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Plasma metabolites Experimental diets P-value

Alfalfa 5% BP' 20%BP SEM treat time Treat x time
S5 10.0 10.0 10.0 10.0 0.002 0.002 0.002
Glucose (mg/dl)
o5 sl osgl gt 10.0 10.0 10.0 10.0 0002  0.002 0.002
BUN (%)?
3yl 5 giral b5 ylunod 10.0 10.0 10.0 10.0 0.002 0.002 0.002
AST (U/L)?
3yl giel YT 10.0 10.0 10.0 10.0 0.002 0.002 0.002
ALT (U/L)*
ool 4als L 55590 10.0 10.0 10.0 10.0 0002  0.002 0.002

LDL (mol/L)°

(P<0.05) sl o )15 sine OIS gyls S jriio pui Gy b i) o gl (3o
Means within same row with different superscripts differ (P<0.05).
!By-Products were used instead of alfalfa in 5 and 10 % based on dry matter intake.
2Blood urea nitrogen
3Aspartate Aminotransferase
“Alanine Aminotransferase
SLow density lipoprotein
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Tablel-Ingredientsofexperimental diets and chemical composition (g/kg DM)

0 yu> :‘P‘
Components of diet

" stalesl (sloo
Experimentaldiets!

NSO-NAH

NSO-AH

SO-NAH

SO-AH

ok Ol g il
Barley grain ground
o Sl €yd &l
Corn grain ground
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Soybean meal
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Soy oil
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Min-vit supplement?
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Calcium carbonate
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Chemical components
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Crude protein (%)
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NFC (%)
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Calcium (%)
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Phosphorus (%)
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!Treatments including; (1) no soybean oil supplementation with no forage included in the starter NSBO- NAH); (2) no soybean oil
supplementation with alfalfa hay included in the starter NSBO- AH); (3) soybean oil supplemented with no forage included in the
starter (SBO- NAH); (4) soybean oil supplemented with alfalfa hay included in the starter (SBO-AH).
2 Every kilogram of supplementcontained:180 g of Ca, 90 g of p, 21 g of Na, 19 g of Mg, 3 g of Fe, 3 g of Zn, 2 g of Mn, 300 mg
of Cu, 100 mg of Co, 100 mg of 1,1 mg of Se, 500,000 IU of vitamin A, 100,000 IU of vitamin D and100mg of vitamin E.
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rdlle 5 559 9 3b lis Sl @ bles 55 4ilig) o ot
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Table 2-Least square means for starter intake, ADG and feed efficiency in dairy calves fed soy oil with different dietary
starter forage level (0 vs. 15%, DM basis) (n = 10 calves per treatment).

rdile o> P-value
Experimentaldiets!
Lo sito NSO SO .
parameters NAH AH _ NAH _An oM SO AH SO™AH
39 2 P by ol 532 6360 6120 494 5696  0.58  0.90 0.05
Starter intake, g/d
ol e[S (e i
T 651 649 650 651 2242 095 098 099
39y 2 £ )bl ) (Span St osle
o i e 1183 1287 1263 1146 6027 060 091 0.6
i 2 05 liy) 0y Sl oSl 640 607 675 554 3419 080 002 008
Average daily gain, g/d
PSS oM 09
Body weight, kg
ot 400 405 398 392 080 036 090 050
Initial
S ) 784°  769% 804 727 188 048 001  0.05
weaning
Y R .
Shes o35t 057 051 058 050 003 090 003 071

Feed efficiency?

(P<0.05) 3sh (o )b ixe M| (glyls S yuitio e gy b sy o gla uS5Le®D
5 bgw 095 b 5l opx SO-NAH:aos b g bgw g, st 5oliel e NSO-AHteorigy cig 5 bgw (95 09 ool ey NSONAH ¢ Jols ol (sl los !

abMeans within same row with different superscripts differ (P<0.05).

sy 5 bge of ) b )kl 0> SO-AHsemg, g
hyae S ol 5SS o s il eSS

1Treatments including; (1) no soybean oil supplementation with no forage included in the starter (NSBO- NAH); (2) no soybean oil
supplementation with alfalfa hay included in the starter (NSBO- AH); (3) soybean oil supplemented with no forage included in the starter
(SBO- NAH); (4) soybean oil supplemented with alfalfa hay included in the starter (SBO-AH).

2Kilogram of body weight gain /kg of total dry matter intake.
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Table 3-Least square means for growth parameters in dairy calves fed soy oil with different dietary starter forage level
(0 vs. 15%, DM basis) (n = 10 calves per treatment).
lesllno
Experimentaldiets!

(PYVEH NSO SO
parameters NAH AH NAH AH

ol cdiges 93
Heart girth, cm

it 80.7 819 804 806 085 041 047 0.0

Initial

x5 | 1026 1035 1022 1004 112 012 069 023

weaning

FogBle (s Jobo
Body length, cm

it 489 485 496 485 068 060 027 0.0

Initial

Sx5d 625 626 628 614 132 076 060 0.6l
weaning

Fogls (s Gos

Body barrel, cm

it 802 815 804 790 089 020 095 0.4

Initial

S5 5] 1155 1163 1159 1148 176 088  0.93 0.71

weaning

P-value

SEM SO AH SO*AH

Foslo wlEyas ¢lis)
Wither height, cm
it 812 817 809 8.6 081 071 046 0.8

Initial

$x5pd 98.0'  96.6®  98.6° 935> 086 0.2 <001 0.2
weaning

Fo (Sl cun el

Hip height, cm

o] 793 8.8 809 801 080 057 066  0.19

Initial

d)j)w ) 97.0 96.0 95.6 92.4 0.68 <0.01 <0.01 0.12
weaning

Fotle cup o2

Hip width, cm

ot 153 152 152 146 024 016 016 031

Initial

555 ] 206 208 208 199 060 056 057 036

weaning

(P<0.05) 33l o > sino O] (ghls S o gy b gy (sl SolaD
L )S)LZ...;| o> SO-NAH faxdgy L 9 L?‘“’ 59y 9N )S)t‘w\ oy NSO-AH fAxder 9k g L5.w OF9) O9N )B')L';.w\ 0> NSO-NAH ¢ Jolis u“,“‘l")i slles !
59 9 by (9 b )kl 0> SSO-AH ta5dg) (190 9 bgw 189

abMeans within same row with different superscripts differ (P<0.05).

!Treatments including; (1) no soybean oil supplementation with no forage included in the starter (NSBO- NAH); (2) no soybean oil
supplementation with alfalfa hay included in the starter NSBO- AH); (3) soybean oil supplemented with no forage included in the
starter (SBO- NAH); (4) soybean oil supplemented with alfalfa hay included in the starter (SBO-AH).
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Table 4-Least square means for ruminal metabolism in dairy calves fed soy oil with different dietary starter forage level
(0 vs. 15%, DM basis) (n = 10 calves per treatment).

\ . J
Uﬁu)liuoﬁ?, P-value
- Experimentaldiets!
e NSO SO
parameters NAH __AH  NAH ___Am__ obM SO AH - SOTAH
4085 pH
R 5.50 5.74 5.51 5.55 0.08 028  0.11 0.29
Ruminal pH
Voo g Joeiee 0295 b8 g slaanal
Short chain fatty acids, 93.1@  89.9®  90.4 78.2° 2.63 0.01  <0.01 0.05
mmol/100
Sl
45.1 1.4 48. 4. 1.36 06 <0. .
Acetate (A) 5 5 8 54.3 3 0.0 0.01 0.79
ligngn
35.6 31.6 30.7 29.3 1.07  <0.01 0.02 0.26

Propionate (P)
Sligmgy 4 Ol Cans

1.27 1.65

Acetate: Propionate
Slys

7 136 114
Butyrate
e 58 0y sladed

’ .64 .

BCVFA? > 530

1.60 1.87 0.09 0.01  <0.01 0.60

15.9 1.1 1.01 036 <0.01 0.22

4.54 5.16 0.55 0.21 0.67 0.50

(P<0.05) x5l o > imo OS] (gl S o d Gy b iy o (sl (TP

b 5kl o> SSO-NAH s b g bgw (195 (g 35kl 0> NSO-AH sassgy 9 5 bgw 95 (a9 55liel o> NSO-NAH ¢ Jolis ctilel (sl los

abMeans within same row with different superscripts differ (P<0.05).

gy g bgw gy b f)liel o> SO-AH tacisy (50 5 Lsw 89,

!Treatments including; (1) no soybean oil supplementation with no forage included in the starter (NSBO- NAH); (2) no soybean oil
supplementation with alfalfa hay included in the starter (NSBO- AH); (3) soybean oil supplemented with no forage included in the
starter (SBO- NAH); (4) soybean oil supplemented with alfalfa hay included in the starter (SBO-AH).

2 Branched Chain Volatile Fatty Acids.
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Table 5-Least square means for blood metabolites and liver enzymes in dairy calves fed soy oil with different dietary
starter forage level (0 vs. 15%, DM basis) (n = 10 calves per treatment).

L alesllao s

. . P-value
" Experimentaldiets!
e NSO SO
parameters NAH A0 NAH __an__ oeM SO AH - SO*AH
7 o0 3 e 595 101.0°  103.4* 110.7*  96.8  3.46  0.65 0.1 0.02

Glucose, mg/dl

A P e el Sy (o558l 015 010 013 008 002 029 002 097
BHB, mmol/I

A 03 3 pSeken (o yulS

Cholostorel, maldl 944 1085 11875 1122 736  0.06  0.60 0.17
F 3 2 e ety 300 321 227 288 469 027 038 067
Triglyceride, mg/dl

72 p el oan S 6.50 6.34 6.22 6.31 0.07  0.05  0.63 0.11
Total protein, mg/1

sl 3 o Sekee omeadl

Albamin, mg/ 3.9 3.84 3.68 384 023 062 085 0.63
O 03l OIars

BUN, merdl 20.8 245 21.0 25.2 1.81 081  0.03 0.87

7 Mol i 205 sl el bl
AST, 1U/1 415 360 447 534 613 0.0  0.80 0.25

55 el g 251y el Y]
ALT, U/ 5.42 5.14 7.14 5.15 0.99 0.39 0.26 0.38

(P<0.05) 125 oo 41> ine S| (g l> oS s gy b gy ym sl et
b 5 kol o> SSO-NAH ta5g b g bgw (195 (g 35kl 0> NSO-AH sassgy 9 5 bgw (95 (a9 55liel 0> NSO-NAH ¢ Jolis ctlel (sl los

osig 9 bgw o) b )kl op> SO-AH faoigy (154 5 bgw (59,
abMeans within same row with different superscripts differ (P<0.05).
!Treatments including; (1) no soybean oil supplementation with no forage included in the starter (NSBO- NAH); (2) no soybean oil
supplementation with alfalfa hay included in the starter NSBO- AH); (3) soybean oil supplemented with no forage included in the
starter (SBO- NAH); (4) soybean oil supplemented with alfalfa hay included in the starter (SBO-AH).
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Introduction Rumen growth and development is a complex process that is highly influenced by nutritional status.
The characteristics of a starter diet and nutrients such as fat, protein and forage are closely linked to proper rumen
growth and successful weaning, which can ultimately affect the future of alternative heifers and milk production.
Consumption of fat sources due to reduced dietary dust, increased dietary energy and reduced ability to produce
methane in ruminal fermentation in ruminants has been favored. Research has been shown that the use of fat in the
diet of dairy calves has increased efficiency. However, the level of fat consumed, its source, and individual fatty acid
ratios appear to impact the performance of dairy calves as well. Regardless the dietary fat inclusion and energy status,
researchers have reported that the use of forage in the diets of dairy calves has improved ruminal function and growth
function, stimulated rumination and reduced non-nutritional behaviors. However, the use of high levels of forage in
dairy calves will lead to poor rumen development, gastrointestinal filling, reduced feed intake, and ultimately reduced
growth in dairy calves. Due to the fact that fats could cover on the dietary fiber and prevent the access and binding of
microorganisms in the digestive tract, the digestion of fiber is reduced and consequently the consumption of food is
also affected. Therefore, due to these contradictory assumptions and also due to limited studies on the interaction
between fat consumption and fiber source level in dairy calves, an experiment examining the effects of soybean oil
(SO) on starter diets with or without alfalfa hay inclusion (AH) on performance, body Growth, ruminal fermentation,
and blood metabolites were performed in Holstein dairy calves.

