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Table 1- Vaccination program.

O sp bS5 0 9205 Vaccine .51, IR 390
Method of Day
vaccination
PIgye (225) s, 1NaT + JulS 50 4
Injection Newcastle+ Influenza oil
PURRE Bl Jlso 4
Eye drop Newcastle B1
Sl (o33) HI20 iy 10
Drinking Bronchitis H120 (alive)
skl (6155) 55308 12
Drinking Infectious Bursal disease (IBD) (alive)
SRR (6453) ool 5 15
Drinking Newcastle (alive)
el (6253) 5,58 '
Drinking IBD (alive)
Sl (6453) JoolS 5 21
Drinking Newcastle (alive)

Yy
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3 Minimum Information for Publication of
Quantitative qPCR Experiments

Y¥
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! Enzyme-Linked Immunosorbent Assay

2 Haemagglutination Inhibition
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Table 2- Analysis of Whey components used in treatments.

Value HlAze Nutrients  gdis 3 4s
1900 Kcal/Kg Metabolic energy o slis (55 5l

%7.35 Crude protein fb'- k]
% 0.7 Calcium S
% 0.55 Phosphorus  ,&.5
% 9.6 Ash .Sl
% 0.3 Crude fiber o> .3
% 0.1 Crude fat rb‘- S

alasl 53 edd eslizul la 5T g —Ydgus

Table 3- Primary sequences used in experiment.

QJCU }“{.‘}.’.g;”}." J:wﬁn:ejw
Gene Primer sequence NCBI 55 S5
NCBI Acc. No.

GAPDH F:5°-CCT AGG ATA CAC AGA GGA CCA GGT T- 37 NM_204305
R:5'GGT GGA GGA ATG GCT GTC A 37

Fo S o ! F:5°-GCT CTC AGT GCC GCT GAT G-3 NM_001007079

) R:5"-GAA ACCTCT CCC TGG ATG TCA T-3~
Inteleukin-4

LS 0,5 ] F:5°-GCT CCC GAT GAA CGA CTT GA-3° NM_205149
" R:5-TGT AAG ATG CTG AAG AGT TCA TTC G-3"
Interferon-
gamma

&)J?'}ML\'}&)JQOQJ‘J}W ¢L: LY uijgj“"l""' ngl;- u,».i:.a]lw.a

$lpoes S ¢l>.=2\ SO 553 00 aSs g aSB 2o 31 2qPCR-Mastermix with SYBR green

Sl a3 0 BV by Tosd s e s eslizel (OkedS)) Primerdesign &S

by VU Loy amys SOl a3 aS 5 sl S (F Jsa>)

o Ll o BL Ly aa 53 AUV e 4 a:;i&LSiuoj?ujL;\ﬁ&bski\fi
5aad 0 Sde a3l S Sl 45340 ol

* melting

Yo
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5 o (Exell) JoST sl b 1ol La esls
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Table 4-Realtime PCR reaction component.

Realtime PCR S| s> ¥ J i

chls Volume (;J5,S) o=~  Reaction component :S1y sl5>!
concentrate (microliter)
— 7 Distilled water his |
2% 10 Mastermix with - S ol Koo 2o
SYBR green
10pmol/ul 1 Forward primer &3, ol
10pmol/ul 1 Backward primer =S el
400 ng 1 cDNA

BE I T I RS SCH PP P R PVR P
Dahlke ) ab S 50 oL exs, dsb o5 J-
5 005 O3y S s asl . (et al., 2002
S ol lae 3 0K it
Al mES 5 O S SO
Slokis e Llesls G S 1S
LR G R P PON M gdls ClE,
Huang e al., ) 3,5 » 5|3 Sl S
som e IRl LS sy Ul (2006
a3 5 ON el e s 5 iy
Ol e O35 csdre Dlge ol 5 el S
Lo ke Soe Jds w0l 5 b ials Legl
4 S ol e AL a8l s el s 5T
e e e L

