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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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Table 1- Chemical composition of raw and heat-treated soybean seed (% DM)*

L"w &b

NWIN Soybean grain &b re o SSke sl oLzl
Components of diet HES oy &5 045 39 S| P-value SEM

Raw Roasted Extruded
S oske 92.89° 97" 9432 P<0.05 0.68
DM
"CL; o 39.5 4167 41.69 P>0.05 0.93
"C L’F S 21.6 23.5 21.65 P>0.05 0.76
FuSE 5.42 5.21 5.37 P>0.05 0.35
Ash
S x93 Jglomals pud 21.5 19.3 20.6 P>0.05 0.76
NDF
sl 0940 53 Jolomal b 9.4 7.8 8.2 P>0.05 0.58
ADF
2 . P~
GU i Sy, S 11.98 10.32 10.69 P>0.05 0.62
NFC?

ool (P <OI05) s sime cglis S0l sy po allito i g > gt

s dlono 100 51 (255 oaizsd 3 Jolowsb b 5 1S ol (o plS (g Aoy S 3ol 51 B et lyings 7

!Different letters in each row indicates significant difference (P<0.05).

2Non-fibrous carbohydrates was calculated by subtracting the percentage of crude protein, crude fat, ash and neutral detergent fiber

of 100.
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Table 2- Nitrogen fractions of raw and heat-treated soybean seed (g/kg DM)

L"9MJ PN
hodasts slagisy Soy bean N Sl o oLzl
Nitrogen fractions pls odly & oLb 39 S| P-value SEM
Raw Roasted Extruded
CP 395 416.7 416.9 P>0.05 +AY
NPN 1642 120° 117° P<0.05 5.28
TP 231" 296.7° 299.92 P<0.05 2.04
BSP 340° 218° 201°¢ P<0.05 3.05
NDIN 166 162 165 P<0.05 2.18
ADIN 1395 109° 113° P<0.05 5.23

ool (P <OM05) s simn ool ,Soly sy o 53 ity gy ot

5 oxiz g > Jslomab 59,5 FNDIN 630 ) oo (5925 BSP (i (559 =TP < iy #0395 =NPN s 559, =CP

sl o3ty 3 Jploeals (30525 ZADIN

IDifferent letters in each row indicates significant difference (P<0.05).
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Table 3- Amount of urease activity raw and heat-treated soybean seed (mg /g DM)

L"w ab
S0 A5 o3k Soy bean G sme daw  pSikie jlire ol
Anti-nutrient s oob & oD gy P-value SEM
Raw Roasted Extruded
Slosgl ol 6.762 0.19° 0.14° P<0.05 0.33

Urease activity

ol (P <OM05) jls oo cglis yS5ky )y o it i g y> gyt
!Different letters in each row indicates significant difference (P<0.05).
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Table 4- Degradability parameters of dry matter raw and heat-treated soybean seed (%)
Srha P gl s Sy 3 (30)3) Jgo S

I3 oolo

ij{ﬁ enf[ Degradability parameters Effective degradability (%/KP)
a b c 0.04 0.06 0.08

pE Ly ol 35.05° 63.25¢ 6.09° 73.03? 66.73? 62.23?
Raw soybean seed
odly Ly 26.01P 74.73b 4.21P 64.33° 56.83P 51.79b
Roasted
245 29,551 14.93° 85.822 4.740 61.48° 52.81° 46.87°
Extruded
S ae s P<0.05 P<0.05  P<0.05 P<0.05 P<0.05 P<0.05
P-value
Jime ozl 0.63 1.12 0.28 0.62 0.68 0.71
SEM

el (P <OM05) 13 sino coglis il ord (S0l dominljp po gl sy yo 3 diliio e By gyt
IDifferent letters in each row indicates significant difference (P<0.05).
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Table 5- Crude protein degradability parameters of raw and heat-treated soybean seed (%)

S s slbasduld

s Sy 3 (8033) Jgo S pha S

lygs o3lo
ijf[ﬁenf[ Degradability parameters Effective degradability (%/KP)
a b c 0.04 0.06 0.08
pls Lgus il
Raw soybean 29.6° 66.85° 7.612 73.39° 66.95° 62.17°
seed
‘;b ““t‘ . 18.21 80.89° 3.790 57.08 49.12 43.87°
oaste:
04 3 S| c a b C c c
Extruged 9.34 90.49 4,01 54.58 45,54 39.51
xtrude
E’S)vbz;ij: g P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05
)SLEMOM‘ 0.52 2.31 0.26 0.57 0.59 0.6

sl (P <OM05) jls e cglis ;i 0nd (6,S0j1 il 3 1 (clyy (i y 3 il i CBgy> g3t
IDifferent letters in each row indicates significant difference (P<0.05).
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Table 6- Ruminal Digestibility, Post-Ruminal digestibility and total tract dry matter and crude protein of raw and heat-treated

soybean seed (% DM).
L"9MJ b
a0 03l Soybean seed Cbiixe paw ke Hlxe oliis|
Nutrient pls oo i odd 39S P-value SEM
Raw Roasted Extruded
SlueSs pan LB
Ruminal digestibility

S odls 64.18*  50.11° 48.21° P<0.05 1.07
DM
"CL;")"E” 66.12¢  46.37° 42.35° P<0.05 0.98

SlaeSs Iy an colls
Post-Ruminal digestibility

S odls 35.1°  54.97° 60.23? P<0.05 0.97
DM
FCL;W” 42.06° 66.27° 72.83? P<0.05 0.99

O)lsS o8y IS )0 pan culld
Total tract

Sisodls 76850 77,35 P<0.05 0.61
DM
Cats 80.36° 81.91° 84.332 P<0.05 0.82

CP

ol (P <OM05) Jls sino gl S0l cindy oy abite yé gy gy
IDifferent letters in each row indicates significant difference (P<0.05).
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Table 7- The protein parameters of raw and heat-treated soybean seed in metabolizable protein system (g/kgDM)

L"9MJ 4l
s syl Soybean seed e Sk Jlins ol
Parameters of Protein s oo i 045 34yt P-value SEM
Raw Roasted Extruded

QDP 116.90° 75.9° 38.9° P<0.05 2.15
SDP 209.1° 218.42° 251.7 P<0.05 2.94
ERDP 302.6° 281.3° 282.8° P<0.05 2.96
ubpP 68.9° 120.1 126.22 P<0.05 3.12
DUP 61.2° 107.4° 112.9° P<0.05 2.8

MP 254.1° 286.8" 293.22 P<0.05 0.96
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IDifferent letters in each row indicates significant difference (P<0.05).
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QDP: Quickly Degradable Protein, SDP: Slowly Degradable Protein, ERDP: Effective Rumen Degradable Protein, UDP:
Undegradable Dietary Protein, DUP: Digestible Undegradable Protein, MP: Metabolize Protein.
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Effects of roasting and extruding heat processes on chemical composition,
degradability fractions and intestinal digestibility of dry matter and crude
protein of whole soybeans
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Introduction: This research was undertaken to evaluate the effects of roasting and
extruding heat processes on chemical composition, nitrogenous fractions, urease activity,
metabolic protein, properties of degradability, and the ruminal- intestinal digestibility of dry
matter and crude protein of raw and processed soybeans.

Materials and method: This study was carried out at the Research Farm, Faculty of
Agriculture, University of Birjand, Iran. During the extrusion process, soybeans were affected
for 20-30 seconds at 150-160°C in the extruder by heat and pressure and finally were dried
and cooled. In the process of roasting, the soybean for 15 minutes at temperature of 145°¢ was
heated and for 45 minutes holding tank for heat storage remained. Seeds were dried and
cooled by air flow, dry and cold. Approximate analysis of samples including dry matter, crude
protein, crude fat and ash was determined by AOAC. The urease activity of raw and processed

soybean was determined based on I1SO-3896. Degradability parameters of the samples were
measured after incubation for 0, 2, 4, 8, 16, 24 and 48 hours in the rumen of two fistulated
Brown Swiss cows. Also, ruminal and post ruminal digestibility were determined with the
incubation of samples for 12 hours in the rumen by Daisy system. The DM and CP
degradation data were fitted by exponential equation: P=a+b (1-e~"). Effective degradability
(ED) were calculated using of equation ED = a + {(cb)/(c + k)} and taking into consideration
passing rate (k) 0.04, 0.06 and 0.08 per hour.

Results and Discussion: The findings of the present research revealed that roasting and
extruding heat processes lead to increase of dry matter through decreasing water content and
that it had no significant effect on other chemical composition. The findings showed that the
process of roasting and extruding caused the amount of actual protein of the soybean to
increase and was not effective on the amount of insoluble nitrogen in neutral detergent of the
soybean. The non-protein nitrogen and nitrogen dissolved in the buffer soybean under the
influence of roasting and extruding decreased. The amount of acid detergent insoluble
nitrogen soybean decreased which might be due to the removal of some of the shells in the
processing soybean has taken place or influence of roasting and extruding decreased. The
urease inhibitor of the soybean became inactive by the process of roasting and extruding.
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Consequently, it caused intestinal protein digestibility to increase and affected by thermal
process, the amount of metabolic protein of the soybean increased significantly, too. The
process of roasting and extruding reduced the rapid part degradation of dry matter of the
soybean (6.27 and 4.57 percent, respectively). Also, process of roasting and extruding caused
the slow part of degradation to increase (of 63.75 to 74.73 and 63.25 to 85.82 percent,
respectively). In addition, the rate constants degradation of dry matter of the soybean in
rumen decreased (of 6.66 to 4.21 and 6.09 to 4.74 percent) under the influence of roasting and
extruding. The process of roasting and extruding reduced the rapid part degradation of crude
protein (38.4 and 68.4 percent, respectively) and the slow part of degradation to increase (17.3
and 26.1 percent, respectively), the rate constants degradation of crude protein of the soybean
decreased (ranged from 7.61 to 3.79). Also, thermal processes reduced effective degradability
of dry matter and crude protein of the soybean. Roasting and extruded with the reduction of
the amount of ruminal disappearance and the increase of the post ruminal digestibility of dry
matter and crude protein of soybean cased the degradability process of the soybean to be
improved so that it transferred the place of the digestion of protein from the rumen to the
small intestines and cased the amount of digestible of dry matter and crude protein in the
intestine to increases. The increase of digestibility in the total digestive system shows that the
reduction of ruminal digestion of soybean affected by the processes of roasting and extruding
has been compensated by the increase of post ruminal digestibility.

Conclusion: The experiment results indicated that thermal processes of roasting and
extrusion were an appropriate strategy for reduction the ruminal degradability of the soybean
and the supply of passing protein needed by high milk producing dairy cows.

Keywords: Degradability, Extruding, Roasting, Metabolizable protein, Whole soybeans
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Table 2- Interaction of various sources of non-fiber carbohydrates and different level of degradable proteins on gas production

parameters®
A gl B g Sy ad Colyls dylin 5 (55, A G e slal
g Slying S (2 des) Badgeied (L) Jiesks g5 15) P Js5Ke) i el
R4S Sl (celo 2 (o) Organic (o 55k (p5sks (Jsoiskee)
Type of Gas Gas production _ matter M tfb lizabl Net Short chain
Level of RDP! NFCs production rate (mi/h) digestibility etabo |z_a/1k ¢ energy fatty acid
potential (ml) %) energy (M/KG)  (mikg)  (mmol)
b 227.3£5.739 0.0398+0.0026 51.192 7.47abe 3.60% 0.632¢
Starch
e 242.2+4.68 0.0442+0.0023 52.512 7.842 3.93 0.692
Sucrose
LRDP? o 19044358  0.0498+0.0026 48.21° 7.16° 3.34° 0.58°
Dextrose
w& 239.5+3.158 0.0433+0.0015 52.82 7.75% 3.82% 0.67%
Pectin
el 214.8+4.15 0.0385+0.0019 48.43° 7.18% 3.35° 0.58b¢
Starch
e 220.2+4.27 0.0473+0.0025 50.002 7.7130¢ 3.80% 0.662c
Sucrose
HRDP? Jo S 220.5+3.39 00.0432+0.0017 50.01% 7.46%0c 3.59% 0.62%¢
Dextrose
Pﬁn 188.8+6.81 0.0476+0.0043 50.08 7.45%¢ 3.58% 0.6220¢
MSE 1.131 0.174 0.147 0.028
RDP 0.120 0.41 0.410 0.38
NFC 0.084 0.037 0.038 0.031
NFCxRDP 0.179 0.303 0.0305 0.314

(P<O/05) 5,15 (gl sme BS03s b (gylol Lo 5l aliio i Bgy> b slael eygiw o 31
(Sl g8 (S ol cdaw LRDP?
SlesaSi pdeo 2 5y SVl gl :HRDP®
YIn each column, numbers with non-identical alphanumeric characters are statistically different.

2LRDP: Low level of rumen degradable protein,
3HRDP: High level of rumen degradable protein
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Figure 1- Gas production (ml) at different incubation times
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Introduction:Carbohydrates are generally classified as either non-structural or structural carbohydrates.
Structural carbohydrates include cellulose, hemicellulose and lignin, and non-fiber carbohydrates (NFC) are
present inside the plant cells and are usually more digestible than carbohydrates found in plant cell walls. Dietary
non-fiber carbohydrates are the main source of energy for high-producing dairy cows, which provide 30 to 45
percent of the dry matter intake. They are a very diverse group of non-fiber carbohydrates, which include starch,
sugars, fructans, and pectin substances. Although the total amount of non-fiber carbohydrates is referred to as a
single value, different types of NFC have different effects on digestibility and production properties. The dietary
profile of NFC has the potential to alter the supply of metabolizable nutrients to the animal because NFC differ
in digestion and fermentation characteristics. Sucrose is rapidly fermented in the rumen compared with corn
starch. In vitro fermentation of sucrose, starch, and pectin resulted in different organic acid profiles, digestion
characteristics, and maximal microbial protein yields. In addition, these effects may be affected by other feed
components, such as the amount of rumen degradable protein. Some researchers have been showed that the
impact of starch and sugars on low quality forage utilization may interact with the amount of supplemental
rumen degradable protein.

This experiment was conducted to investigate the effect of various sources of non-fiber carbohydrates
(starch, sucrose, pectin, dextrose) in combination with different levels of rumen degradable protein on gas
production and digestibility of fermentation parameters in in vitro condition.

Materials and Methods: Soybean meal treated with heating at 160°C-60 min and untreated soybean meal
were selected as low rumen degradable protein (RDP) and high RDP sources, respectively. Four types of non-
fiber carbohydrates (dextrose, sucrose, starch and pectin) supplemented with two levels of rumen degradable
protein (RDP) in a 2x4 factorial arrangement by gas production and batch culture. A basal diet including: alfalfa
(30%), corn silage (10%), barley grain (25%), wheat barn (9%), salt (0.5%), mineral-vitamin supplement (0.5%),
soybean meal (15%) and non- fiber carbohydrate source (10%) was prepared. This study was conducted in two
experiments. In the first experiment, the gas production parameters for two levels of high and low rumen
degradable protein and four types of non-fiber carbohydrates (starch, sucrose, pectin and glucose) using the gas
production technique. In the second experiment, the digestibility of the first experimental treatments were
measured in an in vitro batch culture method. In the first experiment, the gas pressure was recorded with the
pressure gauge at 0, 2, 4, 6, 8, 12, 24, 36, 48, 72, 96 h after incubation. In the second experiment treatments were
incubated in batch culture conditions for 24 hours and the degradability parameters were determined using
equations.

