3 ¥ ha LS S8,
5 oFsn el Gleals ChlE Wy
Voghe a4 Cad sde B 1 i sladds g
DEas el S sy VL L 8y Ao
LSS5 s JadS Glaamad LS
LS SBL ;a5 5b 4 P < e/00) 5 gl ine

G FSG3S5 st s s Ll e sl w
oo B3 (G b Wl e 03 Wl e
3oxi St OF IS Gl et 55 0
Ceaslie b ) sl o 03 e Syee a2 2
o Js 4 5,8 e D18 SLES Co 5 el )
O LAl 53 s ge 85 mle e LS
Glo 5l e Jol 85y .30 5 o i O Wl
Esbes 55 55 Sl oss 5wy s laald 53 05 e
L IS ";uﬂ“ a3

Sl il ey e kil deedi
o Pl s Ve Jle wad s bl
b mle s Gosles i S Slads
GUT o 2 Ol Slido oK) Ol )
g ankad YU sl L ey ol o8 S plx!
oA S B s (ele 5 ) REIR TV RSTI
CJ“” 33) YXY LosSb Oyse 4 Sslas DS
VLS o) e 53 5 Ao Y 5 Lse 25
axds 10 w5 S5 N Glas £ L (Asys Y
bl Sle i A3 LSS e s 85 ar e
s UFFDA | 33| {'J'.’)" oslitl b Syg, 0595 & 50
555 St e Slrlaml Syl ol
LA ol (D)

Sladised i sln 1055 plendgn slaemial
Colo Al plaandisy Slisbesl cr 0
53OS e Sl Gl ey 0Ll s K S
G e S K Sl eslizad bt Ol
2 3 e LOT UL 25 Soal 5l 0 2 oo 0
S kgl A a) ek sk e slady
S 55 Cyse sk e 5 OUT Sles 53 celo
Mo e 51 oal 32 0w b B S 15 &
Lo L Jame oKoulesl 4 Waised o 2353
aids Vo

[GERVY 4 M“L:.;b DLESE L] Qv &;a.ojw

Chle ssd s Lol e b LS Sk Sl



obl.(...n K ;éLU'; f‘; Av-vi Qlaa..o NEevw Ot’....ﬂj gc}.: a_)l.o.:a gr.h.\.&.h JL.» ‘6_)_95\? wt.;;;ﬁ)

52 e LS G, 53 sl 5 nl s Ses 2y
Gl Log edd ads WL 2, Ao
Vo s WL s, o) ckﬂpas_;lf.uﬁ
2 AL Loy el AR LS 2 dosn )
oy )5 LS e dens ¥ Ol ses eslinad
Llels o) Jelime DI plo 4 Coed L 5555
ol DA by se iy VL L 20
OFso Jlie Gl s s LS 8, 5 L )
5 Qs ade oh Jle LS 8, 5 L
0> ES slearsr VLT We sl e
Ao e DL iale3l s ol 0l 1Y sk
LS 255 5 bsw sy Shol Sl 5l eslizal &
26l LS ey 5 Lsw o, blixe SIS
EY5a0 e osh sle 5 JalSss e sl e
ade 5L sle Ol gsde L 51 (p >0/00) 5,1k
el Ll s il slalag s 15V
sy kol S =) sl LS (gl s
P >/v0) Sl ols sms 3 SRBC (g5, by
oy Ml Sl 5 LS e,y Lol ol Sl (
Sl 4 Jld SRBC (655 Lsw 155, 5 Llals
Al Bls s =/t Ay 5 p=r/aAe) sl 0L
eslinal 5 LalS sy dos Y51 eslizad gade
O Ao ) 5 LS 2y Ay Y51 Ol ses

S ol 6@.:‘ d‘j; &‘f‘ g;,.OL» Lﬂj,w

CBL sy el 415 LLE pis, dos T sk
Fso e ) e LS BN, 4 s %S
Gl b ol Ol Lad edw Ll
ool 5 s ol 5 Y S8 L s
U N P C SR WG 0 G
oo s Lkls s, bl Sl p > /00)
LS5 5 JopdS a3y ki s
3 dopds Chle S p < 0/00) sy sl e
T T L T e
sdalie Bl 4l Lyw o, deoys V5 LIS
ol s VU JBG L s slaamsl 5
o Jle S0 s el 5 s
2B P> 0/00) 3K 5 L ey 5 LbelS
3 b P 5 B oy ol Dl 4 by
Slaar 548 slampl Lol i ol
ol Sl eds Bl Y Jads g 25 S
Sl s Ll e, el DA s L 2
AST w5l 5 Lels 85 5 Lsw 85, i
5 ALT S bl (p > +/00) 355 Jls s
s 5 b pEsy Slol S b s ALP
LlelS 55 5 Lsw 2s Jlie S5 5 LS
Lsw o855 dosn ¥ b Sl eslinad 25 5 1%
ALP 5 ALT uS 6uwﬂ o 1B el

