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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)
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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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Crude protein (%)

(220) P 22

Crude fat (%)
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Calcium (%)
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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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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).

s w0000, Clgng (ialS caw 15y (g5l sl oy 2 dw i dgng ialS g 15, LB pns duw ) ooyl 4 plpls



VFeo 3mb ¥ ooylods AW wl ol l oolo pgle gleingly a p2VYA

9 0f9) @lie Jl phS s Bra o cleSls o5 K055 plow Has
B puno g Cuwl 0395 pols dalllas )3 ((laeSs 1058 Cuvlio adigy
@ SlueSd o35 p |y e b St 3 bl Gle jen

ool 4zl ol jon

Ay ogdle @i g bgw 19y Bpas w3 oo Ll pola (gl
15 ) oy slatn ] IS o Mg LtnlS el o ol iz
S 2 (3 8 S Bkl Ll g S oo daSd Lo
Slooby J13 15U cod |y e 9wl dnd I 50 58 G sladw |
il 14558 ol (SlueSS 035 3)90 3 (lgioe 40 M 5k

olitle )l e (SladllusS (SlaaSs puddglio sy haleil sloless 51— € Jg
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.
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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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Imani Moghadam, H., S. Ghasemi, S. Sobhanirad, and M. Behgar. 2021. Different levels of clove and savory essences on
fermentative parameters in gas production technique and their antimicrobial effects on Peptostreptococcus anaerobius
bacteria isolated from rumen. Iranian Journal of Animal Science Research 13(3): 335-349.

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
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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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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).
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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.



Iranian Journal of Animal Science Research ol pl ools pole Slebgyy ) yi
Vol. 13, No. 3, Fall 2021, p. 369-388 A FFA-TAA .o OF e 5l o ojladd Y alr

25— ke s
5 b slaesr 53 OF 31y il glales 53 b (55505 D3 ped i BB (5551 s
0393 33 Fb S Sz SKx S 0355 S50 5 My 3 Shes  oon 5T JoSa D s
ESTTARAL

Ybuf r.»Lw‘,.‘J gvf.).fu S = 5%"6;\."] > o] g\dj‘,.q.g s
\YAN V/Y S :g;éli).} 'Ci)U

P ol plg st (clales p3 00 (69113 ©yd padgplio BB (65501 cpus VFe v WS g cpdio ¢y g« 93b] s L p (59005
b psle slodmagy (S V= V¥ 0)90 3 (555 sladrsr SasS 03g) (Sidshyge 5 b 3,Shes el JuSo g g b slao
XEAYM (PN ol

2>

O 5 S5 are il oS by oy S4B (g e el 5 6 p b muddgilie LB (6551 c0)d s o3le (g (e jslaied;
LVaid gyolaen Loey 4 Jol Linlojl g con 3l JoKo (yads 9 b ot g (4l 10+ otods AD°Cy Ve D (slalod y3) oas (59,8 )3
odlo a2 Cobls ADC &y a3 V€ 5 )y (gy9l 8 s plosl (S50, Y=y 3 VoA Ll g (5 oS dmgn axkad VY slas lonlin |
o3litl Loy p,S9lS 13 .5 10 5 sho s oy ool JoSo 5 o9l 8 laled Aepgd talofl 53 ddsy dge s fosine ysboa |y Sits
aalllas )55 1 55 0y dead Y 4,15 5 L YRE Ly )siS15 &y oy 30louas WolS gyl I 5 Sjgy \-VF i sSmgn daad VS sl ]
Sl g byl il cov (00,Slas lice L Lol 313 3900 (6513 sine yobots (59, V-V oy 3 |y STy ol ey &3 (59l
5SS (3o 0 it b0 dgut el )5 (6 ygl b anallig) (i (g Yo siae LS ol il (109381 .28,55 11,5 o] lite
JoSo 5 3918 585 o6 o bgiS Y Cpma 01 29100 (600520 ysbts ) s sl 5 €65 3] (99581 A5 S S Bos & g 6] G
8l e 31 g o251 (5518 8l o potbl lgiza 13 porty i alS g (V58 Lty il iSThginds s (s (513 shme S92 o0 1
g 1Bl ady 3,8kas gl gine §1 s cladrsz g il 09381 5 €50 () gl ptileil nl @l 4 g b e 8
WS dgc ) SagS 039 (2950 15l 9 peiS5 (elibl slapadls

il sl yShes oy o nBS dnsn ey 1S sW03lg

0P 9 O 2 4SS L el A5 laasiis &S oud el (050 dosfo
0)194.27 90392 39> 90 sl dss dbbui‘,” £l 9 gu—al JLis a
o caw |y (Shed dlgo 5l g xSl oolitwl Wlgzy a8 (6o
P S1yg8 (5y9l % cilises (oSS (8IS 4 S oo g

9 &) Sla> Oign 0299 walp lp gl S (Rl

(Email:hassanabadi@um.ac.ir gfmo 0 Ximr g =) oSy (g 5ygli S oSl (ool pole 09,5 ¢ygab T (658> (gommiiily —)
DOI:10.22067/ijasr.v13i3.83851 Ol Ao guiio g3,
Wb Mgl (g 93,8 ol o6yl 0SS (old pole 09,5 ylabiw] =Y

Oyl

o



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

910 b anlio )3 (VA) Conl bL3,1 )3 oy g atwlis 9 uigp
il osllasl il Wl o YU glod b (2ocs)lis ¢ Jolsie ylis b
g Sap ole din YV 5 YY) 55 caely |y 3, Mo STy Lo
oS Wi e Gl 3)Sles 5 e dgilio BB (G55l 2 plbond
sl s e 0Sg el (A) il (v g iy joSing ol
(VY5 V) adlioe 0150 29290 (12 9 Slatolti
O g odes laySal) 5l S laieay e i (g6l 8
HB (551 o gasia (sia dlge e i)l o9t g md
3218 ol (V) ol e s (sl a5 Al (o glie
i) S Ltin b lacsTyd claiss s Jolgs o 55 L
CablB 5y g oS> (V7) 3200 YL 1) (g 9 5551 210
Sglize closle; g Wales 5l (lasals b STy caliseo (glinl (5,91,
Jb 0 olpl jebs 5 pb STygs wlowsls )i 51 Sy 0 a8 Db )
@ oS oo hyep slaasly )3 cygl 8 3l o ol b ol o3lizal
b dlge lgi o Ml ey STed jleslawl 4 (Ll Jdo ja
Sl ) M ) i 5y90 2 9 030 o 1) Wigallo 5 sl i
beow x99 (Splio slaeslon £9d Blge )3 (piman . b
sV 508 i &1 (I8 o0 03 5518 e (13505 ol
g onl Pl | Bam e S (Splie jLis ialS g 0y
09 9L e S 3 )5 6yl il slales Sl aalllas
2ol el fly &3 o dsilio BB (65 ol oo
3sage by 5 el sloojgd )3 (bS sladrsr 5 Skes
92 539y V¥ v 53 poihl (p9)5ee Cumex 5 P93

L9, 9 390
olsle 3T yo ouldil a9 slada ga 9 as T oyl dugs
ki )y 98 5 (gl ok nl 53 0ad odliiul )
b g > Shd g <S58 3 eadal 0 5 Yl g
bl Tl oy (ixie Spd 3 @l g9 5 oo |5 by
2 Fm 0 g e VAL o (wly oS VB) oo el Ver )a8
w9 by olpl bl eS8 calw 4 FY L aid
S 188 s s (90 olass ys bl 008 Gl | (g 20 oo
S il Ol 95 ol o (Sig 5l ygd WA=+ 5 ygd Yoo
3 5l Cond S 0035 s (Slune Consd jloz 4 0 O]
S GBI b e 0> B s g (S gl g
Sady S 4,50 b Gyl )9l (0 pme > pda IS g
5| i l8 oplaid S )13 AMC g Ve DO (slales j> 45l VO-
b ol ol €858 cdlo g osal jlod 4 bnyidip il byt Juus

Cus bl &S Caw | ol g, 5l B0 iyl ledlatw T jauds o
JolSS il 03505 o3liul STygd (559080 il o o 5l i
Oglite iz Sloj sbvojl ) (BN 5lo 0ad by j5 (S5
2 5o ol Jose 1 (S (K55 g ul b 3 28
5 Shes had cope LbLS)l pohg 4 jab clidg céyly
208 (5)90 )% 9 4oble A g AD ) (pired 0392 AS ) Casyu
Slyss 2l b3 551 155 53 o3l b eomanle 2 STygs s
olalsgie |y b Sl (1o Ve 3935) ajn i
seb x5 0 &S Cuo | SOl T oMe 1 (S yd (F) aes o
3L polie p3e Bl Judoay )3 (YY) 5,8 o )8 oolai il 590
B9 (o0 Ogen 0 S5l SIS 08 b e g ditw LiS ()
Jolis oS o T gl L5 pypans 951 ecuyd (6550l o (oo | iow
g5 8 el il 25l V) el Soskal g okl
(Aoyd ¥o i) jolol 51 oYL ydlis (glyls a8 glax Wl is
3 g pli 53 i Cuoglie nJgil)S plo ) Sl cditn
dasly 2 Cosl Son a3l g m s i oe ol 055
Ao cnl pleowd=(So 38 Cluogad jlaS )8 5 J5 (292 (SUL
30 it CublB EalS L YL ekl olime (F) 59mid 3950 ol
o a4 OME > (6550l el wiee e Ao Uitis L(YR) o] b))
2 AVF) 25 (oo Coanl Pl o] i g o 1> & d2g g 4B,
lacling S 5l i su e o pyuw 6T Jsho o)l
lel) Sl glro joebo SarS 039y )3 &5 )b 252y Sleardlw
alas 5 14) 255 (U J5Slge 635 5 (9 > oo Slisiel
Y5 by Ol b gl B cute plen 3 g (Sojd Sl
oS (slawy 3T oS lae (sloatian (b 0ypls el 103
Bans €59 xBigs (1Y) ool Jgho ol (505 40t 5 S
lr o 4l s | 58U oS s 1 (083) oV 90 &
el (o 551 355 505 o 31 il i ogllas i
) Sl (a3 (g (V) Sl b (lgin g (]
Loy Ve U ily o gy oyl Lol el il a by sl (slayiss
w23 polaidlogs 4 ) (21395 claarsr (Ll (slao e Bisn
dlgo zolaw LEalS b Slygd (69l calise (laSiSs 0)9,0l ()
(s Fd gaw dguto 4 pie Al L (il pygte g sliSAS
(V) 29800 Shgs i Cubls Jalidl 5 (gdaa dlgo
o)L Sy Bl g & Blgicen 53] 8 il slaoged |
$2918 b St S ()l 59l 53 dose o iee 2900
39 (o0 Pl G SThgd a4yl 2931 L &S can | e Sygn
il GBS b ar e oy Pl S)lp e (VA)
il amolad V5 L dene ol sy o d9ups |y STyed (slayiss
syl o3 Wyl 4wl s glisa s dlge 5
S le S8 3y 3] (s g i ol 3508 sl



vy oy CJ Fl g dlize gdlod o ouls ‘5)5.[)5 O)d e gilico B (65 5l cori (3502 9 (550005

Sig) A w2 g e B (03l S g 5 93) (sladkad w05
oy G WD Jite (Sdalie udd YA 4 Solai jbay
49 392 05 Ll )3 35290 (g 9 5551 e 4 &S (oalol
8l polaidl i (b a4 (Bolad b oy ya g () Joi2)
2 $Sionee b aw gy jl sy cole yolaie & bl (slao >
NS Sl Wl ey pdid gy 53 5 <855 )15 badagr Ll
4 o puid 5 > Y 9ad S pslaer pogass slains 4us g
o olesdly SThos i85 5118 baaag> JLasl )3 g, Hleg e
ol WY laasgs 4 g (6yglaes b uid (gols 5l i el A8
oslean > (S 5 oLl bl e¥pad g b oy (S 5
Jor g ©de 3 i b ladagr (Bras Sl e S
(VF) 15 s 0 03l STygs Sl obilagily Shss puuS b o]
I8 6Ll Mo glon Jlya )0 el FA e 4y (28> Y gl
o3> Jl3 el VY o ay 5+ OC (glod b oyl j3 (s g 8,5
Lo j3 sl 93 03 (Sid @V gid dgd Suid Mol b 3
9 2wy ol 4 oo Lulpd LB s 0o )13 oS ol
b odd a8 WY ead S g9 b b b b Jleas] olyls
el a4 bgpe OVga 3 JSL(FV 9 TY) 035 pasti o uid
59 P ey «StB 03lo plie g 194D (Kot g Clasl
iy slagdgy bl p Y98 5 Sy sladiges > pls
slaiges P (55l s sl 0035 (o3 (F) QU oo (e
PARR  Jus) yiacs JIS oy 3l codd (s glon &Vgab g 0y

A5 alizl (1261

94 e
Lglsto 09, S5 iideS dzg aakad OVF sl iulojl ol )
(llb).: Ms )I odléiwl l) MM) u.u) 9.) )I LSSL““A )9]0) 9
LY X F) ysiSts plotes b (ol SIS o B 3 5 a0
O YA 55 (00lo axlad (il g 5 axlaB (id) 0diyy VY g LS il
)».au.ul.w VWex VYo X Ae .)lxgll).9 e MI)))».M.\) )l ol o.)u.wy
033 518 39y Jewd (4550l 93 9 (s (y55b S 4 oo &
oy b (Sigy VYUY 9V U S$ o ) s g o0
e yid il Syeo a4 Ol g SThgs 4 Lilesl JS )5 laasgs
Ve oaoh ) ladag 35y5 o 10 Liyep ol (slod () il
210 °C 595 0 poes 39y 3l e 9 45 ekl o5 (Blo a2 VYL
39y 4w comimad .Cdb alS (Ve =YY) °C glod 4 yauw , U
o 9 liddy) Sl VY ()98 aoliyy il &y ada g 599 Cunss

Jse e S )55 sl Sl 290 il ke Jolee o3l cullad soly o -
al 04°C o> g pH=4.8 ;5 aid> o jo Ll 13