Results and Discussion: the obtained results showed that sucrose had highest gas production potential,
organic matter digestibility (OMD), metabolizable energy (ME) and SHORT CHAIN FATTY ACIDS

(SCFAs) than other NFC type in low RDP level. There was a significant difference in digestibility of organic
matter and dry matter between treatments (P<0.05). The highest and lowest ammonia nitrogen concentrations
were obtained from treatments with starch in combination with high and low RDP, respectively. Treatments had
a significant effect on partitioning factor and production of microbial mass (P<0.05). Among the low-
degradability protein-based treatments, pectin treatment had the highest amount of microbial production and
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among the treatments with high degradability protein content, starch treatment had the highest production of
microbial mass and partitioning factor. Overall, the results showed that when the RDP level is low, sucrose has a
better performance in terms of fermentation parameters, whereas when using the high RDP, there was no
significant difference between different types of carbohydrates. It seems that these interactions should be
considered in regulating diets.

Conclusion: The results of this experiment showed that different types of non-fiber carbohydrates and levels
of rumen degradable protein had a different responses to fermentation parameters. When using low protein
levels, it seems that there is a greater difference between different sources of non-fiber carbohydrates, while at
high levels of protein degradation there is no significant difference between the different sources of non-fiber
carbohydrates in terms of digestibility. Based on these results, it can be concluded that the non-fiber
carbohydrate sources, along with the degradable protein supplement, has the ability to change the characteristics
of ruminal fermentation, the source of food and the production.

Keywords: Degradable protein, Gas production, Non-fiber carbohydrates, Digestibility.
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Table 2- Comparison of dry matter, pH, buffering capacity and buffering value index between samples?

Sy (o) s ol (s Vb b el il ol
Sample DM (%) BC2 (meg/L) BVI®
A pejsie o3 99.80 6.21° 0.91¢ 93.19¢
Magnesium carbonate A

B mjwie b8 99.98 6.88° 1.11° 98.54¢
Magnesium carbonate B

C mjeie b8 99.86 6.48° 0.91¢ 95.78¢
Magnesium carbonate C

D jie ol 99.85 7.01° 0.66° 99.99¢
Magnesium carbonate D

ety S 99.94 8.61° 282.22¢ 156.41b¢
Sodium bicarbonate

A “’f’“\“’%}’x* . 99.83 8.51° 3.118 100.58¢
Sodium bentonite A

B “’*’_’\”%# . 99.86 8.07° 1.55¢ 100.21¢%
Sodium bentonite B

A peia ’\“‘S‘ . 99.98 12.462 386.88° 177.372
Magnesium oxide A

B mejte ’\“’5‘ . 99.99 12.582 282.66° 156.53P¢
Magnesium oxide B

C msete ’\“’5‘ . 99.96 12.212 248.22¢ 149.64°
Magnesium oxide C

D forjeie ’\“‘S‘ . 99.98 12.19* 306.88° 161.37°
Magnesium oxide D

P-value 0.9820 0.0001 0.0001 0.0001
SEM 0.083 0.187 2.578 1.440

(P<O/05) 323l oo 513 imm SISI (5l alia 5 By b g ya sl
1 Means within same column with different superscripts differ (P<0.05).

2 Buffering capacity
3 Buffering value index

G wde iliel o olpidiny slpslSe pl 5l (S Lol s
0l lgie Sl cpl 599381 b 4ss slacs Suo i il58l
IS sl cpaiw il S 90581 &S Cawl 00 yasidie Lol
sy )3 StV shool 5 KtsYolo clogs STy caseSis (elos Sy
= i 5l o)y adllas cpacis (21) el odls Lioliél 1,
o9 Slislesl 3205 3925 (59 LS )3 4SS pudsilie
Holo puan (il (S pudglio )3 o jaio d5meS” Jliday (5
2 Sl lag Sl culld doe cum (B kalyd
it & Gloj g jiSe Ol )3 Fusl ol g0 S lame
.)9> ‘39».3;;0 d).\m )Am J\AJT)S (_5"0 llbua)swa ]awy X W) u»
oo eS| ialesl ol ol el (20) amd e lis yig |,
oS Sl ol ol &S g0 55 Wi Gy g Wi ialS o
S s S Ghals ogas )5 (39) () San 5 Inuably liyliS
sl L dunlie ) (o2 e ST 008 alendS oo (gl JoSo

ety 0Lyl Gialojl oyl gl b Luwlyen (39 4 38 24)

sla JoSo &8 amd o Lis (38) ) en g 1go])lg axdllas I oal
@ S |y (B balpd ) 5 g ¢ (ieie Sl )S) (neglsd
Syl ol gl Jloin] s imd o ialsbl JaSo 356 jlag
3 ol sl w55l 6 S 9l o (aeglyd slaJeSe (630
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s Sl S gl e 3903 Glyis o 1 (24) lSon 5 gle
S o 3B 1y 35800 38 slass 4 Comd S5 a5 Sl s
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S 21935595 Comen LialS L ol Wy ialS 8 )b
(39 538) 5,)b cuze

Sl ead awlS glacy juie &S Cusl 0dd ylgie abb o aali
5 Ole Mg SRl o o)k ol il g anib b jeilie 5 (g IS
535 (oo gl sk )3 sy B poe el don

Hesis oale 5 (il & ydibon) oSSl ol 9B ine 3 (odgi SIS o g ool b ()Y 5 (6 3l S 5 ciliseo s 535 -3 Jga
Table 3- Effect of different levels of buffer and alkalizer compounds on gas production parameters and volume after 96 h

incubation (ml/DM)*
B g ol
oss ow Gas production Parameters
Treatment Level (%) (b) 515 Mg ylaie (€) ;5 Mg ¢
Cumulative gas production (ml/g DM)  Gas production rate (ml/h)
al3 0 242.93° 0.053°
Control
e SiaS 1 245.62? 0.055"
Magnesium carbonate
2 ‘;’L“)s c b
- 3 237.37 0.055
Magnesium carbonate
w28l 1 235.86¢ 0.052¢
Magnesium oxide
w28l 3 228.38¢ 0.047¢
Magnesium oxide
el 1 242,575 0.056°
Sodium bicarbonate
el S 3 246.312 0.053°
Sodium bicarbonate
prieCes 1 240.25 0.053¢
Sodium bentonite
prieCes 3 236.13° 0.052¢
Sodium bentonite
P-Value - <0.0001 <0.0001
SEM - 0.321 0.001

(P<O/05) s23by o la inn SII (sl alia gy b g ya slauSil
!Means within same column with different superscripts differ (P<0.05).

Coggiy 230l L cciS by oo PH b xe iulj8l a8 cdl
Olyed «0iaried om b pAgs JB lagesls Jdse dlg e
LD alS g edgy cudS b 3 (yfgyde gy 0aGS e
Lo Sl 31 oy tage &5 ol 51 (26) wles (6,5 gl 4o pH
SYL PH e a sy Wl 4l mle pH (gylul 5 Laos
bon dgap g Sen dlauly 4 (STyos Slge eSS g i )
S SLaglS oy 4y pydaw Ol Sy 9038] 4y by jo lalllas
5 (0255 5 8L dlowg) PH (ll & oS 5 ool &5 300 Lt
1L Sis oolo (34 5 11) w0 S aeSls 8y £ Lol
o3l Jlde oyt il lag e BUiS il ()5)leS olKiues
1k @ bgyo yommbisSil caclos 24 48 5l an oas 10l S
2l b &S g (woy 63/0 54315 Csya) mjuie loyS doyd
Seis o3le doy> iy (g)b gxe BM3! (o)l JLai I e

S bagme (Slogel (39,0 alé 5 IVDMD pH &l

33 4saSs @lo PH Hlade o YL ol oad a0 4 Jgus )
sladises 4 baye cslu 24 98 slegle; » cob cuis b
2w L aS (6177 4 6/84 s yas) 59 duoy> dur oo e yaS ]
Jds . (P<O/001) cusly sl (glol s 5l iolojl sladiges
Oygo 4 &S Conl e deuST (6,80 b )b g YU alise (]
i8] Aol 5y e g PH o ol ) e il b s
9 (103 3 o) e SlinS LS nl ode e
3 o PH b imo (238 s 55 (100 T ans) s gy
(P<0/001) a5 J S Jlows b dunlio ,3 uwlsS3l cclu 24
4 by 355 gl 3l gy ol 8 loj )3 PH ke o208
- o bl M) o il b (bl 5 51 45 w0 s Jlos
Loy )3 modw Cudgin duoyd B 3l ooliid Liolel o) gl b g
01 lyie (26) el o S Lamo PH Ltls8] el L5950
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1 domdp ol ials Ylaas!  ansls Sid oolo puan el
4eSd wle (295500 lacumer 1k Slo o ke AT o

Al o njlos ol il cous

b duglie )3 mats Cusgity Maoyd A 9 S gslaw Loy 00l b
Pize BUBT cpl (Jg cdl Jials goue &0 ald Lo
sl 5 (26) (g SIS lef] ool @l (izren 95
gt doy 1052 39381 15,8 lgie oS 1y (19) ) en 4
LS e KW 23,5 o Siid odlo pudn Cubld talS Cow mrdw
e ST 20033 3 jlas )3 domiwl b cpl e (o a8 sgMey
o)l Slgsen (29) olSen g jym s b 48 05 osalie
3 i G e Ao )3 015 48 Kdges )55 piioen
5100, 5 ood it 0l S b duglie 0 Sid odlo puan cubld

lecls 24 9 8 slaple; » Sis odle puan CubilB 5 yross b aciul )by LS)}.’.VLQ" 5 5,8b OluS 'y iz gglaw )3"—4 JsA?
Table 4- Effect of different levels of buffer and alkalizer compounds on the fermentation parameters and dry matter
digestibility after 8 and 24h incubation®

s o pH (Auoy3) 05 155 ;_/ﬁ.» odlo L;SL,;,‘.I ojj)l;:f
Treatment Level (%) IVOMD (%) NH3-N (mmol/L)
8 24 8 24 8 24

ol 0 6.79¢ 6.63 42.64% 62.10° 1355 13.64
Control
Ly Qtf"s 1 6.82¢ 6.64¢ 43.542 63.022 13.73  13.58
Magnesium carbonate
oo Qtf"s 3 6.88° 6.66° 42.332 61.49° 1355 13.61
Magnesium carbonate
Ly ’\““s‘ . 1 6.84¢ 6.66° 41.32% 60.092° 13.74  13.60
Magnesium oxide
o2 o S| a a b b

- . 3 6.95 6.77 38.85 57.40 13.61 13.59
Magnesium oxide
el 1 6.84°  6.64° 43.89° 62.88° 1373 13.78
Sodium bicarbonate
el 3 6.89°  6.68° 42.95% 62.70° 1356  13.65
Sodium bicarbonate
M“\”_Q*s# . 1 6.82¢ 6.68° 42.14% 61.80° 1355 13.60
Sodium bentonite
M“\”_Q*s# . 3 6.86% 6.61¢ 41.38% 60.79% 13.64 13.59
Sodium bentonite
P-Value - <0.0001 <0.0001 0.0121 0.0009 0.1448 0.2443
SEM - 0.006 0.006 0.331 0.345 0.022  0.018

(P<0/05) sl ol izo BT (gl yls ailtio ot Ggyo by igtis yo (sloSils!
!Means within same column with different superscripts differ (P<0.05).

cale jualS cel (655 Hobar mdw Cudgin oy 4 g8l
355 0gelisSSl 95 5l ey sl b los > (Slisal 03
yobds cuigin jl oy 4l ool a5 155,S lgie e e
3 g gl el o Logas |y (Sligel gy clilé 5350
Spinan S Ol (8) YU b Sl cpl g 03b ials (gmlisSSl
018 10l (ilejl o]l aizped 2980 b (g
Ly d5dges olgie 48wl (24) o)Ken g $lo ©liyliS
salb jloss b duolie ;3 (Sligel 0595 Clalé ok o e

o SWigel gyt clale 3 (g bline BT el oMo

bl (P=0/2443) wis ssnlin islejl (slayley ¢ als Loy
Ginsie e by YIS 5 il b L bl ) 0ad ol
o=l s L by ob ol (ablize (3905 b Sl (Sigal
Loyd 2 o958l a8 05,8 )liS (1) oK g oala] ¢ iolojl
Stogel Basis ey (o bisine ;b 0y & it Cuigity
s S3eiSy il g cllug Lials cely bl ccily awsls
4 sy g 0n 35 e & cuns (Sligel (jgp clale
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Investigation the buffering capacity of some native alkalizer and buffer compounds
and their effect on fermentation and rumen digestion parameters in vitro
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Introduction: Buffering and alkalizing supplements have been used in dairy cows in order to increase
production and prevention of ruminal acidosis for many years. Magnesium carbonate is typically obtained from
magnesite mines and magnesium oxide is produced by the calcification of magnesium carbonate (reduction,
oxidation and burning or heating with extreme heat). Some minerals such as bentonite and zeolite have buffering
properties and a special role in the buffering capacity of rumen cation exchange. Buffers raise acetate to
propionate ratio and improve fiber digestion. The purpose of this experiment was to evaluate the buffering
capacity (BC) and buffering value index (BVI) of some native buffer and alkalizer agents including sodium
bentonite, magnesium carbonate, magnesium oxide and sodium bicarbonate and their effects on ruminal
fermentation and digestion parameters in vitro.

Materials and Methods: The first experiment was performed with different types (11 samples) of buffer and
alkalizer agents to determine the buffering Capacity (BC) and buffer Value Index (BVI). The experimental
samples were including magnesium carbonate A (MgCA), magnesium carbonate B (MgCB), magnesium
carbonate C (MgC C), magnesium carbonate D (MgC D), magnesium oxide A (MgOA), magnesium oxide B
(MgOB), magnesium oxide C (MgOC), magnesium oxide D (MgOD), sodium bentonite A (SBeA), sodium
bentonite B (SBeB) and sodium bicarbonate (SBi). The buffering capacity was defined as the resistance to
change in pH from 7 to 5. In order to determine BC, individual samples were dried and ground to pass through 1-
mm screen. Buffering capacity was determined by titrating the 30-ml solution under continuous stirring from its
initial pH to 5 with 1 N HCI and by titrating a similar prepared solution of samples from its initial pH to 7 with 1
N NaOH. In the second experiment in vitro batch culture technique used. The basal diet contains 80 percent of
the concentrate and 20 percent of the forage. half-gram (DM) of base ration with magnesium carbonate (MgC),
magnesium oxide (MgO), sodium bentonite (SBe) and sodium bicarbonate (SBi) (1 and 3% DM of ration) were
added into the culture vials, then incubated with 50 ml of buffered rumen fluid. Rumen fluid was collected from
two ruminally fistulated cows. The gas production was estimated. In vitro dry matter disappearance (IVDMD),
pH and ammonia nitrogen (NH3-N) was measured after 8 and 24 h incubation times.