Materials and Methods The present study was conducted in Avin-Dasht Industrial Livestock located in Takestan
city of Qazvin province. For this purpose, 40 newborn Holstein calves with an average age of 3 days and an average
weight of 39 + 2.2 kg with 4 experimental diets (10 repeat/ each) were used completely randomly as a 2 x 2 factorial
design. Experimental diets include: 1) No SO supplementation with no AH (NSO-NAH); 2) No SO supplementation
with 15% AH inclusion (NSO-AH); 3) SO supplementation with no AH (SO-NAH); 4) SO supplementation with 15%
AH inclusion (SO-AH). The milking plane for calves and the volume of milk consumed by the end of the period were
similar for calves in all treatments. Study was initiated from d-3 of age, weaned on d 63 and calves had free access to
starter diet and water throughout the study. During the experiment, to determine the daily feed intake, before the fresh
starter offering, the feed residual was collected and recorded. The chemical composition of the food treatments was
measured. Growth factors were measured at the time of entry into the experiment and at weaning day as last day of
the experiment. The calves were weighed on 10-d intervals until the end of the experiment (d -60). Growth parameters
were evaluated on initial day and on the final day of the experiment. Rumen samples were taken was taken and the
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concentration of volatile fatty acids was determined using a gas chromatography. The blood metabolites and liver
enzymes concentrations were measured using commercial kits of Pars Azmoun Company and by calorimetry method
with spectrophotometer. Data were analyzed using SAS statistical software and MIXED procedure with main effect
of SO, and AH, and their interaction. The significance was considered at P < 0.05, and tendency was considered when
P value was between 0.05 and 0.10 in the current study.

Results and Discussion The results of the present study showed that starter intake was influenced with the
interaction effect between SO and AH, and the lowest starter diet intake was for SO-AH diet (P < 0.05). The average
daily gain was tended to be lower in SO-AH diet and hence the least BW was observed for this treatment at weaning
time (P < 0.05). Results show that heart girth, body length, body barrel, hip width did not differ among treatments.
However, wither height was reduced in calves fed SO when it was along with AH. Both SO and AH inclusion in
starter diet reduced hip height in the current study. The total short chain fatty acid concentration was reduced in SO-
AH treatment compared with others. Feeding forage reduced propionate and butyrate but increased acetate
concentration in ruminal fluid. The lowest blood glucose concentration was found in dairy calves fed SO-AH treatment
in the current study (P = 0.03). The blood concentrations of total protein were reduced, but cholesterol was increased
in SO supplemented calves. The concentration of blood urea nitrogen was increased when calves fed AH in starter
diet (P = 0.03). However, in contrast, the beta-hydroxybutyrate concentration in the blood of calves fed alfalfa hay
was reduced (P = 0.02).

Conclusion The experiment results indicated that supplementation of SO and AH separately in the starter diet of
dairy calves had a negative effect on ruminal fermentation and hip height. By supplementing SO, an increase in serum
cholesterol was observed, but it reduced the total protein in the serum. The results of blood urea concentration showed
that the inclusion of AH increased its concentration; however, with respect to the beta-hydroxybutyrate concentration,
it was reduced by AH inclusion in starter diet. The results showed that concurrent feeding of SO (3%) and AH (15%)
in the starter diet of pre-weaning dairy calves, decreased the concentration of volatile fatty acids in rumen, blood
glucose, weaning BW and wither height. Due to the current experimental conditions, the concurrent feeding of SO
with AH is not recommended due to the negative effects of their interaction on growth performance, ruminal
fermentation and as well as on some blood metabolites during pre-weaning period.

Keywords: Dairy calves, Forage level, Ruminal fermentation, Soy oil.



Iranian Journal of Animal Science Research Olnl ols pale ledidg sy 4 i
Vol. 13, No. 3, Fall2021, p. 335-349 A FYO-FFRodFer b ¥ ojlod IY als

J:&Jﬁ—&duﬁ
lef..\éj&:&ﬁ'):‘_;ﬂ.oﬁﬁ 6&%‘}ﬁ:jﬂj@6u&b‘d‘&»c‘5—hﬂ

Peptostreptococcus ) g 529 75l o oS ¢S ¢ =il g (6 SU el SIS ks Ol =S

4wl 5l edd g y\wla> (anaerobius

ijie S s%“bb dt’h:.w R ngb’ Sloww g‘c.\Ju LéLQ-l‘ Coe
\YAV/ 2 /0 f bl s 'Ci)U

» d),«)?o 6llbw1)5 = 0y 9 ;§\_’><~a dlmwlwl ik C9_]a.w AN¥ee )ie‘a £ 9 ‘DI) u.)l?u.w o ¢‘_go.~.>l§ Yd ‘f,\iia u_;Lw]
5l ors (ojlulis (Peptostreptococcus anaerobius) wem gy wsS 95 50 yilyin (6L p gl 2g,5ebs @l 56 o585 Mg SSs
YYDYER(INY ol b pole (slanimgy Anee

2>

L;Jj)sm wfa)lf ._\.\.]9.: wu)’l 90 ¢S 39y Ja:l).w » d).m;o dLmd.Ml)B PO0jy 9 Mdmuwt»‘ k_ﬂ.L\.’?!A)J.)LQA )JIL;\.:))J )}]amdu
b b (pS Lo v g YO« r) dow ¥ pliS o Souo 5650 sl uill Jolis ¥V 452818 L).»La)’l B 58 )y SuSs s S sk
el jess ol olels (3 Soue il | oYU zolaw A (£550jll VY 987 VY FA XY VS A & F Folels by B g i
sl il | iz olaw ¢ 19,0 quo)’l 2 b ials 5 e A-VY Clels 3 Soue (il ! blae 55 000,85 (sades 515 by me il
(o555 ohaw ol slos 4) sre b pill (5 5 ok (imed g (&80 ©jgmy uili] 2 (sl yidg)Sue ¥e 9 YO V) SSue 90550
L o] M5 5 S o 3> gy 5 S S 5l (55 a2 ol g 25,5 )5 el 50 (sl ) 2005 95 S, 5
dald 4 Cous 00 (bl (ol (slajlows cdnld & Cannnd (0S5 godlw) Luilwl (gal> (slaylos colod 13 S odalie e g0jy0 sl bl
L);‘;.;“L,o)"l Jol dlo s ol IS jobo &y awlansls (6,38h opl Ady gyt (S50 5ol zolaw & Cuns jarie slb pils] (S5 Zolaw o
‘J’l o3lo et bl I8 wdes Jlade p 00 (il ol (60050 sladorin )b 4 55 We ialS el Soue (uilo! 5l ool | a8 ol ojlis
).vl S 90jy dmesL.,l als L')L;'LJ o @9,&“’ cuis Quﬂlp)'—\ 5l Jo s C’L" ORIy )Jub )l).é aryes sl lade 9 M.Jyt.o b d))"
e 8 (675 o) b SUigel A5 €5 53 5 42015 gy 5l oSSty Sl 5551y 2y (S Carla

S a5« wgugy Sl wsS's Sat s twlsiy s ya sladuwl (SSue (il w0y (uiluli galS sWaa5lg

BWIL olyad s jon cpl(Jb o 4y 5d (o brpa 15 )lg o oo
{Y) sl Slogel cygo a4y iy AW g jlie & ygo 4 (555l

g ooy JWs 4y BUlS ) leseis 408 puanasie dwly opl jo Pl Ol g % Sl S15)ly S0 O (o2

] G 2 938 g pole oK g (ol At (659l S 00K mgh Hbokiu |-F al3T sBuisly it dlg ¢ cold pole 09,8 A byl ali i)l aiBgal b
(Email: sobhanirad@gmail.com: Jsus sdiws g —3) 5 (i olKiily Lo (655l 5 (8 0l ¢(g555LaS lady b HLokiw! =Y
DOL 1022067/1Jasrv131373987 'O‘)ﬁ‘ so\).@' QLL»\ d‘ 4§)>

2Ol edatie ¢ oMol D51 olKiiily g dnly ¢ (65,9l pole 09,5 Lokl Y



Voo )-H‘J ¥ ooylouds AY Wl ¢|ﬁ| sob .951.: tSLQ““‘“S}‘ Aa).wa“rf

3 8 i b g i s 3 0y Slieng S S5 gl )
%)

ooy )Sen pdplio Yoo (AL o il Glee
ol T eaaSs > (Sligel (g0 clale pad (alS g el
lsigign s SIB10) Wload plyic 5 0550 5 S sl
o1 Sl 55 s LinleiT b L5 oy olilllas 3 Koo o)l s
b oo ojlias &S Cuwlodd (5)l5 jogas pl 3.(V+) cusl
S5 (5958 pedilie 2 4aSid ) (Seidgiiiy clld als
Ol g (laraS oS SSue 0)lias Sl pomen (B) ol
B (V) csloas go)liS (Slisel (5950 5 3031 oz sl
5 S5 (Bugenol) s 51055 ol 3 (W) ohiSas 5
942 o JS i |y Sous yige Gl i sdas sy & el
(VA) 231> (dhie g Caste p)5 (Sl ySb 2 (ormmg (29,500 25 L]
0 A1) oSt 433 jpn il Sl oy
y SWgal 9 GRalS g lojs 5> (slnaSb o35 2 il
olS pl uslwl 1y 050 0LS dus )3 g3 b S g .l 03505 4i)15S
Ol prslolonind JSis GlaS 5 o yrege jleand oo JiSi5
LSy g (3o Ve BV1) oo o(4mops ¥ BY) S 519,055
YY) 2, 0L S0 b

et & 5 Soue il Al ayge o Syl oldlas
g S 8 (Shhes pMBl et & Glus g2 3 p0jye il |
0jp0 s pilul Jolite I3l ogad )3 picres ol oad plodl
il 5,15 b g gaalllas 55 9 Slotsloj] 3 Sokee g
Gilisco zolaw (139380 il catialol opl plosl 5l B ol ks
Ao Sl g (650 gladomi sl 050 5 SSre uilsl
tale 153 ogarg B oS 55 st iwliiny 58 2 el S
29 58 My

W s, 9 dlge

. 'i " & = . . = N
35 gl gy &1 (AL Ladiged (55 il |
=i pole OB tlofl > Ll ) g 05509 S ol S 9
159918 olKwd Al gy HloedS ol o mosime Mo 311 oKl
(65 bl yobate 4 b plomil (6 1S il ()Ll ywdgh S i5)
M o2 g 96 ol ) g g b a5 0595 > edd Ol
oK L .5194 d9l> dllbo)9) ulb e A » ).\a.sza ui l)
A8 Juate 2x595lS" (6 35 il

3- Peptostreptococcusanaerobius
4- Clevenger

bams )3 505 Bopb jl aneSd 5 gy 9 51 Loy See
3 cSogw (5l ale ola 559381 5l edlitw] (F) as b o deSid
2 Ll V) Slodgs (3890 200 )3 (g 9 555 S ialS
3l gy o 0l bl 1 ogos sla S5 3] sla L
Jz g s ySl (S 5 Coglie gged Jibd 4 b Siise
o3l | Cusgion mimed ol adl il ¢l 4l 5l gyl
o Ll oolis] ygalS cel Yool Jlo 5l gl anslos! s Ll )
O 3Sels olae 5l eslar wl JWd 4y liaisly s et 4 el
S Sangy 4 o)lef o &S Mt daS i oSS HD pudl T
(5) 3,5 )il ol cela il 5 oylas ¢ JT (cloil b posio
4 45 35 (oo 155 alS b 5 (JT LS 5 ) (prp 5 426l
Ygane OS5 (1) 2,5 gl 28y 1 owitans 535y oo i
b5 lsis 4 5 81 LS 5 pab 5 ) cqr Jstus
95eedd Cllad el g S oo Joo Lo 9 0lS (0 (pleend
el il | edlad (10) 5,15 o yoso g )6 s 51y lio 55
Lol cansl 0wy L3l s Loz )5 ¢ algjgig ¢ S ade y alS
Sz 40 b iz (0 9 W ) S gy B3> Ll Jos 510
el ord glo (LS slagulol (09)Seerd la Shy oy
blite Sl cunl a5 )8 (opdy 5)50 den I i & s 3
e Sl @bl gl ldsy (LS syl
Slyss Cage 0y b 1l o o5 oy (2LS sla il |
Culbw 5 G (0 Ol cage g 0ad Jolo lid s ()l L
el Koo (LS sla puilwl pisren (VY) 23,8 0 Lie
T il st ] pgr s tanlS 5l 35 ' Sligal oaiiS A5 (slas S,
igles oo Ty eS0T mamg ] S oS gt ity
99 dneSi Y dlaas 4 3L Sigel 00iiS Wg (slancs yxSL
5 bl sd (S g Ll (63 slacalled ()b Ll )l
lpls (YA g Y8 XY) WS e a5 a5 (o0l j SLigel
Uil Coge Bl o YU Sligel oaiiSady sla oS ials
o35l Ltalsél g Slogel clale inlS il (eloisl oygmolice] (63
35 S gy ity (6 3SL (V1) 22,5 4naSid )3 (3l o3lit|
Vgoss &5 (Cute p)S S piiapd (w88 S g0 4 gy Sl
B godg (silap (o 9dion o> ol (aUg3 b 3)dte JSS &y
2055 sy 0 |y 03y o)1 Gl 3 jlad g e VY
M Ojare g Sstliwl (Jol (s SV gazs Gl g 15 oo
19 58 S e B0 Saa bl (o8 polie b ladoo
sk b 52w S pl G lond sanliie (iman 298 (oo
22 59,55 g 55le Ggmshes G5 (g9 0 A (oS g At nl