VE iy cdlii ya a8 edls ¢l g p,SolS VFe e bl
s A Bk 93 5l )Lt g cl dx )3 YO i L Iy
VO agli Lol 93 oliwd cpl 3,5 Jlosh o 82y (o)
I alaw lg a5 o (3D o)l g Cowl osd apns 53] pdaws 5l ds )
Slilos g5t I J5 85 2o 1y o bl B slociaal o
P gl sl )3 5L 5,50 sl ) b cslize o )l (59158
4 dog b dlge S > 5 Caw | o g2 08 (hb i Lo (pl g
o Yl & Gl o 10550 b Jly oS (glax > ¥O cLg
S Blalely consy g (B Ll b o4 Ll9,S
Colid ol w4y dlge ol (Wlbd b Cnl weSae yaody
i3 ped Sl ol jlead )l )b Gliee JyuS g oo
Oljee &S Gl olod jominw Can g o&iwd oyl aad o ploo]
Shaamd o Ll dads cuan 3 1y dlge o wed ol b Ll @yl s
9 Cuonnd 4 Cuound O ygo 4 (69l 3 55 0lSid oyl sla S
T ol gl Slilas oS 039 gy Cygo 4y g9l 8
GBSl loj 5 (6399 5 liee U 035 Qo] Cuannd &y Cuound
Uinlejl ol )3 adlllas 3590 )3 a5l e Il j3 B0 )
DA g Ve BO) slaled (50 > SS& 4 sl VO Gy
Sid Oldes gy yialS jglaiedy 5 b )5 )8 (o], Kl _w
S5 dsS g 9 Pl J5S )3 (1355 2y g (S SS 3 (08
5 o)) (Sl 4550 43 (oalof] ok o oliss] pslate 4y
(ail)p ghugsl €855 8 lo) osd 33, g5 5l suly) ou ] JuSe
Verre Yok aslg ¥ gols Shgd o5 53 )55k o e
o3litul 3)90  JoSo )5 53 JUI) dnlg YV« + g 5L olSLy sy
ol Coonne 93 &y gy 005 0)L31 )5 diged oz )5 )3
A caleg )3 505 03938l o JaSlo caigad yo | Cuannd Sy
23l 2y90 059y Su (Sladz gz 05 S Ly ) 0y g5
» Ely (b (—iSar g oSl 9 VA ol w5 jl b
2] i3 el Loijed ole e 5,8 ez (it
2 ptalel 93 B 5> otmgy ool b eal)d 25 Y Lok g
Pl dgeio (93,8 oK1 (65ysliS oAl oo Wl 3 e

gl olaleyl
a2 bl g b pdglio BB (5l e jslaten
01 (6yglp D Wigad dus g Al Oy diged Sy 3 plS gy
Oy g Sl ojey So drgn adad VFF arpl JaSo yph 5 L
YA @ (LSS 2 2 odle dogr ashd S 5 5 drge askad 5) YeA

1- Shaft
2- Rovabio®, Adisseo Company, France.
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Table 1- Composition and calculated analysis values (%) of the experimental diets
e dge (6y90 00 s sl 0>

Shss gl (O oisles) (S390V+) cnsel (39 WYY) 4y
Ingredients Diet for determination of nutrient ~ Starter (1-10 d) Grower (11-24 d)
utilization (triall)

e 96.23 49230° 525.20"
Corn

(PB s ¥F 7) Ligw allows

Soybean meal (44 % Crude - 416.90 379.00
protein)

bow ooy - 4420 54.20
Soybean oil

predS S 0.94 9.80 9.30
Calcium carbonate

Sand ol 03 1.87 20.10 17.40
Dicalcium phosphate
A .

ey g e JoSe , 0.50 5.00 5.00
Trace mineral-vitamin premix >

500 (5 - 1.90 1.20
L-Lysine HCI

oy = Jos> - 4.10 3.50
DL-Methionine

s . 1.00 0.60
L-Threonine

pe A5 0.27 2.90 2.90
Sodium chloride

e Sl o 0.12 1.20 1.20
Sodium bicarbonate

(77 385 ols8 0.07 0.60 0.50
Choline chloride (60 %)

04d dusloe oS )5

Calculated analysis

Metabolizable energy (Kcal/kg)

(A) ¢ oo 8.18 23.00 21.50
Crude protein (%)

() e 0.80 0.96 0.87
Calcium (%)

() s> S i 0.39 0.48 0.43
Available phosphorus (%)

() oo 0.17 0.75 0.68

Methionine (%)



vy

w30 ol A1 g Gilliso glalos 33 ouudh (5591 13 )3 el gilio JB (551 crmti o3l )10 3 (5 530w

R ) Jose aold!
Continuation of Table 1 .
() o+ igte 0.31 1.08 0.99
Methionine + cysteine (%)

() 25 023 1.44 1.29
Lysine (%)

) wyf 0.28 0.97 0.88
Threonine (%)

() g 0.15 0.16 0.16
Sodium (%)

) )K 0.21 0.25 0.24
Chloride (%)

2oVl (ST ko) 09858 =gl Jolss

(p 5sks 84 251 236
DCAB (mEg/Kg) *
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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 3 s J86kS) 6,oll pudglio LB (55 e IR ") °
. B Crude protein Dry matter
Treatments 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.

Al 0 ke dy 3,5 ke 4o )3 AD g Ve DD (slod y3 ok (gy9l,8 )3 g oris ()9l b )
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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 (110 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 40!

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

3bMeans 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 B S 5 3 2SS 05 ol 4 5 15 45 (4 5) st 855 J ey 3T
'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 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 OV 08 Ojs ol Shgs S pae b oy
Treatrr;ents Body weight ~ Weight gain  Feed intake ~ Feed per unit gain
ol il
Main effects
s
Temperature?
gl 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
T3l
Enzyme?
- 37.68 51.54 1.49
+ 38.34 53.11 1.52
SEM 0.58 0.86 0.03
e <l
Interaction effects
w5 Sl
Enzyme x Processing
- g2 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
+ i sl 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<
Gl 0.98 0.39 0.36
Processing
S 0.42 0.20 0.53
Enzyme
w3l 62 0.19 0.56 0.73

Processing X Enzyme

(LS5 0 3 0k W) ol S5 5 5 50ko 005 ol polis 1 phS o
Al V0 e 4 3T Blo a3 AD g Ve DO slod ) ok (590 B S g odis (g9l B )Y
35 Bl S1yB 05 o SSkS o live 5 05 45 (i) st 81 5l gl 31T
'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'

0155 (9 3 Moyd 039,

P van .l l
% of live weight Sog PR el et
) T e B ot
o odae Lyl RTCon pgidgid o955 poib] g’ il 1 Duodenu  Jejunu (¥
Treatments Proventricul ~ Gizzar  duodenu  Jejunu  Ileu intr:stin m m Ileum
us d m m m e (cm) (cm) (cm) (cm)
Lol el
Main
effects
">
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 € 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 0045 0074 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
oAl d)si)é
+ 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 0.14 0830 0516 9B 0566 068 0214 0311
Processing 9
w7 0.98 0.62 0801 0373 %97 9987 0401 0320  0.866
Enzyme 0
Ay 0.24 010 0249 0411 %1 0266 0174 0379  0.669
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 (59l b Y
55 DL Shgs 5> pSAS 05 ol & 5 05 48 (4] s 5,3 1 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
(1S5 5 53 035 W) ol 1,55 5 Siko 0 0l juolie ) plas

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 bS8 e 42 g 25 8 (4l B) sl €S 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'

Lo ool g5y b S gviey pouts yislS Y=l Mgl
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 o (5ol b )Y
3 LSS 5 5 o ol 15 35 4 () rd 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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Table 2- Parameters related to chick quality determination (Tona et al., 2003).
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""‘JL‘Q ) Activity is assessed by laying the chick on its back to determine how quickly it returned to its feet.
Activity A quick spring back onto its feet was regarded as good, but trailing back onto its feet or remaining
on its back was assessed as weak.
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Down and appearance

The chick body was examined for dryness and cleanness. It was regarded as normal if it was dry
and clean. If it was wet or dirty or both (which could be a source of contamination), then it was
considered as not good.
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03)j > The chick was put on its back obliquely on the hand palm until abdominal movement totally
Retracted yolk stopped. The height of its abdomen was estimated. The consistency of the abdomen to touch was
then estimated. If the height of abdomen touching estimation was higher and harder than normal,
yolk retraction would be regarded as large and consistent.
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b The chick was put on its feet to determine if it remained upright well. The toes were examined for
I ) their conformation. If the chick remained upright with difficulty, articulations of the knees were
cgs examined to detect signs of inflammation or redness or both.
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Sboasb Navel and surrounding areas were examined for closure of the navel and its coloring. If the color
Navel area was different from the color of skin, the chick would be regarded as bad chick.
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of any remaining membrane was classified as very large, large, or small
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remaining yolk was classified as very large, large, or small.
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Table 3- How to score different parameters (Tona et al., 2003)

ol pogas s
Parameters Specification Scores
LT 6
cullsd Good
Activity i 0
Weak
S g o 10
Clean and dry
29 )‘“LB o 8
Down and appearance Wet
o9 S 0
Dirty and wet
Jley sasds 03y 12
olbds 035 Body with normal swallowed yolk
Retracted yolk S)j0dy;
Body with swallowed large yolk and rather hard to touch 0
Sl g L 16
Opened and bright
btz Slad 9 b 3
Eyes Opened and not bright
e 0
Closed eyes
b S g laly 16
Normal legs and toes
¢ S sl K 8
legs One infected leg
S b g 0
Two infected legs
oy g a3 Mol 12
Completely closed and clean
ol Sy 5 00 Ay Wl 6
Navel area Not completely closed and not discolored
Sxis 9 0 ey
Not closed and discolored 0
Lis g 1
No membrane
S slii .
ebis oxle,dl Small membrane
Remaining membrane Shp lie 4
Large membrane
Sop s glas 0
Very large membrane
035 Lg™ 16
No yolk
SeS o)) 12
03y ob5leuly Small yolk
Remaining yolk S)j0dy; ]
Large yolk
S e 02); 0

Very large yolk
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Table 4- Influence of in ovo injection of synbiotic on hatching percentage and one-day-old chicks weight

ol & (85> 0
Treatments Hatch Chicken weight
e 91.35¢ 7.42
Control (no injection)

e NG 74.04% 6.80
Injection of distilled water

SSgmacme sl ) 059500 S By5

Injection 1 pg/ml of synbiotic 77.87 7.37
Sigmim fulide 2 59,500 93 Gu)5

Injection 2 pg/ml of synbiotic 71.14% 7.18
Sigmaimw Jdides 12 59,50 sl P

Injection 4 pg/ml of synbiotic 59.29¢ 7.14
sl glas Silio

SEM 2.82 0.10
Jooio! s 0.02 0.07
P-value

Sl 5l

Block effect 07 0-06

(P <o 0) widl e o e VST ghls St i G b (g o (slapSike™
2> Means within same column with different superscripts differ (P < 0.05).

o g sladagx BU - pizzen i bajlag plo b dunlie )
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Table 5- Effect of in ovo injection of synbiotic on the quality of one-day-old chicks

el 90l

1o Lo
Appearance

Treatments Activity

oddde 03,5
Absorbed
and feather yolk

@LL\.C o.x:\.mﬁb 03y o.b\.mﬁl;
Membrane Yolk
remnant remnant

Lot laly Gl

Eyes legs Navel

(B0F Con) el

Control (no 4.66 10 12
injection)

Saio OF 32,5

Injection of distilled 5.64 10 9.88
water

P eSS S BuF

Injection 1 pg/ml of 5.64 10 9/88
synbiotic

P eSS 9 BuF

Injection 2 ng/ml of 5.71 9.90 7.42
synbiotic

2595 ke GuF
Injection 4 pg/ml of
synbiotic

3zl (ollas

SEM

0.19 0.02 0.49

e 0.65 0.44 0.07
P-value
Soly

0.8 0.31 0.56
Block effect

5.57 10 11.14

13.77 15.11 10.33 10.44 15.11

14.58 15.05 9.52 9.64 14.35

14.11 15.05 11.29 9.41 15.52

14.47 16.00 9.71 8.76 14.85

15.42 16.00 9.85 9.71 14.57

0.34 0.31 0.31 0.29 0.20

0.61 0.63 0.05 0.18 0.12

0.4 0.4 0.02 0.14 0.07

GuF ipgd 4t 3 (P</00) 13,5 Shgd Bran i 4 e
b duolie )3 S Bpae (lEl coge Sgmim £S5 )
Sy )b gme glis a5 s 15,5 olejl sla o Ll
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P95 ¥ 35 & barpe Shgd By—me (p VL g a3
Vo) gl 32,5 4251 5 poxiy i 3 g Silgm
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b late o 3155 S o oanltio ¥ Joaz 15 &S ysblon
slodtin Jsbo > Slyss Byne 2 (6,56 S5 n Sigm
GuF w9 o cpgd widd 3 bl (P>+/:0) b 13 p)lex 5 ol



\feo )-H‘J Y ooylouds AY Wl O'ﬁ“ sob .o,l.c ASLQ“‘ASBJ LYg Y4s

Stin (55 Gl il 055 2ot S & Sisnine G5 8E g
Table 6- Influence of synbiotic injections into the air sac quail egg on weekly weight gain

b)lecs Jgl wsin Py Aién Py iin Pl «iin oy Aldn
Treatments First week Second week Third week Forth week Fifth week
(G5 os) 17.93 29.26 43.93 50.64 33.09

Control (no injection)

)]N,m ',dﬁ)’u .. 19.76 34.29 44.17 47.84 32.28
Injection of distilled water

S flide 2 5950 S 85

Injection 1 pg/ml of synbiotic 18.72 34.77 43.09 52.77 33.36
S Flbe 2 5955 90 3P

Injection 2 png/ml of synbiotic 15.04 30.64% 43.24 55.11 35.30
SSgmime ke 12 p5 955 o B0F

Injection 4 png/ml of synbiotic 13.72 26.85° 38.63 47.25 32.92
sl ot eSlee 1.01 0.88 1.12 1.29 1.23
SEM

Jlosol g 0.31 0.008 0.61 0.27 0.95
P-value

(P <o/ il e I gine OS] (gl)ls S mia pé Cgys b gty (sl Sla®D
ab Means within same column with different superscripts differ (P < 0.05).