Al Rl Ol 5 Al

Yv

Slapll O35 1) e ol Wb e S
s O3 Ao Js oss Db e (sslad
Sl os doss A 5 Y e oo db 5 s
sdalin (eoman (0 Jod>) il Jals o
R LD B JUI PSRRIy
Sl a1 ds ey Oy SS as
230l pne Jolaze
Sl b Lgl.a<=\.x_',| BERNCET gRGEl gwes:
ool sl 518 cl Sl G as
Dahlke et al., ) edxe Jw O35 S ,sb
5 (Dahlke ef al., 2002) S S o35, (2002
Huang et al., 2006; Khodaei et al. ) olu&
5Sls 5 S (Dahlke ef al., 2002 2015
09 » (Khodaei et al. 2015) 035 !l

glaax s (Huang et al., 20060) i e S
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Table 5- The effect of whey powder and physical form of diet on burse and spleen
relative weight of chicks at the end of trial.

(r;) b d U5 (f;) DPIS e O)9 Sl
Relative weight of  Relative weight of burse Treatment
spleen (g) (g)
0.11* 0.20* Diet without whey (4als) Loy of 66 3,1 o
(control)
0.14* 0.16% Pelleted diet without .y T s & o o
whey
0.13¢ 0.21° mash diet with 4% whey (5,1 o o1 /¥ o
0.12¢ 0.13° Pelleted diet with 4% whey <y oy O1 /¥ o >
0.09° 0.16% mash diet with 8%whey g5, 2y T VA o,
0.09° 0.13° Pelleted diet with 8% whey <l Lo T VA o,
0.02 0.02 Standard error (SE) lLaes gl
Levels of whey powder . ol s 5 2w
0.13* 0.18* 2l g Ao io
0% whey powder
0.12¢ 0.17 4% whey powder oy Ol j3 g doys ¥
0.09* 0.14 4% whey powder oo Ol ;34 Ao s A
0.01 0.01 Standard error (SE) lLas gl
Physical form < 5.8 ¢
0.12 0.19° Mash diet 3,1 s
0.11¢ 0.14° Pelleted diet = o
0.01 0.01 Standard error (SE) jlae gl
p-value
0.57 0.39 Interaction |l il
0.18 0.17 Whey powder oo o 35
0.85 <0.001

Physical form S ;.5 o2

AP</00) Hjls gols s SN @a b Oy 2 53 alie pb By > L alael*

#¢yalues with different alphabet in columns differ significantly (p<0.05).

YA
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.(Dhama et al., 2011) .l J 4

Y4

2508 s LA 0uls 585 s o

s ot 5 s 05 oS e Ll
03 6,6 50 (Y+10) Khani ef al. .Jaxs oL
Lo apdis glaasr s (658 Glaplil O35
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Table 6- The effect of whey powder and physical form of diet on titration of IBD and

bronchitis in chicks.

AAISTY) \ARSTYS \ABEY! Sl
Day 42 Day 31 Day 24 Treatment
Celisn 08 Celisy e Cedisn 2508
584.50° 65.00* 887.75% 185.00* 721.00* 614.75* (dals) oy ol BB g, .
Diet without whey (control)
1106.75* 56.50* 420.25* 103.75% 493/00 293.75* e Ol Ol o o
Pelleted diet without whey
333.75% 104.75* 329.50* 89.25? 1358.25* 514.75* &l e WA .
mash diet with 4% whey
490.00* 35.50 667.50* 55.00* 649.50* 662.25* TS A o o
Pelleted diet with 4% whey
420.50* 53.50* 566.00* 170.00* 662.75% 463.25* &l e TIA .
mash diet with 8%whey
265.50® 14.50* 276.00* 51.00* 739.25*° 664.00 * TS T IA o o
Pelleted diet with 8% whey
267.71 38.38 296.85 42.76 296.85 272.20 Standard error (SE) lae glast
AP Yoo
845.60 * 60.75% 654.00* 144.38* 607.00 * 454.30* e ;.j 3 doys o
0% whey powder
411.90* 70.13* 498.50* 72.13* 1003.902 588.50? e o oy Aoy ¥
4% whey powder
343.00° 34.00* 421.00* 110.50* 701.00* 563.60° i ol 355 Aoy A
4% whey powder
189.30 27.14 209.90 30.24 275.78 192.48 Standard error (SE) ,las glast
Physical form <, ;. ¢4
446.30* 74.42° 594.40° 148.08* 914.00* 530.90 * Mash diet ¢s ] o o
620.80* 35.50* 454.60* 69.92° 627.30* 540.00* Pelleted diet <y o o
154.56 22.16 171.139 24.69 225.18 157.16 Standard error (SE) lxs gl
p-value
0.464 0.735 0.382 0.619 0.606 0.583 Interaction Lz i
0.155 0.628 0.731 0.265 0.578 0.872 Whey powder . ol Brge
0.435 0.230 0.571 0.038 0.379 0.968