Results and Discussion: The results showed that the highest pH, buffering capacity and buffering value
index were in MgOA and the least of these parameters indicated at MgCD, respectively. Compared to the control
lower values were obtained for total gas production (b) of MgO 3%, MgC 3%, MgO 1% and SBe 3% additives.
In the present study, addition of MgC and SBi (3% DM diet) also caused a remarkably increase in total gas
production. Although the exact mechanisms are not known for the general responses in gas production to
supplementation of MgC and SBi, one of the mechanisms of increasing total gas production is considered to be
the higher ruminal microbial numbers caused by the SBi and MgC addition. It has been demonstrated that SBi
addition increased the number of ruminal total bacteria, cellulolytic and amylolytic bacteria in buffalo. 3% MgO
supplementation increased (P < 0.05) the final pH and it decreased (P < 0.05) the IVDMD compared with the
control (after 24h incubation). Significant increase in pH by additive MgO and bentonite can be due to the
exchange of cations with hydrogen ion as a modifier of hydrogen ion. Also, in this experiment use of SBe
decreased digestibility of dry matter. Some researchers reported that 0.5% MgO (DM diet) does not change the
digestibility of dry matter compared to sodium bicarbonate. On the other hand, results of this section of
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experiment was in agreement with results of gas production, MgC and MgO treatments which had the most and
least amount of produced gas (respectively), these also affected digestibility of dry matter. Generally, buffers and
alkalizing compounds have no effect on digestibility of dry matter, and probably this reduction in magnesium
oxide treatment may indicated a change in the microbial population of ruminal fluid because of the effects of
these treatments. In addition, Concentration of NH3-N did not differ (P = 0.2443) between the treatments. Some
compounds, such as bentonites, are believed to be able to absorb and release proteins and other nitrogen
substrates, so absorbing it when ammonia is high in the rumen, and when the ammonia concentration is reduced,
a large amount of it released and thus increases the efficiency of ammonia and protein in the rumen.

Conclusion: In general, the results of this experiment show that magnesium oxide, while increasing the pH
of the rumen fluid, also has negative effects on the parameters of gas production, fermentation and possibly
microbial activity, and also reduces the in vitro digestibility of dry matter. However, magnesium carbonate and
sodium bentonite as a true buffer and due to the preservation and stability of rumen fluid acidity can improve
fermentation conditions without having a negative effect on digestibility, so using 1% magnesium carbonate and
sodium bentonite as a true buffer is suggested in the livestock diet.

Keywords: Buffering capacity, Digestibility, Magnesium carbonate, Magnesium Oxide, Sodium bentonite.
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Table 1- Ingredients and chemical composition of experimental diets (% of DM)
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Item Before lambing After lambing
iy S e 295 28.0
Alfalfa hay

2D sl 22 365 30.0
Cornsilage

g b 26.5 31.0
Barley

by S 55 8.0
Soybean meal

poed® 3 0.7 1.0
CaCO,

-~ 0.3 05
Salt

T,

by e JoSo _ 1.0 15
Vitamin and mineral premix*

(048 dpmlno) (pliord oS

Chemical composition

(duoy3) Sis odlo 45.10 496
Dry matter (percent)

(122) P& i 13.36 14.27
Crude protein (percent)

(F;?L‘s » LS)JK&") W‘th‘" LS})J‘ 2.33 2.35
Metabolizable Energy (M.Cal/Kg)

(323) Jobo o)l 41.29 38.67
NDF (percent)

(M)a) lPB @ 2.16 2.10
Crude fat (percent)

(32)3) el 0.67 0.85
Calcium (percent)

(323) it 0.27 0.28

Phosphorus (percent)
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kg of mineral and vitamin mix contained 200 g Ca, 90 g P, 60 g Mg,35 mg Co, 350 mg Cu, 150 mg I, 3000
mg Fe, 2000 mg Mn,, 90 mg Se, 3000 mg Zn, 500,000 IU vitamin A, 100,000, IU vitamin D, 6000 I1U

vitamin E..
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Table 2- effects of oil supplementation on dry matter intake (Kg) and apparent digestibility (%)*
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Experimental treatments?

e 1 2
Variable

3

SEM P-value

(53L5) by Seis o3l
Dry matter intake (Kg)
ol jl U8

Before lambing

ol 3l

After lambing

(M23) puan culilB
Digestibility (%)

Said odlo

DM

LSS ongd )d Jaloeal AL
NDF

Ji odlo

oM

P Oxan

CP

1.88° 1.55°

2.242 2.61°
66.43 63.33
48.972 43.19°
69.30 67.00

77.75 76.79

1.65°

2.53¢

65.08

44,7020

69.74

74.79

1.62° 1.822 0.04 <0.01

2.66° 2.74¢ 0.02 <0.01

67.30 66.25 0.94 0.07

48.922 47.09% 1.35 0.02

71.48 69.30 151 0.42

77.20 78.05 1.81 0.71
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IDifferent letters in each row indicates significant difference (P<0.05).

(CLA) 350 Sulgid sl (g9l 03y51,8 20y

2Treatments include: 1- control (without fat supplement), 2- 3% protected fat powder of saturated fatty acids (palm oil), 3- 3% Ca salt
of omega-6 fatty acids (soybean oil), 4- 3% Ca salt of omega-3 fatty acids (fish oil), 5- 2% protected fat powder of saturated fatty

acids (palm oil) and 1% CLA.
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Table3- effects of oil supplementation on feeding behaviors (min/d).

1;;*“‘.’.["}" loylos
Experimental treatments®

e 1 2 3 4 5 SEM P-value
Variable
o oles S 557.50 567.14 550.50 573.12 548.33 1351 0.67
Total chewing
o clej 258.50 282.14 256.50 261.25 271.66 10.49 0.39
Total feeding
o2 e olej 299.00 285.00 294.00 311.87 276.66 11.15 0.26
Total ruminating
S lgzeds ooliy]

; - 126.50 132.14 122.00 123.12 108.88 7.63 0.38
Standing rumination
e gk ol 464.50 444.28 483.50 483.12 457.22 16.14 0.42
Lying without Rumination
05l ol 172.50 152.85 172.00 189.37 167.77 10.35 0.27
Lying rumination
P gy el e 336.50 354.28 323.00 311.87 354.44 19.79 0.45
Total standing
ot < olej 81.50 74.28 83.00 71.25 80.00 3.62 0.14
Total drinling
P Shyss sl oseg s (FF) 8.00 7.57 7.80 712 7.88 0.61 0.87

Meal frequency

stbA:..ul w...\f S J,QSA Lo )d 3 d}b 0)9-3 ‘(WJL O:'—,)) &l:...;l < dl.b.,\._._.«:l [XVRUAELIY 3 P9 Moyd 3 d}lé 0y -2 Py J.oga LY Aals 0y -1 :J.nL;'} I.h)l.o.,;l
1o (b o89)) eledl oy (slapmsl ods cliblns o> 139 203 2 (59l oy =D {ialo (£ 9,) F-Kel Loy (slason] oralS Sas 20y 3 (59l 00z =4 {Lgws 59) -l L

(CLA) 350 Sutlgid sl (g9l 03y51,8 20y

Treatments include: 1- control (without fat supplement), 2- 3% protected fat powder of saturated fatty acids (palm oil), 3- 3% Ca salt
of omega-6 fatty acids (soybean oil), 4- 3% Ca salt of omega-3 fatty acids (fish oil), 5- 2% protected fat powder of saturated fatty

acids (palm oil) and 1% CLA.
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Table 4- Effects of fat supplementation on Rumen characters

1;;“’3‘.1"}" sbylog

Experimental treatments®
e 1 2 3 4 5 SEM P-value
Variable
(s o) 3 2 ol IS 76.82 75.33 78.80 83.21 79.87 5.77 0.89
Total VFA (mM)
(roy9) bl 62.99 67.85 65.89 66.55 65.16 2.22 0.66
Acetate (%)
(105 Slszsn 18.37 17.13 19.77 19.27 20.04 1.43 0.67
Propionate (%)
(r059) &heise 12.46 11.03 10.78 10.63 11.99 0.94 0.56
Butyrate (%)
(125 &y 53 1.83 1.62 1.19 1.04 0.72 0.42 0.55
Isobutyrate (%)
(o) &bl 1.46 1.34 1.30 1.39 1.30 0.09 0.71
Valerate (%)
() <y 5 1.39 1.33 1.21 1.41 1.31 0.13 0.84
Iso valerate (%)
4S5 pH 6.82 6.96 6.94 6.87 6.70 0.08 0.23
Rumen pH
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Treatments include: 1- control (without fat supplement), 2- 3% protected fat powder of saturated fatty acids (palm oil), 3- 3% Ca salt
of omega-6 fatty acids (soybean oil), 4- 3% Ca salt of omega-3 fatty acids (fish oil), 5- 2% protected fat powder of saturated fatty

acids (palm oil) and 1% CLA.
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Table 5- effects of fat supplementation on milk fatty acids profile (%)*

T ., 1
ilojl sloyles

Experimental treatments*

2 sl 1 2 3 4 5 SEM P-value
Fatty acids
ﬁlfgt 5.072 5.96° 5.33 5.27 5.95 0.22 0.02
G Sl
Fatty acids
C8:0 231 2.76 1.65 171 1.78 0.40 0.29
C10:0 9.26 10.78 7.85 8.10 9.24 1.22 0.49
C12:0 4.93 5.34 3.56 3.66 4.34 057 0.20
;“é?f” e e 16.51 18.89 13.06 13.47 15.37 1.97 0.29
C14:0 10.222 9.82% 7.19° 8.44% 7.25 0.65 0.02
C15:0 1.64 1.48 1.24 1.50 1.18 0.27 0.73
C16:0 31.062 30.85% 26.80° 33.22 34.19° 1.59 0.06
C16:1 0.89 0.83 157 1.70 0.85 0.40 0.38
C17:0 1.212 0.89 1.60° 0.82° 1.05% 0.17 0.05
m‘; f" o lad 45,03 43.89% 38.42 45,69 44,53 1.60 0.06
C18:2 3.18 341 3.49 4.62 2.50 1.01 0.20
C18:2CLA 0.43° 0.54% 0.55% 0.56 0.73° 0.06 0.05
C18:1Cis 20.852 19.412 25.662 21.212 16.93 1.38 0.01
C18:3 0.68 1.01 0.65 0.99 1.04 0.20 0.48
C18:0 10.00°¢ 9.05b 14.852 8.34° 13.83% 1.05 <0.01
C20:0 0.43 0.40 0.46 041 0.45 0.05 0.92
ilé e slo 35,58 33.840 45.312 36,150 35,490 2.00 0.01
bl oz glasaul
& 71.09 71.40 65.23 66.22 73.34 1.97 0.06
et it oz slasl b b b b
Con 7 26.03? 25.222 31.93 29.10° 22.06 1.83 <0.01
:ALB’F Z’“ Sl o slosel 59 24w 20.242 27.23° 22.92% 17.78b 1.63 0.02
N SARRE 4.29 4.97 4.70 6.18 4.28 0.61 0.24
e el plo

? : 2.87 3.37 2.83 467 4.59 0.58 0.12
Other fatty acids

(P <0/05) b Y ime Gl by @3y 2 0 alde pue Bgy !
stbA:..ul ‘_{o.:.....\f S J,o.ia Loy 3 d}b 5)9-3 ‘(WJL Q.':,)) &l:...;l g dl.h.,\._._..ul ol bbbl 3 P9 o) 3 d}lé 0y -2 Py J.o.ia O Jals 0> -1 :J.nLZ ].h)].o.:j 2
1y (b 89)) bl oy (slapul ods cliblns o> 139 203 2 (59l oy =D {iale (£ 9,) F-1Kel Loy (slason] cowalS S5 20y3 3 (59l 00 =4 {Lgws 59) -l L
(CLA) 350 Sulgid sl (g9l 03y91,8 20y

Different letters in each row indicates significant difference (P<0.05).
2Treatments include: 1- control (without fat supplement), 2- 3% protected fat powder of saturated fatty acids (palm oil), 3- 3% Ca salt

of omega-6 fatty acids (soybean oil), 4- 3% Ca salt of omega-3 fatty acids (fish oil), 5- 2% protected fat powder of saturated fatty
acids (palm oil) and 1% CLA.
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Introduction: Negative energy balance in pregnant ewes during last of gestation could result in fatal
pregnancy toxemia and affects ewe and lamb health. Fat supplementation of the diet is an efficient mean to
increase energy concentration of diet and modify body weight, body condition score, milk yield, fat content and
fatty acid composition in lactating ruminants. Addition of fats to ruminant diets provides preformed fatty acids
(FA) which are directly available for milk fat synthesis in dairy cows and small ruminants. Much of the research
attempted to obtain milk fat with healthier properties by increasing milk concentration of specific human health
promoting fatty acids. Although mechanisms of action are unclear and its use in humans is controversial, CLA is
still of particular interest because of its speculated role in preventing human health problems and increasing the
nutritive and therapeutic value of milk. Therefore, this study contacted to investigate effects of different fat
sources and CLA during late-pregnancy and early lactation on DMI, rumen metabolites and milk fatty acid
pattern of Afshari ewes.

Materials and Methods: Fifty Afshari ewes were assigned randomly to one of the five experimental diets
with ten replicates in a completely randomized design; 1- control (without fat supplement), 2- 3% protected fat
powder of saturated fatty acids (palm oil), 3- 3% Ca salt of omega-6 fatty acids (soybean oil), 4- 3% Ca salt of
omega-3 fatty acids (fish oil), 5- 2% protected fat powder of saturated fatty acids (palm oil) and 1% CLA in a
completely randomized design. Diets were fed between 14 days before and 45 days after lambing. Dry matter
intake was measured daily, feed compound and milk composition was measured weekly. Milk fatty acid profile
was determined using Gas Chromatography. Feeding behaviors were recorded every 5 minutes in 40 day of
experiment. Rumen samples were taken directly from the rumen fluid through the esophagus and concentration
of volatile fatty acids determined using a gas chromatography. Data were analyzed using SAS statistical software
and MIXED procedure.