5 ol Sh Bpas 2 stk 055 2lon duS b & Sgmin 5 -V ga
Table 7- Effect of synbiotic injection into the air sac quail egg on Japanese Quail feed

Lol Jol i Py diin Py iin Pl aiin R
Treatments first week second week third week forth week fifth week
(G5 os) 53.64 71.73 92.59° 125.65 143 .44

Control (no injection)

’]“’,“’ Conr 61.66 73.65 104.08¢ 146.01 165.812
Injection of distilled water

S flide 2 5950 S 85

Injection 1 pg/ml of synbiotic 52.28 91.38° 138.65° 163.23 166.792°
S flbe 2 5955w 90 3P

Injection 2 pg/ml of synbiotic 52.96 78.72° 163.66° 14927 192.53¢
SSgmime Flhe 12 p5 955 o B0F

Injection 4 pg/ml of synbiotic 51.58 72.47° 114.378¢ 156.48 153.20°
sl ot elee 1.61 2.01 6.48 4.87 5.13
SEM

Jlosol g 0.27 0.006 <0.0001 0.16 0.02
P-value

(P <o/e0) sisl e o ine B s Sytio y& Byym b gt i (slaySila®P
ab Means within same column with different superscripts differ (P < 0.05).

(P<el0) 4355 Jao o 5 sali it oy 5 6 8b SS g BF A Syl 4 25 L
ol (g p Sismin—e ik 055 J21 32,5 50 2 Ll (P<e/0) 15 0oy g p)le g ol slaatin Sy
A Jods pd calises gladian jd dl_wls cladsgs 4 SY 4 5D sete Ol jid Lo 13,59, 80 ¥ oV ) oo 30,5 (po—w dlin

)"LS)’*’L&-’?"Q’-“’ ;QLDMC}‘QM l))jamogj d’))" C,w:lb.)..oT dllb)l‘».)bdw.ul.m)b dl)PW)Ao wlp]&:w&:yw
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Table 8- Effect of synbiotic injection into air sac quail egg on feed conversion ratio

Lo
Treatments

Jgl aan

Py aide Py iin Pl aiin POy Aidn

First week Second week Third week Forth week Fifth week

(G053 Co) aals

Control (no injection)

Jadie O (30,55

Injection of distilled water
ST flbe 2 59550 S )5
Injection 1 pg/ml of synbiotic
SSgncpe julide 2 595w 93 35
Injection 2 png/ml of synbiotic
SSanim e 3 25955 ke G0
Injection 4 pg/ml of synbiotic
Sl glas o Sile

SEM

Jass] s

P-value

3.14

3.25

3.71

2.79

3.58

0.23

0.07

2.45 227° 2.52 4.33
2.22 2.38° 3.04 5.44
2.56 3.25 3.13 5.17
2/60 3.78 2.84 5.64
2.73 3.16% 3.40 4.74
0.07 0.16 0.13 0.23
0.19 0.0005 0.32 0.38

(P <o/ il e I sine OS] (gl)ls S mia pé Cgys L gty (sl Sla®D
ab Means within same column with different superscripts differ (P < 0.05).

1 539) ¥ (53 (il Syl 4BY Sluoguas g S (claplil (g 2 Sogmome 036 S5 55 b -4 Jgaa
Table 9- Effect of in ovo injection of synbiotic on the weight of internal organs and characteristics of carcasses of Japanese Quail

at age 35.
b jlas asy A Loy < A oS 039,
Treatments Carcass Breast  Thighs Heart Liver  Gizzard Intestine
(B8 o) o 59.01 2343 1473 0.9 2.26 2.36 3.85
Control (no injection)
ey 58.23 23.32 13.97 0.90 2.12 2.12 3.55
Injection of distilled water
Sgnome sl )3 05550 S B0y5
Injection 1 pg/ml of synbiotic 58.33 23.27 14.27 0.84 1.96 2.50 4.11
Sgncpe slide 3 £)59)5 93 B0y 5 59.07
Injection 2 pg/ml of synbiotic ’ 23.43 14.66 0.81 2.03 2.32 3.54
SSgncpm sl )3 055500 e ByF
Injection 4 pg/ml of synbiotic 56.86 23.10 13.59 0.82 2.26 2.19 4.24
2l (sl (oSlee 0.35 0.28 0.19 0.02 0.07 0.06 0.10
SEM
N 0.35 0.99 0.32 0.29 0.5 0.36 0.05
P-value

baos il g ok @55 30 Gy 5 8l

W Jgto 3 oialoj] Cilisee (gladiin ) 00 g sladr g o>
FS S5l 2l opgl 68l e G5 il 02a ]
(P +/+0) et gy g uidl)S el 5

loaoi b Sgm i il 055 3 3a)5 sl

Ve Jgte 3 otalel Gl (slaciin )3 00 g sladge o>
Sguimw Jole 055 S5 52,55 33,5 o oanliie Caw! oal
Syl bl g il ST a1 i 2 550

P>/ 0) cusliSS
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Table 10- Effects of different in ovo levels injection on alkaline transferase and aspartate transferase of Japanese Quail blood at

age 35.
3yl 3 ginel bl 3yl 5 giel psV

b Lo AST Alt
Treatments (3 55 aslg) (5 ) 25l)

U/L U/L
(G057 o9) a2ls 6.34 3.70
Control (no injection)
e SuF 6.21 436
Injection of distilled water
Sgmime Flde 2 P59, S B0y
Injection 1 pg/ml of synbiotic 7.14 4.75
S flde 2 595500 93 B0y
Injection 2 pg/ml of synbiotic 5.28 1.84
SSgmim e 3 p5955e ke G
Injection 4 pg/ml of synbiotic 4.46 247
2l sl (olee 0.89 0.68
SEM ’ ’
Jol o 0.92 0.65
P-value

(539 YO o 3 5 ok (G5 saialp g Sisnime Jslowe @55 S50 5 <31 =YY Jgs
Table 11-Effects of in ovo injection of synbiotic on blood indices in Japanese Quails at Age 35.

ol o9l Syl Al oS L ylS (55 el Ssl5
T) § Urea Uric acid Total protein Triglyceride Creatinine  Glucose
featments (mg/dl) (mg/dl) (/dl) (mg/dl) mgd)  (mgd)
(G5 cpx) als 489.8 39.38 3.16 87.12 0.64 351.98

Control (no injection)
el gy 342 335 2.93 97.08 0.76 408.24
Injection of distilled water
ke 3 05555 S P
Injection 1 pg/ml of 437.6 38.28 2.55 58.22 0.74 343.08
synbiotic
ke 3 p5 505 99 G0
Injection 2 pg/ml of 384.10 33.70 2.99 73.50 0.34 290.10
synbiotic
Ak 3 25505 o Gu
Injection 4 pg/ml of 542.5 35.85 2.34 56.73 0.42 295.78
synbiotic
2l (sl (oSlee 54.44 2.37 0.20 6.47 0.10 17.52
SEM
Jleol g 0.82 0.92 0.73 0.20 0.58 0.19
P-value

oo 153500 Sy o35 J3b 30,5 Lialafl ol o

Srae lilpgw win )3 0 lal Bl gm0 o ge Sigm e
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Introduction The embryonic stage is the most critical and sensitive period in development of organisms especially
the birds. In ovo injection is a good instrument for feeding the essential nutrients to growing embryo in birds. The in
ovo application of nutrients provides the further benefits to the growth and development of the growing embryo. This
experiment was conducted to investigate the effects of in ovo injection of synbiotic solution on hatchability, quality
indices, weights and blood indices of one-day old chicks in Japanese quail.

Materials and Methods Three hundred and seventy five quail eggs were allocated to five treatments of control
(without injection), 2 ml injection of distilled water and injection of 1, 2 and 4 ug synbiotic solution. On day 8 of
incubation, the eggs were randomly divided to five groups each containing 75 eggs. Injection was done on day 8 of
incubation into the air sac of the eggs by insulin syringes. The injection site on the top of the eggs was sterilized by
ethanol 70% and a small hole was made with needle of 27G. After injection, the holes were sealed by paraffin and
returned to the incubator. At the end of day 17, the unhatched eggs were opened to identify the infertile eggs or dead
embryos. On hatching day, two chicks were used to determination of chick quality. All the hatched birds were
weighted. Then all the hatched chicks were reared up to day 35 of age in the separate pens (five replicates pen for
each treatment). The performance factors (weight gain, feed intake and feed conversion ratio) were determined during
the experimental week. Moreover, the carcass characteristics (carcass, thigh and breast) internal organs (liver, gizzard,
intestine and heart) were determined at the end of the experiment (35 days of age). All the experimental data were
introduced to SAS (9.1) in a completely randomized design with five treatments and five replicate each. The means
were further separated using Tukey-Kramer multiple comparison test.

Results and Discussion The results showed that in ovo injection had no effects on quality parameters of newly
hatched chicks (P>0.05). Moreover, synbiotic injection to the quail eggs caused a decrease in hatchability (P<0.05).
Furthermore, the synbiotic injection did not affect the weight of day old chicks (P>0.05). No effect of synbiotic
injection was observed during weeks 1, 3, 4 and 5 (P>0.05). In week 2, injection of distilled water and synbiotic
caused higher weight gain as compared to control (P<0.05) whereas there were no significant differences between the
other treatments. Distillated water or synbiotic injection did not affect feed consumption during weeks 1 and 4
(P>0.05) but changed the feed intake during weeks 2, 3 and 5 (P<0.05). During week 2, 1 pg synbiotic injection
increased the feed intake as compared to the other treatments whereas no significant differences were observed
between the others during this week. During week 3, injection of 1 and 2 pg synbiotic caused the higher feed intake
in comparison to other treatments and the highest feed intake belonged to the birds with 2 pg synbiotic injected eggs.
In week 5, injection of 1 and 2 pg synbiotic caused a higher feed intake but only the effect of 2 pg synbiotic injection
was significant (P<0.05). Moreover, no effects of in ovo injection of synbiotic were indicated for carcass
characteristics (carcass, breast and thigh), internal organs (liver, heart, intestine and gizzard) and blood indices (urea,
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uric acid, glucose, triglyceride, creatinine and protein) (P>0.05). No significant differences were observed between
the treatments for blood enzymes of alkaline phosphatase and aspartate aminotransferase (P>0.05).

Conclusion According to the results of current experiment, synbiotic in ovo injection to quail eggs had no effects
on weight and quality of one day old chicks but caused the lower hatchability. In ovo injection of 1 pg synbiotic to
the air sac of the quail eggs improved the weight gain of hatched chicks after hatch but causes the higher feed intake
and feed conversion ratio. Injection of higher synbiotic more than 2 pg to the air sac of quail eggs increases the feed
intake and feed conversion ratio of quail chicks. Moreover, synbiotic injection did not affect carcass characteristics,
internal organs, blood enzymes and indices of quails.

Keywords: Chick quality, Growth performance, In ovo injection, Japanese quail, Probiotic and pribiotic.
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Table 1- Ingredients and chemical composition of basal diet

(103) (STyss dgo (YY) itel oye (FY 5 YY) A3, 0,9
Ingredients (%) Starter (1-21) Grower (22-42)
pas 53.47 60.86
Wheat
by oS 36.60 29.92
Soybean meal

bigw 59 . 6.07 5.87
Soybean oil
(B2) gl S8 1.31 1.4
Calcium carbonate
ulw rv-wls @8> 1.44 1.05
Dicalcium phosphate

e Sl 0.16 0.14
Sodium bicarbonate
S 0.27 0.17
Salt

oy~ 0.18 0.09
DL-methionine
Vitamin premix (no vitamin A)!
A

e Joo 0.25 0.25

Mineral premix?
(30)) olsord S 5
Chemical composition (%)

(F;%/q)JK%S) peslgilie B8 (g5 5 3000 3100
Metabolizable energy (kcal/kg)

e 21.56 19.37
Crude protein

S 0.937 0.874
Calcium

o2t B s 0.422 0.34
Available phosphorus

o 115 0.99
Lysine

Ot (pgrle 0.84 0.71

Methionine + cysteine
YUY el p5 oo VA 29500, p.5 oo 515 0l 35 o VA K3 oty 5 ko Y B (polisg 2.5 o ¥ D3 cnsling p S oo 2140 1052 2 SkS 50 )3 08 (sl
S (5 05 oD s 5 o 1) VLSS 8 o 10 Sl .5 o ) S 5 e VA g 5 e
S p S ke IFF gl pS e oIY o p S e ¥ eoml 8 ko B sy p5 o AVID K0 S o VF 02 2SS o 3 08 (el
"Provides per kg of diet: cholecalciferol, 0.05 mg; all-rac-a-tocopherol acetate, 4 mg; menadione (menadione sodium bisulphate), 2
mg; thiamine (thiamine mononitrate), 1.8 mg; riboflavin, 6.6 mg; Niacin, 9.8 mg; Ca-pantothenate, 29.7 mg; pyridoxine, 1.18 mg;
folic acid, 1 mg; Cobalamin, 0.015 mg; D-biotin, 0.1 mg; choline chloride, 500 mg.
ZProvides per kg of diet: 76 mg Mn (as MnO2); 92.5 mg Zn; 40 mg Fe (as FeSO4.7H20); 4 mg Cu (as CuSO4.5H20); 0.64 mg |

(as Nal); 0.2 mg Se (as Na2SeO3-5H20).
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Production index
_ <% liveability x average live weight (kg) )

FCR X production period (day)

x 100
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Table 2-Effect of different vitamin A levels in diet on performance of broiler chickens

>Sles (59,) 259 Vitamin A levels (IU) (Mlip 3519) A cpolig zglaw SEM Pvalue
Performance Period (d) 1500 4500 7500 10500 13500

NN 121 978 959® 025w 878¢ 907¢ 1521 0002
() 2 re St 22-42 2824 2927 2879 2753 2710 10532 0.59
Feed intake (g) 1-42 3856 3783 3852 3587 3661 11229 038

o 121 44 656 658 593 588 21.91 0.09
(p) 05 A2 22-42 1358 1429 1488 1326 1392 85.44 0.71
Weight gain (g) 1-42 2002 2086 2146 1915 1985 93.75 0.47
ok s 121 151 1.46 14 1.49 153 0.039 0.24

PR e 22-42 2.16 1.97 1.96 2.04 1.98 0.08 0.41
FCR (g/g) 142 1.93 1.81 1.79 1.87 1.84 0.04 0.30
sy omls 142 200 267% 2760 235 247 14.82 0.04
Production index
) Sl o ipm Per kg LW 100 33 92.7 975 96.2 - N
Feed cost (%)! Per kg carcass 100 94.0 96.3 98.0 99.1 - -