Physical form S 5.3 e

AP<t/00) K yls (5405 sme M 2 Lo 2 alie 22 Gy Lol

#¢yalues with different alphabet in columns differ significantly (p<0.05).
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Table 6- The effect of whey powder and physical form of diet on titration of newcastle
and influenza in chicks.

\AISTS Y S \AISTS sles
Day 42 Day 31 Day 24 Treatment
1Y a1 S8 50 15Y i JelSss YET elS s
5.50% 7.25% 4.50* 7.50 @® 325¢% 2.75* Control Diet  tals s
5752 8.50? 4752 7.00° 3.50@ 3.00° oy %j RENTCHE
Pelleted diet without whey
6.25* 8.50* 6.00* 8.00 ® 4.50* 4.25% &l e WA .
mash diet with 4% whey
5.25¢ 8.00° 5252 8.00 2752 4.25¢% ol e WA o o
Pelleted diet with 4% whey
575% 7.25% 575% 8.00 ® 3.00* 4.00* &l e ;.j A o o
mash diet with 8%whey
6.252 8252 6.00 ? 8.50¢ 3.75% 3.50@ TS T IA o o
Pelleted diet with 8% whey
0.86 0.48 0.84 0.33 0.93 0.72 e gllax
Standard error (SE)
A N
Whey powder level
5.62% 7.87% 4.62*° 7.25° 3.37% 2.87% e “.j 3 doys o
0% whey powder
5.75% 8252 5.622 8.00 ® 3.622 4.25¢% S _.j 3 doys ¥
4% whey powder
6.00* 7.75% 5.87% 8.25¢° 3.37% 3.75% e %j S3g Aoy A
4% whey powder
0.61 0.34 0.60 0.23 0.66 0.51 Standard error las glast
(SE)
Physical form S ;.8 o2
5.832 7.67% 54272 7.832 3.582 3.67% Mash diet g5, o o
5.75% 8.25% 5.33¢ 7.83* 3332 3.58% Pelleted diet =y s
0.49 0.27 0.49 0.19 0.54 042  Standard error Jlae gl
(SE)
p-value
0.650 0.166 0.794 0.346 0.383 0.869 Interaction |lizs i
0.906 0.559 0.316 0.020 0.953 0.183  Whey powder e o Jrye
0.906 0.150 0.905 1.00 0.746 0.889

Physical form < ;. ¢4

‘a-c

AP</00) Lyl 5yl sme d){:i|ralga‘9;.~,hja alin 8 Dy Loslue

*¢yvalues with different alphabet in columns differ significantly (p<0.05).
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Figure 1- Vaccine titeation changes during breeding (ND newcastle, Al influenza, IBD

infectious bursa disease, IBV bronchitis).
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Table 7- Equation slope, efficiency and reliability of primers.

L 0y 5 2! ¥ oS S )
Interferon Gamma Interleukin 4

GAPDH

conc = 10/ (0203 x , +10.332)  eome = 104(—0.338 X C, + 11.715) cone= 10 (0311 x(, +10.642) Standard Curve

ey

C,=-3409 x loglconc) + 35.219 €, = 2.957 x log(conc) + 34.640  (,=-3219 xlog(conc) + 34252 Standard Curve

@)
-1 -1 -1 :
0.06505 (*: 10a@) _ 1] 117861 (*: 10a@) _ 1] 04406 (*: 108@) _ 1) Reaction
efficiency (*)
3.40861 2.957 321869 M
3521874 34.64017 3425183 B
0.99868 0.99595 0.99559 R Value
0.99736 0.99192 0.99120 RA2 Value
Y'Y
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Table 8- Variance analysis and expression mean of Interleukin-4 (IL-4) and Interferon-
gamma (In-y) genes in 3 periods of breeding.