Result and discussion: In prepartum, the addition of saturated fat, omega-6, and omega-3 significantly
reduced the dry matter intake, but this effect was not observed in CLA containing treatments (P <0.01). In the
postpartum period, the addition of fat resources caused a significant increase in dry matter intake (P <0.01). NDF
digestion decreased significantly by adding protected fat powder of saturated fatty acids (P <0.05), but not
affected by other treatments. It has been reported that the effect of different fat sources on the dry matter is not
constant and depends on various factors such as palatability, amount, source and degree of saturation, chain
length and fatty acid stile (triglyceride and free fatty acid). The results showed that adding different sources of
fat supplementation to 3% in diet did not have a significant effect on feeding behaviors of Afshari sheep.
Animal-derived data showed that ewes were in good condition in terms of comfort. Rumen volatile fatty acid
profile and pH after lambing were not affected by feeding different fat sources. In agreement with the results of
this study, most studies no reported a significant effects on rumen pH with the addition of fat supplement.
Adding protected fat powder of saturated fatty acids alone and, along with conjugated fatty acids, increased a
significant increase in milk fat percentage. The addition of omega-6 fatty acids resulted in a reduction in the
short, medium, and saturated fatty acid fatty acids, and the increase of medium chain fatty acids. The addition of
omega-3 fatty acids did not have a significant effect on the fatty acid model of milk compared to the control
treatment. The addition of conjugated fatty acids resulted in a significant increase in the concentration of
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conjugated linoleic acid in milk. It has been reported that the pattern of milk fatty acids can be affected by the
amount and type of fatty acids in the diet.

Conclusion: Dry matter was reduced by fat supplementation resources before lambing and increased
afterward. Reduction in dry matter digestibility and dietary fiber was observed with saturated fat sources. Rumen
pH and VOLATILE FATTY ACIDS (VFA) were not affected by feeding different fat sources. Adding
conjugate fatty acids in the diet, increased the conjugate linoleic acid (CLA) concentration in the milk. In
general, supplementing fat sources to the prepartum diets increased dry matter intake (DMI) after parturition and
conjugated fatty acids resulted in a significant increase in the concentration of conjugated linoleic acid in milk.

Key words: Fish oil, Linoleic acid, Palm oil, Periparturient period, Late gestation, Ewe
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25 ke 12 Sl sl 95 Lo
073 pgeiber 5.5 o 2 o 205 sa20: o 20,5 o B0 el .5 o 100 s 5 oo 120 53S0 905 (ol 1y 125 (53 g oy J 2,558 s 6ljl 42 (ne Slyo Jaa ?
25 ke 05 U 5 Lo
! Vitamin premix supplied per kilogram of diet: vitamin A (retinyl acetate), 9,000 IU; vitamin D3, 3,000 IU; vitamin E (DL-a-
tocopheryl acetate), 48mg; vitamin K, 3 mg; thiamin, 1.8 mg; riboflavin, 6 mg; pyridoxine, 3 mg; vitamin B12, 0.012 mg; niacin, 42
mg; folic acid, 1.2 mg biotin, 0.24 mg; pantothenic acid, 12 mg.
2 Mineral premix supplied per kilogram of diet: manganese, 120 mg; zinc 100 mg; iron, 80 mg; copper, 20 mg; iodine, 2 mg;
selenium, 0.3 mg; cobalt, 0.5 mg.
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Table 2- Chemical composition of raw and electron beam irradiated barley grain (% of dry matter)!

ools
o » rLE ;ﬁ;é)i r\gﬂ:zf S b Sl edusd o ol G enysd y5 Jolousls LI
Treatments D - Ash  Starch  B-glucan (NDF?) (ADF3) garul
ry protein extract e o
matter
$2 09 92 94.45 12.37 3.50 3.75 55.27 3.93 19.25° 6.71
raw barley
sS4ks 10 94.71 12.33 3.44 3.49 54.77 3.85 18.10° 6.99
10 KGy
sSsks 20 94.72 12.23 3.47 3.71 56.44 3.92 16.17¢ 6.61
20 KGy
s55ks 30 94.85 11.95 3.43 3.69 55.02 3.96 15.28¢ 6.65
30 KGy
féslzlgym 94.83 11.83 3.50 3.49 56.00 3.68 15.04¢ 6.45
SEM 0.07 0.14 0.04 0.04 0.46 0.04 0.42 0.06
P- value 0.421 0.823 0.977 0.156 0.817 0.242 0.0001 0.731

(P<0.05) il o (5l sime ST gyl olie e By b cpgiyp slocySolie!

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

2Neutral detergent fiber
3Acid detergent fiber
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Table4- Linear regression equations of AME, of experimental diets with increasing levels of raw and irradiated barley grain

o ab 05Kl 10,3100 b o wls AME, (Kcal/kg) opess

Calculated AME; of barley grain (Kcal/kg) with 100% replacement

barley grain

o b oSy dolas R2
Treatments Linear regression equation

Fr Ok > Y=2911-0.3172X 0.89
raw barley

s Ssks'10 Y=2910.4-0.2821x 0.89
10 kGy

S 9ks 20 Y=2911.8-0.2487x 0.89
20 kGy

5ok 30 Y=2911.9-0.1812x 0.80
30 kGy

s Ssks 40 Y=2909.2-0.1142x 0.85
40 kGy

(PSS 3 pS)cstelofl o 3 g s =X
oy bl o AME, (kcal/kg)=Y

2593.8

2628.3

2663.1

2730.7

2795.0
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Table5- The metabolizable energy of raw and irradiated barley grain in cockerels

(p59hS > S J5hS) jlo 5 S JB (5551
Metabolizable energy (kcal/kg)

Slos AME AME, TME TME,
Treatments

Fr 09N P 2425.7 2426.0 2663.7 2651.7
raw barley

«S5sks' 10 2403.0 2403.2 2641.0 2628.9
10 kGy

< 5sks 20 2480.6 2480.9 27186 2706.6
20 kGy

< 5sks 30 2653.0 2653.4 2891.0 2879.2
30 kGy

& Ssks 40 2730.1 2730.2 2968.1 2956.0
40 kGy

SEM 46.81 46.80 46.81 46.80
P- value 0.084 0.082 0.083 0.082

SEM=Standard Error of Mean
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Introduction: Cereals are the major part of a poultry diet and primary sources of feed energy Because of the
worldwide high cost of corn, the use of barley and wheat grain in broiler diets has become more appealing. However,
the use of barley in poultry diets because of its high content of non-starch polysaccharides (NSP) is limited. NSP
increased intestinal viscosity, reduced litter quality and poor productive performance. Most of the adverse effects of
barley in poultry feed have been attributed to the content of g-glucans. The NSP fraction of the cereal protects lipids,
starch, and protein, thereby compromising the access of digestive enzymes to dietary components. Therefore, the
processing of barley grain to remove anti-nutritional factors and improve its nutrient bioavailability before including it
in the diets of one-stomach animals is beneficial. However, information concerning the effect of electron beam radiation
on nutritional and anti-nutritional components of barley grain are scarce. Therefore, this study was carried out to
evaluate the effects of electron beam radiation on the chemical composition and metabolizable energy of barley grain.

Materials and Methods: The barley samples (cultivar Fajr) were packed in nylon bags and exposed to electron
beam irradiation (Rhodotron TT200 accelerator, IBA Co., Belgium) at the Yazd Radiation Processing Center (AEOI,
Yazd Center, Iran) at doses of 10, 20, 30, and 40 kGy at room temperature. Chemical composition of the raw and
electron beam irradiated barley grain was determined. In order to estimate AME, Chicks were fed a standard broiler diet
for a 15-d pre-experimental period and, after four h of feed deprivation, were randomly distributed into experimental
groups (16 treatments, 4replicates and 5 birds in each) in such a way that all groups had a similar average weight. All
diets were given in mash form with birds having free access to water and feed throughout the experiment. The basal diet
used during the experimental period was based on corn and soybean meal as major ingredients. The raw and electron
beam irradiated barley grain (as test ingredient) was included in the basal diet at levels of 7, 14, and 21% to form test
diets. The 16 experimental diets, evaluated in a balance trial to determine the AME, content which contained 0.3%
chromium oxide as an indigestible marker. The precision-fed cockerel assay of Sibbald was used for determining the
TME, of the raw and electron beam irradiated barley grain. The birds were housed in individual metabolism cages,
following a period of 24 h without feed, 30 g of the different ground barley samples were fed by intubation to 20 (4 per
treatment) adult cockerels (Rhode island reds). At the same time, another 4 cockerels were deprived of feed to estimate
the endogenous energy losses. Total excreta over the following 48-h period were dried and ground for subsequent
analyses, Roosters were assigned to treatments at random.

Results and Discussion: The results showed that percentage of dry matter, crude protein, ether extract, ash, B-

glucan, ADF, and starch of barley grain were not affected by radiation. However, electron beam irradiation in all doses
significantly decreased (P<0.05) the NDF of samples compared to raw barley grain. The AME, of barley was calculated
by extrapolation of the linear regression equation to a 100% of barley inclusion. These equations indicated that with
increasing dose of irradiation, AME, of barley increased. The AME, value of raw and irradiated barley at doses of 10,
20, 30 and 40 kGy were 2593.80, 2628.30, 2663.10, 2730.70 and 2795 kcal/kg, respectively. The electron beam
irradiation numerically increased (P>0.05) AME, AME,, TME and TME, of barley grain in cockerels at doses above 20
kGy. Previous studies using gamma or electron irradiation show a reduction in anti-nutrient content of canola meal,

1-Ph. D student of Animal Nutrition, Agricultural Sciences and Natural Resources University of Khuzestan, Mollasani,
Iran

2-Associate Professor, Department of Animal Science, Agricultural Sciences and Natural Resources University of
Khuzestan, Mollasani, Iran
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barley, and cottonseed meal and an improvement in their utilization increase in broilers. Gamma and electron radiation
can denature proteins, decrease starch crystallinity and increase digestibility of barley and canola meal. Therefore,
increased AME, and TME, of barley grain were expected in this experiment.

Conclusion: The present study showed that electron beam irradiation reduced NDF and increased AME, and TME,
of barley grain. It seems that radiation is an effective processing method for improving the nutritive value of barley, but
more experiment is needed to evaluate radiation.

Keywords: Barley grain, Chemical composition, Electron beam, Metabolizable energy.
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S5 slsle_wl (Salmonella typhimurium PTCC1609)
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Table 1- Feed ingredient and nutrient composition of basal diet from 1-14 d (g/kg)

(£S9LS 3 £.5) Shos ook Siss 1-14 01 dnulore oo S Sisy 1-14
Ingredient (g/kg) 1-14d Feed Calculated Analysis 1-14d
) (£S5 (5 JISLS) eyl 16 (55,5 2900
Corn 53.07 Metabolizable Energy (Kcal/kg)

(Pls 59 44) g Al PB (9 237
Soybean meal (44 % CP) 33.00 Crude protein

(cxgn 202 60) )5 (5gls el an JB g 7.9
Corn gluten meal (60% CP) 7.50 Threonine SID?

by ob5) (o5t psn 5 (et 5.7
Soybean oil 2.00 Methionine SID

Slaed S (9 ookl pan BB Gt +oysgste 9.0
Di-Calcium phosphate 1.52 Methionine + Cystine SID

ol S ookl pan LB cp 3 12.4
Calcium carbonate 1.33 Lysine SID

plabs S S 10.0
Salt 0.25 Calcium

ftna dpa JoSa oopd BB jiud 5.0
Mineral premix* 0.25 Available phosphorus

faialig JoSo s 18
Vitamin premixt 0.25 Sodium

sy =l » 2.3
L-Threonine 0.05 Chlorine

e = Jis> (5o 3 V15 Iotk) 98- 05 Jolo 226
DL- methionine 0.23 DCAB (mEq/Kg)

WLl 3 - ) Sl gl 125
L-Lysine HCL 0.31 Linoleic acid

5 e 250l i B oy Ll 221y 30 1D ity el e 3y 5000 ¢ iy ol A gy el 30y 13500 sl o 5 0
Bz oeeling 5 ke 10 BB (puoliyg p)5 oo 3 sl K3k p5 o 12 000k peling 2,5 e 30 B2 (eling p5 Lo 6 B elig ) lie 1 1K el
015 518 5 Jun 012 50 5 015 s 5 e 80 55520 1,5 o 80 s 5 B sl 5o 50 iS5 5 500 s 5 s /1

sosily] 003 3l gin BB 4l a2 gl p )5 Lo
'Each kg of diet contained: Vitamin A, 13500 I.U. trans retinol; Vitamin D3, 5000 1.U.; Vitamin E, 30 I.U. DL-a-tocopheryl acetate;
Vitamin K3, 2 mg; Vitamin B;, 1 mg; Vitamin B,, 6 mg; niacin, 30 mg; pantothenic acid, 12 mg; Vitamin B6, 3 mg; Vitamin Bz, 10
ug; biotin, 0.1 mg; choline chloride, 500 mg; Fe, 50 mg; Cu, 8 mg; Mn, 80 mg; Zn, 60 mg; | 0.5 mg; Co, 0.2 mg; Se, 0.15 mg.
2SID= Standardized ileal digestibility.
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Byano olie i o3kl 100kl S8 Sgw 51 5 nasgs Loyl ¢Sk ofu 10° o)l Gl Jole yid Lo S L ST
gy Sl 5 Slhgs o cupd ot 03 GBI Shss L) 1L (<L L S5 g ange 4 4 (ATCC 25022) S

A5 g g SNl (S99l o) o 9 Jsl ik o
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30 LadSges 5 0 (3 paiges i 03¢)] g b (sladasgs 039,
daie o Waodg) 5| s .05 031 413 o d 2o )> 10 Joloxo
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Table 2- Effect of essential oil and antibiotic on mean of minimal inhibitory concentration of Escherichia coli and salmonella
typhimurium (mm) (experiment 1 In-Vitro)*

(g S0 clale Salmonella typhimurium? Escherichia coli?