(Do 10) Cosl atslojl (sloog ;S ) sine Cglis 3539 LLES wcidy b y3 dilite yué gy 2P
:Per kg carcass . ojjg p)SskS o <l 4 Per kg LW ool onis olo (V8- - TU) A ppobisg o 5ol (slyr STygs aj Jl (chio)d g & 3 pune Slyg iz s

b odlel 45Y jg p Sk o olj] 4

b Within each row, mean values with different superscripts are statistically different (p<0.05).
Feed cost has been expressed as the percent of the lowest level of vitamin A (1500 IU); Per kg LW: per kg live weight;

Per kg carcass: per kg ready to cook carcass weight.
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Table 3- Effect of different vitamin A levels in diet on antibody titers against SRBC (log2 of reciprocal dilution factor), CBH
response (um), malondialdehyde (umol/l) and immune organ weights in broiler chickens

Vitamin A levels (IU) (UoJloy 35l) A rolisg zglaws

SEM P-value
1500 4500 7500 10500 13500

s, SRBC
SuF JoinV 4,39 5.00% 4.82% 5.25% 6.25° 0.48 0.05
7 days post injection
GuF Jomin ¥ 4.50 4.67 4.82 5.50 5.25 0.52 0.45
14 days post injection
L CBH
SuF o cele VY

e 708 682 637 454 509 133.1 0.35
12 hrs post injection
G5 o celo¥Y 628 653 593 464 499 150.8 0.71
24 hrs post injection
ol oglle 0.63 0.42° 0.36" 0.45% 0.46% 0.07 0.05
Malondialdehyde (umol/1)
(2) Job (o5 039 0.117 0.104 0.121 0.114 0.128 0.015 0.91
Spleen (%)
(F) st o 03 0.142 0.146 0.170 0.193 0.172 0.035 0.54

Bursa of Fabricius (%)

(D<+/0) sl (pisloj] (sloog)S Yo ixe aglis garg L5 (g yb > iyt g o &

b

ab Within each row, mean values with different superscripts are statistically different (p<0.05).
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Table 4- Effect of different vitamin A levels in diet on intestinal length, relative weight (g/100 body weight), and viscosity in
broiler chickens on day 42

Vitamin A levels (IU) (UoJloy 35l) A ol g zglass

SEM P-value

1500 4500 7500 10500 13500
Intestinal length (cm) s34, Jobo
P95 36.5 354 36.2 34.7 37.4 1.96 0.38
Duodenum
HS.SS 81.7 86.2 83.5 80.2 85.3 3.47 0.64
Jejunum
Pt 57.6 55.7 55.2 56.5 59.7 3.15 0.87
Ileum
Intestinal weight (%) o35, ()39
P92 1.00 0.86 0.81 0.91 0.99 0.124 0.22
Duodenum
HS.SS 1.83 1.56 1.69 1.85 1.81 0.221 0.82
Jejunum
poih 1.15° 0.84° 0.81° 0.9420 0.90% 0.114 0.05
Ileum
() o olSs g 956 6.91°  6.93° 732 6.73 0.531 0.03
Total GI weight (%)
Viscosity (cp) (cp) wbgioe 4§ g
HS,SS 5.45° 5.18 3.71b 4.02% 3.65° 0.445 0.04
Jejunum
poit 6.76 5.36 4.11 5.09 4.90 0.897 0.51
Ileum

(P10 sl atalol (slaog,S oyl sine Cglis Sg3g Al «chady y 45 il yué gy B0
ab Within each row, mean values with different superscripts are statistically different (p<0.05).
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Table 5- Effect of different vitamin A levels in diet on carcass yield and characteristics (g/100 body weight) in broiler chickens on

day 42
Vitamin A levels (IU) (UoJloy 35l) A ol g zglass SEM Pvalue
1500 4500 7500 10500 13500
Carcass yield (%) asY 2L
a5 734 73.5 71.8 72.9 724 1.02 0.35
Whole carcass
Lol . . 17.2b 19.62® 19.52% 21.5° 20.5° 0.81 0.05
Legs (drumsticks + thighs)
o 22.0 22.7 23.1 22.4 22.2 0.75 0.91
Breast
Lm‘,JL' 7.9 7.7 7.5 8.0 7.7 0.35 0.25
Wings
Organs weight (%) laplsil 39
Slecte 0.43 0.4 0.40 0.48 0.41 0.04 0.75
Proventriculus
O‘.SM 1.65 1.68 1.50 1.69 1.64 0.13 0.88
Gizzard
'L'.S 2.25 2.43 2.35 2.15 2.27 0.15 0.68
Liver
o 4109.” i 1.76* 1.23b 1.312 1.67% 1.35% 0.14 0.04
Abdominal fat

(D<+/+0) cnl pisloj] (sloog)S Yo ixe aglis garg L5 (g yb > Al yub g O

b

2> Within each row, mean values with different superscripts are statistically different (p<0.05).
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Table 6- Effect of different vitamin A levels in diet on apparent digestibility of crude protein and ether extract in broiler chickens

measured on day 42

() o Sgo wid ol Vitamin A levels (IU) ((lolloy 35l5) A ooy gsbaw SEM P-value
Nutrients digestibility (%) 1500 4500 7500 10500 13500
$yletas 86.1 85.92 88.2 87.0 86.3 1.30 0.31
Ether Extract
PE oo ) 77.1 75.4 77.0 78.4 77.8 0.91 0.27
Crude protein
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Introduction Wheat is one of the important ingredients for preparing poultry diets. However, wheat contains some
anti-nutritional factors such as non-starch polysaccharides (NSP) which enhance digesta viscosity and thus decrease
nutrients digestion and absorption. These negative effects could damage performance and feed efficiency. Increase in
digesta viscosity also imposes negative effects regarding intestinal epithelium. Vitamin A (vitA) is an important
nutrient in maintaining the health of intestinal epithelium. Since wheat is deficient in vitA content and also wheat-
based diets (WBD) can cause less vitA absorption from the intestinal lumen (by disturbing lipid digestion and
absorption), it seems that supplementation of the WBD with vitA would be effective in mitigating some of the anti-
nutritional effects of the WBD.

Materials and Methods In this study, the effect of a WBD supplemented with different levels of vitA on
performance and immune system of broiler chickens were investigated. Five dietary treatments were prepared as
follow: 1) WBD supplemented with 1500 IU vitA/kg (control); 2) WBD supplemented with 4500 IU vitA/kg; 3) WBD
supplemented with 7500 IU vitA/kg; 4) WBD supplemented with 10500 IU vitA/kg; and 5) WBD supplemented with
13500 IU vitA/kg. Two hundred Ross 308 male day-old broiler chicks in a completely randomized design with four
replicates of ten chicks per each were used. Feed intake (FI), body weight gain (BWGQG), and feed to gain ratio (FCR)
were recorded periodically during the experiment. Sheep red blood cells (SRBC) antigen (2%) was injected to thigh
muscle of two birds from each replicate on day 28. Seven and 14 days after injection, blood samples were collected
and antibody titers against SRBC were measured. In order to evaluate cutaneous basophil hypersensitivity (CBH)
response, on day 41, eight chicks per treatment were randomly selected and phytohemagglutinin (PHA-P) was injected
(100 pg) subcutaneously into toes web of each bird. 12 and 24 hours after injection, the thickness of the web was
measured and CBH response was calculated. At the end of the experimental period (day 42), two chickens from each
replicate were selected randomly and euthanized. Abdominal cavity was opened and digestive organs as well as the
spleen, bursa of Fabricius, liver, and abdominal fat pad were excised and weighted. The small intestinal parts including
duodenum, jejunum, and ileum were excised, weighted, and measured in length. Afterward, the whole carcass and
carcass parts were weighted. The weight of each organ was then expressed compared to the live body weight. For the
viscosity measurement, jejunal and ileal contents were collected and centrifuged (500 xg, 15 min). The supernatants
were then used for the viscosity measurement. Serum malondialdehyde (MDA) was measured as an indicator of lipid
peroxidation. For measurement of total tract apparent digestibility (TTAD) of nutrients, chromium oxide (Cr,O3) was
used in diets as an external marker. On day 21, samples of excreta were collected every 6 hour (four samples during
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24 hours) and pooled. Feed and excreta samples were then analyzed for crude protein (CP) and ether extract (EE).
Chromic oxide concentration in feed and excreta samples was measured and TTAD of CP and EE were then
calculated. The collected data were analyzed using the general linear model (GLM) procedure of the SAS software.

Results and Discussion In starter period, supplementing the WBD with 10500 or 13500 IU vitA/kg, significantly
reduced FI compared to groups consuming 1500 or 4500 IU vitA/kg of diet. This could be attributed to vitA reservoir
in yolk sac at the life beginning which increases the probability of vitA toxicity with higher levels of vitA in early
growth period. No significant difference was found for FI among treatment groups during grower period (22-42 days
of age) as well as entire period (1-42 days of age) of the experiment. VitA at different levels used in this study, had
no significant effect on BWG and FCR during starter, grower, and the entire period of the experiment. The highest
production index was seen in the group receiving the diet supplemented with 7500 IU vitA/kg. Furthermore, the lowest
relative feed cost per kg of live weight or carcass weight were seen in groups receiving diet supplemented with 7500
and 4500 IU vitA/kg, respectively. Feeding WBD containing 13500 IU vitA/kg caused a significant increase in anti-
SRBC titer on 7 days after injection, compared to control group. According to this result, it seems that high level of
dietary vitA (13500 IU/kg) would be effective in stimulating antibody-mediated immunity in broiler chickens.
Improvement in humoral immune responses of broiler chickens by supplemental vitA has been reported in other
studies. No significant difference was seen regarding CBH response on 12 and 24 hours after PHA injection, among
treatment groups. There was no significant difference among treatment groups as for spleen and bursa of Fabricius
weights. VitA at levels of 4500 and 7500 IU/kg of diet, caused a significant decrease in serum MDA concentration.
Decrease in serum MDA concentration by increasing dietary vitA level indicates anti-oxidative effects of this vitamin.
Supplementation of the WBD with vitA at levels used in this study had no significant effect on the length and weight
of duodenum and jejunum. However, vitA at 4500 and 7500 IU/kg of diet, decreased ileum relative weight. Digesta
viscosity in the jejunum was decreased by dietary vitA at levels higher than 7500 IU/kg. In addition, abdominal fat
pad weight was decreased by supplemental vitA at 4500 IU/kg of diet, comparing to the control. Supplementing the
WBD with different levels of vitA had no significant effect on the TTAD of CP and EE.

Conclusion The results of this study showed that supplementation of the WBD with vitA at 7500 IU/kg, would
not affect performance but could stimulate humoral immune response (antibody production) and anti-oxidative defense
of the broiler chickens. Also, vitA supplementation at the level of 7500 IU/kg of the diet improved production index
and decreased feed cost per kg of live weight. Furthermore, it has been evidenced that higher levels of supplemental
vitA (more than 1500 IU/kg as the requirements) could be effective in decreasing abdominal fat pad in broiler chickens.

Keywords: Anti-oxidative defense, Carcass fat, Digestibility, Viscosity, Vitamin A.
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Table 2- Feed ingredient and nutrient composition of basal diet (g/kg)

(pS5kS 2 p5) Shhg> ool (5390070 ) cnilel op90 (L S595 V) =VF) 2y 0090 (539, YO —¥V) 5L 0y92
Ingredient (g/kg) Starter (1-10d) Grower (11-24d) Finisher (25-42d)
(oS 2 VI7) 3 537.00 624.00 697.10
Corn (7.6 % CP)

(0653, Y L dlniS 350.00 334.00 264.00
Soybean meal (44 % CP)

(0egn 20)37+) &3 35lS 66.00 0.00 0.00
Corn gluten meal (60% CP)

WS o 5.00 5.00 5.00
Vegetable oil

Sad ol 03 14.00 12.20 10.00
Di-Calcium phosphate

Blo

Shell 12.00 10.80 10.00
e SloySer 2.00 1.30 1.50
Sodium Bicarbonate

b Sl 2.50 2.90 2.80
Salt

Vo

e dlge JoSa 2.50 2.50 2.50
Mineral premix!

A -

Seslizg JoSo 2.50 2.50 2.50
Vitamin premix!

orsrJl e 2.60 2.40 2.10
DL- methionine

S5m0 2.60 1.30 1.5
L-Lysine HCL

Sl jdal

Biolys Sulfate 0.00 0.00 0.00
o= 0.80 0.60 0.50
L-Threonine

Feed Calculated Analysis

(pS kst g;JL%L.S ) ped i LB (535l 2960.00 3080.00 3100.00
Metabolizable Energy (kcal/kg)

(105) P x5 23.90 20.65 18.25
Crude protein (%)

(03] gl o S o355 0.79 0.68 0.61

Threonine SID? (%)
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Continuation of Table 2
(053] o] i LB gt 0.58 0.49 0.4
Methionine SID (%)
(2252) oyl e JB O it 0.1 0.78 0.69
Methionine + Cystine SID (%)
(053] (o] JB 023 1.26 1.09 0.97
Lysine SID (%)
(12)9) cosil] e BB (s
Cystine SID (%) 0.33 0.29 0.26
(30p3) o5l e BB gy 5
Tryptophan SID (%) 0.23 0.19 0.17
(309) ogtll e B (35
Arginine SID (%) 1.38 1.17 1.06
(303) el 1.05 0.90 0.90
Calcium (%)
(23] > JB it 0.50 0.45 0.45
Available phosphorus (%)
(ho3) gt 0.18 0.18 0.18
Sodium (%)
(ror3) 5 0.23 0.23 0.23
Chlorine (%)
(PSS 2 OVlsisF! ) 0380l oA 240.00 207.00 197.00
DCAB (mEg/Kg)
(o) Sgi) sl 1.25 1.25 1.50
Linoleic acid (%)
(ao3) P ot 5.00 5.00 4.80
Fiber (%)

a1y D A eolizg Ml ol 1Y+ 25,5 |y 5l ko Slge 05 p,55LS o (5T aieobisy oo p kS 5o
Ba Gealig o5 oo T+ B by 05 e ¥ K (olig 05 (oo VB aling (Mallim w215 1YY D3 - by (Mollo
S5 055 e VYO IS IsS 0,5 s A+ o305 0,5 o ¥ 153D 5 oo +IVD S5 sl 5 s VD
ol e A e S e Ve 10,8 el | sl (s Sl oy 5L o (sl @ iome JaSio 0 S5LS o 5 S
Pyl p S ee IV g 2 08 oo 10 o 0 ) oo /B e 05 o A (59, 05 ke 70
sosill o 5 il pin colls T
"Each kg of vitamin and trace mineral premix provided: vitamin A, 12000 LU. trans retinol; vitamin D3, 5000 1.U.;
vitamin E 121 LU.; vitamin K3 2 mg; vitamin B; 4 mg; vitamin B, 40 mg; folic acid 0.75 mg; vitamin Bs 4 mg; vitamin

B2 0.02 mg; D-biotin 0.75 mg; choline chloride 840 mg; ethoxyquin 0.125 mg and each kg of mineral premix provided:
Fe 80 mg; Cu 8 mg; Mn 80 mg; Zn 60 mg; I 0.5 mg; Se 0.3 mg.