1- Hayper Producing Bacteria
2- Clostridium sticklandii



YYV.. ‘Slb"éqd.wbé = 0)y=0 9 SFemo 6““‘)“’."‘”‘ @ Liso C,—h.w “'J‘)Lio.b 9 pAio dl.m‘

(Ao ) = YF/AN + < /YYYYY I8 ados + +/ <AV b5 piig
(Vabolae) wains Jo5 T o3lo

S8 Mg+ [0V pls g + o/ oo YADR (pl5 g )
(¥ dolas) Lomddgolio (55,51 (MI/kg DM) = Y/Y + +/\YaV

Voo slil & Jso o) =+/2YVY sl 55 — +/--¥YD
(v doleo) 51,8 Gy sladnl (S oolo p)5 Lo

) dsasis galld sl SiSh dugs

A4S wlo (185 5l dns aeSs slag Sl (3,5 wal)d (ol
@b Souty y5la i8> Vo gly yod Veoo el 3, Bls g
Jrogin) iS5 51 ooliml b (s g 03,8 s 1y o] <oy gao
L e o 5 231y Yoo ol 5 5 2 o8 o Ve
Olgie @ odel Cuw b Jgua e LA5 A b (sl o slag,
¥ 9 TY) b oolat] deSls (ol sla g S gols oo

O 929 850 (5 95 95 o e | g 5 Sk s Sl lua Jal 5o
e

3 g sl oS oS g pliitn (6581 (il polaie
l3l oS T L S oo 53 (sl 4aSs Ll (slacs ST
&S (lie g Jgle caitsS Lo p> agl cusS ol (BAAA) Y51
SUSY g Jgtem g3 (08 a5 Sl s Lo Sl 5 i
2 &IPSl le; (4l (b jl e & €85 ©j50 ABL(e
b &y (Sloged <y 4 b IS (BAAA) i 390 oS Lassxe
9255 Sl S0y 5 S (o b sl 2o (Lo ¥ (I
553590 68 2 gl P (255 —wgSee Clial e
(7 9V ) Codly el (ogug il oS o8 g piulyiy lon

Tislad iy culiS pladl
035 Al 5 S5 Gla oS ) () CuiS pl sl ] Ban
9 Silpe Cpge d dope du (b > oS B byl 500 (68
Sl ) ol g Il & o ol 4 igh oo kS (SIS
3j90 S 9 48)S i alad (69, 258 (Sgae A5 byl &S]
P a8 g b o ploul ceiS IS 4 coleg jd g adby 1y las
5r 4 5y 0B G GTL e iS pyw Sl 5 pod cloteud
Ol 2 & (g4la5 5y50 i ooy iy HLis] > gl ee )5
9 Al 00,5 Ay (55 & ugmg bl ogS o 0 wlsty S
g el e iS clalaso ;3 baswe ¢ uilwl b ablis iulej] plol
s § A5 03lil slio 5 (5o das § ol S Lasoes nnlio

2- Streak Method
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Figure 1. A view of the streak method used to treat the bacteria Peptostreptococcusanaerobius in the BAAA culture
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Tablel- Statement of experimental treatments include different levels of clove and savory essences used in experiment of disk

diffusion
(#9:5%0) il gl (el Seo) il sl
inlejl glaylos Levels of essential oils (pl) inlesl (el yloss Levels of essential oils (pl)
Experimental Treatments 335 [ECW Experimental Treatments 050 S
Clove Savory Clove Savory
T, 20 - To 20 40
T, 35 - Tio 35 20
Ts 40 - Tu 35 35
Ts - 20 T2 35 40
Ts - 35 Tis 40 20
Te - 40 Tia 40 35
T, 20 20 Tis 40 40
Ts 20 35 Tie Positive control (streptomycin)
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2- Disk diffussion
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1- Minimum inhibitory concentration (MIC)
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Table 2- The amount of cumulative gas production of experimental treatments in different incubation hours (ml)

] JmslisSil Slels
' ialesl sl o O
e SR Incubation hours
%Xpe“me“ﬁal 2 4 8 16 24 48 72 96 120
reatments
o5
Clove
0 5.46° 1433 4325 2458 8825 10608  113.67 114.83 116.25
250 7.54% 15.79% 37.75 65.75 76.33 96.25 106.58 107.79 110.63
500 10.67* 19.50? 42.29 67.38 78.63 95.63 107.29 108.54 111.88
SEM? 1.10 1.40 3.22 4.96 5.73 4.67 4.14 4.13 3.51
\S}‘EA’A
Savory
0 6.83 16.92 48.332 79.75 90.582 107.17 115.83 116.54 118.21
250 8.13 17.04 43.58? 70.38? 80.71% 97.38 106.71 108.38 111.75
500 8.71 15.67 31.50° 57.58° 71.92° 93.42 105.00 106.25 108.79
SEM3 3.51 4.13 4.14 4.67 5.73 4.96 3.22 1.40 1.10
Saxoj o
Savory xClove
0x0 9.75 20.50 51.25 81.25 92.25 111.50 121.25 122.00 123.25
2500 2.88 12.13 52.63 83.38 94.63 113.88 120.38 122.50 123.25
500x0 3.75 10.38 26.88 59.13 77.88 92.88 99.38 100.00 102.25
0x250 1.75 11.13 45.38 80.63 91.38 106.38 114.13 114.75 117.75
250%250 10.00 18.50 36.25 60.75 69.00 88.75 102.75 104.50 107.38
500%250 11.88 17.75 31.63 55.88 68.63 93.63 102.88 104.13 106.75
0x500 9.00 19.13 48.38 77.38 88.13 103.63 112.13 112.88 113.63
250%250 11.50 20.50 42.50 67.00 78.50 89.50 97.00 98.13 104.63
500x500 11.50 18.88 36.00 57.75 69.25 93.75 112.75 114.63 117.38
SEM3 1.90 2.42 5.59 8.56 9.93 8.09 7.17 7.16 6.08
P value
o5 <0.01 0.04 0.45 0.42 0.31 0.23 0.42 0.42 0.50
Clove

% 0.48 0.74 <0.01 <0.01 0.09 0.12 0.16 0.20 0.17
Savory
oo <0.01 0.01 0.42 0.75 0.81 0.48 0.18 0.14 0.10

Savory xClove

(P< e /40) atily o o ine BT gyl Syiiie pé o b gt b (slaySila®P
il p)S o o nlo] sla o’
st (s Sl ¥
3> Means within same column with different superscripts differ (P < 0.05).
'Experimental treatments based on mg.
2Standard Error of Means
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Table 3- Gas production parameters in experimental treatments

' ileg] sl tes o 158 Ay Sy &5
2loj )los . R X
Experimental Treatments! (p5 /Y Sl ) o) o 8 (Sl 2 5 )
b c
00
Clove
0 116.39 0.06
250 111.53 0.053
500 111.43 0.056
SEM? 3.69 <0.01
U
Savory
0 116.99 0.063
250 110.17 0.057
500 112.20 0.049
SEM? 3.69 <0.01
SAaXo ) ya
Savory xClove
0x0 121.97 0.062
250%0 122.88 0.061
500x0 104.33 0.058
0x250 116.33 0.060
250%250 107.75 0.051
500%250 110.51 0.049
0x500 112.67 0.066
250%250 99.89 0.061
500x500 121.74 0.041
SEM? 6.38 <0.01
P value
ag;e 0.56 0.57
KA
SaV(;ry 0.42 0.13
SR 0.69 0.06

Savory xClove

(P<e/+0) sl o o ine M (gl S jiia p& By b gt o (slay Sl
il p)F o o 2 inlef] slolos
syl (glad o, Sole ™
2> Means within same column with different superscripts differ (P < 0.05).
"Experimental treatments based on mg.
2Standard Error of Means
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Table 4-Digestible organic matter, Metabolisable energy and Digestible organic matter in experimental treatments

T odgilio 5551 ;
Ltalegl (sla)les D s JB J odl Metabolizable I3 sl
Experimental Treatments! igestible c:;gamc matter energy Vola;lzeogree a%li/s[

) (MJ/kg DM) (mmol/200 mg DM)

) e
Clove
0 14.29 89.67 2.58
250 12.67 81.06 2.45
500 12.99 82.71 2.48
SEM? 0.78 4.14 0.08
S
Savory
0 14.61 91.35 2.62
250 13.27 84.22 2.48
500 12.08 77.88 2.41
SEM3 0.78 4.14 0.08
L_S\.A:MXDJ.)A
Savory xClove
0x0 92.55 14.83 2.73
250%x0 94.27 15.16 2.73
500%0 82.17 12.83 2.27
0x250 91.92 14.72 2.61
250%250 75.76 11.68 2.38
500%250 75.49 11.63 2.37
0x500 89.57 14.28 2.52
250%250 82.62 12.97 2.32
500%500 75.94 11.71 2.60
SEM3 7.17 1.35 0.13
P value
0
Clove 0.13 0.31 0.50
S 0.09 0.09 0.17
Savory
Shsae ) e 0.81 0.81 0.10

Savory xClove

P +1+0) sl o o gine SMBI (gl S o ot By b (g y2 (SlaSiles™

il T 5 e oy irlesl sl oo
A)IAJlL.:l ‘5an$ U.SJ.:A v

ab Means within same column with different superscripts differ (P < 0.05).

"Experimental treatments based on mg.
2Standard Error of Means
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Figure 2- Effect of clove and savory essences on diameter of inhibition zone of Peptostreptococcusanaerobius
(Ti-Ti6 are experimental treatments stated in Table 1)
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Figure 3- Antimicrobial activity of clove and savory essences with Peptostreptococcusanaerobius in streak method
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Table 5- Orthogonal comparison for different levels of clove and savory essences on diameter of inhibition zone of
Peptostreptococcusanaerobius

Lm sen

o P-value
Parameters
(WL"%)‘”‘) Aals L ‘—i-x‘-" 90j LSLQL)“’L”‘ il C?la'“’ IP\‘“ <0.0001
All different levels of clove and savory essences vs. control (streptomycin)
n_iz.mu.uLw‘ o.)LMJC}Ia.leO))A u.ul.u‘ ool C9]a.w <0.0001
Simple levels of clove essence vs. savory essence
(omslogty jrol) 205 b S5uo g 0)y0 uibisl 22l zglas <0.0001
Simple levels of clove and savory essences vs. control (streptomycin
(ML"%M‘) o alIl SSue g 0j50 lagilel (S 5 ok <0.0001
Complex levels of clove and savory essences vs. control (streptomycin)
Sego .05yt il oS 5 zshans b S 5 0)p0 clo il o3k g ghaus <0.0001

Simple levels of clove and savory essences vs. complex levels of clove and savory essences
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Introduction Since the legislation of European Union has prohibited the use of growth-promoting antibiotics such
as monensin, scientists have been interested in alternatives to manipulate rumen fermentation. The use of growth-
promoting antibiotics in animal feeds is banned in Europe due to potential risks such as the spread of antibiotic
resistance genes or the contamination of milk or meat with antibiotic residues. Recently, essential oils have been
increasingly evaluated to replace or facilitate reductions in the use of antibiotics. The most effects of plant essential
oils, especially cloves and savory oils, are their antioxidant effects and their effects on the metabolism of ruminal
microbes. The antiprotozoal effects of clove extract have been proven in the studies in vitro by gas production
technique. Few studies have been done on the effects of clove oil, especially the savory oil, on the digestive properties
in the country. Also, no study was found on the interactions of these essential oils in the experiments in vitro. Thus,
the aim of this study was investigated to evaluate the effects of clove and savory oils on gas production and in vitro
fermentation process and estimation of gas production parameters of feedstuffs (alfalfa hay and barley grain).