Concentration () Marjoram B Fennel Pinus AR Marjoram B Fennel
50 15.732 17.342 8.28%c 11.68 16.28 25.322 23.29 17.572
40 16.122 15,282 6.57% 12.39 16.12 20.09° 21.79% 16.262°
30 15.622 11.33¢ 5.61%¢ 12.53 14.32 18.42% 18.26°° 15.032¢
20 12.59° 10.21° 5,14 10.31 12.69 16.340< 16.39% 13.17°¢
10 11.32° 8.29¢ 2.33% 9.33 11.37 14.33¢ 13.32¢ 11.38°
Cpmgloliis 12.58° 12.58% 12,6220 12.78 12.64 12.57¢ 12.72¢ 12.71%¢
Gentamicin

Sl s 15.672 15,612 15.582 15.72 15.47 15.82¢ 15.64% 15.66
Tetracycline

SEM? 0.92 0.99 2.78 1.35 184 1.30 1.43 141
P-Value 0.01 0.0001 0.05 0.08 0.35 0.0002 0.0008 0.05

(P<O/05) 5,15 (5,1 sme 33l 5 Lol Llod 1 ailin poi gy b Slisl g o o1

(Artemisiaannua) \ ;5,1 =AR 4 (Tanacetum balsamita) s .l ol =TB 2

Sl 3l clas =SEM 3

1 Means within the same line with no common superscript letter differ significantly (P < 0.05).

2 TB=tanacetum balsamita, AR= Artemisia annua.
8 SEM= Standard error of means.
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Table 3- Effect of essential oil and antibiotic on mean of minimal inhibitory concentration of Klebsiella pneumonia (mm)
(experiment 1 In-Vitro)*

(g Se) el _ . . i

Concentration () Pinus Artemisia annua Marjoram Tanacetum balsamita Fennel
50 11.18%¢ 19.12¢ 20.04 19.33* 13.96
40 10.55% 17.83% 16.27° 17.04% 10.082b
30 10.32b 15.723¢ 15.03° 13.690 11.32%
20 9.33° 13.57¢ 14.05° 12.09¢ 8.27
10 8.08° 10.29¢ 10.32¢ 10.72¢ 5.74°
Cploliis 14.27* 14.27% 14.31° 14.28%¢ 14.342
Gentamicin

Sl s 13.16% 13.04¢ 13.14b 13.02¢ 13.08%
Tetracycline

SEM? 1.14 1.20 1.19 111 1.73
P-Value 0.02 0.003 0.002 0.001 0.02

(P<O/05) 515 (gl simo 3M3T (g )bol Llodd jl aliio e g b Slac) gy 3
b ySbe 3,5kl sl =SEM 2

1 Means within the same line with no common superscript letter differ significantly (P < 0.05).

2 SEM= Standard error of means.
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Table 4- Effect of dietary treatments on broiler chickens performance from 1-7 day of age?

ialejl (gloo (p5) Brae STy (r5) o™ 03 S s
Experimental diets Feed intake (g) Body weight (g) Feed conversion ratio
(10L3) 4l o 243 199 1.22

Basal diet

(PPM 200) (ol s Siigm 1 + 4 o 210 197 1.06

Basal diet + Virginiamycin

(PPM 200) 59555 0 (yilool + 4oy 0> 201 182 1.13

Basal diet + Marjoram (200 mg/kg)

(PPM 400) 59555 50 (bl + oy 0y 194 176 111

Basal diet + Marjoram (400 mg/kg)

(PPM 200) _jsls8 yuiliol + 4l 05> 216 188 1.16

Basal diet + Artemisia annua (200 mg/kg)

(PPM 400) _j3ls8 yuiliol + 4l 05> 217 183 119

Basal diet + Artemisia annua (400 mg/kg)

(PPM 200) p ppuslolis bl + a3 050> 219 181 121

Basal diet + Tanacetum balsamita (200 mg/kg)

(PPM 400) p ppuslolis uslsl + a3y 0,0 223 181 119

Basal diet + Tanacetum balsamita (400 mg/kg)

SEM? 9.5 7.5 0.056

P-Value 0.06 0.37 0.31

2 SEM= Standard error of means.

(P<O/05) 5,15 (gl smo BMS! (5 lol Llod 1 ailia yoi gy by slisl gy p 1
b ke 35kl gl =SEM 2
1 Means within the same line with no common superscript letter differ significantly (P < 0.05).

1(;5}5) 8-14 ) 1555 sloangy Slygs s capd 5 0js Gl (pas S| polie u“"‘*il")'i Sbles )“L’ -5 JQ*?
Table 5- Effect of dietary treatments on the amount feed intake, body weight and FCR of broiler chickens from 8-14 day of age*

2 cbojl slo No Challenge® Challenged with E. coli® Challenged with Salmonella®
Experimental diets?  FI(g) BW(g) FCR FI(9) BW() FCR Fl(g) BW(g FCR

1 491° 260° 1.88 411° 218° 1.88° 4434 199¢ 2.23H
2 6042 3032 1.99% 482° 239° 2.01° 490° 2312 2.12b
3 5390 286° 1.88 548°P 230% 2.38° 537 2278 2.37°
4 5942 289° 2.06° 455P 232 1.96b¢ 508° 221% 2.307
5 6102 308? 1.99% 5482 2522 2.17% 505° 2392 2.11°
6 6142 3167 1.95° 5382 243 2.46° 511° 223 2.29°
7 5912 285° 2.08? 454P 235% 1.93¢ 504° 218° 2.32
8 6112 292 2.09? 5602 227% 2478 528 233 2.26%
SEM* 4.6 7.8 0.293 12.7 9.3 0.27 3.9 7.2 0.122
P-Value 0.001 0.07 0.003 0.001 0.02 0.02 0.001 0.02 0.02

(P<O/05) 5,15 (5l sme 33l 5 Lol Llod 1 ailin yoi gy b Slisl 5w o o1

2 05 oo 400) 5555550 ISy el + 2l (A {p S5k )3 5 oo 200) 555550 S il + 2205 (B L0 lil IS Sigp il + a0l (2 anl) b o (17
200) p yeslolis Sy, il + 20l (7 {55k 5 £ o 400) 3158 ISy aem uibul + 2L (B S5k 5 5 oo 200) GBS (S50 uiled + sl (5 Soks
{p S35 23 2.5 o A400) pppulolis (ISUlg 10 il + 0l (B 5 (S okS )3 5 koo
Shs 5 <o =FCR 5 1 gy =BW (b0 1y =FI°
Loyl 3yl slas =SEM 4

1 Means within the same line with no common superscript letter differ significantly (P < 0.05).
21) Control= basal diet, 2) Control + Coli-stop 10 (200 mg/Kg), 3 and 4) Control+ Marjoram essential oil (200 and 400 mg/Kg), 5
and 6) Control+ Fennel essential oil (200 and 400 mg/Kg) and 7 and 8) Control+ Tanacetum Balsamita essential oil (200 and 400

mg/Kg).

3 FI= Feed intake, BW- Body weight and FCR= Feed conversion ratio.
4 SEM: Standard error of means.
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= 095555 y0 g paslols (loaiS sla bl (P > 0/05) sl
(T Jgazr P> 0/05) sizilss (g )b gine 3 psisoss (g Jsb
g Lo, L osds aJ9J—| 5095 (slads g 039y Bl pisren
“dsbe 3 Sluls 9wl o b (65 s gl Wl (sladrg>
0 0351 cLndngs Lajly,Sle o il (sby Jobo w039, sl
Cimor o siulojl slajlows pil.(3-1 (ola JSi5) wis oamlie
0351 5 ISty 1 b 01 039)] cllus (125 (slmdgr 9,500
sl il b el o o3 (Lis 8 Joao )3 Migello L o

slaargr S5 csls Curar p pibojl clajlog 45
4 Wigallw b ons oa9ﬂ 5 Sl il b o o>9ﬂ ol LbsS
(lgasS gl yuilud )»b ol 0ab 03l oyl 6 Jod> 3 iy
b sladrge S sk Curer p (5955550 5 p yaslold
400 4200 « g 5T 0aiS il ) slaasgs 39 b dxe wllo
S 55550 ol 5 oo 200 5 pyalols il 5.5 e
o 55938l olas &S o jd wiily (g yt0S Cumgai) dald 09,5 &
dy Jdg i Cund g Jdgyin SRl coge dald 095 4 Cas
(P<0/05) u (2555 (slatersy Copmogi]

oz (It L oad o9l (2555 sloazse
ot s 3955550 il 5 e 00 (gl 02 oS il >
Copmgil) dy by yin Cad g il Cowgidd A0 > Sald oS
Sy o Lo gl ysl aSiyl eus (P < 0/05) wiisly (s y2e8
d95 lsime (ASluda p3l b 00 039)l (2365 sladrgr by e
(P > 0/05)
= 9550 g el (A (sl il 3] elitl 3
Wgalls Ly 003 o39ll (2355 sloarse (53 slaslo Conox

porbl (ISt 33l (658l Copmar 2 J55555 50 5 pypeslols ¢ yBlg S
~avge &S b 3 (P> 0/05) 545 5 cxe wlls (255 (sladng>
9 F)?—“’I"L‘:’ uwl_ml (:)fu_lua 400 dl)lb 0 yu> odS c,éli)a <

Al 6yt el gSY (S aald 09)5 & Cond (5953550
(P < 0/05)

Tond)le gy 0 (855 Srg> g i claJgdS o (ilejl sbale 5B -6 Jgaa
Table 6- Effect of dietary treatments on white blood cell count of broiler chickens in day 14

2 cbojl slao No Challenge® Challenged with E. coli® Challenged with Salmonella®
Ei);'ft’sez“mema' H% L% H:L H% L% H:L H% L% H:L
1 26.37¢ 72.442 37.14¢ 32.49% 66.19° 0.51° 36.54 60.69 0.62
2 33.58b¢ 65.09° 52.23b¢ 33.67° 65.21° 0.522 37.09 60.53 0.44
3 31.22¢d 68.24% 46.09¢ 28.17% 70.15% 0.41% 39.73 57.75 0.69
4 30.43¢d 68.19% 45,37 26.67° 72.66° 0.37 39.67 56.69 0.71
5 37.032 59.68¢ 63.96% 28.22@ 70.50% 0.41% 39.68 58.52 0.81
6 30.19¢¢ 66.29% 48.24% 33.16° 65.48° 0.512 41.53 56.18 0.75
7 41.142 57.43¢ 74.08 27.67% 70.21%° 0.39%® 30.24 67.48 0.64
8 41.37° 56.73¢ 74.322 31.26% 67.74% 0.46% 35.21 62.47 0.58
SEM* 1.86 1.77 0.47 1.82 1.73 0.032 3.84 331 0.094
P-Value 0.001 0.001 0.001 0.057 0.044 0.04 0.51 0.33 0.54

(P<O/05) 5,15 (5l sme 33l 5 Lol Llod 1 ailin yoi gy b Slisl 5w o 51
3 25 o 400) 25550 Sy il + 3015 (4 (2,558 55 5 s 200) (555550 S0 e + 0l B 10 Gl 5 S ] + 205 (2 (30l3) 4l o (L2
200) pylols (S il + 3015 (7 (2,558 55 5 s 400) 315 ISl bl + sl (6 Sk 3 S o 200) 218 STy m il + 0L (5 S5k
{p S 93 2.5 o A400) pjpulolis (ISUlg 100 il + 0L (B 5 (S okS 13 5 koo
Copmsi) & by sin i = HiL 5 g m =H i =L°
Aoy Sole 31kl slas =SEM 4
1 Means within the same line with no common superscript letter differ significantly (P < 0.05).
21) Control= basal diet, 2) Control + Coli-stop 10 (200 mg/Kg), 3 and 4) Control+ Marjoram essential oil (200 and 400 mg/Kg), 5
and 6) Control+ Fennel essential oil (200 and 400 mg/Kg) and 7 and 8) Control+ Tanacetum Balsamita essential oil (200 and 400
mg/Kg).
3 L= Lymphocyte, H= Heterophil and H:L= Heterophil to lymphocyte ratio.
4 SEM: Standard error of means.
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Table 7- Effect of dietary treatments on the length of villi jejunum in broiler chicks (um)?!

2 ool slmoper Challenged with .
Experimental diets? No Challenge Coli. E Challenged with Salmonella
1 1072 838 979
2 1101 977 1194
3 1050 1176 1114
4 1194 1118 990
5 1021 1139 1067
6 947 1107 1080
7 1168 1167 1160
8 1159 926 1115
SEM? 68.3 95.6 474
P-Value 0.15 0.17 0.063

(P<O/05) 3515 (gl sime 3M3T (g )bol Llodd jl aliio e g b Slas) gy 3
2 255 e 400) 25550 (IS il + 3015 (4 (2,558 55 5 s 200) 555550 S0 il + 0l B 110 Gl 5 S ] + 205 (2 (30L3) 4l o (L
200) pylols (S il + 3015 (7 (558 55 5 s 400) 315 ISl bl + sl (6 Sk 3 5 o 200) 218 STy m il + 0L (5 Sk
{p S 23 2.5 o 400) pjpulolis (ISUlg 100 il + 0L (B 5 (S okS )3 p5 koo
Aoy Sole 3 lukl slas =SEM 3
1 Means within the same line with no common superscript letter differ significantly (P < 0.05).
21) Control= basal diet, 2) Control + Coli-stop 10 (200 mg/Kg), 3 and 4) Control+ Marjoram essential oil (200 and 400 mg/Kg), 5
and 6) Control+ Fennel essential oil (200 and 400 mg/Kg) and 7 and 8) Control+ Tanacetum Balsamita essential oil (200 and 400

mg/Kg).
3 SEM: Standard error of means.

Ycfurg,1><107) oni 0391 g Wl 2555 (sladgn poibl g )Sue Cunes p (otiolej] (slojlow ;55 -8 Jgas
Table 8- Effect of dietary treatments on ileal bacterial counts (cfu/g, 1x107)*

Zu@uj oy Salmonella Challenged E. coli Challenged No Challenge
Experimental diets? Lactobacillus Salmonella Lactobacillus E. coli Lactobacillus E. coli
1 412 11¢ 168 682 21¢ 185
2 23® 21° 91 28° 84°P 104
3 8P 7° 44 16¢ 45b¢ 75
4 13P 8 133 5¢ 75P 164
5 40 432 129 360 44bc 130
6 13P 5¢ 211 430 43bc 231
7 18P 6° 45 8¢ 51bc 54
8 10° 10¢ 15 5¢ 168 21
SEM?3 6.5 2.3 55.4 3.1 14.1 69.2
P-Value 0.016 0.001 0.43 0.001 0.001 0.43

(P<O/05) 35,15 (o)l simo 3M5] (g )bol Llodd jl aliio e g b Slas) gy 3

2 05 oo 400) 555550 ISV e il + als (4 {p S5k )3 5 oo 200) 555550 S il + 2205 (B L0 lil IS Sgmp il + a0l (2 (anl) b o (17
200) p yseslolis (SUlg,a0 sl + 20l (7 {55k 5 5 o 400) 3158 ISy aem uibal + 2L (B S5k 5 5 oo 200) GBS (S50 uiled + sl (5 Soks
{p S 23 2.5 o 400) pjpulolis ASUlg a0 il + 0L (B 5 (S okS )3 5 oo

Aoy Sole 3 lukl clas =SEM 3

1 Means within the same line with no common superscript letter differ significantly (P < 0.05).
21) Control= basal diet, 2) Control + Coli-stop 10 (200 mg/Kg), 3 and 4) Control+ Marjoram essential oil (200 and 400 mg/Kg), 5
and 6) Control+ Fennel essential oil (200 and 400 mg/Kg) and 7 and 8) Control+ Tanacetum Balsamita essential oil (200 and 400

mg/Kg).
3 SEM: Standard error of means.