2SID= Standardized ileal digestibility

S gy 3)Slas p LIS g =l g Clalswidal SlaS
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Sl - ) e IS iy Gl ly S oty
Cuslodd (5155 digoj cpl 50 5 0b Cond Cldlguw 5ol 4 Copunss
s 8IS 3 0y (g 2SN o5 iy Syt om0
(05 ) S Gl e S
S sy g sbednlio  (lojl sl les 55T
chle u_.:;ilaﬂ slles .o wlon b ool LS ¥ Jodo jo
il )b sine 3l Syl sl 9 sty 5015 ¢ Jg pndS

Sllgus sl 48 Cul 005 (355 gl Galojl i L 38lse

S y3 (V) 2980 (d55 Slardagr Shhod Bpan ialjél el
g Mg 3spls & sl 005 IS5 eyl inlo] gl BYs
(M) 23 Jb 3 slasss Shygs Spae  uLlS5 5=l
86 1865 slaarg haS s 5 (VA 5V ) g sl
o Cul o ()55 «cizmon (VA) 23D )15 9 )0 o ) Ao
9 V) 2b (1395 sladrgr Jid cupd dgae el Cldlgw
~JIL slie )3 Sl 39l Sl (o s polate 4 (slanlllas 4 (¥
b i gl 5 i pbool HliKesd (gl o yd W18 g 0 3



\feo )-H‘J Y ooylouds AY Wl O'ﬁ“ sob .o,l: ASMS}‘ Ayl ¥Yy

YO aow (gol> 0 b odd 435 slada g & s Sldlgujdasls
09,5 sodrs> )3 prs esdl 505 SV Syl a0
Slilgu jlorl 40 )3 VO (g9l 02 b 0ad 4,45 sladz g 9 als
Voo oV0 zolaw (gols (slaoyn Lot 4is slads gy 4y s

(¥ Jsso P < +/40) 591 pYL Olguw el duoys

adas glads g o oislS clale 4 SI(F Jgio P > +/40)
Conand Olguw el do )0 B+ 9 YO zolow (ggls (sbooyun b o
Olgu 3ol o )0 VO o (g9l 0y b odd %5 slads g &

09,5 s> »» IS (uSgn (¥ Jyi2 P < +/0) 35 VL
Lo VO e w gols oy b od b 408 slads g o bl

S o 2Skee p lojl slaoye b Y Jgaa
Table 3- The effect of experimental diets on broiler chickens’ performance

b )Sl.a_c \U““’ Laj LSLM >
Performance Experimental diets
C Biolys25 Biolys50 Biolys75 Biolys100 SEM? P-Value

(+55) e S
Feed intake (g)

(5390 VY +) Cnjlel o9 b a
206.25 294.07

Starter (1-10 d)
(5355 V) V) a3y 090

997.41 1095.53
Grower (11-24 d)
(T35 VOFY) by 5731 gge 3254430
Finisher (25-42 d)
(5385 ¥Y=Y) 0y90 S

3935.54°  4644.04
Total period (1-42 d)

282.507 300.00% 292.25°% 11.73 <001

962.00 1067.25 1001.25  37.61 0.11

3076.75°  3096.46%  3162.75®  51.47 <001

4321.25°  4463.71%  4456.25%  66.37 <001

(£55) o oy Ll
Body weight (g)

(Fio V) ol g 600 21560
Starter (1-10 d)

(SN )50 50080 608.96
Grower (11-24 d)

(F3) V) b o> 1399 90w 1338360
Finisher (25-42 d)
(S35, ¥VY) 0390 [

213339 2162.96%
Total period (1-42 d)

217.50% 221.00% 216.75°% 7.45 <0.01

606.00 616.50 607.00 25.63 0.96

1369.50®  1247.57° 1457.50*  31.02 <0.01

2193.00® 2085.07°  2281.25*  42.81 0.04

Shgs Jodsd Gy
Feed conversion ratio

(S \ V) felorgs y Hap 1.36°
Starter (1-10 d)

(5390 V) V) 2, 0y90 1.69 1.81
Grower (11-24 d)

(5395 YO =¥Y) Lk 090 1.98d 2.43ab
Finisher (25-42 d)

(uf)'” \c‘«_\) 290 J{ 1.84° 2.15%
Total period (1-42 d) ’ '
ool Wy 033l 5515 275.80°  240.04%
EPEF?

(c25) Frae Shes abjn 3940 37767
Feed cost (Toman)

e 4 del)d Cod 1.23 1.06¢

ICFC*

1.29% 1.36% 1.34% 0.02 0.01
1.60 1.74 1.64 0.06 0.22
2.24pc 2.507 2,174 0.06 <0.01
1.97° 2.15° 1.95° 0.04 <0.01

265.06%° 233.28¢ 278.40° 9.91 0.01

3465° 3775° 3439° 354 0.01

1.16° 1.05¢ 1.15° 0.02 0.01

(P < o/00) sl o ine BT gl Syitie pE By b sy po by Sl &P
ab Means within same row with different superscripts differ (P < 0.05).

IC: control,

2SEM: Standard error of the means.

SEPEF: European production efficiency factor.
4IOFC= Income over feed cost.
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Table 4- The effect of experimental diets on broiler chickens blood metabolites

AP PTYSVES

Experimental diets
> LSLQW‘)% C Biolys25 Biolys50 Biolys75 Biolys00 SEM?  P-Value
Blood metabolites
(s 2 5 ko) 5515 22975 27200 25133 25133 243.00 16.16  0.48
Glucose (mg/dl)
(e 2 pScdke) Jy il 87.50  112.33 101.33 100.00 10533  6.78 0.18
Cholesterol (mg/dl)
(f"*J,U“”)?f’;J*")*”‘“iﬁ”‘ 1.52 1.80 2.13 1.70 1.83 0.17 0.24
Uric Acid (mg/dl)
WU“””’.S)& OBon 8.67% 936 6.52¢ 4.82¢ 6.45  0.87  <0.01
Total protein (g/dl)
WU“’,’#";UL'“’)W‘; 0.13%  0.16% 0.20° 0.10¢ 0.13* 0.0l 0.01
Creatinine(mg/dl)
WU“”.”)SUL:")O*"”‘ 6.23 498 5.56 6.122 5166 024 <0.01
Albumin (mg/dl)

(P < /h0) sl o ine M gy S iia pé g b,y (slaSile ®P
abMeans within same row with different superscripts differ (P < 0.05).

IC: control,
2SEM means Standard error of the mean.
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Table 5- The effect of experimental diets on broiler chicken’s immune parameters

" ealojl sloeyx
o) (ladomil b Experimental diets
Immunity parameters C Biolys25 Biolys50  Biolys75  Biolys100 ~ SEM?  P-Value
S sladsle led
Blood cell count
(7) &g 69.25 61.80 63.60 64.60 66.80 2.47 0.28
Lymphocyte (%)
) J‘Bj’w 27.75 35.60 33.20 33.80 29.60 2.45 0.18
Heterophil (%)
;’E’“‘J 4 Jasin o 0.40 0.59 0.53 0.54 0.44 0.06  0.23
Antibody titer
S5 2.25 4.00 2.60 3.60 4.40 0.69 0.18
Newcastle
Y5 2.75% 3.20% 2.60° 4,402 4.80° 0.57 0.04
Influenza
st o 30 oS
Sheep red blood cell
G oS 3.20 3.40 3.00 3.20 3.80 0.56 0.88
IgG
M ool 2.40 3.60 3.40 2.80 3.40 0.44 0.30
IgM
N catan 5.60 7.00 6.40 6.00 7.20 0.75 0.54
Total Ig

(P < e/e0) sl e o ine B gy Syita pé iy by o (slaySike®P
abMeans within same row with different superscripts differ (P < 0.05).

IC: Control,
2SEM means Standard error of the mean.

3 The data represent mean =+ standard errors of log2 of the reciprocal of the last dilution exhibiting agglutination.
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Table 6- The effect of experimental diets on broiler chicken’s tibia bone parameters

Sl glaasuwl )
Bone parameters

stalegl (slmo
Experimental diets

C Biolys25 Biolys50 Biolys75 Biolys100 SEM? P-Value

(aske) Jgb 97.88° 10270  103.77°
High (mm)

(¢5) 0 1759 2063  19.66"
Weight (g)

(o) o3 1044 1133 11.78
width (mm)

el pabld 179 2.01® 1.9
Bone Index

() S ol 4662 48.63  45.77
Dry matter (%)

() yus 3643 3860  37.60
Ash (%)

(") o= 36.40° 3878 39.928
Calcium (%)

() o 18.19°  19.39°  19.95
Phosphorus (%)

106.36% 107.42% 1.80 0.01

20.922° 21.98% 0.53 <0.01

11.02 11.44 0.38 0.17

1.96% 2.04* 0.04 <0.01

47.18 47.32 1.67 0.81

35.40 36.20 1.35 0.50

39.19° 40.40? 1.14 <0.01

19.59* 20.19° 0.57 <0.01

(P < of0) aidle o sine ST (dyls S e pé By b sy pp (o opSila ™
abMeans within same row with different superscripts differ (P < 0.05).

IC: control,
2SEM means Standard error of the mean.
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Introduction Commercially available feed-grade crystalline amino acids have provided an opportunity for
nutritionists to formulate low CP cost-effective diets while maintaining optimal protein utilization by birds. Lysine is
the first limiting amino acid in practical diets for broilers when soybean meal is not the major protein source. Lysine
supplementation under such circumstances almost becomes unavoidable in particular when dietary CP contents are to
be reduced and when using the concept of ideal amino acid ratio in which lysine is used as a reference amino acid. L-
Lysine HCI, which contains a minimum of 78% lysine is the dominant source of lysine for addition to poultry diets.
L-Lysine sulfate products have minimum lysine contents of 46.8% in Biolys60 (Degussa AG, Frankfurt, Germany)
or 51% in Lysine Plus (CJ Biotech Co. Ltd., Liaocheng, Shandong, China). A recent study reported that the bioefficacy
of L-lysine sulfate relative to L-lysine HCI was similar when using daily gain and feed conversion of young pigs as
the response criteria. In addition, several other swine and broiler experiments had been conducted to compare the
bioefficacy of lysine in L-lysine sulfate and L-lysine HC1. Most of these studies used animal performance as the main
response variable. However, very little research has been conducted to determine the effects of different lysine sources
on plasma metabolites and bone characteristics of broiler chickens as the response variable. Therefore, the present
study was conducted to examine the comparative effects of L-lysine sulfate and L-lysine HCI in broiler chickens using
growth performance, blood metabolites and bone parameters as response variables.

Materials and Methods In this experiment compared the effects of L-Lysine-hydrochloride (Lys) and Biolys-
Sulfate (BioLys) on broiler chickens’ performance and Immune Response. In a completely randomized design, 200
Ross-308 broiler chickens were allocated to 5 dietary treatments with 5 replicates and 8 birds in each. Dietary
treatments including: 1- Control or basal diets (100% of supplemented Lys from Lys-HCIl), 2- Ration 25:75 (75% of
supplemented Lys from Lys-HCI and 25% from BioLys-Sulfate), 3- Ration 50:50 (50% of supplemented Lys from
Lys-HCI and 50% from BioLys-Sulfate), 4- Ration 75:25 (25% of supplemented Lys from Lys-HCI and 75% from
BioLys-Sulfate) and 5- Ration 100 (100% of supplemented Lys from BioLys-Sulfate). Feed ingredients (i.e., corn,
corn gluten meal, and soybean meal) were analyzed for amino acid by NIRS in Evonik company representative in
IRAN. The composition of basal diet and nutrient composition of feed ingredients. During the study, feed intake (FI)
and body weight (BW) were determined at the end of starter, grower and finisher periods, and mortality-corrected
FCR was calculated by accordingly. European production efficiency factor (EPEF) was calculated as: EPEF =
[Viability (%) x BW (kg) / age (d) x FCR (kg feed/kg gain)] % 100.

All the birds were vaccinated intramuscularly through breast muscle with killed Newcastle disease and influenza
vaccine (Cevac: New Flu-Kem) at 7 d of age, and Newcastle disease La Sota vaccine was used in the drinking water
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for vaccination at 14 d of age. Antibody titer against Newcastle disease, avian influenza and sheep red blood cell were
detected. At the end of the experiment (42 d of age), 2 blood samples from the wing vein of 2 birds (almost near to
mean body weight of each pen) were collected and blood metabolites like serum glucose, triacylglycerol, total
cholesterol, albumin, uric acid and creatinine were detected. The other blood sample was used to detecting heterophil
and lymphocyte percentages and heterophil to lymphocyte ratio accordingly. Finally 1 broiler from each replicate
were selected and slathered, then tibia bone parameters like height, width, diameter, Ca and P percentage were
detected.

Results and Discussion The results showed that from 1-42 d, broiler chickens fed the 100-diet had higher feed
intake and body weight gain as compared to control group (P < 0.05). Dietary treatments had no effects on serum
cholesterol, glucose and uric acid concentrations, spleen and thymus relative weight, heterophil and lymphocyte
percentages and heterophil to lymphocyte ratio (H:L), antibody titter against SRBC and New-Castle diseases, tibia
bone diameter and width, dry matter and ash percentages (P > 0.05). As compared to control group, broiler chickens
fed diet containing 100% BioLys had higher serum total protein concentration, antibody titter against avian influenza
and bone Ca and P percentages, tibia bone length, width and index (P < 0.05).

Conclusion In conclusion, inclusion of BioLys-Sulfate rather than L-Lysine-HCIl to broiler chickens diet,
increased broiler chickens feed intake and improved immune response and bone parameters but had no effect on
broiler chickens body weight. In spite of cheaper cost of BioLys-Sulfate, its inclusion in broiler chickens diet
decreased income over feed cost ratio and its use is not economically advisable.