Materials and Methods Experimental treatments were included control (basal feeds without additive), basal feeds
supplemented with three levels of clove oil (0, 250, 500 mg) and three levels of savory oil (0, 250, 500 mg) per kg of
DM in a rumen culture. Ruminal fluid was collected from two fistulated sheep (49.542.5 kg). All samples isolated
from the rumen were withdrawn 2 h after the morning ration had been consumed. Collected rumen contents were
strained through four layers of cheesecloth and brought immediately to the laboratory. Gas production technique was
used to detect the fermentation parameters of the treatments. About 200 mg of basal diet (alfalfa hay and barley grain,
1:1, with clove and savory oils) were incubated in 100ml glass syringes and 30ml of incubation liquid were added and
were incubated in 39 C° water bath. The gas production was measured in 2, 4, 6, 8, 16, 24, 48, 72, 96, 120h. Three
parallel syringes of each treatment were prepared in this experiment in a completely randomized design in a factorial
arrangement. They were used to measure the gas production parameters (fermentable fraction (b) and rate (c) of gas
production) cumulative gas production, organic digestibility and metabolizable energy of treatments until 120 h. In
the present study, digestible organic matter, metabolizable energy, and production of volatile fatty acids were
estimated based on the presented equations.In the second experiment, Peptostreptococcus anaerobic was isolated from
the ruminal fluid, cultured in the medium of BAAA (Bile EsculinAzideAgar), and evaluated by different levels of
cloves and fennel essences in a randomized complete design with sixteen treatments and three replicates using Duncan
test at level 0.05. Experimental levels in this experiment including: 20, 35 and 40 pl of cloves essence, 20, 35 and 40
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ul of fennel essence, 20 pl of fennel essence + 20 ul of cloves essence, 20 ul of fennel essence + 35 pl of cloves
essence, 20 pl of fennel essence + 40 pl of cloves essence, 35 pl of fennel essence + 20 pl of cloves essence, 35 pl of
fennel essence + 350 pl of cloves essence, 35 ul of fennel essence + 40 pl of cloves essence, 40 pul of fennel essence
+ 20 pl of cloves essence, 40 ul of fennel essence + 35 pl of cloves essence, 40 pl of fennel essence + 40 pul of cloves
essence, control.Statistical analysis of data was performed by SAS statistical software (9.1 version). Duncan's multiple
test range was conducted in level 5%.

Results and Discussion High levels of savory oil were increased gas production in the first hours (p<0.05), but
clove oil was reduced gas production in 8-24 hours (p<0.05). Although, few data have been published on the
interaction effects of the use of the essential oils, as well as on the effects of savory oil on fermentation parameters.
The amount of gas production (b) tend to be decreased (P=0.06) due to the simultaneous use of savory and clove oils.
Different levels of savory oil had no effect on estimated organic matter digestibility, metabolizable energy, and volatile
fatty acids. But, with increasing the levels of clove oil, the amount of estimated organic matter digestibility,
metabolizable energy tend to be decreased (P=0.09). In the microbial experiment, after incubation of
peptostreptococcus anaerobic in medium of Bile AesculinAzideAgar and adding different levels of cloves and fennel
essences was observed that all levels of treatments were significant (P<0.05); the highest growth of bacteria was
related to treatment 11 (35 pl of fennel essence + 350 pl of cloves essence). This result showed ammonia-producing
bacteria known peptostreptococcus anaerobic is inhibiting by different levels of clove and savory essences and finally
resulting in the decrease of rumen fluid Ammonia nitrogen.

Conclusion According to our results we can conclude thatusing savory oil improves ruminal fermentation in vitro
and with increasing the levels of savory oil, the amount of gas production, the organic matter digestibility, the
metabolizable energy and volatile fatty acidsconcentration were decreased. Also in this study, were shown the co-
effects of simultaneous use of savory and clove oils on the reduction of gas production. Therefore the effects of
essential oils should be considered. For further studies, it is suggested that the effect of essential oils along with various
sources of energy, such as pectin, starch, and various protein sources, should be studied in vitro and in vivo. Also,
consideration of other changes in fermentation products such as ammonia nitrogen, methane and the composition of
the microbial population in these experiments can also be of particular importance.

Key words: clove oil, savory oil, gas production, volatile fatty acid, Peptostreptococcus anaerobic.
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Table 1- The concentration of phenol and flavonoid in Pulicaria gnaphalodes and mummy

(p5hS )2 p S ke) Mg (PSohS ) p S s)) Ji5
Flavonoid (mg/kg) Phenol (mg/kg)
e G S5 0l 386.03
Pulicaria gnaphalodes
lege 0.108 23.96
Mummy

ok S5 lesd s slaceS jlodlits 1 liaud el (Y]
Gesan Chem 200, ) ,5¢ (5,9 (oow b oK g (9050
(LDL) J&z o cuSgnend clale (F+ 5 ¥0) 4 o (Italy
(F) 48 dlone 25 Jge 8 il osliial b 5
—HDL# «/AA0Y — b, S5 #+/VA3A +V/VFFA (V) o,
(3 (3 2 £)5 o) LDL clale = /33005 pb Jg s
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1 -Sheep red blood cells (SRBC)
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Table 2- Ingredients and chemical composition of the basal diet used for starter, grower and finisher period

) oS ool o2kl 3, En
Ingredients (%) Starter Grower Finisher
ey 57.09 58.96 62.86
Corn

by dloxis’ 36.00 34.60 29.85
Soya bean meal

2l 9 3.45 0.00 0.00
Fish meal ' . .
by 9y 0.00 2.90 4.00
Soybean oil

peelS SLS 1.14 1.44 1.35
Carbonate calcium

Slawd padS (63

" 1.40 1.44 1.22

DiCalcium phosphate

Al -

“olg JoSo 1 0.25 0.25 0.25
Vitamin Premix
Yo

o JoSe 0.25 0.25 0.25
Mineral Premix? ' . .
Sl 0.30 0.30 0.30
Salt

ot S 0.13 0.15 0.17

DL- Methionine

ke dlgo pliowd S5
Chemical composition (%)

(PSS 2 s AE6LS) sl g Co 5w (555 2900 3050 3170
Metabolisable energy (Kcal kg)

(%) P& cx3 23.00 20.50 18.75
Crud protein(%)

(%) p& 2.54 3.51 2.47
Crude fiber(%) ' ' '
(%) 51 o las 2.41 5.30 6.61
Ether extract (%)

(%) cnd 1.46 1.21 1.05
Lysine (%) ' ' '
() ot + (gt 0.97 0.75 0.68
Methionine + cysteine(%) ' ' '
(AJods’ 1.05 1.00 0.90
Calcium(%)

(7) o> JB jid 0.52 0.50 0.45
Available phosphorus(%) ' ’ .
(opVLgS p)5 (oo £ K poling p)5 (o Yoo E yolng p)5 (oo WFe o D aliyg aolg VYoo e e Orelizg 25ly (gl dinaling JoSa o SolS m

) S 9h g p)5 (e VY Sl del 500t S35 Y ensMbgny 35 (oo Yoo C el £)5 (e £IY
P IVY (ol Slilgus p)5 0 poilis oS A CIS £ (o FF+ ¢ o ST 25 A g9y 2381 25 VY 53500 28T £ VY (g5l Sne JoSo pSolS o T
AL oS SV i

! Each Kg Vitamin premix contained 4400000 IU Vitamin A; 72000 IU Vitamin D3; 14400 IU Vitamin E; 2 g Vitamin K3; 612 mg
Vitamin C; 300 mg Vitamin B2; 2 g Vitamin B3; 55 g Vitamin B5; Vv g Vitamin B6; 1.75 g Vitamin B9; 640 mg Vitamin B12;

2 Each Kg Mineral premix contained 32 mg Mn; 50 g Fe; 22 g Zn=; 8 g Cu; 0.32 g I; 8 g Selenium; 200 g; 640 mg Co; Cholin
Choloride,
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Table 3- Effect of Pulicaria gnaphalodes and mummy on growth performance indices in broilers

0y ol Shes Bpan Shgs Jas cups
Body weight gain (g/bird) Feed intake (g/bird) Feed conversion ratio

1-10 11-24 25-42 1-42 1-10 11-24 2542 142 1-10 1124  25-42 1-42
days days days days days days  days  days days days days days

2 k) 25 SS o las
(pSoks
Pulicaria (mg/kg)
0 1939  610.8 1434  22387° 2443 8129 2664 3721 1267 1355 1875 1.662°
100 1974 6353  1543° 23757% 2424 8342 2646 3723 1335 1327 L1200 qsep
200 1964 6458 1618  24602° 2410 8314 2661 3733 1234 1300 0% 1sige
(3 > p o) olege 292
Mummy(mg/1)
0 1924 609.6 1437 2239 2411 8351 2652 3728 1266 1399 1.861° 1.665°
20 2001 6295 1589  2418.6 2418 8074 2665 3714 1215 129 1084 5360
40 1954 6529 1568 24163 2437 8361 2654 3734 1255 1288 1097 1545
g“;;" e ol 455  19.08 2091 4454 145 1078 582 18.05 0030 0.051 0’325 0.035
U S8 ojlac 5 plege Jlite
Mummy and Pulicaria Interaction
OESSS 0 s hese
Pulicaria Mummy
0 0 1859 556 1273  20149° 243 8305 2663 3737 1310 1535 2097 1.854°
100 0 2036 6703  1464° 2337.9% 2431 8527 2642 3738 1202 1285 1805 5990
200 0 1878 6022 1575®  2365% 2402 8222 2652 3714 1287 1377 L1082 sy
0 20 1948 6258  1475° 22956 2431 7777 2670 3691 1252 1250 1812 goge
100 20 1962 6014 1583 2380.6" 240 8194 2653 3712 1232 1377 07T 5590
200 20 2092 6612  1710°  25804° 2423 825 2672 3739 1160 1262 1562 1449
0 40 2009 6507 1554 24056 2466 8305 2658 3735 1240 1282 L1715 s
100 40 1924 6342  1581%  2407.6" 2439 8305 2644 3718 1270 1320 07T saw
200 40 1922 6377 1570°°  2399.9% 2405 8472 2660 3748 1255 1262 1700 560
SEM 788 3306 3622 4598 252 1868 1008 1521 0052 000 00% g5
e ghaw
&b
P-Value
S oSS 0852 0424 0301 0331 0090 0452 0.753  0.000 0.002
Kot 5 &t 00001 00214 0 5 0 52 gem79 O] 1 o
L 0494 0293 0629 0.120 0242 0328 0254 0000 0.003
o : 2 00001 01342 % 0 2 28 gaso0 5 1 )
s 1
5 s 0266 0187 (o001 ooaar 0720 0495 0966 064 e 0321 0002 0.004
OIS ojlas 5 7 : : 4 4 4 1 : 8 4 8
Pulicaria*m
unlmy

(P < o10) il o ine OS] gl S e i Gy b i o (sla o Sils™
3> Means within same column with different superscripts differ (P < 0.05).
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2l b duslie ) (oliege 391 b g adae e ojlas golaw o

Lad Mg (asls il eely

039 ol adwdile o)luac 5 (alege 2292 (39331 3L

PSS gdre Shs has caps 9 Shd Spa e
Shed Bpa s Jobs (63Sas Glaw s ol &Y Joio
g 3y ecnjléloygd dw 3 S b cupd 9 0 0y oI
DS oy)lac 5 oliege 39 Jrlize @l 5t cos SLL
RS a5 o 09 ORI gL o <855 )18 Sl
irlof] slsloss 13 o093 IS )3 9 bl 0yg3 13 45 Shgs
bz ) 059 QI Olse (i (P<e/0) €55 )3
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Table 4- Effect of Pulicaria gnaphalodes and mummy on production index in broilers

11-24 days 25-42 days 1-42 days

(P59hS 53 prSekes) S SS ojlae
Pulicaria (mg/kg)

0

100

200

(5 2 p5 bee) alenge 132
Mummy(mg/1)

0

20

40

ke jlime ol

SEM

Ui S8 ojlas 5 plege Jlite I
Mummy and Pulicaria Interaction

slese
Mummy

LIS S8
Pulicaria

slese
Mummy

IS SS ojlasy olege JlE I
Pulicaria*mummy

3.207° 4.249° 3.219

3.609? 4.984? 3.419

3.8592 5. 4542 3.548

3.2020 4.289° 3.112°0

3.750? 5.2422 3.469°

3.7242 5.1332 3.6217

0.117 0.241 0.094

LSS olas
Pulicaria

0 2.587° 3.372¢ 2.587°
100 3.4812 4.506° 3.725%
200 3.5842 5.2022b 3.124%
0 3.39920 4.5220 3.576°
100 3.635% 5.244% 3.119%
200 4.240? 6.0827 3.7420
0 3.688% 5.034% 3.625°
100 3.713% 5.2372 3.432
200 3.658% 5.130° 3.609°
0.3635 0.443 0.214

0.0245 0.0362 0.0634

0.0327 0.0456 0.0471

0.0139 0.0143 0.0398

(P < o/+0) sl o I ine BT s Syitio p& gy b gt b (slaySila®P
2> Means within same column with different superscripts differ (P < 0.05).
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Table S- Effect of Pulicaria gnaphalodes and mummy on relative weight of carcass (% of live weight) in broilers