Day 42 ¥Y ;,, Day 24 YY ;,, Day 10\« 5, Treatment L.
LS 0s bl ¥ oSdml LS osbml ¥ oSl Lol ¥ sl
In-y IL-4 In-y IL-4 In-y IL-4
0.162* 21.498 ® 0.066 0.067¢ 0.185% 1.057¢ Control diet Jals s o
0.090 * 9.116° 0.135° 1.039%® 0.041° 0.393 ¢ e ol Ok 2
Pelleted without whey
0.115* 0.943 2 0.048 ° 0.085¢ 0.092 @ 0.833¢ &3l oy A o o
mash diet with 4% whey
0.027* 8.744 0.113 @ 1.6472 0.054° 1.322¢ TS WA o o
Pelleted with 4% whey
0.059 ¢ 26912 0.096 0.703 be 0.054° 0.862¢ &3l iy A o o
mash diet with 8% whey
0.022* 2416* 0.128* 1.540° 0.079 ® 1.565* TS T o o
Pelleted with 8% whey
0.059 8.231 0.016 0.186 0.021 0.461 Standard error lxs (glax
(SE)
A e
0.126 * 15.307 ® 0.100* 0.553° 0.113* 0.725* e %j S3g doys i
0% whey powder
0.071* 4.843 2 0.081* 0.866 ® 0.073 ¢ 1.078 i ol S5 doys ¥
4% whey powder
0.041* 14.664 0.112* 1.121% 0.067 * 1.214* ey ol 35 Aoy A
4% whey powder
0.039 6.286 0.011 0.131 0.016 0.328 e gllax
Standard error (SE)
Physical form < ;.3 e
0.112* 16.451* 0.065 ° 0.285° 0.109* 0.917* Mash diet (g5, .
0.051* 6.957* 0.124* 1.408 ¢ 0.058° 1.0932 Pelleted diet < o
0.033 5.253 0.009 0.107 0.012 0.268 Standard error ,Lae (sl
(SE)
p-value
0.900 0.191 0.001** 0.145 0.007** 0.354 Interaction Julize I
0.296 0.403 0.211 0.023 0.130 0.601 Whey . ol 355
powder
0.165 0.190 0.001** <0.0001 0.012* 0.650

Physical form < ;.3 e

AP<t/00) K yls (5405 sme M 2 LOsw 2 alie 2 Dy slasf€

#¢yalues with different alphabet in columns differ significantly (p<0.05).
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Abstract

This study was conducted to assess the effect of whey powder and physical form of feed
on humoral immunity and transcript abundances of interleukin-4(IL-4) and interferon-gamma
(In-y) genes on 240 Ross-308 day-old-chickens. The experiment was conducted in a
completely randomized design in 6 treatments in factorial arrangement (2x3), whey powder at
three levels (0, 4,8%) and physical form in two levels (mash, pellet) in broiler chicken diet
with 4 repeats and 10 chickens per replicate. The diets formulated based on nutritional
requirements of Ross strain-308 (2009) and were fed to the birds in three periods. To
determine the immunity titer of ND, IBV, IBD and influenza blood samples were collected at
day 10, 31 and 42. At the end of periods, one chicken was selected from experimental units
and slaughtered; lymphatic organs were weighted and gene expression of IL-4 and In-y
measured after mRNA extraction and cDNA synthesis. It was found that the addition of whey
powder did not have a significant effect on the weights of the spleen and bursa of Fabricius,
but the pelleting in the growing stage had a significant effect on the weight of spleen
(p<0.01). Pelleting and adding whey to diet in the growing period increased the IL-4 gene
expression (p<0.05). In-y expression was not influenced by whey powder, but pelleting
increased its expression during the starter (p<0.01) and grower (p<0.01) stages.
Key words: lymphoid organs, humoral immunity, gene expression, vaccine titration.
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