Key words: Antibody, Bone, Broiler Chicken, Growth, Lysine source.
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Table 1- Comparison of physicochemical properties of Ovine and Bovine panceratic RNase A

oS WS g, Bov/ine Ovin?
Pancreatic ribonuclease I AdwgS
Soelbpl s 124 124
Number of amino acids

I 0

Molecular weight 13690.29 13707.23
oS 53]

pl Theoretical pl: 8.64 8.64 8.15
Cuo )b )luda 10 11
Total number of positively charged residues

L;é;"’ )L. )L“""" 14 13

Total number of negatively charged residues

el (ol Jse
Formula

[F9%] Y
Total number of atoms

ANy G 3o SllpdsS 55 sads
half-life (mammalian reticulocytes, in vitro)

oo S Jsh 3 (xSgp yecdes
(yeast, in vivo)

IS > (S g yesdos
(Escherichia coli, in vivo)

sl o8l
The instability index

gyl (adll
Aliphatic index

Shorer boge
Grand average of hydropathicity (GRAVY)

C575H909N1710193S12 C574H904N1700196S12

1860 1856
1.3 hr. 1.3 hr.
3 min. 3 min.
3 min. 3 min.
42.12 44.26
46.45 45.65
-0.663 -0.681
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Figure 1- The Ramachandran plot (A) The Ramachandran plot of initial model (B) The Ramachandran plot of refined model
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Figure 2- Alignment of the bovine RNase A with the ovine RNase A
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Figure 3- 3D structure of the ovine RNase A
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Figur 4- RMSD and RMSF analysis confirmed the stability of the ovine RNase.
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Figure 5- The colony PCR of ovine RNase A, S1: M 100+ marker (Thermo, USA), S2 and S3: Native ovine RNase A.
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Figure 6- Left: Recombinant protein production in £. coli BL21(DE3), S2: native ovine RNase A protein, S3: E. coli BL21(DE3)
with pET 21b (+). Right: purification of the ovine RNase A. S1: protein ladder (Thermo, USA), S2: native ovine RNase A protein.
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Figure 7- MTT assay of native and mutant ovine and bovine RNase A on HeLa cancer cell line.
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Introduction Obviously, the recent decades strategy in cancer therapy, anticancer drug discovery and drug

improvement is to characterize, distinguish and validate the most promising cancer-related molecular targets to which
new drugs can be designed. The unique features of the pancreatic RNase (RNase A) such as high activity, stability,
lack of a cofactor, and small molecular size have made it the most popular enzyme in the ribonuclease family.
Specifically, RNase A is involved in endonucleolytic cleavage of 3'-phosphomononucleotides and 3'-
phosphooligonucleotides ending in C-P or U-P with 2', 3’- cyclic phosphate intermediates. RNase A was purified from
the Bovidae family including bovine, ovine, bison, eland, goat and gnu. Although phylogenetic analyses of RNase A
revealed high similarity among members of the Bovidae family, some functional mutations were also found.
Several studies showed that the RNA hydrolyzing action of ribonuclease is able to induce apoptosis and cell death in
cancer cells, independently. This effect could be enhanced thousands of times when ribonuclease is linked to
antibodies. These enzymes show potent cytotoxic activity on cell internalization but do not show sensible
immunogenicity or non-specific toxicity toward normal cells. Ovine pancreatic ribonuclease enzyme is a member of
super family RNase A, it can be a good candidate as a toxin for designing new drugs. The objective of this study was
to produce ovine pancreatic ribonuclease enzyme in E. coli and characterize its activity.

Materials and methods All structures needed for this study were downloaded from the Protein Data Bank (PDB)
website (http://www.rcsb.org/). PDB files (accession numbers: 10.2210 /pdbl1YV6/pdb and 10.2210/pdb3SNF/pdb)
related to natural Bovine Pancreatic RNase were selected. Gene synthesis and production of recombinant protein were
conducted by using the pelB signal sequence at the beginning of the structure for periplasmic protein production. The
native ovine RNase and bovine RNase A were optimized for E. coli host by GenRay codon optimization service and
sent to GenRay Biotechnology (Shanghai, China) for synthesis. The target genes in pGH vector were sub-cloned in
pUC19 and then cloned into the pET21b (+) vector between Xbal and HindIII sites. After transformation, E. coli cells
containing recombinant pET21b (+) were cultivated in LB broth medium containing ampicillin. To extract the
proteins, osmotic shock methods were applied. After that Q-sepharose chromatography was used to extract the target
protein. Finally, Bradford analysis was used to determine the protein concentration. The ribonucleolytic activity of
the recombinant native ovine RNase A was compared with native bovine RNase A following Tripathy et al (2013)
method. To investigate the antitumor activity of recombinant proteins, HeLa cells were prepared for seeding in a 96-
well flask and incubated at 37°C in 5% CO; for 72 h.

Results and discussion The production of native ovine and bovine RNase A was confirmed by SDS PAGE.
Protein purification was successfully performed using osmotic shock in the Q-Sepharose column. Although our
findings confirmed protein expression, no detectable proteins other than RNase A was observed in the LB medium,
indicating that almost all the proteins were expressed either inside the bacterial cell or secreted into the periplasmic
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area. According to the Bradford analysis, the concentration of the recombinant proteins extracted was 4.78 ovine
RNase A. Based on our results, it was shown that the ribonucleolytic activity of native ovine RNase A was 558+22.
The results showed that RNase A exhibited resistance to pepsin degradation during the whole incubation process (22
h), in the course of which 90% of RNase A remained undamaged. To determine the cytotoxic effect of ovine RNase
on the HeLa cell line, MTT assay was done following incubation with ovine RNase A. The commercial RNase A was
used as control. The results showed that ovine RNase A and bovine RNase A had no cytotoxic effect on HeLa cells.
When RNase treatment was done by the lipofectamine 3000 (Thermo, USA), the cytotoxicity effect was observed.

Several studies have shown that some ribonucleases such as onconase, bovine seminal ribonuclease and bovine
pancreatic ribonuclease have a great promise as cancer immunotherapeutic agents and cause a significant reduction in
the protein synthesis of tumor cells after internalization into cytosol.

Conclusion Our findings demonstrate that ovine RNase similar to bovine RNase has a great potential for use in
drug design industry. We revealed that the native ovine RNase A was more stable than the native bovine RNase. In
future work, we intend to fuse the engineered ovine-RNase A to dedicated recombinant antibodies for cancer therapy
and investigation of engineered immuno-ribonuclease potency and cell killing effects as a fusion protein.

Keywords: Bioinformatics, Biological activity, Cytotoxicity, Ovine pancreatic ribonuclease.
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Table 1- Descriptive statistics parameters Zandi sheep using Logistics growth curve function
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b odd 3yglp Jhde 3l slas Approximate _95% ohialie shas i Sl
Paramc; oy  Estimated Standard Confidence LIHHFS Number of Minimum  Maximum
Amount Error Sl J3las Observations
Maximum Minimum
A 34.48 0.09 34.66 34.29 1182 19.5 51.83
B 7.61 0.28 8.15 7.06 1160 23/2 5.25
K 0.027 0.0004 0.028 0.026 1195 0.69 0.0044
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A: Asymptomatic mature weight (kg), B: Growth rate (kg/day) and K: maturity rate
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Table 2- Six Different Animal Models
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S pik
Model Models Matrix Notations
1 1 atey=Xb+Z
2 2 atWe,y=Xb+Z
3 2 at+Z mte COV(am)=0,y=Xb+Z
4 2 at+Z,mte COV(am)#0,y=Xb+ Z
5 3 a+Z m+Wc +e COV(a,m)=0,y=Xb+7Z
6 3 COV(am)#0a+Z m+ Wec+e,y=Xb+Z
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K and Pi: The number of components variance and parameters in the model
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Table 3- Least squares means logistic growth curve parameters

Fixed effect b !l A B K
Mean ;,%le 33.86+0.17  3.47+0.02 0.019+0.0002
Year of birthdg Jl o ok o
Age of dam pl o ns ns
2 33.41+0.99*  3.59+£0.14* 0.018+0.0012
3 34.08+0.99>  3.69+0.14* 0.019+0.0012
4 35.0640.99¢  3.68+0.14* 0.018+0.0012
5 34.92+1.004* 3.59+0.14* 0.018+0.0012
6 34.73£1.02  3.61+0.14*  0.019+0.0012
7 34.56+1.02  3.66+0.14* 0.018+0.0012
8 34.59+1.07%¢  3.58+0.15* 0.018+0.001°
Type of birth Jg *ok ns ns
single 4l s 35.63+0.95*  3.64+0.13*  0.019+0.001°
twin g 33.33+0.99*  3.62+0.14* 0.018+0.0012
S€X  ywix *k £ **
male 37.16£0.97* 3.68+0.142 0.017+0.001
female ol 31.79+0.96° 3.6240.13° 0.019+0.001°
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Table 4- Genetic parameters for Growth rate maturity rate (A) using REML and Bayesian method Zandi sheep

- Sxndyedlyy 90 4 e uilly Cas _—

il i) Joe oo Proportion of ke s 2sls Log L/RSS 8T o
Statistical i . . Maternal ram
Model Direct environmental variance e AIC
method Y . . heritability
heritability to phenotypic variance

1 0.16+0.05 - - - -2180.620 4363.24
canys Slis 2 0.13+0.05 0.08+0.05 - - -2179.176 4362.35
i ’ " 3 0.09+0.05 - 0.11+0.05 -2178.190 4360.38
o 29 2 4" 0.064+0.02 - 0.06£0.07  0.98  -2177.072  4358.144
REML 5 0.09+0.04 o 0.11£0.08 2178.190 436238
6 0.064+0.06 o 0.06+0.11 0.99 -2177.072 4360.15
1 0.18+0.0005 - - - 12.3 -5410.92
2 0.15+0.0004 0.08+0.0002 - - 11.46 -5475.48
i 3 0.09+0.0001 - 0.08+0.0002  0.34 11.76 -5444.79
Bayesian 4 0.14+0.0003 - 0.12+0.0001 0 -18 11.34 -5487.83
5 0.14+0.0003 0.03+0.0001 0.08+0.0001 - 11.06 -5516.08
6 0.14+0.0003 0.03+0.0004 0.10+0.0001 0 '12 11.09 -5512.39

oblosdl Slaspe d gosme RS (il g 5 (oloiinn)s @l w2, :LOE L (g y3lo g puions (S5 (Samsods Tam il Jio 1
* Best model, ram: Direct and maternal genetic correlation, Log L: Log Likelihood, RSS: Sum of Squares Residuals.
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Table 5- Genetic parameters for growth rate and maturity rate using REML and Bayesian method Zandi sheep

Ephcdly 98 4 e iyl G

Sl gy . ©rle g pdycily LogL i
Statistical e i . Proportion Of. Maternal ram /RSS ST e
Model Direct environmental variance o qens AIC
method ey . . heritability
heritability to phenotypic variance
1 0.13+0.05 - - - 93.117 -188.23
Canyd Sl 2 0.13+0.05 0.01+0.05 - - 93.117 -190.234
Sgaome gles 3 0.13+0.05 - - - 93.116 -190.232
oAd 4 0.17+£0.07 - 0.03+0.08 -0.756 93.537 -191.074
REML 5 0.13£0.05 0.0240.08 ; ; 93.117  -192.234
6! 0.17£0.07 0.03+0.09 0.16+0.12 -0.99 93.657 -193.14
1 0.17+0.0003 - - - 0.24 -9829.47
) 2 0.13+0.0001 0.03+0.0006 - - 0.24 -9831.79
B SR 3 0.14+0.0001 - 0.01+0.0002 - 0.24 -9798.11
ayesian
4 0.12+0.0001 - 0.01£0.0002 0.022 0.25 -9776.80
5t 0.16+0.005 0.04+0.0001 0.03+0.0007 - 0.23 -9861.02
6 0.17+0.005 0.04+0.0001 0.04+0.0003 -0.67 0.23 -9860.52

05kl Slasye degorme RSS (il g 9 oloiw)s @b wi )& LOG L ¢g oo g paditns (S} (Kimods TAM calio Joo
! Best model, ram: Direct and maternal genetic correlation, Log L: Log Likelihood, RSS: Sum of Squares Residuals.
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Table 6- Genetic parameters for growth rate and maturity rate using REML and Bayesian method Zandi sheep

sl g, Joe dﬁﬁa‘” S .wsb")‘fj e sple gpicslyy LogL ST e
Statistical f . Proportion o . Maternal ram /RSS wT0E
Model Direct environmental variance A AIC
method o . . heritability
heritability to phenotypic variance
1 0.16%0.05 - - - 1434.448 -2870.89
2 0.13%0.05 0.05£0.05 - - 1434919  -2870.838
el oy Shs
N 3 0.15+0.06 - 0.03+£0.04 - 1434.692  -2873.384
[ Jj.k?m
REML 4 0.17+0.07 - 0.06+0.07 -0.30 1434.741  -2873.482
5 0.15%0.06 0.05+0.07 - - 1434918  -2875.836
6! 0.16x0.07 0.05+0.09 0.006x0.11 -0.58 1434.985 -2875.97
1 0.23+£0001 - - - 0.023 -12968.32
2 0.16+0.0003 0.06+0.0001 - - 0.023 -12966.32
S

Baye::ian 3 0.15+0.0004 - 0.04+0.0008 - 0.0241 -12911.68
4 0.17£0.0004 - 0.05+0.0004 -0.217 0.0237 -12930.64
5 0.16+0.0005 0.04+0.0005 0.04+0.0001 - 0.0230 -12969.50
6! 0.18+0.0006 0.04+0.0001 0.04+0.0005 -0.479 0.0228 -12979.94

0blodl laspo dcgasme tRSS (il g g oloiianys b o, LOE L ¢ )3le g puine (K55 (Simsad TAM camslio o o

! Best model, ram: Direct and maternal genetic correlation, Log L: Log Likelihood, RSS: Sum of Squares Residuals.
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Introduction Growth, defined as changes of body weight over time, is an economically important trait in sheep
that directly determines meat production.Increase in live weight or dimension against age has been described as
growth. Changes in live weight or dimension for a period of time are explained by the growth curves. Animal breeders
are interested in the genotypic and phenotypic relationships during all phases of growth. Knowledge of genotypic and
phenotypic relationships among live weights, degree of maturity and growth rate during all phases of growth is
necessary to formulate breeding programs to improve lifetime efficiency. Growth models are mathematical functions
which are applied for describing the growth pattern. Understanding ,estimating, and capturing the defining
characteristics of growth processes are key components of developmental research. The aim of the present study was
to estimate the genetic parameters for growth traits in Zandi sheep, by determining the most appropriate animal models
to be fitted. In addition, genetic, phenotypic and environmental correlations between traits were estimated.