4 Lous!
uﬁ:) " ol s Gall a0 aus LS Abdominal iy oy
Breast  Thigh Heart bladder Liver fat
Carcass
2 k) 25 SS o las
(e
Pulicaria (mg/kg)
0 61.54 22.23 18.80  0.525° 0.077* 2.168 * 1.358*
100 62.03 22.54 18.91 0.548 ¢ 0.068 ® 2.106° 1.110%
ab ab
ab b
200 61.36 21.94 18.95 0.531 0.073 2122 1.089
() 2 p S Uke) lese o9
Mummy(mg/1)
0 60.33% 21.65° 18.90 0.510° 0.060° 2.114° 1.291
20 62.332 23.00° 18.70  0.334% 0.077* 2.165% 1.070
40 62.28° 22.05%  19.07 0.561* 0.081* 2.117° 1.182
g»;:l\j; e olizdl 0.4627 0.3155 0.2115 0.0141 0.0031 0.0549 0.0735
U S8 ojlac 5 plege Jlite
Mummy and Pulicaria Interaction
oso S S5 o las
Mummy Pulicaria
0 0 60.53 21.18 18.57 0.475 0.047¢ 2.28 1.69
0 100 60.22 22.12 19.35 0.515 0.059b¢ 1.98 1.05°
0 200 62.30 21.66 18.76 0.540 0.074% 2.07 1.15%
20 0 61.79 22.80 18.56 0.548 0.0782® 2.07 1.16%®
20 100 62.86 23.61 18.41 0.568 0.086* 2.21 1.10°
20 200 62.30 22.59 19.12 0.485 0.066* 2.21 0.946°
40 0 62.30 22.70 19.28 0.554 0.078® 2.15 1.21%
40 100 62.36 21.90 18.98 0.563 0.075% 2.12 1.17%
40 200 62.30 21.57 18.97 0.568 0.090? 2.07 1.17%
OSle Jlre olizil
0.7979 0.5465 0.3663 0.0244 0.0055 0.0952 0.1273
SEM
S (sixe
P-Value
S5 S oyl
. 0.5752 0.4044 0.8739 0.0034 0.0005 0.0249 0.0205
Pulicaria
sthoss 0.0038 0.0114 0.4567 0.0158 0.0029 0.0193 0.0980
Mummy
wstbeye A6 S5 0.8179 04360 03295 0.0101 0.0010 0.1112 0.0951
Pulicaria*mummy

(P < e/00) sl I ine BT sl Syitie pE By b gt b slapSola®P
3> Means within same column with different superscripts differ (P < 0.05).
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Table 6- Effect of Pulicaria gnaphalodes and mummy on relative weight of lymphatic organs (% of live weight) in broilers

Jeb gl )92
Spleen Burs of fabricus
(P55 )3 pySelse) 28 SS 0 lae
Pulicaria (mg/kg)
0 0.118° 0.173°
100 0.147° 0.204°
200 0.130% 0.1972®
(3 2 pSke) 2lose 3
Mummy(mg/1)
0 0.147° 0.173°
20 0.129%° 0.203*
40 0.119° 0.1982®
b Hlxe olis! 0.0063 0.0078
SEM
OIS S ojlas g alege Jlite I
Mummy and Pulicaria Interaction
@Lmya Ss D)LAC
Mummy oS
Pulicaria
0 0 0.139° 0.095°
0 100 0.175% 0.1392®
0 200 0.205° 0.12472
20 0 0.181% 0.1282®
20 100 0.223? 0.1382®
20 200 0.206° 0.1212°
40 0 0.200% 0.1312b
40 100 0.215° 0.164°
40 200 0.180% 0.145°
Sbe Hlxe olis! 0.0135 0.0109
SEM
)b (e o
P-Value
S S8 0ylas 0.0100 0.0125
Pulicaria
thege 0.0093 0.0127
Mummy
(lage # 1S S 0.0032 0.0169
Pulicaria*mummy

(P < e/00) sl I ine BT sl Syitie pE By b gt syl

2> Means within same column with different superscripts differ (P < 0.05).

O3S (M) hler g (s e po (F2) 23 a0 5 Shos
gt & il 5 29, HalS «Sgsy jloslit sl 63,8
Comd g eCa2)S o o €W)) Gl el ol 300>
Aol 15 poily] 55 15l g 4m3jlgd )3 o S Bas 4y £li)|
Bicslow (b Sl Cumar (28 5 jy gyl Saliél el o
W)l Gl el poe oy (1) 395 o slamle 4 ol

o B dlge Do cd )b g Clo paw (13BN g 039 oy

Lo pd /Y e 1 ookl sl odds )15 iy ladllas )

Bos & jn gl Comd g 5 W] Gl el an dils g
g Sk 0dg) peif g pothl peings 4l A a3 Cuy S
dge o haw Gl coaw utl glajn (FV) 035 g
@ jp Wl Cand > Rl Bgd oo (Bl (sl 3 g0
Ol g (sdie dlge yige ol Ly e (Stuners > € S s
ORI s A ) 45 39800 ()15 ol I @ g iy
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Table 7- Effect of Pulicaria gnaphalodes and mummy on antibody titer against sheep red blood cell (log 2) in broilers

Total Antibody 1gG IgM
(PS5 prSee) L3S SS ojlas
Pulicaria (mg/kg)
0 5.83 2.25 3.58>
100 6.58 2.25 4,33
200 6.67 2.58 4.08
(3 3 p S k) 2hose 2
Mummy(mg/1)
0 5.83 2.17 3.67
20 6.67 2.58 4.08
40 6.58 2.33 4.25
Sbe Hlxs olizis! 0.293 0.244 0.283
SEM
U S8 ojlac 5 plege Jlite I
Mummy and Pulicaria Interatcion
tlege O SS o)l
Mummy Pulicaria
0 0 4.50° 1.25 3.25%
0 100 6.50% 2.50 4.00%
0 200 6.50% 2.75 3.75%
20 0 5.75% 2.50 3.25P
20 100 6.50% 2.50 4.00%
20 200 7.50° 2.75 5.002
40 0 7.25° 3.00 4.25%
40 100 6.75% 1.75 5.002
40 200 5.75% 2.25 3.50%
xSibe jlae ol 0.507 0.417 0.360
SEM
T e
P-Value
5SS oylas 0.1044 0.5351 0.0492
Pulicaria
bege 0.1044 0.4774 0.4774
Mummy
orbage 28 S 0.0066 0.493 0.0110
Pulicaria*mummy

(P < /0) il o )l ine OS] gl S jie pé Gy b i o (slaSla™
2> Means within same column with different superscripts differ (P < 0.05).

chale 5 Jg ad (s Jop—alS (ialS el (L dgS a2
Oladss gl wl p (YY) il §l s HDL g &, walSc
5 Jos S e (ials cely SJgb s | (V) (565 9 (g b
e 45 23,8 (S (V0) oylSan o Gan 3980 o5 LDL
bS5 2gbise g3 LDL g Joyols clale ials el (IS
S BT el S b og)b kS o)las 13 35240 Joid
JblS Jte == o Sgpa =Y) Jgyiw IS clo oS ool

& ydS o5 oy dS s s sl clale

 (HDL) Yl J3 b (555,050 5 (LDL) 3 o8 (5553,0500
9 Shle S SSojlac b odd 4,05 (365 sladr g (S, ¥V
5 obls i1 S blize Bl osel 1) Jodo )3 ologe
oiblS el g 391 )b me o3 LDL g Joyuls clale y  sloge
SIHDL g s pu alS g5 clale p Jg i aali b duslio o Ll
oy 50 ddad cale gy duo > /Yl edlate | lis ooy Lol Iy
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Table 8- Effect of Pulicaria gnaphalodes and mummy on intestinal morphology(pmeter)) in broilers

i gl notE oS Ges 4 jn W) ol g
Vil.lus Vi.llus Crypt S es Area.
Height Width depth Height : absorption
crypt ratio
(PS5 » poSekse) U35 S o lae
Pulicaria (mg/kg)
0 818.3° 171.0 158.6 5.405° 435.2°
100 883.8" 170.1 165.8 5.396° 469.2%
200 10332 177.8 1493 7.167° 58.6.3*
(2 2 p S uke) 2loge 32
Mummy(mg/1)
0 682.8° 165.1 144.6 4.859° 352.4°
20 10372 182.8 170.6 6.486° 599.7°
40 10152 171.0 158.5 6.5782 538.6°
59lbe slne ol 30.323 11.873 10.047 0.4158 38.233
SEM
U S8 ojlac 5 plege Jlite I
Mummy and Pulicaria Interaction
whese oSS ojlas
Mummy oS
Pulicaria
0 0 597.5" 172.0 136.5 4.389° 323.7°
0 100 716.0¢" 173.0 144.5 5.0412 389.3%
0 200 735.0°0 150.5 153.0 5.256% 344 4%
20 0 988.5¢ 183.5 198.5 5.4112® 492 4%
20 100 979.0%bcd 179.0 174.0 5.698® 552.42b¢
20 200 1143.0% 212.0 139.5 8.350° 754.2
40 0 869.0°4 183.5 141.0 6.416 489.6¢¢
40 100 956.5b¢de 158.5 179.0 5.450% 466.0%¢
40 200 1222.0° 171.0 155.5 7.896° 660.2%°
ke limo ozl 52.521 20.566 17.402 0.7202 66.223
SEM
d)b ‘_(.m c]a.»)
P-Value
5SS oylas 0.0001 0.8826 0.5160 0.0069 0.0240
Pulicaria
wlese 0.0001 0.5696 0.2059 0.0122 0.0003
Mummy
olage #iS S8 0.1137 0.3320 0.1519 0.3407 0.2587
Pulicaria*mummy

(P <o/e0) aisl e o ine BT s Sytio y& Byym b gt i (slaySila®®
4> Means within same column with different superscripts differ (P < 0.05)

2l olize Jy (P10 R Jgiz) 39 5smly 285 L Ayl

5 wloge g Jlite oIl Wb cov sl el VT o5l
b T lil isa 3 (g (V+ Jga2) 28,55 51,8 (iS S8 ojlas

Ot b slarse (55 515 Slampl el ;)
bosd adss sladsgr ) jlyhuil Sgisel bl | ol cullsd sb

P S S el oS e Yo g o 25 s ¥ o
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Table 9- Effect of Pulicaria gnaphalodes and mummy on blood lipid concentration (mg / dL) in broilers

Joyuls’ bpalSisy IR LoSongd 65 b nSonsd

Cholesterol Triglyceride HDL Yy LDL J&s
(p55hS 2> pXekes) (S S o lae
Pulicaria (mg/kg)
0 106.84 95.42 60.79 84.732
100 101.00 86.11 61.30 74.47°
200 100.63 89.70 62.55 74.90%°
() 2 PS5 ke) (leose 13
Mummy(mg/1)
0 102.38 97.20 60.26 82.40
20 103.25 86.13 62.08 75.66
40 102.83 87.90 62.30 76.04
55k slne ol 2.137 4.083 0.955 2.910
SEM
S S8 oylas 5 (olege Jlie I
Mummy and Pulicaria Interaction
Mummy Pulicaria
0 0 114.6* 104.3 59.00 97.61*
0 100 94.00° 91.71 60.28 72.45°
0 200 98.502 95.50 61.50 77.123
20 0 100.12° 91.13 62.00 75.75%
20 100 105.22 79.37 61.37 74.42°
20 200 104.3 87.87 62.87 76.80%°
40 0 105.72 90.75 61.37 80.832
40 100 103.720 87.25 62.25 76.51%
40 200 99.00% 85.71 63.28 70.77°
ke bse oLzl 3.701 7.072 1.655 5.040
SEM
S (e g
P-Value
S K oyl 0.0781 0.2739 0.4118 0.0235
Pulicaria
lbege 0.9586 0.1286 0.2604 0.1923
Mummy
orbaga #3S (SS 0.0094 0.9394 0.9800 0.0963
Pulicaria*mummy

(P < o10) il o ine GOME] s S jiie p Gy b i o (sl Sla™
a® Means within same column with different superscripts differ (P < 0.05).