P> 0/05) xizslss (6 y5b boangn poibl LugbiligSY e ladasgs JSL 03l 63l Cumer i 0g)S & s
Aol oy b b 59380 olod (po (g0 dixe gldl ¢ pizmoan 4 Lo uibul oles 39380 51 55 (ISt pol b ons 039l g5

Migollus b o0 o391 2555 (sladrsn porlil cMisallis Cman 5 o Lauill (35581 a8 Jls s (P < 0/05) ol jials opn
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sla 58 as Cous by pae sladlla Hlad a5 155 S ssalie
oAty Sod 35 3 (12) w3 S b5yl Jsd B 525
e 6P Sl AS Caols (355550 (ISI puilul &S 0
Pseudomonas fluorescens. Escherichia coli L »sL
@ 4395 L.(11) )b o] Jgbl uslul 4 cons Bacillus cereus,
ool obySbas cu ol 55 Gaing cpl ) sdelcws @l
L 1, e S ool uizpan 5 6 35550
WU pie ols aios ) bl (19) 348 o5 Escherichia coli
2 gl 4 Yl 8L opl asy pac dla py 3leniS il
gyl 05 jd ol e &y uslwl (ol oL Slas cullss
(20) w5l Lbgspe il

oLS s il 5l pg ool p3 (ol iulel ol 0 d g b
Comole s Jods 4 (B9 9 (95 <yl (Sg)ld
azan b laad oS 0,8 sdalie 5 A eolatwl gV g,Seeds
She) 23, Shes 3900 o 29y (LS bl (39381 pg>
oSl b oas o3l (1858 sladrsr (059 Sliél 5 (Bpae
Sla S comes &Sl 4 a9 b s Migells 5 (JSLty 1
ol 48l daupe b pilwl (99338 dlawlsdy 35 path] JuwlgiS™yY
olej Sl &l bl ()35 ,86 &t 0 55 4 otz
@l L 3ios onl @l ) s 1 g 59, 10 b i
(5 r5 adlhe 48 Jb y> el cilhae (76 3) bt plo
i £S5 5 25 ko 300 51 o3l o 135,88 (yions
s il oy 2SS 5 25 oo 300 5 555550 il
ol (29381 (izpon (23) Mizbl (6 y3b 2368 (sladsr
sladrsr > Shss pSelS 1 25 Lo 300 5o 4 (355550
5) 13 Slyss s capd gt 5 o 09 DRIBI el (1255
1) pyslolis olS ;35 cilieo prglaws &8 cal o )15 (10,
3910 amw Sigmgy oyd 01 oo b olyo (2o 2 4 1/5
oilefl @l L alie 5 43 (2565 cloarse Slyss By
b Shyss Bras 2929 b w0 039 slaargr (26) 551 ol
Hlate g Jgd B 0jg Gl iplle ladrg 4 s
53 0ad o3¢ d] cladngs Shgd has coys g 395 45,65
Qlixe g9 cpl b cudly (ol (S 53 g GRS bl (S
ol )y Lagulbol Bpme Ly STis s b o pd dgme b
S92y Jol> 4 o5 Whagel plo bt (5155 05t whunsasgs]
s 3 GBS 3 45 JyS1p)lS 5 Jgass sle JUs Sl
PH ol 5 )18 o sloawd Agi (2als diclony Jolse J s
d) sg-bie g Jias capd S Calas )3 5 GBS ol
(30 .10

g5 slbasgs JewbgiSY Cuxes Lol (P> 0/05) wis oamlite
9 F)?—“’I"L‘:’ ‘ui‘>|9J._;§ dLmuMJLwI 69L> 0> oa S ¢l
bl yialS anls 09,5 4 Coms Migallor b o 03g)] o 39555 50

(P < 0/05)

ES )

oS 29l (2B9) oab (ygn 3 (See 28]y (ol
G )3 D9 i Sigm Bl SLli 3l yle cudgS A
J a8 3 (alS U5 5 il (581 ws il ol
S ogas ay STy )Ll gy 4o e 25 sl S
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1- Disc Diffusion
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Figure 1- Effect of dietary treatments on small intestine of healthy broiler chickens
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Figure 2- Effect of dietary treatments on microscopic lesions of small intestine of broiler chickens challenged with Escherichia Coli.
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Figure 3- Effect of dietary treatments on microscopic lesions of small intestine of broiler chickens challenged with Salmonella

typhimurium.
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Use of essential oils in broiler chickens: In-vitro antimicrobial activities and
effects on growth performance, intestinal morphology and microflora
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Introduction: Antibiotics as growth promoters in poultry feed are posing serious health risks to human health.
Because of their residual effects in poultry meat and eggs, as well as result pathogens develop resistance to antibiotics.
Currently, poultry scientists are challenged to find out alternatives to antibiotic growth promoters with no side effects
for poultry that could be more or as effective against harmful microorganisms in the gastrointestinal tract and to
stimulate the growth by increasing the efficiency of feed utilization and to enhance the immunity. Regarding to this
subject, supplementing the dietary herbs or plant extracts would stimulate the productive performance of poultry. In
recent years, products containing essential oils derived from several spices and herbs could be used feed additives as
growth promoters in animal nutrition. These phytogenic additives may have more than one mode of action, including
improving feed intake and flavor, stimulating the secretion of digestive enzymes, increasing gastric and intestinal
motility, endocrine stimulation, antimicrobial, anti-viral, anthelminthic and coccidiostat activities, immune stimulation,
and anti-inflammatory and anti-oxidative activity and pigments. Many studies have also been conducted on the effects
of dietary essential oils or combinations thereof on the performance of poultry but with varying and conflicting results.
While one report demonstrated that essential oils improved animal performance, some researchers reported that these
additives were not effective in this regard. Salmonella and Escherichia Coli bacteria have become the major cause of
foodborne diseases which has raised a great safety concern to public health. In several geographic regions, a large
proportion of foodborne diseases are confirmed by the hazardous salmonellosis caused by infectious Salmonella. The
antibacterial effects of essential oils have received widespread attention and numerous reports exist in the literature. The
essential oil of oregano has been shown to inhibit Escherichia coli, Staphylococcus aureus, Salmonella typhimurium,
Staphylococcus aureus and Listeria monocytogenes. The aims of this study were to investigate the In-Vitro and In-Vivo
effects of 5 dietary essential oils, marjoram, tanacetum balsamita, Artemisia annua, Fennel and Pinus, on minimal
bactericide concentration (MBC) and minimal inhibitory concentration (MIC) of 5 bacteria strains including
Escherichia coli (PTCC 1399), Klebsiella pneumonia (PTCC 1053), Salmonella typhimurium (PTCC1609),
Staphylococcus aureus (PTCC 1764) and Streptococcus pyogenes (PTCC 1447) and performance and intestinal
microflora of broiler chickens challenged with Salmonella typhimurium and Escherichia coli.

Materials and Methods: The disc diffusion method, the minimum inhibitory concentration (MIC), and the
minimum bactericidal concentration (MBC) were applied for the determination of antimicrobial activities of essential
oils. In vivo study, a total of three hundred eighty four 1-d-old broiler chickens were assigned to 8 dietary treatment
groups: 1) Control= basal diet, 2) Control + Virginiamycin (200 mg/Kg), 3 and 4) Control+ Marjoram Hydro alcoholic
essential oil (200 and 400 mg/Kg), 5 and 6) Control+ Fennel hydro alcoholic essential oil (200 and 400 mg/Kg) and 7
and 8) Control+ Tanacetum Balsamita Hydro alcoholic essential oil (200 and 400 mg/Kg). At the second week of life
(8-14 d) the broilers of each replicate in all of the treatments divided to 3 part (4 broilers in each treatment) and one
group had no challenge, and the 2 other groups were challenged with challenged with Escherichia coli and Salmonella
typhimurium. Essential oils were provided by Giah-Essanse Company in Golestan Province. The diets were formulated
to meet the requirements of broilers as established by the Ross 308 broilers feeding guide in starter (1-14 d). The birds
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were kept under conventional conditions for vaccination, temperature, ventilation, and lighting based on Ross 308
catalogue recommendations. Standard management practices of commercial broiler production were applied. The
broiler diets were formulated based on standardized ileal digestible amino acids and other requirements were obtained
from Ross catalogue recommendations. Broiler chicken performance (feed intake, body weight gain, feed conversion
efficiency at the end of the first and second week of age), blood cell count and ileal morphology were measured. Finally
population of Lactobacillus and Escherichia coli of ileum were detected.

Results and Discussion: The results showed that fennel, tanacetum and marjoram essential oils inhibited the growth
of Escherichia coli and Salmonella typhimurium and the greatest MBC belonged to tanacetum essential oil as compared
to virginiamycin. Inclusion of essential oils improved feed intake and body weight gain of broiler chickens changed
with Escherichia coli and Salmonella typhimurium. Escherichia coli-challenged broiler chickens fed diet supplemented
with essential oils had higher lymphocyte percentage and lower heterophil to lymphocyte ratio as compared to control
group. Essential oils significantly increased Lactobacillus and decreased Escherichia coli count of healthy and
Escherichia coli challenged broiler chickens compared to control group respectively.

Conclusion: In conclusion, supplementation of essential oil had MIC and MBC effects and improved growth
performance of broiler chickens challenged with Escherichia coli and Salmonella typhimurium. It is suggested that
these essential oils can be supplemented to broiler chickens diet as substitution of antibiotics.

Keywords: Broiler Chicken, Essential Qil, Escherichia coli, Growth Performance, Salmonella typhimurium
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Table 2- Number of alleles Observed heterozygosity and Expected heterozygosity for ASB17, LEX3, HMS1 and CA42
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locus Allele number Observed heterozygosity heterozygosity Difference of

Hoand He

ASB17 6 0.62 0.715 0.095
LEX3 9 0.26 0.812 0.552
HMS1 6 0.52 0.669 0.149
CA425 5 0.52 0.546 0.023
Lo g2 6.5 0.48 0.685 0.204
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Introduction: Horses (Equus ferus caballus) have always been alongside humans and played an important
role in the formation of human civilization. Horses are vertebrates that belong to the Mammalia class, the
Equidae family, and the Equus genus. There are free and wild horses in Africa, Asia, Australia, Europe, North
and South America, and some oceanic islands. Because of the long-standing relationship with human
civilization, horses are considered as companions, a symbol of power and predilection, human assistant, and rival
of other animals. The origins of domesticated horses have always been interesting to humans, and studying them
is very important. Archaeological evidence and analysis of the horse's body color indicate that the first horses
were found in the Eurasian steppes between 5th and 4th millennia BC. Among the genetic studies, simple repeat
sequencing can be implied. Random repetitive sequences are scattered throughout the genome and show high
polymorphisms that are harbored consecutively and repeat almost every 3-5 Kbp of genome. These sequences
comprise a total of 20% of the mammalian genome sequence.

Material and methods: Blood samples were obtained from Arabian horses and their DNAs extracted using
salting out method. Extracted DNAs was run in an agarose gel and concentration and quality of DNAs were
measured by Nano-drop. Four microsatellite markers were used that all have been recommended by International
Society for Animal Genetics (ISAG) for testing the parentship. These markers included ASB17, LEX3, HMS1
and CA425. These loci were amplified by multiplex polymerase chain reaction (PCR) with fluorescent dye-
labeled primers. PCR was performed using total volume of 25 ml for each sample and PCR products were
separated and analyzed with capillary electrophoresis and the products were evaluated using GenMapper
software.

Results and discussion: According to the results obtained, the smallest allele was found is 88 bp at the
position of ASB17 locus, as expected. Moreover, the largest allele observed in this population was 110 bp. The
most frequent allele observed in the population was also 110 bp, with an allele frequency of 0.46%. For LEXS,
the smallest allele observed is 144 bp, which was expected. The largest allele observed in this population was
166 bp, which was more than expected range. The most frequent allele observed in the population was 160 bp,
with an allele frequency of 0.32%. However, the smallest allele observed in the population at position HMS1
was 172 bp, which was expected to be within the normal allele frequency range. The largest allele observed in
the population was 182 bp, which was expected to be in the allele range. The most abundant allele observed in
the population was the 174 bp allele, with a frequency of 0.41%, which has a high prevalence in other races. For
CAA425, the smallest size of the allele observed for this site was in the population of 242 bp, which was smaller
than the expected allele size and had a significant frequency of 0.11%. The largest allele size observed in this site
was 248 bp, which was expected to be above the expected allele range. The largest allele observed in the
population was 182 bp, which was expected to be in the allele range. The most abundant allele observed in the
population was the 174 bp allele, with a frequency of 0.41%, which has a high prevalence in other races. For
CAA425, the smallest size of the allele observed for this site was in the population of 242 bp, which was smaller
than the expected allele size and has a significant frequency of 0.11%. The largest allele size observed in this site
was 248 bp, which was expected to be higher than the expected allele range.

Conclusion: According to the results obtained from the observed alleles in the studied population of Arabian
horses, there is a relatively high genetic variation among this population. It can also be said that for some alleles,
there is a high prevalence in the Arabian horse population, while they were not seen in other breeds of horses. In
general, several alleles in the Arabian horse population of Iran have been observed with different frequencies
that were not present in rest of the races, which implies to the differentiation of this race from horses of other
races.

Keywords: Arab horse, genetic diversity, multiplex PCR, STR
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Table 1- Frequency of the culling causes of ewe in the herd
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Figure 1- Mortality rate at different ages of Kermani sheep
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Table 2- Distribution of relative survival and risk ratio from birth to eight years old in Kermani sheep
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Age Number of culling Effective  Conditional culling Cumulative survival Risk‘:a?iﬁo
(year) (animal) number probability (%) (%)

Oto2 65 772 8.42+0.67 100.0+0.00 0.1683+0.0094
2to3 103 707 14.14+0.86 91.58+0.23 0.2914+0.0172
3to4 160 604 26.49+1.00 78.23+0.78 0.5298+0.0401
4t05 241 444 54.28+1.28 57.51+1.29 1.0865%0.0865
5t06 138 203 67.98+1.80 26.29+1.53 1.3596%0.0606
6to7 46 65 70.76%2.29 8.42+0.89 1.4153%+0.0835
7to8 19 19 100.0+0.00 2.46x0.14 2.0000£0.0000
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Table 3- Estimates of variance components and heritabilities obtained from Weibul sire model
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Introduction: The Kermani sheep breed is one of the most important native breeds in Iran. It is well adapted
to the harsh and undesirable environmental conditions of the southeastern part of the country. Therefore,
consideration to the breeding of Kermani sheep and the improvement of the environmental and genetic conditions
of this breed can contributed greatly to providing a part of the livelihood needs of the people. The longevity in the
ewe is a high economic trait, because increasing the longevity will lead to a reduction in the culling rate as well as
replacement costs in the herd and increasing of number of lambs. Considering that the investigation and
identification of the important factors influence culling of ewes from the herd, which leads to a decrease in the
yield and longevity of the animal, can be used to provide and develop a suitable strategy to promote the survival
and longevity of the ewes. In addition, due to the absence of genetic parameters of production life length in
Kermani sheep, the aim of this study was to study changes, prediction of components of variance and genetic
parameters of survival distribution function in Kermani ewes.

Materials and Methods: In this research, longevity records of 772 heads of Kermani ewes (collected from
1989 to 2008) at the Kermani sheep station (Shahr Babak, Kerman province) were studied. The overall production
life length was equal to the time between births to ewe culling. Frequency distribution for causes of culling and
survival distribution function for ewes were estimated using R software. The Weibull model and Matvec software
were also used for estimating variance component and genetic parameters of longevity traits as survival.