Materials and Methods The data used in this study were obtained from the Animal Breeding Center of Iran. The
data were screened several times to remove the defective and out of range records. Growth curve parameters used in
study were asymptomatic mature weight (A), Growth rate (B) and maturity rate (K). The procedure of SAS software
was used for studying of fix effects. Based on body weight at different ages and using different initial values, each of
the growth curve parameters was estimated using SAS software version 9.1 and NLIN procedure. Estimation of
(co)variance components of growth curve parameters was conducted using Bayesian approach implemented in
MTGSAM and Wombat software. The number of Gibbs sampling rounds used was 200,000 rounds. Ten percent of
these numbers (20,000 rounds) was burn-in. The convergence criterion for stopping repetitions in this analysis was
also considered as 10 decimals (10-10). Sampling intervals of 200 and Gouss- Seidel 10000 repetitions were
considered. In order to find the best model incorporating the constant and random effects affecting each of the
parameters of the growth pattern, the following models ,with and without regard to maternal effects including maternal
additive genetic effects and permanent maternal environmental effects in the model (Meyer’s models) were tested.
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Results and Discussion Environmental factors such as year of birth and sex of lamb showed significant influence
on growth curve parameters (A, B and k) in Zandi sheep. Estimates of direct heritability is based on best models using
REML and Bayesian methods for A, B and K were 0.064 and 0.14, 0.17and 0.16, 0.16and 0.18 respectively. Maternal
heritability was in range of 0.006 - 0.08 and Proportion of environmental variance to phenotypic variance in range of
0.03 - 0.05 parameters growth curve. Among the growth curve parameters, only A and k have biological interpretation
and therefore ,relationship between them may provide necessary conclusions. Estimates of direct genetic correlation
between growth curve parameters were 0.323, -0.429 and 0.803 between A-B, A-K and B-K, respectively. The
positive and high genetic correlation between A and B parameters is evident as expected for common genetic and
physiological mechanisms controlling these traits. Positive genetic correlation between these traits suggests that
selection in one parameter of the growth curve would also improve the other parameter. Residual correlations between
growth curve parameters varied form —0.296 (between A-K) to 0.732 (between B-K). Phenotypic correlations between
growth curve parameters varied form —0.184 (between A-K) to 0.743 (between B-K). The phenotypic and genetic
antagonism between A and k indicates that rapid reduction in growth rate after inflexion point results in lower mature
weights. This finding would be helpful for improving selection by identifying the animal who reaches inflexion point
earlier and attend higher mature weights later.

Conclusion Current genetic estimates for growth curve parameters in Zandi sheep could be applied in designing
selection program in this breed. The low estimates of heritability for A, B and K parameters could be assigned to the
high phenotypic variance arising from large environmental variation. This therefore implies that much of the
improvement in these growth curve parameters could be obtained by improvement of environment rather than genetic
selection. It is important to provide good environmental conditions along with optimal management strategies in the
flock to achieve a desired shape of growth curve through changing the parameters of model.

Key words: Bayesian, correlation, Growth rate, Heritability, Restricted maximum likelihood.
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Figure 1- PCA analysis based on the first two principal components in the three horse breeds investigated in this study: individuals
with blue, yellow and red dot colors are showing Akhal-Take, Arabian and Caspian breeds, respectively.
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principal components and the Y axis is standing for the variance explained.
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Figure 3- DAPC analysis for three breeds of horse evaluated in this study: Clusters are marked with different colors and individuals
with blue, yellow and red dot colors are showing Akhal-Take, Arabian and Caspian breeds, respectively.
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number of principal components and the Y axis is standing for the variance explained.
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Figure 5- Number of clusters for the horse populations investigated in this study based on Bayesian Information Criterion (BIC): The
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Introduction Development of high-power and cost-effective genotyping methods in recent years has provided
the possibility of evaluation the genetic structure and the relationship among species populations utilizing genomic
data. Genome wide inference of population structure using genetic markers could provide invaluable information
associated with evolutionary relationships and clustering of subpopulations for performing animal breeding
programs. In large scale studies, one of the interesting subjects is to study the existence of genetic differences
among subdivided groups ascertained from different geographic locations. The objective of this study was to
compare the principal component analysis (PCA) and discriminant analysis of principal component (DAPC)
approaches for determining the population structure and study how an individual allocated to the true population
of origin, in three Horse breeds located in Middle East consisting Akhal Take, Arabian and Caspian using genomic
data.

Materials and Methods In this study, the genomic data obtained from 61 animals consisting Akhal Take (19),
Arabian (24) and Caspian (18) were used to investigate the population structure of some Asian horse breeds. The
data were obtained from the Equine Genetic Diversity Consortium (EGDC) project. Hair or tissue samples were
collected from animals. DNA extraction was performed using an optimized Pure gene (Qiagen) assay and
approximately 1 pg of DNA was used for genotyping of the samples. Genotyping was performed using Illumina
SNP 50K BeadChip arrays that allow to genotype 52603 SNP marker loci, according to the Illumina standard
guidelines. In this study, different quality control steps were applied on preliminary data to ensure the quality of
genotyping data. Quality control carried out using PLINK v.1.07 program. The samples with more than 5% missing
data were excluded from analysis. Then for each SNP, MAF and call percentage were calculated and the SNPs
with a call rate<95% and a MAF<2% were discarded. Deviation from Hardy-Weinberg equilibrium (p<10-%) was
estimated for the remaining SNPs to identify genotyping errors. The Bonferroni correction (f=o/n) was used to
address the multiple testing comparison problem. Principal component analysis (PCA) is a statistical technique
for summarizing data from many variables into a few variables which describe as much of the variation in the data
as possible. For this purpose, the variance-covariance matrix of independent variables was first calculated and
principal components were extracted. Each new variable has an associated Eigen value that measures the respective
amount of explained variance. Furthermore, the model independent of discriminant analysis of principal
component (DAPC) is a multivariate method designed to identify and describe clusters of genetically related
individuals. When group priors are lacking, DAPC uses sequential K-means and model selection to infer genetic
clusters. Analysis was performed using PCA and DAPC approaches and the codes for analysis were provided in

1- M.Sc. Graduate of Animal Science, Faculty of Agriculture, University of Tabriz, Tabriz, Iran.

2- Professor, Department of Animal Science, Faculty of Agriculture, University of Tabriz, Tabriz, Iran.

3- Associat Professor, Department of Animal Science, Faculty of Agriculture, Arak University, Arak, Iran.

4- Associat Professor, Department of Artificial intelligence, Faculty of Computer Engineering, University of Tabriz,
Tabriz, Iran.

(*Corresponding author email: hoseinmoradi@ut.ac.ir)

DOI:10.22067/ijasr.0621.39343



Voo 5l ¥ oyleds OV als ol ools pole gloidgis apii  FAY

R v.3.4.1 software.

Results and Discussion The analysis of the main components summarizes the general variation among
individuals, which includes both the variability between the groups and the diversity of the groups, and shows a
clear picture of the differences between the groups. The results of this study indicated that 10.8% of the variance
was explained by the first two components in both PCA and DAPC methods. Both methods showed high accuracy
for assigning of individuals to the true population of origin and both were able to cluster three populations
separately. The Bayesian information criterion (BIC) index was used for evaluating the optimal number of clusters

for DAPC method and the results revealed that K=3 showing the optimal number with lowest BIC that completely
separate three populations. The DAPC method was better than PCA to separate populations from each other due
to the increase of intergroup variance and the reduction of intra-group variance. In determining the optimal number
of K, it worked better than PCA method and provided a better picture of the relationship between individuals. This
results show that DAPC method can be applied in quality control of GWAS as an alternative to the PCA, because
of summarizing the genetic differentiation between groups and overlooking within-group variation and provides
better population structure.

Conclusion In general, the results of this study showed that although the previous studies grouped these three
breeds located in Middle East in one cluster of neighboring trees, however, according to the results of this study,
three breeds are grouped separately, and the DAPC method can better illustrate the inter-population relationships
in horse breeds.

Keywords: Population structure, Middle East horse breeds, SNP markers, PCA and DAPC methods.
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Table 1- Naming of new genetic combinations produced by five parental Japanese-shape silkworm lines

S5 ls g elagyY 1 2 3 4 5

Parental Japanes-shape lines 31 103 151 153 1524

S5 olS 5 s sla gl 1 2 3 4 5 6
New name 31x153  151x153  103x151 103x153 153x1524 1524x103
for genetic combinations IRAS IRA7 IRA1 IRA3 IRA11 IRA9

el 35 58 —(li b 5 sl (Sluse ) oo Sl uily)ly 4 o5 -V Jgaa
Table 2- ANOVA of important traits (Mean Squares) for the Japanese-shape silkworm genotypes

Fb g g Sl 5l 0

o s g R Ay 0js st dly do)d

ol 5 n n

So)l;‘;eé; Variation ISEICI?& " %?gi(;% t Cocoon Sheoll Cocoon Best Cocogn
ILitre [Litre (2) Percentage (%) Weight(g) Percentage(%)

Model 72129.250™"  149.174 34134947 865.507"" 112827.012"*

Genotype 417.249™"  1956.914 ™ 75.223" 8.459™ 316.162™

Year 1480.545™" 103.020 ™" 814.374™" 24,683 6155.987""

GenotypexY ear 100.215™* 30.480" 44,776 ** 0.816"" 61.305""

Error 45.22 17.699 17.69 0.13 1.778

R? 0.997 0.997 0.997 0.995 0.995

F#(P<0.01) ; *** (P<0.001)

iy Jod U jo o ST 5] ol sl S5 g el 35 slocY 0 0o a0 Slape Jilis (:SiLe = Y Jgur
Table 3- Least-squares means for cocoon weight among silkworm lines and their crossing from GO0 to G5

5 g5 bl by, e gy Saype S (ke
éénot o Selection Least-squares means of cocoon weight (g)
P Method GO G %) G3 Gd G5 Average!
No Selection 1592 1592 1563 1572 1.588 1579
31 ®RMy  I9IH0007T - 0h0gd 100064 £0.006¢  +0.006e  +£0.005¢  +0.003¢
103 No Selection 1.720 1755 1755 1.642 1.615 1.640 1.663
(R.M.) +0.007 £0.008°  +0.006°  =0.006%! +0006de  +0.005%  +0.003
51 No Selection 1.648 1713 1713 1.663 1.733 1.693 1701
(R.M.) £0007  +0.008%  =0.006%¢  +0.006™  +0.006%  +0.005%  +0.003 b
53 No Selection 1.647 1.674 1.672 1.670 1708 1.689 1.690
(R.M.) £0007  +0.008%  =0.006%  +0.006%°  +0.006%¢  +0.005%  =0.003 <
1524 No Selection 1705 1.624 1.625 1.624 1.701 1.633 1.646
(RM.) £0007  +0.008%  +0.006  +0.006¢  +0.006%¢  +0.005%  +0.003
IRAS Lo 1.693 1.653 1.671 1.623 1706 1.654 1.664
.C.L £0007  +0.008%¢  =0006%  +0.006¢  +0.006™¢  +0.005%  =0.003 <
RA7 Lo 1763 1.677 1.727 1.678 1.774 1.669 1712
-C.L. £0007  +0.008%  =0.006%  +0.006%°  +0.006%  +0.005°¢  =0.003
AL Lo 1796 1715 1759 1.723 1780 1.765 1757
-C.L. £0007  +0.008%®  £0.006°  +0.006°  +0.006%  +0.005°  +0.003°
IRA3 Lo 1719 1760 1.700 1.689 1.693 1.960 1.693
-C.L. +0.007 £0.008a  +0.006abc  +0.006ab  =0.006%  =0.005%  +0.003
RALL Lo 1776 1.679 1734 1.693 1.800 1.718 1736
-C.L. £0.007  +0.008™  £0.006®  +0.006®  +0.006°  +0.005®  =0.003°
IRA Lo 1759 1.652 1.666 1.643 1,652 1.651 1.656

+0.007 £0.008 %4 +0.006%¢  +0.006 > +0.006 +0.005 * +0.003 «¢

(P<e/0) sl o 4l ne MBI gyl cglite g b gt b (slapSilie P
Al s oz il

ailgy (Holai b cas v

s (B> sl (3,

a.b T east-squares means with different superscripts within the same column differ significantly (P<0.05)
! Avarage of last four generation (G2, G3, G4 and G5)

2 Random Matting

3 Independent Culling Level
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Table 4- Least-squares means for cocoon shell percentage among silkworm lines and their crossing from GO to G5

g g5 Bl o) Ay 8 dopd Slayye JBlis (4 Sle
Geno type Selection Least-squares means of cocoon shell percentage (%)
Method GO Gl 3 G4 G5 Average!
3 No Selection  19.39 19.77 20.07 20.74 20.25 2022
(RM.)? £0086  +0.068° £0.066°  +0.068° 0066  £0.071%%  =0.029°
103 No Selection 1917 19.24 18.20 19.97 20.60 19.50
(RM.) £0086  £0.068"  £0.066™¢  +0.068%  £0.066™  +0.071%c  +0.029cd
51 No Selection  18.84 19.43 19.34 19.61 20.36 19.70
(RM.) £0086  £0.068%  +0.066%  +0.068%  £0.066  +0.071°  =0.029
53 No Selection  19.09 19.13 18.91 20.29 20.32 19.67
(RM.) £0086  +0.068%  +0.066°  +0.068%  £0.066%®  +0.071°  =0.029
1524 No Selection  19.00 19.45 19.80 20.35 21.49 2027
(RM.) 10086 £0.068%  +0.066%  +0.068%  +0.066°  +0.071° +0.029°
IRAS Lo 19.47 19.10 19.12 19.89 20.03 19.63
-C.L. £0086  +0.068%  +0.066%  +0.068%  £0.066%  +0.071°¢  =0.029
19.71 18.54 18.14 19.49 19.92 19.30
IRA7 LC.L £0.086 0068  +0.066®  £0.068¢  +0.066%  =0.071%  +0029 %
RAL Lol 19.05 19.13 19.15 20.01 20.74 19.78
-C.L £0086  +0.068%  £0066™¢  +0.068°  £0.066%  +0.071%  =0.029 b
A3 LeL 19.97 18.97 19.09 19.51 19.81 19.54
-C.L £0086  +0.068bcd  £0066°  +0.068%  £0.066%  £0.071¢f 0,029 b
19.32 18.45 18.26 19.34 19.41 19.00
IRATL LC.L £0086  +0.068¢  +0.0669  +0.068%  +0066¢  £0071°  +0.029¢
IRA oL 19.33 19.19 19.09 19.72 20.67 19.70
-C.L £0086  £0.068bc  +0.066%  +0.068°  £0066%¢  £0.071%  =0.029
(P<e/+0) aidl o laisine BT (sl Soglite By b (ygias 1o (sloeSils M0
A e Sk
wlyy B3las b cas ¥
St (Sl gl gy "

a.b ] east-squares means with different superscripts within the same column differ significantly (P<0.05)