(B°) sl (g2 M S (SIGLES p s (585 (slo 3T cllad
bl cu e b lo ol culles e islo 51 ol
b oad 35 (50 )3 shawilgisel (VT g 5lha il igiaal
a8 Iy als sl jlew & cud aam ile g ologe
D (YY) oo Camd (608 sl |l calos oxims oLis
bosd 4385 dogr )3 ksl o] bl 3l cullad 4 5405
ool el b oS cdl ials sl b b awslie o 4 s e

Cov (b 55 ez (95 owesdl 5 (95 pU aBig e

Syl l o3l 93.28,5 )13 45 SS 0 las g alese 1o 556
b lasye ol (slam 31 51 il iginsl VT g jlyiulpgisel
g ol 1S )3 hadd i il ginel VT o 3l aiian 0S8 el
B caznlo 3 1S oMo oS Slia il gheel byl l a3
il Gl s 0 w90 cal clad 310 g2y e g 48
Ol (00 9 VF) crl oad cual Jlod 08 S b ol o
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Table 10- Effect of Pulicaria gnaphalodes and mummy on concentration of blood protein (mg / dL) and liver enzymes activity

(U/L) in broilers
@bl oYl O oresdll
31yl gisel 3 yinsl gl Protein Albumin
AST ALT
Sk 3 p)Seke) 25 S5 o las
ulicaria (mg/kg)
212.8 6.45 2.84 1.39
)0 201.2 6.15 2.85 1.40
)0 200.4 5.39 2.86 1.47
D2 e ke) lese 9
[ummy(mg/1)
215.9 7.36% 2.82 1.41
) 215.8 5.99:b 2.89 1.42
) 182.7° 4.64° 2.84 1.43
Sk Jline ozl 7.532 0.521 0.107 0.054
M
5SS o)lac 5 2lege Jlite ]
lummy and Pulicaria Interatcion
[ummy Pulicaria
0 232.1° 8.37 2.65 1.34
100 186.82 7.71 2.90 1.41
200 228.8 % 6.00 2.90 1.49
) 0 233.5% 5.86 2.99 1.40
) 100 220.2% 6.25 2.90 1.44
) 200 193.5% 5.87 2.80 1.41
) 0 172.6° 5.13 2.89 1.42
) 100 196.5% 4.50 2.76 1.35
) 200 178.8° 4.28 2.89 1.50
Sl jlimo oLzl 13.04 0.903 0.186 0.094
M
o (e o
-Value
5SS oylas 0.4347 0.3247 0.9905 0.5413
ilicaria
Loge 0.0028 0.0021 0.8700 0.9862
ummy
Loge #3S SS 0.0208 0.7282 0.7352 0.8414
ilicaria*mummy

(P < e/40) sl e I ine BT sl Syitie pE By b gt b slapSola®P
a5 Means within same column with different superscripts differ (P < 0.05).
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Introduction Mummies are the brown or black hydrocarbon that are produced deep layers of earth or mountain
and contain a significant percentage of benzoic acid, humic acid, and folic acid, fatty acids, inulin, and resins. The
mummy probably reduces the acidity of the digestive content and increases the activity of its microbial acid-loving
population, and ultimately increases the digestibility of nutrients (protein and fat) and improves body weight gain. On
the other hand, pulicariap gnaphalodes is an herbaceous, perennial, with straight stems, dense leaves and hazelnut
fruit. The pulicariap gnaphalodes store energy in the form of fructan and inulin. The most active component of it is
8, l-cinnamol (22.93%), alpha pinene (8.13%), amorphous-9, 4DN-2-L (8.36%), myrtenol (7.24%). Percent).
Quercetin and its derivatives are the main flavonoids in pulicariap gnaphalodes. Inulin plays a prebiotic role in poultry
diets and improves the intestinal environment. Improving the intestinal environment increases the immune response
and growth performance. The strong antibacterial properties of Pulicaria gnaphalodes due to its polyphenolic
compounds, especially quercetin, has the ability to neutralize free radicals and reduce feed conversion ratio. Therefore,
this study was carried out to investigate the effect of Pulicaria gnaphalodes extract and mummy on growth
performance, blood biochemical indices, immune system and jejunal morphology of broiler chickens.

Materials and Methods A total of 360 one-day-old Ross 308 chicks was used in 9 treatments (three levels of
PULICARIA GNAPHALODES extract (PGE) (0, 100, and 200 mg/kg) and three levels of mummy (0, 20 and 40
mg/L). 3 replicates, and 10 birds. The experiment was done in a completely randomized design with 3 x 3 factorial
design. The growth performance indices were recorded at the end of each period of starter (1-10 days), grower (11-24
days), finisher (25-42 days). At the end of the experiment, two birds from each replicate were slaughtered to study the
relative weight of the carcass components. The blood of two birds of each replicate were gathered, then the sera were
extracted and freezed at -20 °C at 42 days. To study the jejunal morphology, a slice of 1 cm from the midpoint of
jejunum from each slaughtered birds were separated, then it was placed in formalin until send laboratory. The
statistical analyses were done with SAS software with GLM procedure. The Tukey test was used to compare average
treatments.

Results and Discussion The results showed that growth performance traits including feed intake, body weight
gain and feed conversion ratio did not affect by the interaction effects of mummy powder and PGE, except for body
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weight gain index and feed conversion ratio that was affected at the finisher period. The highest weight gain was
observed in broilers fed 20 mg of mummy + 200 mg of PGE compared to the control group. Mummies contain a
significant percentage of benzoic acid, humic acid, and folic acid, fatty acids, inulin, and resins. The mummy probably
reduces the acidity of the digestive content and increases the activity of its microbial acid-loving population, and
ultimately increases the digestibility of nutrients (protein and fat) and improves body weight gain. The PGE also is an
energy source in the form of inulin, inulin plays a prebiotic role in poultry diets and improves the intestinal
environment. Improving the intestinal environment increases the immune response and growth performance. Due to
its polyphenolic compounds, especially quercetin, PGE has the ability to neutralize free radicals and reduce feed
conversion ratio. The mummy compares to control significantly increased carcass weight and breast relative weight
(P <0.05). Both experimental dietary treatments significantly increased liver, bile, heart, spleen and relative weight
bursa (P <0.05). The interaction of PGE and mummy increased the antibody titer against SRBC and immunoglobin
M and G compared to control (P <0.05). Increasing the relative weight gain of lymphoid organs is a sign of the
development of the immune system. Pandey et al. (28) have reported that quercetin supplementation in poultry feed
increases the relative weight of Fabricius and Thymus. The interaction effect of PGE and mummy powder at the level
0f 40 mummy and 100 extracts improved the relative weight of lymphatic organs and antibody titer against SRBC. In
this study, no significant alterations were observed in the concentration of blood protein, triglyceride, and high-density
lipoprotein of broilers fed different dietary treatments. The birds fed 40 mummy and 200 PGE caused a decrease in
LDL concentration, cholesterol, and aspartate aminotransferase activity compared to control (P <0.05). Phenolic
compounds in herbal extracts reduce blood cholesterol by lowering the activity of key enzyme-regulating cholesterol-
building enzymes (3- hydroxy-3-methylglutaryl coenzyme A) HMG-CoA liver reeducates.

Conclusion These findings showed that the addition of mummy and PGE at 20 mg/1 of water and 200 mg/kg of
feed together respectively in the diet may improve growth performance, reduce abdominal fat and blood lipids and

liver enzyme activity in broiler chickens.

Keywords: Alanine aminotransferase, Antibody titer, Performance index, Triglyceride, Villus Height.
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Calculated analysis

Metabolizable energy (Kcal/kg)
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Crude protein (%)
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Calcium (%)
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Available phosphorus (%)
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Methionine (%)
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"Unprocessed and processed corn at temperatures 55, 70 and 85 °C for 150 s with or without Rovabio® enzyme

supplement were used to prepare 8 diets to determine the effect of corn thermal processing and enzyme

supplementation on metabolizable energy and nutrient utilization.

2 Unprocessed and processed corn at temperatures 55, 70 and 85 °C for 150 s with or without Rovabio® enzyme
supplement were used to prepare 8 experimental diets in starter and grower periods.

3 Supplied per kg of diet: vitamin A as acetate, 8800 IU; Cholecalciferol, 2500 IU; vitamin E (as dl-o. tocopherol) 80

1U, vitamin K3, 2.2 mg; Vitamin B2, 0.01 mg, Thiamine, 1.5 mg; Riboflavin, 4 mg; Niacin 35 mg, Folic acid 0.5 mg;

Biotin, 0.15 mg; Pyridoxine 2.5 mg; Pantothenate, 8 mg; Choline chloride, 50 mg; Betaine 190 mg; Zinc, 65 mg;

Magnesium, 75 mg; Selenium, 0.2 mg; lodide, 0.9 mg; Copper, 6 mg; Iron, 75 mg.

4 Dietary cation-anion balance.
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Table 2- Effect of corn thermal processing and enzyme supplementation on apparent metabolizable energy, apparent

digestibility of crude protein and dry matter in broiler chicks on 3 -9d

. e . PR YATIE ) Sas oole
b )las (PSS 1 sJE5kS) o,oll pudglio LB (55 e IR ") °
T . B Crude protein Dry matter
reatments Apparent metabolizable energy (Kcalxkg™) (%) (%)
ol Iyl
Main effects
o>
Temperature!
245 59l 2 3052.80 56.80 79.30°
Unprocessed
55 ¢ 3057.70 55.00 77.20%°
70 °¢ 3133.70 58.70 78.10°
85 °¢ 3061.90 55.90 75.40°
SEM 28.40 0.015 0.008
T 5]
Enzyme?
- 3093.80 57.80 77.70
+ 3059.30 55.50 77.30
SEM 20.08 0.01 0.006
e gl
Interaction effects
o x _
) (e
S99
Enzyme .
< Processing
; o5 59l 2 3048.80 56.50 79.30
Unprocessed
55 °C 3073.60 56.60 77.50
70 °¢ 3176.20 60.40 78.30
85 °C 3076.40 57.60 75.80
+ oM (5913 3056.70 57.10 79.20
Unprocessed
55 °C 3041.80 53.50 77.00
70 °¢ 3091.10 57.10 77.90
85 °C 3047.40 54.10 74.90
SEM 40.16 0.021 0.012
Jlss! maw Probabilities, P<
Solb 0.15 0.38 0.03
Processing
! 0.23 0.14 0.60
Enzyme
w3l X 9,3 0.71 0.76 0.98

Processing X Enzyme

"Unprocessed corn and processed corn at temperatures 55, 70 and 85 °C for 150 s.
ZRovabio® enzyme was provided from Adisseo company (France) and supplemented at the rate of 0.50 gxkg-1 diet.
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Table 3- Effect of corn thermal processing and enzyme supplementation on the body weight (g), weight gain (g/bird), feed
intake (g/bird) and feed to gain ratio (g feed/g gain) of broiler (1-10 day)’

o )los oM s Ojs ol Shgs G ypae s oy
Treatments Body weight Weight gain Feed intake Feed per unit gain
ol eyl
Main effects
los
Temperature?
o5 5918 249.78 21.04 22.38 1.08®
Unprocessed
55 °C 249.77 21.01 22.29 1.05°
70 °¢ 246.72 20.76 22.12 1.07°
85 °C 245.48 20.58 21.11 L.112
SEM 3.45 0.33 0.60 0.012
T3]
Enzyme®
- 244.56 20.52 21.59 1.09
+ 251.32 21.18 22.33 1.07
SEM 2.44 0.23 0.42 0.008
iz el
Interaction effects
o5 Sl
Enzyme x Processing
i o3 (5918 255.83 21.65° 21.95 1.07
Unprocessed
55 °C 246.75% 20.74%0 22.53 1.06
70 °€ 238.19% 19.90° 21.30 1.10
85 °C 237.45% 19.78% 20.61 1.14
+ oI5 (6913 243,77 20.432° 22.72 1.09
Unprocessed
55 °C 252.78 21.28° 22.05 1.04
70 °¢ 255.25° 21.61* 22.95
1.04
85 °C 253.522 21.38° 21.62 1.09
SEM 4.88 0.47 0.85 0.017
Jkis! s Probabilities, P<
9 0.754 0.746 0.449 0.006
Processing
w5
0.057 0.058 0.229 0.070
Enzyme
X sl 2 0.016 0.013 0.656 0.131

Processing X Enzyme

(P < f40) sisl e o ime VST (gl)ls aliiepd By (sl (laySibie oyt ya 220
(LS5 0 5 0 W) ol LS55 ke o0 ol yyolie §) plas 50!

At N0 e 4y 35 ke 45 )3 AD g Ve DO (slod j3 k3 (gy9l,8 ) g ok (gl b Y
A B St 5 3 S o8 ol & 5 15 45 (4 5) st 855 ] ey wosT

3> Means within the column with different superscripts differ (P < 0.05).

'Each value represents the mean of six replicates (12 birds per replicate).

2Unprocessed corn and processed corn at temperatures 55, 70 and 85 °C for 150 s.