ol Lﬂy &_}) Loy \ ck.u “ w QKJuﬂ

A sl p S Jon) 2355 Glaar sz sded S5 lesl laslass 36 ) Jsir
Table 1. The effect of experimental treatments on blood metabolites in broiler chickens (mg/dl)

Main effects Cholesterol ~ Triglyceride =~ HDL  LDL  Total protein Albumin
Soybean oil (%)
1 135.93 57.73 53.00 60.10 3.70 245
2 137.60 59.46 55.06 63.23 3.79 2.53
SEM 0.13 3.13 0.70 1.89 0.09 0.09
Camelina oil (%)
1 120.20? 54.852 5525 5540 3.80 2.48
2 114.30° 48.30° 59.40 59.40 3.92 2.54
SEM 3.96 3.70 0.46 2.43 0.08 0.08
Interaction
Soybean oil (%) Camelina oil (%)
1 1 121.80°¢ 54.50° 56.30 57.70 3.74 2.65
1 2 110.60¢ 46.30¢ 62.80 50.20 3.98 2.69

Y



01,08 5 U 02,5 WV Sloies N ET Olis) 33 0 5lod cpadin dl 55 glr (ol

2 1 139.402 64.402 5090 65.40 3.67 2.50
2 2 129.6° 61.202 5220  60.1 3.71 2.63
SEM 2.96 2.84 0.65 2.42 0.209 0.02
P-value
Soybean oil (%) 0.749 0.315 0.594 0.299 0.355 0.123
Camelina oil (%) 0.001 0.003 0.571 0.197 0.597 0.255
Camelina oil * Soybean oil 0.001 0.005 0.659  0.090 0.234 0.355

P <o 0) ol bl w3 Sl e Ol Kbles 05t a3 Soslize by > a-d

=4 Values within a column with different superscripts differ significant (p < 0.05)

S bz S Sl 2 bl glosles 6T Jsur
Table 2. The effect of experimental treatments on Liver enzymes in broiler chickens

Main effects AST ALT ALP
Soybean oil (%)
1 352.86 4.54° 4677.50°
2 363.56 4.852 5000/70?
SEM 5.84 0.25 146.44
Camelina oil (%)
1 36.50 4.75° 4723.60*
2 373.20 5.00° 5126.30°
SEM 5.84 0.25 146.44
Interaction
Soybean oil (%) Camelina oil (%)
1 1 349.80 4.71° 4998.10°
1 2 366.70 5.212 5328.40*
2 1 362.10 4.51¢ 4662.90°
2 2 376.20 5.01° 5028.30°
SEM 4.96 0.21 180.02
P-value
Soybean oil (%) 0.13 0.002 0.003
Camelina oil (%) 0.1 0.001 0.001
Camelina oil* Soybean oil 0.15 0.001 0.008

P <700) el bl 5o Jls e Ol KLl O gt a3 Cosline by > @-C

a-c Values within a column with different superscripts differ significant (p < 0.05)

i S ez 15Y a1 5 LS5 25 s SRBC b b3l bl 36 - Jou
Table 3. Effect of experimental treatments on SRBC and Newcastle disease and influenza titers in broiler

chickens
Main effects SRBC NDV (log2) ALV (log2)
1 4.95 6.50 7.21
2 5.01 6.66 7.30
SEM 0.50 0.48 0.05
Camelina oil (%)
1 5.02 6.73 7.25
2 5.10 7.05 7.40
SEM 0.60 0.35 0.07
Interaction
Soybean oil (%) Camelina oil (%)
1 1 5.03 6.44 7.17
1 2 5.13 7.08 7.45
2 1 4.87 6.70 7.38
2 2 5.09 7.12 7.60
SEM 0.62 0.52 0.08
P-value
Soybean oil (%) 0.120 0.28 0.31
Camelina oil (%) 0.090 0.09 0.23
Camelina o0il* Soybean oil 0.080 0.18 0.27
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