! Avarage of last four generation (G2, G3, G4 and G5)
2 Random Matting
3 Independent Culling Level
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Table 5- Least-squares means for good cocoons percentage among silkworm lines and their crossing from GO to G5

e sl ) e dly do)y Sl Jibo (1 Sile
Gwy) &Y . 0
Genotype Sl\fjll:tcht:)(zln = GlLeast—square(s} ;neans of go((})gl cocoon pe(r}zentage (A))G5 —
verag
No Selection 81.50 8615 8451 82.52 9031 85.87:1.684
31 (RM.)? +1003  O3BHELITT L Sppw L1750 11687%  £1256% b
No Selection 82.52+1337  86.02 80.11 85.29 91.86  85.82+1.338
103 (RM.) 84.75+1.369 ab £1538%  £17599  +1.687°  +1.256° ab
51 No Selection 83.23 825941315  89.44 81.88 87.73 8930  87.09+1.787
(RM.) +1.103 abe L15120  £1488%  £1386°  +1.776% a
53 No Selection 85.27 76761396  79.09 83.04 85.63 87.02  83.70+1.721
(RM.) +1.052 abe +1538¢  £1.759%  +1386°  +1.256% ab
1524 No Selection 80.97 74041315 86.65 82.09 82.89 91.87  85.85 +1.638
(RM.) +1.835 abe £1.5120 14883  £]687%  +].256¢ ab
, 78621337  81.75 85.55 83.92 90.89  85.38+1.767
IRAS LC.L 74.69 £1.18 abe +1512%  +£1488°  +1386%  +1.776%® ab
RA7 Lo 83.48 729941337  85.89 80.40 86.37 8430  84.09+1.365
-C.L. +1.369 c £1.175%  £1759%  +£]1386%  +1.776° ab
AL Lo 79.90 72641315 8433 82.76 79.88 8625  83.311.375
-C.L. +1.052 c £1512%  £1759%  +£]1386%  +1.776% ab
RA3 Lol 83.48 75921337 80.81 72.73 85.89 90.44  82.34+1338
-G L +1.052 abe £1538¢  +1.759b  +1.687°  +1.256% b
83.50 78761396  82.61 86.68 81.65 88.94  84.79+1.481
IRAII LC.L. +1.052 abe £1776%  £1488°  +£1.687%  £1256% ab
82.36 78621315 83.67 84.11 84.30 80.85  85.65+1.338
IRA9 LC.L. +1.103 abe £1512%  £14889  £1.687%  +1.776% ab

2.5 Least-squares means with different superscripts within the same column differ significantly (P<0.05)

! Avarage of last four generation (G2, G3, G4 and G5)
2 Random Matting
3 Independent Culling Level
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Table 6- Least-squares means for cocoon number/litre among silkworm lines and their crossing from GO to G5

g g5 Gbal o, s )0 g ol Slayye JBls 4 Ske
E}éno tvpe Selection Least-squares means of cocoon number/litre
P Method GO Gl G2 3 G4 G5 Average!
., No Selection 81,50 118 122 133 142+ 130£1.407  134+1.150
(RM.)? £1.103  £1243%  £]184%  £]1613%®  1380° ab a
No Selection 119 120 138 135+ 12041702 131+1.636
103 (RM.) B4T5E1369 o430 srigate 115550 1.380° bed ab
No Selection 83.23 119 125 131 126 . 129+1.121
151 (RM.) £1.103 12439  £13353 15558  xpgg7ave  133ELT02 abe
53 No Selection 85.27 116 119 125 107 + 12241407 118+1.216
(RM.) +1.052 £1885%  £1335%  x]613%  1.097¢ abed ed
1524 No Selection 80.97 114 119 131 137+ 12741.407  129+1.680
(RM.) +1.835  +1.885b 41567  £]1555%  ]3g0% abe abe
114 120 126 123 121 £1.210
3 cd .
IRAS LC.L H11268 |, D o sieate aq3pgea 1151607 Ny
115 120 123 110 . 115+1.636
IRA7 LC.L 0741774, 5 1080k s1613¢  ap3goed 1071702 |
114 119 124 121 11941702 121+1.136
IRAL LC.L T6£1.268  jgg5tc 415670  +1.555¢ 10970 bed bed
112 117 120 119 11241407 117+1.241
IRA3 LC.L T2£L268  1o43¢ 41184 41613 £1.09754 d d
112 123 127 121 11541.407  122+1.636
IRATL LC.L H4£1268 4 o4se L1520 416130 413805 «d bd
117 125 127 126 + 11541.407 123 +1.387
IRA9 LC.L HS£1.636 ggsa 115670 +1613¢  1.380 % o bad
(P<e/+0) aidl o laisine BT (sl Soglite By b (ygias 1o (sloeSils M0
A s g (Ske
wlyy B3las b cas ¥
St (Sl gl gy "

a.b ] east-squares means with different superscripts within the same column differ significantly (P<0.05)

! Avarage of last four generation (G2, G3, G4 and G5)
2 Random Matting

3 Independent Culling Level
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Table 7- Least-squares means for cocoon weight/litre (g) among silkworm lines and their crossing from GO to G5

ren o 5 A iy Sheye il S
SrP) EY - . .
Genotype Selection Least-squares means of cocoon weight/litre (g) :
Method GO Gl G2 G3 G4 G5 Average
31 No Selection 184.52 189.57 193.68 180.45 199.90 183.16 189.30
(RM.)? +1.736 +1.805 b +1.648 °d +1.484 ¢ +1.065 ¢ +1.965 d +1.387¢d
103 No Selection 190.90 200.85 200.83 193.00 200.94 199.49 198.57
R.M) +1.368 +1.858 @ +1.994 bed +1.878 ¢ +]1.582 ¢ +1.218% +]1.811] bed
151 No Selection 178.69 200.85 211.42 211.46 211.51 200.31 208.68
R.M) +1.368 +1.930 +1.549% +1.484+¢ +1.065 2b¢ +1.2182 +1.6582
153 No Selection 179.98 188.84 190.75 177.27 176.56 179.85 181.04
R.M) +1.907 +1.805 b° +1.891 ¢ +1.484 4 +1.582¢ +1.965¢ +1.387¢
1524 No Selection 187.581 192.25 191.95 198.18 223.16 193.98 201.82
R.M) +1.907 +1.858 2b¢ +1.6484 +1.878 +1.5822 +1.218 2b¢ +1.756 b
IRAS LC. L3 181.99 188.33 192.42 186.25 200.85 188.23 191.94
T +1.368 +1.858 ¢ +1.4594 +1.878 bed +1.065 < +1.218 bd +1.45] cde
IRA7 LC.L 185.78 198.30 197.42 180.153 190.83 196.82 191.19
e +1.044 +1.930 2 +1.698 bed +1.484 ¢ +1.065 % +1.218% +1.771 ede
IRA1 LC.L 197.87 201.30 205.61 196.82 206.33 200.63 202.35
e +1.368 +1.858 % +1.4592b +1.484 2 +1.582 % +1.965% +1.387
IRA3 LC.L 181.11 195.98 192.53 180.31 186.88 188.34 187.02
T +1.368 +1.805 +1.697 ¢ +1.878 +1.582 ¢ +1.218 bed +1.636 ®
IRA11 LC.L 188.29 194.79 203.95 196.70 206.31 199.35 201.58
e +1.368 +1.805 2b¢ +1.648 2b¢ +]1.878 2b¢ +]1.582¢b +1.218% +1.387 bed
IRA9 LC.L 190.81 182.77 201.43 192.77 203.11 188.24 196.39

+1.736 +1.858 ¢ +1.994 2b¢ +1.484 b +1.065 b +1.965 bed +1.677 ¢4
(P<0) 32l o b sins EM] g5 glie gyo b gt o (slmgSils
Al s ez ool
wlyy B3las b cas ¥

Jats (Bl o i3, 7

a.b ] east-squares means with different superscripts within the same column differ significantly (P<0.05)
! Avarage of last four generation (G2, G3, G4 and G5)
2 Random Matting

3 Independent Culling Level
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Table 8- Overall difference between silkworm genotypes for the two selected traits based on deviation from maternal control
line in the relevant year

Y] ols Y A i g 428 Aoy
Genotype Control Line Cocoon Weight (g) Cocoon Shell Percentage (%)
IRA9 1524 0.00725° -1.2750¢

IRA7 151 0.01150° -0.4000 2b

IRA3 103 0.03000 2° 0.2800 *

IRAT11 153 0.05650 2 -0.01752b

IRAS 31 0.08475? -0.6650 b

IRA1 103 0.09375? 0.2388*

(P<e1+0) 3bl o I ine M glls oglite gy b ¢ygiw y slocySils P
-5 Means with different superscripts within the same column differ significantly (P<0.05).
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Introduction Introducing new commercial lines is one of the goals of silkworm breeding centers in the world.
Iran has the potential to introduce new lines for hybrid silkworm production due to its silkworm genetic resources and
silkworm egg production technology. The performance of productive, reproductive and viability traits in the parental
silkworms, including Japanese-shaped and Chinese-shaped lines, changes after several years for various reasons,
including inbreeding. Therefore, after a few years, it is necessary to introduce new silkworm strains. Most silkworm
breeding schemes in most of the countries are based on the introduction of the Chinese and Japanese-shaped lines to
make commercial silkworm hybrid.

Material and Methods Five Japanese - shape lines of silkworms named 31, 103, 151, 153, and 1524 were selected
from silkworm germplasm of Iran Silk Research Center in the spring of 2012. All genetic combinations obtained by
using the diallel method of mating system (20 crosses) were reared in autumn 2012 and spring 2013. After two
generations of mass rearing in each genetic combination, the reciprocal crosses in the diallel design were mixed to
establish the basic generation of this breeding scheme. The selection program was based on independent culling levels
(I.C.L.) method applied from 2014 to 2019 in the selected group. At the same time, all parental lines were reared as
control by using a random mating system. Of the 10 genetic compounds, six combinations were retained and the rest
were rejected. In this breeding program, due to the necessity of eliminating weak families, family selection, and
individual selection were both used simultaneously. In the present study, the productive traits of cocoon weight,
cocoon shell percentage, good cocoon percentage, number of cocoons per liter, and cocoon weight per liter were
compared simultaneously in the genetic combinations and control lines. Two-factor analysis of variance (including 6
genotypes and 5 years) was performed in a completely randomized design with six replications; then the results were
analyzed using SAS statistical software.

Result and Discussion In general, the effects of genotype, year and interaction effect of genotype and year were
significant for all studied traits. Based on the average performance of each trait during selection program from 2016
to 2019 years (average performance of G2, G3, G4 and G5 generations), the cocoon weight in the combinations of

1- MSc, Researcher of Iran Silkworm Research Center, Guilan, Iran.

2- Professor, Department of Animal Science and Department of Sericulture, Faculty of Agricultural Sciences, University
of Guilan, Guilan, Iran.

3- Associate professor, Department of Animal Science and Department of Sericulture, Faculty of Agricultural Sciences,
University of Guilan, Guilan, Iran.

4- MSc, Research Instructor, Academic staff of Iran Silkworm Research Center, Guilan, Iran.

5- Assistant professor, Department of Agricultural Biotechnology, Faculty of Agricultural Sciences, University of Guilan,
Guilan, Iran.

6- Professor, Department of Animal Science, Faculty of Agricultural Sciences, University of Guilan, Guilan, Iran.

7- Researcher of Iran Silkworm Research Center, Guilan, Iran.

(*- Corresponding author email: hosseini@guilan.ac.ir)

DOI:10.22067/ijasr.2021.38311.0



Voo 3l ¥ ooylods IY ol )l old pole Gleliadghy oyl Yvy

IRAIL, IRA11 and IRA7 was more than the parental lines. This advantage was also seen in the trait of cocoon weight
per liter. For the cocoon shell percentage, none of the genetic combinations in all the studied years were completely
superior to parents. The response to selection for cocoon weight based on deviation from the maternal control line in
IRAS and IRA1 was positive and significant. The two genetic compounds, IRA1 and IRA3, whose parent was 103,
had the highest genetic progression for cocoon shell percentage. Due to the superiority of the good cocoons percentage
in IRAI, this genetic combination performed well in terms of cocoon economic traits. IRA9, whose cocoon weight
gain was lower than the others, not only did not show any improvement in cocoon shell weight compared to the parent
during these years, but also showed the lowest amount compared to other genetic combinations.

Conclusion The six new genetic compounds in this breeding program had the minimum requirements for the
economically important traits of the silkworm. In other words, cocoon-related characteristics such as cocoon weight,
good cocoon percentage of each family, and cocoon size are superior to all parental lines, then they could introduce
to the silkworm gene bank. IRA1 was superior to parents in most of the studied traits. This genetic combination
showed the best performance compared to the parent for both cocoon weight and cocoon shell percentage. Therefore
it can be considered more in subsequent evaluations. IRA3 also responded relatively well. Other new genetic
combinations did not have a significant advantage over their parents in terms of cocoon shell percentage. However,
lower performance in some traits is not a reason for the new strain to be undesirable. Because the selection of the best
paternal and maternal lines (Chinese-shaped and Japanese-shaped lines) will be determined after that the hybridization
program was carried out to produce all hybrids and then the best hybrids were selected based on estimation of specific
combining ability for all important traits.

Keywords: Genetic combinations, Independent culling levels method, Random mating, Selection, Silkworm.
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