Results and Discussion: The results showed that the mean of ewe’s longevity was 4.72 years with average
lambing of 3.4 in life time. The most important cause of culling was disease (53%), especially in the first three
parity of the ewe. After disease, oldness, reproductive problems, low production, physical phenomenon,
experimental slaughter, selling additional ewes and bad type (0.5%) are the accounted causes for remaining ewe
culling, respectively. Considering that culling due to disease accounts for more than half of the deaths, prevention
and treatment of diseases are important in this breed. Therefore, the type and timing of the prevalence should be
investigated and preventive and therapeutic proceeding should be taken for diseases. The total amount of non-
optional culling (illness, physical incidence, and aging) was about 83% of total casualties. It can be concluded that
the deletion due to the low production was very small. At the age of two and three, the mortality rate was low,
reaching its peak at the age of four, has declined since this age, with partial fluctuations between the ages of 5 and
6, and at the age of 7 and 8 years decline have happened. Therefore, most ewes were culled from the herd before
reaching the age of 8. Most culling has occurred in pre-maturity ages, so it should be taken into consideration
because it indicates that the ewes were eliminated before they reach the peak of production.

The conditional culling probability increases with age, while cumulative survival rate decreased with age of
ewe. The hazard ratio of death increased with age up to 6 years of old steadily and then increased strongly, and
reached two at 7 to 8 years of old. The high hazard ratio indicated an early death or short longevity. Normally,
inverse of this ratio expresses useful information. The reversal of this ratio at a certain time interval, provided that
the hazard level remains constant at this interval, will indicate the time it takes to occur (death). For example, at a
time interval of 3 to 4 years, the ewe's longevity will be equal to a reversal of 0.5298, equivalent to two years. But,
for 7 to 8 years old, the reciprocal of two will be 0.5 years that indicating if the dangers remain constant at this
interval, the ewe’s life will be only 6 months, and ewes remaining in this group will be lost after 6 months. Trend
of survival and hazard ratio at different ages of ewes can be provided as a model to breeders of this breed.
Heritability on the logarithmic scale, the original scale and effective heritability of the risk ratio obtained from the
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sire model with the Weibull function was predicted at low to high (0.002-0.145). Although heritability estimates
for longevity are low, but genetic improvement may be increased by selecting animals with higher inbreeding
values.

Conclusion: The results of this study showed that the most effective factor in shortening the longevity and
decreasing survival in Kermani ewes is culling due to disease, especially in pre-maturity. Therefore, in order to
improve the longevity, necessary studies and necessary preventive should be taken regarding the type and timing
of the disease. Genetically, if possible, it would seek to create genetic resistance to diseases and environmental
conditions. On the other hand, the results of models with the Weibull function indicate that in order to improve the
survival rate and longevity, in addition to improving the non-genetic factors, the selection should be considered
within the breed. Also, high heritability traits with high genetic correlation with longevity traits are identified and
indirect selection be done based on them.

Keywords: Cause of culling, Economic life length, Kermani ewe.
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Table 1- Scientific name and accession number of 33 species of Corynebacterium from the NCBI database

L;clc IPU ‘jL.A.MJ.) o)Lc.&
Scientific name Accession number
[Corynebacterium Simulans] AMO091582.1
[Corynebacterium diphtheriae] CAE48781.1
[Corynebacterium pelargi] QAU53330.1
[Corynebacterium geronticis] AZA12319.1
[Corynebacterium maeruchotii] SPW24280.1
[Corynebacterium provencense] AWT25259.1
(Corynebacterium sp. KPL1996] ERS43361.1
[Corynebacterium sp. KPL2004 ERS76247.1
[Corynebacterium sp. KPL1859] ERS78921.1
[Corynebacterium ulcerans NCTC 12077] ESU59341.1
[Corynebacterium pseudodiphtheriticum 090104] ERJ43463.1
[Corynebacterium marinum DSM 44953] AJK67843.1
Corynebacterium sp. KPL1998] ERS74544.1
[Corynebacterium lactis RW2-5] ALAG6521.1
[Corynebacterium deserti GIMN1.010] ALC04747.1
[Corynebacterium efficiens YS-314] BAC17030.1
[Corynebacterium glutamicum] BAV22049.1
[Corynebacterium glutamicum] CAO000530.1
[Corynebacterium flavescens] AAA23293.1
[Corynebacterium pseudotuberculosis 258] AFK15829.2
[Corynebacterium argentoratense DSM 44202] AGU14304.1
[Corynebacterium oculi] KQB84521.1
[Corynebacterium sp. KPL1989] ERS73502.1
[Corynebacterium sp. KPL1814] ERS63333.1
[Corynebacterium sp. KPL1818] ERS61024.1
[Corynebacterium sp. KPL1824] ERS55010.1
[Corynebacterium sp. KPL1855] ERS51758.1
[Corynebacterium glutamicum ATCC 13032] CAF18822.1
[Corynebacterium glutamicum] SIM57548.1
[Corynebacterium sp.jB4] SLM93573.1
[Corynebacterium glaucum] AQQ14140.1
[Corynebacterium jeikeium] SCX24992.1
[Corynebacterium striatum] CQD06071.1
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Figure 1- Phylogenetic tree for Aspartat kinases protein in 33 Corynebacterium species
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Table 2- Determination of physicochemical properties of Aspartate kinase proteins by ProtScale and ProtParam servers

o SR Gb sh sl Bl S sl ol omsle P e oy (it oo
GIL;;VY Difference of aliphatic index and Aliphatic Instability Isoelectric Molecular Accession
instability index index index point weight number

0.018 71.28 96.62 25.34 4.96 44.76 AMO091582.1
0.010 63.29 97.31 34.02 4.99 44.73 CAE48781.1
0.009 66.05 97.30 31.25 4.91 44.90 QAU53330.1
0.015 64.97 98.24 33.27 4.81 44.77 AZA12319.1
0.025 69.76 97.5 27.74 5.11 44.65 SPW24280.1
0.012 70.83 97.28 26.45 5.07 45.12 AWT25259.1
0.011 67.78 94.51 26.73 4.91 44.69 ERS43361.1
-0.074 67.66 94.51 26.85 4.91 44.56 ERS76247.1
-0.094 61.56 94.53 32.97 4.94 44.69 ERS78921.1
-0.000 65.97 96.64 30.67 5.02 45.52 ESU59341.1
0.008 59.77 96.81 37.04 4.99 44.69 ERJ43463.1
0.013 68.72 97.10 28.38 4.97 45.48 AJK67843.1
0.049 67.78 94.51 26.73 4.91 44.69 ERS74544.1
-0.013 62.89 95.86 32.97 4.95 44.96 ALA66521.1
0.007 68.04 98.71 30.67 4.88 44.65 ALC04747.1
-0.003 56.6 93.64 37.04 4.97 45.62 BAC17030.1
-0.074 70.56 98.94 28.38 4.92 44.73 BAV22049.1
-0.094 73.37 99.35 25.98 4.92 45.12 CA000530.1
-0.000 66.17 99.14 32.97 4.89 44.79 AAA23293.1
0.008 67.72 97.76 30.04 5.09 45.04 AFK15829.2
0.013 62.26 89.11 26.85 4.99 44.85 AGU14304.1
-0.054 63.65 96.62 32.97 5.04 44.73 KQB84521.1
-0.013 711 97.05 25.95 4.99 44.67 ERS73502.1
-0.094 65.15 94.51 29.36 4.91 44.69 ERS63333.1
-0.000 65.46 94.51 29.05 4.91 44.70 ERS61024.1
0.008 57.29 94.51 37.22 4.08 44.69 ERS55010.1
0.013 61.6 94.57 32.97 4.94 44.69 ERS51758.1
-0.054 73.19 99.14 25.95 4.92 44.75 CAF18822.1
0.008 72.61 98.99 26.38 4.92 44.75 SIM57548.1
0.019 68.37 95.91 27.54 4.97 44.80 SLM93573.1
0.020 68.44 94.58 26.14 4.72 44.56 AQQ14140.1
0.040 68.61 94.98 26.37 5.00 45.15 SCX24992.1
0.022 70.67 96.81 26.14 4.98 44.69 CQD06071.1
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Structural analysis of aspartate kinase enzyme in Corynebacterium species
to find the best enzyme structure for high industrial production of lysine amino acid
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Introduction Lysine is one of the essential amino acids not synthesized biologically in the human body and
mammals so should be supplied through diets. Among the industrially important amino acids, L-lysine is in 1st
position, which is used in pharmaceuticals, animals, human feeds and precursors for the production of peptides
or agrochemicals. As L-lysine has large applications, the demand for it is increasing constantly year by year. To
minimize the gap between increasing demand and production of L-lysine, it has to be produced in large scale.
Corynebacterium species especially Corynebacterium glutamicum is widely used for the industrial production of
amino acids especially L-glutamate and L- lysine. The C. glutamicum from long period has been used for the
industrial production of various amino acids, primary metabolites and nucleotides. This organism is an aerobic
gram positive, rod shaped and non-sporulating bacteria which used for the industrial production of amino acids
of L-lysine and L-glutamate. This bacterium uses a variety of carbohydrates, alcohols and organic acids as single
sources of carbon and energy for growth and also for the amino acid production. The quantity of lysine
production by wild (natural) type of Corynebacterium glutamycum is very low, and its cultivation and
propagation cannot provide the amino acid required by markets, therefor the wild type of this bacterium is not
suitable and cost-effective for industrial purposes. To minimize the gap between increasing demand and
production of L-lysine, it has to be produced in large scale. Aspartate kinase (AK) is one of the key enzymes in
the biosynthesis of aspartate-derived amino acids such as lysine. This enzyme catalyzes the transfer of the C-
phosphate group of ATP to aspartic acid. In most bacteria, the reaction is the first step of branched biosynthetic
pathway for lysine, threonine, isoleucine and methionine and is known to be regulated by the end metabolites
through feedback inhibition. For example, aspartate kinase from Corynebacterium glutamicum is concertedly
inhibited by lysine and threonine, while aspartate kinase I and IIl from Escherichia coli is inhibited by threonine
and lysine, respectively. Due to industrial production of lysine amino acid by using Corynebacterium species, a
lot of researches have been done to improve the genetic modification of these microorganisms. Today,
bioinformatics tools are available as online access through web-based databases and software, which can be used
to study best structures of aspartate kinase enzyme with the least cost and time. Also due to high laboratory
costs, the use of bioinformatics methods will be important in obtaining the final result. The aim of this study was
to investigate the bioinformatics structure of aspartate kinase enzyme in different species of Corynebacterium by
authenticated bioinformatics databases to suggest best bioinformatics structure of the aspartate kinase enzyme
for applying in laboratory cloning and production of lysine amino acid for industrial purposes.

Material and methods The amino acid sequences of the aspartic kinase enzyme from 33 species of the
Corynebacterium was obtained from the NCBI (https://www.ncbi.nlm.nih.gov/protein) and stored as FASTA. In
order to study the genetic distances and similarities in 33 species of Corynebacterium a phylogenetic tree was
constructed using the Neighbor Joining method using the Mega software (MEGA 6). (A bootstrap check with
1000 replications was also conducted to obtain a confidence level for the branches) CIC main work bench5
software was used to investigate genetic similarities using protein sequences. The Evolutionary properties,
physiological and physicochemical properties of aspartate kinase enzyme were studied and investigated in 33
different species of Corynebacterium through valid databases and software of NCBI, MEGA, ProtScale and
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ProtParam. In order to predict the second structure, two proteins selected from the psipred server were used
(http://bicinf.cs.ucl.ac.uk/psipred). For this purpose, the protein sequences of aspartate kinase enzyme in
Corynebacterium glutamicum with access numbers of CAO00530.1 and SIM57548.1 introduced into the psipred
and their second structure was mapped. Afterward, three-dimensional structure of mentioned protein was
modeled using Swiss-model server (https://swissmodel.expasy.org) Then the quality of the two predicted models
evaluated by the Rampage server (http://mordred.bioc.cam.ac.uk/ ~ rapper / rampage2.php), and in the next step
its ramachandran plot mapped.

Results and discussions The results of evolutionary tree analysis in Corynebacterium species showed that
derivation time of aspartate kinase protein in these 33 species is very close. The results of the ProtScale and
ProtParam databases showed that the aspartatekinase enzyme of Corynebacterium glutamicum with the access
number of CA0O00530.1 and SIM57548.1 have the best physicochemical and maximum stability among 33
different species of study. Afterward, with further in silico investigation by the Swiss-Model server and
Rampage tool, it was found that the two access numbers of CA0O00530.1 and SJIM57548.1 had the best three-
dimensional structure. From the results of in silico analyses, it can be inferred that the aspartate kinase enzyme
with the two access numbers of CAO00530.1 and SJIM57548.1 have the best physicochemical properties, the
most stable and also the best three-dimensional structure and therefore could be offered for laboratory cloning
and production of lysine amino acid for industrial purposes.

Conclusion Due to wide applications and importance of lysine production in our country and also the
necessity of selecting appropriate strain of Corynebacterium for genetic engineering and industrial production,
this bioinformatics study was done to predict best structure of aspartate kinase enzyme and best strain of
Corynebacterium. Based on the results of our in silico analysis, it is suggested that corynebacterium glutamicum
has the best protein structure of aspartate kinase enzyme and may be beneficial to increase Industrial lysine
amino acid production.