3Rovabio® enzyme was provided from Adisseo company (France) and supplemented at the rate of 0.50 gxkg-1 diet.
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Table 4- Effect of corn thermal processing and enzyme supplementation on the body weight (g), weight gain (g/bird), feed intake
(g/bird) and feed to gain ratio (g feed/g gain) of broilers (11-24 day)!

b )los )] Ojs ol Shes Spas bas cape
Treatments Body weight Weight gain Feed intake Feed per unit gain
ol el
Main effects
"los
Temperature?
oM 3l% 952.43 50.21 72.23 1.55
Unprocessed
55°C 945.85 49.71 76.58 1.70
70 °€ 95437 50.52 75.74 1.67
85 o€ 954.33 50.63 73.12 1.66
SEM 19.730 1.370 1.920 0.051
T3]
Enzyme?
- 943.77 49.95 73.10 1.64
+ 959.72 50.59 75.74 1.64
SEM 13.95 0.970 1.350 0.036
e el gl
Interaction effects
w5 ol
Enzyme x Processing
- o5 59l B 943.56 49.12 70.64 1.566
Unprocessed
55 °C 973.48 51.91 77.13 1.696
70 °€ 933.47 49.66 72.77 1.618
85 °¢ 924.57 49.08 71.84 1.688
+ o5 ol 961.30 51.25 73.83 1.526
Unprocessed
55 °C 918.21 47.52 76.03 1.698
70 °€ 975.25 51.43 78.72 1.526
85 °C 984.09 52.18 74.39 1.715
SEM 27.91 1.94 2.71 1.072
Jlss! zaw Probabilities, P<
@ # 0.988 0.965 0.335 0.220
Processing
o 0.420 0.648 0.176 0.991
Enzyme
X sl 2 0.196 0.222 0.639 0.715

Processing X Enzyme

1555 5 53 03y W) Gl S5 5 3Sko 05 3y ppolie § pliS o
At V0 ke dy 3,3 5l 43 )3 AD g Ve DO (slod j3 k3 (gy9l,8 ) g o (59l b Y
8 8L S 5 3 SRS 08 ol & 5 15 45 (4 3) st 855 § ey wosT
'Each value represents the mean of six replicates (12 birds per replicate).
2Unprocessed corn and processed corn at temperatures 55, 70 and 85 °C for 150 s.
3Rovabio® enzyme was provided from Adisseo company (France) and supplemented at the rate of 0.50 gxkg-1 diet.




Voo 3l ¥ ooylods IY ol )l old pole Gleldgfy oy Yvy

Bt 5 S b dliio g pl Oy oty @y 9 )5 89y 3 (—tile]]
CailB dguny el Wilgi o SThed 45y a5 Wdges sl liie iy jgody
5P 5L sk (V0] (il 5 giygm e 23,5 (glia dlge w2 &
Load (gysl 3L oS (2 o5 gladass 3]y ol pudglio L6
ly 23,8 Gy me pld )3 a8 SlasT a i ) Bdgs 00 4305 b
S sl & Wogei plsie lhime cul coriman 3905 G5
L g 03505 Jsbxo Iy eyl y dgg0 il w on 5l =3 Cwl OSen
g odd Loyiwd b oy (ol bl 5 end canl 3Sen a8 (gjludlj]
6y50d Ltalel 13305 53 6l padalio LB (650 Ltulsél el
Al o 55 el clod 5l Cou At Lis oot mean culls
oS s 0y 5 535l csles L Jy 1,55 8 b
Uil cel el (Sen () 0ai (gy9l 3 STyos i o8 sl
(W) o hSed g (555065 aslllas gulis 33,5 byl (55 )0 a2 cullB
oosil] o Culls o ol Lt STyg8 gyl Ciliso (gl g, L
e ol Y5k oloj b syslp (B) 3 sl slased 5 052
Olal3dl 90,0 yuSTy cleay 03] g i (o Culps il
9 M Wiy sl o Ly i o 58 cle 4 g Cunl 4 j9Shyg
alS (s > BB (5l palie LS 5 g () g sl L3 W
&5 018,55 )13 b o las] s, ls anlllas ;5 ()) 1l o
ol YL pad cubld 4 ] By e bl ) pudglio LB
5 andl a8 slool Ll psm ol )3 ()l xe Cglds arusly b 3
OSes 63l f Jsbo o b Jlosl &l 4y dn g b Sts ol pogas
ABL yge Sis odle puan Culil 4y wbL atuwsly 5yl e cpl ol
B 531 Gl )b ine 3l il sl aalllas > IS sy
St 5 o3l s 2 Cllh 5 S in s s & CllB g ynlls pan doslio
o Sopile wisSzud ialosl opl 3 a5 Sl auy e yas 4 el
ol 1y 05 ot il w‘ﬁ.\)\/b‘ Wi 4 S s s w3l el
ooy Ylain| a5 568 o dloitiy imgs oyl 5 ol Cuwddy ol ams
o U 0395 o Lo )3 jliblos 53y joliate &y aulllas oyl )3 (g9l 13
JoSoolyar 4 ) L5)5’l)é Jlie 51095 0> mas Culils (21381 &,
Sl 5 P By i Sl g palls pudulio LB (5550 2 sor5]
o odalin ¥ Jodo 3 aS jablon g Hb me <)) Sis 0dle puan
9 Shed Syman i) 0jg LIB (h g 2 Pl JeSo Sl 09
Dg0 y0 gxe (Sigy Vo U0y 0 plie bas oyl

VEC S STyss gl slod Gl3al L azdl 3 () oliSen g )1y
oS3y YV B YAy 53 i claango 2,35 5 4°C
e g g anlllas 13 3,8 Ly Gil331 ¥/-F @ V/A8 5l Llie Jous
S 1 6P ixe 33U (59048 slaled calises gola s I plaSoua (1Y)
Db cillas yimeh cpl i b oS i sl plie bas coy s
3 s Shs Cunl (Kon YU it ol b S5 (slpal (ol
Slajey o 1) bsS sladngx L by s Slos 5 (gidae dlge pidt Culld
YY) sy il58l (Sws el

S bel 3alla]

b 53k MolS oy b B 53 igi——y ol 5l ol Cudey s
Jie a5y SAS, 9.1 o)L — sl Jlsble 3 5l ool sl Loy 5516 3,
slp odls (Y0) aiz5,8 )15 (g bl 456 3)90 (GLM) (coges Jos
Jize Sl g ol JoSo g odlirwl 550 caliso )b Lol el gl
il @ bgrye sloSibe 4850 JIUT oo 3T JoSa x )3 (591,
aulio (P<o/20) Jlaxsl pdaw 13 5SSl (gltels win yg0] Lawgs Lol
Cawl Y dayly o0l 4 b d)LA] e a0 5
Yij=p +ai+Bjtofij+eix () dad,

P10 cnsly 5:S3ke = [ cosaliin o jlade =Y lasly pl )
Sloslit il pas b ool ) sar 3l JoSo = P i 55l 8 @5
= Eiik ool JoSo x 003 (6598 3 bilize B =( AP) § owe ]
_\M:Lvu,o odalie ya quo)’l slbs

G g bl

BB 5 2 il JoSo 5 @3 6yl ciliseo gla Lo 36
PGS gdrgr )> Sid o3l g el (159 5 plb i plic
Aol JoSo g )l gl ol os Soals L85 Y Sy
O3 pmad el g (0l pdgilic LB (6550 )l 2 (g5l ine
2l me PILE Sl am )3 Ve 500 clod )5 (gy9l ) o 15 pl
3,5 ke 4o )3 AD (clod ;5 (650l 13 Lot 135 (Stis o3lo s il
Sl JoSo (P<+/20) sl gals 1) o sl jla b lbo p
G ze Jlie Bl g b 16 Sl 3 00lo pd & CublB p g)ld Sixe
(sl o dglio LB (6551 e o or 3T JoSa 9,5 (53908
At oanlite &3 (K25 odlo g plS (puliayy i

is GRIB (p)S) o s 2 el JeSe 5 05 gl 3 5l
p55) Shod has cuyms 5 (080/p)5) Shgd Sy—ae foin/p)5)
Sin WV o 2 GRS slaeeg (0 U1l PSSy Spas
% 039 2 ol sl b sl o1 b ooy oL ¥ gt
Span g alis) Ojg ORIBl 9 (Sier V0 U Su g )3 (1365 ladrg>
Slroye Lodd 4is (Buy olie has cops g0 )b xe Shes
b e yoboay 5, Blus o> AD (sl ;3 005 (6 91,8 ©yd (gol>
3 od 5 (6y9l 8 elbyd gl oy oaiS el 3 slads gy 5 i i
o b (g)b pime olds dgng (pl b g 55 il dnj Ve 500 (slod
Gl g g dals

Ve O > O 09 ey JeSe 5 @5 gl 8 iz )
(5390 V=V+) 23leT 093 3 il &ilig) 139 Gl 5 o 2 (S,
b 2 )3 &lis) ojs Il g o s (P <o 100) 35 o gine
O3B 53l sled & (Jloj sar 3l JaSo (igr sl b o 4y
3l el JoSo &S olaoys jd Jg 8ol L5 gals wdl
5 Shys o L bl s Blite ol s stalio el oyl uSey
5 o3l Loy JoSo )b 6)9l,8 Bl gy 2lie s gy
0393 5 (F Jg2) (S39) VE B\ ) 0 ,Shes (6,8 gl Blizo 3l
2 (V) ohlSen g gollgll-ll3iS s 15 (0 Jgaz) (Sis) YF U S



Voo 3l ¥ ooylods IY ol )l old pole Gleldgfy oy YYA

P51 Shgs p.5) Jass card 5 (s2/p 5) Slygs Spao (oinlp 5) g SR {p.5) ok 1js 2 el JaSo 5 03 (ol 39l 8T -0 Jgaa
'S0 VY G 50 (13 slaeeg (09
Table 5-Effect of corn thermal processing and enzyme supplementation on the body weight (g), weight gain
(g/bird), feed intake (g/bird) and feed to gain ratio (g feed/g gain) of broilers (1-24 day)!

Ll OGN 09 Oi9 ol Shgs B pae b cops
Treatrr;ents Body weight ~ Weight gain  Feed intake ~ Feed per unit gain
ol ol
Main effects
os
Temperature?
B g2 38.04 51.42 1.45
Unprocessed
55°¢ 37.75 53.74 1.56
70 °¢ 38.13 52.98 1.49
85 °C 38.11 51.16 1.52
SEM 0.82 1.22 0.04
"5
Enzyme?
- 37.68 51.54 1.49
+ 38.34 53.11 1.52
SEM 0.58 0.86 0.03
e <l
Interaction effects
o Sl
Enzyme x Processing
. gl 37.67 50.24 1.43
Unprocessed
55°¢ 38.92 54.39 1.53
70 °¢ 37.26 51.26 1.46
85 °C 36.87 50.29 1.54
- gl 38.41 52.60 1.47
Unprocessed
55°¢ 36.59 53.10 1.59
70 °¢ 39.00 54.71 1.53
85 °C 39.35 52.04 1.49
SEM 1.16 1.73 0.06
Jlzs! #as Probabilities, P<
i
97 0.98 0.39 0.36
Processing
S 0.42 0.20 0.53
Enzyme
w1 0 0.19 0.56 0.73

Processing X Enzyme

(LS5 8 3 0k W) ol S5 5 (0o 005 ol polis 1 phS o
Al V0 e 4 3T Blo a3 AD g Ve DD slod ) ok (59l B OS5 oS (g9l B )Y
038 Lol S (50 S9S m i 4 9 45 g (4dl8) ghand] 555 3l gy 5T
'Each value represents the mean of six replicates (12 birds per replicate).
2Unprocessed corn and processed corn at temperatures 55, 70 and 85 °C for 150 s.
SRovabio® enzyme was provided from Adisseo company (France) and supplemented at the rate of 0.50 gxkg-1 diet.
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Table 7-Effect of corn thermal processing and enzyme supplementation on gut morphology of broiler chickens at 24 day of age'

ok5j (i i 4oy 039, - o
% of live weight P T I
; (ol et (el psle)
)los odae Lyl RITCon pgidgid o955 poib] g’ il 1 Duodenu  Jejunu (¥
Treatments Proventricul ~ Gizzar  duodenu  Jejunu  Ileu i tr:;atin m m Ileum
us d m m m e (m) (cm) (cm) (cm)
o el
Main
effects
o>
Temperatur
ez
S8 d)si)é
Unprocesse 0.62 201 1.05 170 125 19081 3150  76.68  82.62
d
55 oC 0.61 2.14 1.01 183 129 19506  33.81  80.12 8112
70 °C 0.60 213 1.00 182 126 18806 3593 7537  76.75
85 °C 0.59 227 1.04 173 128 18362 3175  73.68 78.18
SEM 0.044 0.076  0.045  0.074 0~904 5.77 2.92 215 239
"w3l
Enzyme?
: 0.61 2.16 1.02 180 132 18943  32.00  77.56  79.87
+ 0.61 2.12 1.03 173 122 18934 345 7537 79.46
SEM 0.031 0.054 0032  0.052 0'23 4.08 2.07 152 1.69
Jlize @l
Interaction effects
mpl % Sl
Enzyme x Processing
o 55158
; Unprocesse 0.69 2.14 1.00 170 130 19237 3162  77.00  83.75
d
55 o 0.56 221 1.06 197 136 20350 3587 8450  83.12
70 € 0.61 2.00 0.94 179 128 180.12  29.00 7475 7637
85 o 0.56 227 1.08 175 132 18175 3150 7400 7625
oL 59l 6
+ Unprocesse 0.55 1.87 1.10 170 120 18925 3137 7637 81.50
d
55 oc 0.67 2.07 0.97 169 122 18662 3175 7575  79.12
70 € 0.59 226 1.06 185 124 19600 4287 7600 77.12
85 o 0.62 227 1.00 170 123 18550  32.00 7337  80.12
SEM 0.063 010 0065  0.104 0'906 8.16 414 305 338
Jkss! mlaw Probabilities, P<
S 0.96 014 0830 0516 9B 0566 068 0214 0311
Processing 9
! 0.98 062 0801 0373 997 0987 0401 0320 0.866
Enzyme 0
w3l sl 0.24 010 0249 0411 91 0266 0174 0379 0669
Processing x Enzyme 1