Keywords: Aspartate kinase, Bioinformatics, Corynebacterium, Lysine amino acid production.
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Table 1- Probability of Mastitis in different days in milk

23 ko) 190 091-180 181-270 271-360 361-450 &
Days in milk Total
ol 906 1208 3467 8286 3678
Frequency
) =2 456 545  17.46 4174  18.53
ol (slagls Percent 17418
Healthy Cows L) 3 0y 520 621 1990 4757 2112 o0
Percent in Row
O 2 2y 80.61 79.02 8899  88.64  86.97
Percent in Column
ey 105 287 429 1062 551
Frequency
e 053 145 2.16 5.35 278
Ol py9 4 Mie slaglS  Percent 2434
Mastitis Cows <) ko) 431 1179 1763 4363 2264 2%
Percent in Row
O 2 2y 1039 20.98  11.01  11.36  13.03
Percent in Column
Js 1011 1368 3896 9348 4229 19852
Total 509 689 1963  47.09  21.30  100.00
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Table 2- Analysis of variance of factors affecting on mastitis

25 e @bl e erul  apbSJenlghe
Source of variation Degree of freedom « -square K2<o,
ol Jow 11 1364.397 <0.0001
Calving year
S sladsho oyl 1 278.823 <0.0001
Somatic cell score
A5
5 170.191 <0.0001

Herd
ol ole 11 32.846 <0.0006
Calving month
P2 Slojg) s 1 9.823 <0.0017
Days in milk

5o
o=l )5.3 8 16.316 <0.0381
Lactation
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Table 3- ODD ratio of factors affecting on mastitis
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ODD ratio Level Factor Factor Level ODD ratio
12 & &on
Reference Reference
11 0.925 2 1.529
3 1.035 & 3 0.957
8 1.094 Herd 4 0.784
ool 2 1.105 5 0.567
oo
Calvingmonth 6 1.206 6 0.519
10 1.227 79 <0.0000
9 1.255 80 16.199
4 1.256 81 15.281
1 1.331 82 15.131
7 1.349 83 10.922
5 1.488 g 8 80
ol
7 0.903 Calving year 86 6.195
4 1.103 88 5.752
3 1.112 85 5.301
2 1.251 87 4,780
1 1.276 89 3.707
A 052 6 1367 o &>
Lactation Reference
8 1414 Rl slajsy kg g9
Days in milk
5 1.472 o oo o 0.999
Somatic cell score
[adad
Reference

306 el 5l 8 5oy 15 alols > iy pig (s piacslyg i
aiogy Jie jlodlaiad Ly 1y ol o058 slagls 5 ol 51 mg 59,
oyl polie (B) o)) g )15 .263,8 5,91 5 0/07 (glelis]
0/03 5 0/01 1, 305 pgus b Sl csloygd 5 (sl g (S5
03P 5 4 g L olimg pyg (spdy iy slade 53,8 0
e 390 by (23) canl sns 355 0/25 15 0/01 51,8,

s (S5 d9e00 & Candl porie ol 4y iy )9 50y il
Dy .\ml9'> oyl b eyl pyg (gylon 4

o (ite py S (65U g pdycilyy (20) e 5 g

Seie el 3 5 003 1) cue o8 O 1) 13 S laJshe

9 = Sad gl jlamcds (Gl 59 S p3dmy &350
T (s (Susan

9 (S5 sl e 9 (lias p)g jon sy Cilyg polie
ol sl ond 03)51 4 Jguz )3 5y (slagl e b ] (gt
Sy e Jalge jin 136 Slo bty pyg bl (392
o a8 2l Jlsscon e pl ol L 4wt ol Ao o
Minbon 6580 g @ g Gon 1) Gl prg 4 M (Ol
(8 6) 15,5 5,51,, 0/04 ; 0/01

oy 9 01024 1) iy pyg (s 2pcdlyg (27) 5,8 90 5 09,
(20) ohlsen 5 sltSiy o 23,8 3,05 0171, s (sl sl



1398 (w4 oyleis A1 alsr oyl 1l cobs pole leiidoys & pis D18

Jie L 903l55) 010073 1) s pdgcsly oline (34) o)\San
5 o3l 3y50 Jie 4 diun (guler Jio) 0/1107 b (_Las
Ot 45 03,5 G5l Ll opsizmen 03,8 35l il g 420
66 5253 Socems it 35 5 e o o3 9

2l 5929 0/88

S Lo Sl ow 0062 (S5 (Stman 235,851, 0/09

Ses s il Chs g3 cpl &S wed o ) sl (pl ccute 5 (bio
3L 051 iy g (silow (s <o by Sy sla b
5 oS dyslp A yoie Cighe (yadl awsuis a5 Wby oL Lyl
Dg-bien (shie g Cute p)S (Sl Sl o sagli (HBly ke
0399 2 b 5 Sl sl slads (s p3idlyy (A) olSen 5 28

bl (o5 9 (S (Sisod g S (slashor jleud i pyg sy clyg =4 Jgun
Table 4- Heritabilities of mastitis, somatic cell score and their relationships
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Mastitis correlation with somatic cell score Heritability
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Phen. correlation Gen. correlation Somatic cell score Mastitis
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Table 5- Probability of mastitis according to pathogens in different lactations

@) ;3 o3 Py 0)93 J9
Percent in Row Lactation Total
O 22 425> 1 2 3 4 5 6

Percent in Column

oSl il 33.33 0.00 33.33 33.33 0.00 0.00 3
E.coli 5.26 0.00 11.11 33.33 0.00 0.00 6.00
S¢S gy 30.00 40.00 10.00 0.00 10.00 10.00 10
Streptococcus 15.79 28.57 11.11 0.00 33.33 50.00 20.00
S¢S ghdlinl 0.00 66.67 0.00 16.67 0.00 16.67 6
Staphylococcus 0.00 28.57 0.00 33.33 0.00 50.00 12.00
oogleasls 0.00 100.00 0.00 0.00 0.00 0.00 1
Bacillus 0.00 7.14 0.00 0.00 0.00 0.00 2.00
O35k e 50.00 16.67 23.33 3.33 6.67 0.00 30
Without pathogen 78.95 35.71 77.78 33.33 66.67 0.00 60.00
Js 19 14 9 3 3 2 50
Total 38.00 28.00 18.00 6.00 6.00 4.00 100.00
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Table 7-Probability of specific pathogen mastitis with somatic cell counts

G2y b oy (Jsbeo 1152500y (glj) 4) b 2 (sl Sl dhaos (5 o Js
Percent in Row Classification of milk somatic cell counts (500.000 cells) Total
OFe 2 22)2 2 3 4 5 6 7

Percent in Column

oSl il 3.33 3.33 333  0.00 0.00 0.00 0.00 3
E.coli 4.55 9.09 20.00 0.00 0.00 0.00 0.00 6.00
S¢S g0yl 30.00 20.00 10.00 20.00 10.00 10.00 0.00 10
Streptococcus 13.64 18.18 20.00 100.00 16.67 50.00 0.00 20.00
oS glidlal 3.33 3.33 0.00 0.00 3.33 0.00 0.00 6
Staphylococcus 9.09 1818 0.00 0.00 3.33 0.00 0.00 12.00
oglaly 0.00 10000 0.00 0.00 0.00 0.00 0.00 1
Bacillus 0.00  9.09 0.00 0.00 0.00 0.00 0.00 2.00
OiFk os 53.33 16.67 10.00 0.00 10.00 3.33 6.67 30
Without pathogen ~ 72.73  45.45 60.00 0.00 50.00 50.00 100.00 60.00
Js 22 11 5 2 6 2 2 50
Total 4400 22.00 10.00 4.00 12.00 4.00 4.00 100.00

S sladslw jled by polis pE.CONE Sl 8 iy
(7 Jgas) 2 oanlise

Sl 4 b e Hlade (gl a8 S g gl dtwd wlel p
o Ml Jloms] gy (al381 b &8 45 asede 0 S5lS 10 52
o35 (5 s S5l sy Ll b o il S35
£S5 LS 40 530 o Mg aws pE.cOli b [Sogll oles i
e SYelb 00 5L s 4y cul (Sen & M saaliie
PLSi 53 i oSl 3939 9 (5935 5| g STy s
plosl B8 > &8 sivs olwl (8 Jgdz) wil gl ol il
305 )5y aJg mals 10/67 el (Yool o595k el o
ol U8 L g 35 5oy 3 p S5k 315 Joleo L 5 455 g,
5 Sgedly (18) 1b aass B Ay (ulibl el plyio
g Mo g g g Son O S5 Staan (33) o) Sen
0/04) 25,5 093 ondgl (b ogasw 5 0/40 5 -0/03 511, ,ui
s ¢y oy bl 5o Gy pg ST.500,8 IS (0740 b
(18) 592 anlss yaas ilye 0 o J1 36 Mg aals

Tl O 0)90 S 3 S e sl sl Sy slagSl
OiFLs sea> 4 dnaly Ol pig £585 £ lolid i I Wl
golsss S b E.coli JUso loie a il So o
17 00) s (e s S sl o] oSl
icisie sLagtll Gl py5 coms slagisl 4T U
b ali8lecsgis 0y90 Job (Lo jobo ) 1)b (Jglie
Ol 52950 395 olon 5 (oo slvoygd (S sl S5l
(17) 59 swlgs gl gl (eoladl sla)

Jole s by (S (saJgbo sl (o dally oy sl
S 500 o oliél il 4 a8 amd o ol T Jods I slew
~ o odnlie SeSoldlinl | E.COlN gt (g (Jgli5 Sy Joles
li8l e (S BLS ) S oS g0yl j9an 3)90 53 Ll 29
(14) hlSan 5 opyS ool 3435 ol b Sb slaJsho dlas
0o929] 95 o5 hdlinl (o8 (Gl i p)g o 20,8 ()15
sbadslbw Jlod pShe jlade Gl L (u pgl (0959 92 il 5
3 =30 Gl pyg 3 48 Jlo 3 el ol b S
(0Sln 2 o jlna SBlosl) Sl copd Glie (St 8l
bier Bl b S lashe
el S ojlul 4 bl (il cod i p)g 2)lge 5
Cogas Lol wgud odaliie yus > 45 K9 o b Joigll il o 50
i sl iy B S8 o ek sl iuliel 5 b ]
Sgdise wgmne bgls o)kidlpd Sl sl )lpl b sl
Jaisime i pg 55 2 s cnl Sl 5 3w al ()
Sl 03l Gy o W08 IS (14) oSen 5 ()5 g
sbadslw jlod Sk jloslital (b pyg jon Jlatn! (o)
eotin (pSSle Sl okl (glo 4 (2330 0)93 Jobo 53 e (S
L g iy gl sl 2o s adlso 099 S sl
Slyosl ol ol b ye by pyg e Olite sla ol
3 86 by pyg Lo e (G sl gl jlo 3 sl
copd ORIBl g angl 095 S gyl g (wargl (oS o shdli
L8l (U Gl g Ly (G sladsbe jledd Sl
At b (S s g s pwdin (1 Ske Il Lo o
P29 9 OB ]y (sl g o8 ghdlinl 5 (3 iy p)g @ S
3 dalllas ol o o il STy oYeSOl 5l b oyl



1398 (w4 oyleis A1 alsr oyl 3l cobs pole leiidofs & pii D22
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Table 8- Probability of pathogen specific mastitis with milk production

w@3) )0 doyd (pS9S) 3 g5 ylaie

Percent in Row Milk production (Kg)

Qg 2 2) 20<  20-30 3040 40> &

Percent in Column Total

oSl il 0.00 0.00 100.00 0.00 3

E.coli 0.00 0.00 13.04 0.00 6.00

S'sS gt ya] 10.00 50.00  40.00 0.00 10

Streptococcus 14.29 33.33 17.33 0.00 20.00
2 2 2 0

'S glb il 400 4.00 4.00 0.00 6

Staphy|ococcu5 33.33 33.33 33.33 0.00 12.00
28,57 13.33 8.70 0.00

skl 0.00 10000 000 000 1
Bacillus 0.00 667 000 000 200
S5k oo 1333 2333 4667 1667 30
Without pathogen ~ 57.14 4667 60.87  100.00  60.00
Js 7 15 23 5 50
Total 1400 3000 4600 1000 100.00
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Introduction: Mastitis refers to inflammation of the mammary gland and is a common and costly bacterial
disease in the dairy industry that causes direct economic losses (reduced milk production, early culling of cattle
from the herd and high costs of treatment) and indirect (reducing the quality of milk production). The disease is
divided into two types of acute and subclinical, which the clinical type is associated with clear clinical
symptoms. Infection can have different origins and can be caused by various pathogens such as E.coli,
Staphylococcus aureus, Streptococcus agalactiae, Streptococcus uberis, Streptococcus dysgalactiae,
Streptococcus obris and Klebsiella Pneumoniae.

Management Improvement is not being alone able to control the disease of mastitis, because the
environmental organisms causing the disease cannot be eliminated. As a fact, there are genetically different
factors affecting on susceptibility to mastitis. Therefore, breeding in order to increase resistance to mastitis is a
powerful tool to reduce the incidence of this disease. In most countries, this disease simply does not record like
as the other health traits. On the other hand, there is an unpleasant correlation between milk production and the
number of somatic cells count as an indirect indicator of mastitis.

Due to the low heritability of mastitis, a direct selection is very difficult to reduce the disease, and most
countries that have a genetic evaluation for mastitis resistance, generally use the number of milk somatic cell as
an indirect indicator. Considering the positive correlation between mastitis and somatic cell count, in the genetic
evaluation of mastitis, a somatic cell count is used. On the other hand, the heritability of somatic cell is more
than mastitis, and it has been estimated from 0.04-0.16 in the first lactation by test day method

The aim of this study was to investigate the factors affecting the incidence of mastitis, estimation of variance
components and frequency of pathogens.

Materials and Methods: A total of 22722 records of Holstein cows’ mastitis in 6 herds in Khorasan Razavi
province. Environmental effects of mastitis were analyzed by the logistic procedure of SAS software. These
effects included of the herd, year and month of calving, lactation number, stage of lactation, the first and the
second degree of regression coefficients of days in milk and SCC, respectively. Variance components of mastitis
were estimated by considering effects of herd, year and month of calving, lactation number, milk production,
Somatic cell count, days in milk and pedigree in a logistic model of ASREML software. Sixty milk samples
were collected to culture the most frequent pathogens of mastitis.

Results and Discussion: Our study showed that 12% of cows showed mastitis at least once during their
lactation, which was the most likely outbreak in 9-12 months of lactation; however, 5% of all cows had mastitis
during the first 150 days of lactation in all lactation periods. Analysis of variance revealed that all factors of the
model were significant (P<0.01). Mastitis was reduced by the 4" lactation number and increased then after.
Mastitis rate showed a decreasing trend in February and during the studied years, which interpreted improvement
in this trait. The heritability of mastitis, somatic cell score and their genetic and phenotypic correlations were
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estimated 0.037+0.0008, 0.055+0.008, 0.712+0.112 and 0.062+0.009, respectively. The microbial culture
showed different patterns of pathogen-related mastitis during the stage of lactation. The highest cultured
bacterial strains were Streptococcus aureus (20%) and Staphylococcus agalactiae (12%). The E. coli bacteria,
which mainly cause environmental mastitis, accounted for 6% of all samples.it was found by the interval
between calving and microbial culture time, the highest amount of E. coli was observed in the second half of
lactation, while the streptococcus from the eighth month and staphylococcus from the fifth month to the end of
the period was observed. Based on the classification of milk production per 10 kg, it was found that by
increasing production, the risk of Streptococcus increased, but no change was observed for staphylococci. All
E.coli contamination was observed in cows producing range between 30 and 40 kg, which may be due to the
long openness of the nipples after being milked and entering the pathogens during the resting time of cattle.

Conclusion: This study revealed that there was a high genetic correlation between the somatic cell count and
mastitis infection (0.71). Hence, there is a possibility to genetically improve dairy herds by selection of resistant
cows with lower somatic cells. Therefore, it is strongly suggested that the industrial herds take into account the
milk somatic cell records. On the other hand, The National Animal Breeding Center and Promotion of Animal
Products, should report the breeding values of this trait every six-month. Since the information of mastitis
outbreak is highly scattered and done by herds individually, it is suggested that a central database of this
information be provided by National Animal Breeding Center and Promotion of Animal Products.

Keywords: Logistic Model, Microbial Culture, Pathogen-Specific Mastitis, Variance Components.
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