555 32 3 03573 W) Canl 51,55 5 Sl i oy ypolio J pliS o)
A V0 ke dy 3,5 5l 45 )3 AD g Ve DO (slod j3 k3 (gy9l,8 ) g o (gl b Y
S L Shgs 5 pSAS 05 ol & 5 05 48 () e 558 5 sl 5T
"Each value represents the mean of six replicates.
2Unprocessed corn and processed corn at temperatures 55, 70 and 85 °C for 150 s.
3Rovabio® enzyme was provided from Adisseo company (France) and supplemented at the rate of 0.50 gxkg™! diet.
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Table 8-Effect of corn thermal processing and enzyme supplementation on jejunum histomorphology of broiler chickens

at 24 day of age'
o Lot (egSae) s €)1 (ogsSan) s it (o950 CnsS G S e 4 i i)
Treatments Villi height Villi width Crypt depth Villi width to Crypt depth
ypt dep
(pm) (pm) (pm)
ol il
Main effects
"los
Temperature?
o35 55l 3 733.50 155.75% 155.25¢ 4.78
Unprocessed
55°C 737.00 176.25% 174.50° 4.30%
70 °¢ 745.50 200.25° 166.75% 4,51
85 °C 767.16 161.50° 194.58* 3.94b
SEM 15.81 7.78 6.49 0.20
T3
Enzyme?
- 728.62° 164.25% 174.12 4.25
+ 762.95° 182.62° 171.41 4.51
SEM 11.18 5.50 4.59 0.141
iz I
Interaction effects
X gl
Enzyme x  Processing
) ot gyl 6 192.37 31.62 77.00 83.75
Unprocessed
55°¢ 203.50 35.87 84.50 83.12
70 °¢ 180.12 29.00 74.75 76.37
85 °C 181.75 31.50 74.00 76.25
+ 003 69l 8 189.25 31.37 76.37 81.50
Unprocessed
55 °C 186.62 31.75 75.75 79.12
70 °€ 196.00 42.87 76.00 77.12
85 °C 185.50 32.00 73.37 80.12
SEM 8.16 4.14 3.048 3.38
Jlss! law Probabilities, P<
‘5’5‘”1 0.566 0.686 0.214 0.311
Processing
2 0.987 0.401 0.320 0.866
Enzyme
w#! g b 0.266 0.174 0.379 0.669

Processing X Enzyme

€

(P < e10) sisle o sime M s lieyd gy (sl (slapSibe (gt a 2P
(555 58 93 0353 V) Conl 51,558 (3 Kiln s ol oo ) pliS o)

At V0 ke dy 3,5 ke 43 )3 AD g Ve DO (slod j3 ks (gy90,8 ) g o (gl b Y
38 Bl STy 55 )3 9S8 e 42 g 25 8 (4l B) tund) S5 5l sl 3T

abe Means within the column with different superscripts differ (P < 0.05).

'Each value represents the mean of six replicates.

2Unprocessed corn and processed corn at temperatures 55, 70 and 85 °C for 150 s.

3Rovabio® enzyme was provided from Adisseo company (France) and supplemented at the rate of 0.50 gxkg™! diet.
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Table 9-Effect of corn thermal processing and enzyme supplementation on microbial count (LogioCFU/g) of ileum
contents in broiler chickens at 24 day of age'

2 )lo b el sy oS gy po2sk yuoglS Y-yl Hgollus
Treatments Lactobacillus Bifidobacterium Clostridium Escherichia Coli Salmonella
ol el
Main effects
"los
Temperature?
o35 ygl b 4.73 6.44 5.19 1.57 15 c8UND
Unprocessed
55 °C 4.69 6.93% 5.23 1.52 55 el ND
70 °¢ 4.73 7.07° 5.59 1.76 i cdl ND
85 °C 4.58 6.40° 5.21 1.52 A5 csb ND
SEM 0.282 0.192 0.249 0.103 -
"o 5l
Enzyme?
- 6.48° 5.20 1.69 4.71 55 el ND
+ 6.93? 5.41 1.50 4.66 i cdl ND
SEM 0.135 0.176 0.072 0.199
e el gl
Interaction effects
w3l o9l
Enzyme x Processing
- s 6)5")-5 6.19 4.97 1.55 4.61 55 el ND
Unprocessed
55 °C 6.54 493 1.60 4.58 A5 csb ND
70 °C 7.12 5.78 1.92 5.05 i cdl ND
85 °C 6.09 5.12 1.70 4.59 55 el ND
+ oM (50,8 6.69 5.40 1.60 4.85 15 o, ND
Unprocessed
55 € 7.32 5.54 1.45 4.80 i cdl ND
70 °C 7.01 5.39 1.60 441 i cdl ND
85 °C 6.71 5.30 1.35 4.58 i cdl ND
SEM 0.271 0.352 0.145 0.399
Jlss! lew Probabilities, P<
d)a")f’ 0.044 0.639 0.330 0.979
Processing
w ! 0.027 0.420 0.072 0.867
Enzyme
p,),l x 6)5])3 0.401 0.527 0.501 0.666

Processing X Enzyme

(P < /0) sl ine BB (gl aliayt B> (s (slaeSils gty 3P

(S5 1 9> 0kipg 1Y) ol 1S5 5 Silen 013 3y yolia J plaS 0
At V0 ke dy 35 ke 43 )3 AD g Ve DO (slod j3 k3 (gy9l,8 ) g ok (9l b )Y
3 LA S 5 5 o ol 5 35 4 () s 555 ey 5T

ab¢ Means within the column with different superscripts differ (P < 0.05).

'Each value represents the mean of six replicates.

2Unprocessed corn and processed corn at temperatures 55, 70 and 85 °C for 150 s.

3Rovabio® enzyme was provided from Adisseo company (France) and supplemented at the rate of 0.50 gxkg™ © diet.
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Introduction Corn is one of the most important cereals used for poultry feeding due to its high starch, available
energy and protein. Starch is an important source of energy in cereals and it is important to pay attention to its
availability. In the cell wall of the endosperm, cereal grains, contain some of the structural carbohydrates that are
soluble in the small intestine and have high molecular weight which may cause viscosity. Positive physical and
chemical changes by steam conditioning, include starch gelatinization, denaturation of digestive enzyme inhibitor
proteins, and cell wall breakage. Regardless of NSP content, some amounts of nutrients pass through the birds gut
without being digested in corn-soy diets. Supplementing broiler diets with exogenous enzymes to degrade NSP has
been a useful tool to release energy and nutrients, which can increase the value of low quality corn in poultry feeds
and improve growth performance.

Materials and Methods This project was conducted at the Poultry Research Center of Ferdowsi University of
Mashhad. A batch of corm grains was obtained from a commercial supplier and ground in a hammer mill to pass
through screen sizes of 3.0 and 5.0 mm for starter (1-10 d) and grower (11-24 d) periods, respectively.

First trial: Apparent metabolizable energy (AME) and digestibility of corn crude protein (CP) and dry matter (DM)
were determined in basal diets, which the corn was the sole source of ME and CP. Basal diets contained the
conditioned (at temperatures of 55, 70 and 85 °C) or unconditioned corn and was or was not supplemented with
enzyme (Rovabio®; Adisseo, France) at the amount of 0.5 g/kg diet. Total excreta collection was performed with 144
chicks in 8 treatments with 6 replicates and 3 birds each, during 7 to 9 days of age using battery cages. Excreta from
each replicate cage were collected early in the morning and in the evening. After removing feathers, feed residues,
and other contamination sources, excreta were air dried in an oven at 55 °C for 72 hours. Then the excreta were
weighed and homogenized, then a sample of approximately 30% of the excreta was randomly separated and kept at -
20 °C to further analysis. Then, dried excreta samples were ground in a micro-mill and submitted to the Animal
Nutrition Lab. Feed and excreta dry matter, gross energy, and nitrogen contents were determined.

Second trial: In second trial, 576 d-old broilers from Ross 308 strain with initial BW of 43 g, were fed with mash diets
containing conditioned corn which was or was not supplemented with enzyme, during starter (1-10 d) and grower (11-
24 d) periods. The experiment was done based on a completely randomized design with 4 x 2 factorial arrangement
of treatments evaluating four corn conditioning temperatures (unconditioned and conditioned at 55, 70 and 85 °C) and
two enzyme (Rovabio®; Adisseo, France) levels (0 and 0.5 g/kg diet). chicks were assigned under eight treatments
with 6 floor pen replicates. Each floor pen of 1.2 X 1 x 0.8 m (L x W x H) included 12 chicks (6 male and 6 female,
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equally for all replicates). Floor pens were covered with 1.5 Kg/m2 of wood shavings. Four of eight experimental
diets were supplemented with 0.5 g/kg of a multiple enzyme complex composed of cellulases, 6400 unit; B-glucanase,
2000 unit and Xylanase 22000 unit per gram (Rovabio®; Adisseo, France). Corn-soy-based diets were formulated to
meet the Ross 308 strain recommendations for major nutrients for starter and grower phases. Feed and water were
supplied for ad libitum consumption throughout the trial with a tube feeder and two nipple drinkers in each floor pen.
House temperature was initially set at 32 °C on day one and was decreased linearly by 0.5 °C per d to a temperature of
21 °C. During the experiment, the lighting program consisted of 23L:1D. A completely randomized design with 4x2
factorial arrangement was used in the both trials. Main factors were included corn conditioning temperatures
(unconditioned and conditioned at 55, 70 and 85 °C) and two enzyme levels (0 and 0.5 g/kg diet). The data were
analyzed using generalized linear model (GLM) procedure, SAS software (9.4) and the differences between them was
tested by Duncan's test (P < 0.05).

Results and Discussion Conditioning and enzyme supplementation had no significant effects on AME and CP
digestibility. Conditioning at 80 °C decreased DM digestibility of corn in comparison to control group (P<0.05).
Enzyme had no significant effect on DM digestibility. In second trial, there were no significant differences in
productive performance among treatments during 11-24 d and the accumulated period (1 to 24 d). Feed conversion
ratio (FCR) of the birds fed diets containing conditioned corn at 85 °C was significantly more than that of 55 and 70
°C diets during 1-10 d; although it was not significantly different with control group. Neither corn conditioning nor
enzyme supplementation had significant effect on carcass characteristics, and small intestine segments length and
weight at 24 d. Enzyme supplementation significantly increased villi height and width at 24 d (P < 0.05). Corn
conditioning significantly increased villi width and crypt depth but decreased villi width to crypt depth ratio.
Bifidobacteria, E. coli and clostridia population in the ileal contents were not affected by corn conditioning and
enzyme supplementation. Lactobacillus population was increased by enzyme addition and also by corn conditioning
at temperature 70 °C in compare to control group. These results are in agreement with those reported by Gonza'lez-
Alvarado et al. (2007) who reported no significant differences in growth performance of broiler chicks fed heat treated
corn-based diets. However, negative effect of higher pelleting temperatures on the WG of birds fed corn-based diets
have also been reported. They showed that pelleting a corn—soybean meal diet at 65 °C resulted in higher weight gain
compared to the basal mash diet and diets pelleted at 75 and 85 °C.

Conclusion In general, corn conditioning and enzyme supplementation did not improve growth performance and
nutrient utilization but improved gut histomorphology and microbial status.

Key words: Broiler, Corn Conditioning, Jejunum, Microbial count, Performance.
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