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LoDy (sleidgulie oialojl sl oy
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 gial YT 10.0 10.0 10.0 10.0 0.002 0.002 0.002
ALT (U/L)*
ool dals L 55590 10.0 10.0 10.0 10.0 0002  0.002 0.002

LDL (mol/L)®

(P<0.05) sl oo )b (ine B3] 4l Syt put By b cndy o sln (pSiboo
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
4Alanine Aminotransferase
SLow density lipoprotein
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Figure 1- Effects of different levels of by-productsin dietary on extent of gas production in vitro
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Introduction: One of the most important factors in the profitability of dairy farms is effective management
methods in keeping and feeding infant calves. Several factors such as underdeveloped immune system and
environmental stress can increase the survival power of the animal. Researchers suggest different factors can to
improve the immune system of neonatal calves, including the use of fat-soluble vitamins and unsaturated fatty
acids. While these vitamins play a major role in the immune system of animals, the supply of fat-soluble vitamins
in the calf's diet is essential for promotion the normal growth of muscles and the skeleton of the body. Common
symptoms of a deficiency in fat-soluble vitamins in neonatal calves include retardation of growth, and
susceptibility to infectious diseases.

Materials and Methods: This experiment was performed in the farm of Ferdowsi University of Mashhad.
Twenty-eight Holstein female calves with an average bodyweight of 37.74 kg (+ 4.76) were used from birth to 56
days of age. On the fourth day, the calves were randomly assigned to one of four treatments. All calves received
colostrum for the first 3 d and then whole milk at 8% of bodyweight in the two-equal part in the morning (4.00
A.M) and evening (16 P.M) until weaning. The experimental treatments included: 1) whole milk with starter
(Control), 2) control diet supplemented with flax seed oil (0.3 ml per kilogram of body weight), 3) control diet and
weekly injection of 7 cc of fat-soluble vitamins (A, D3, E), 4) control diet which supplemented with flaxseed oil
(0.3 ml per kilogram of body weight) plus weekly injection of 7 cc of fat-soluble vitamins (A, D3, E). Flax seed
oil was mixed into milk (morning feeding) until weaning. During the experiment period, calves had ad libitum
access to starter diet and water. Blood sample were harvested from jugular vein for collection of full blood for
Complete Blood Count (CBC) test and blood serum metabolites. Serum was stored in -20 centigrade until further
analysis. Complete blood count (CBC) test was performed to determine the number of blood cells white blood
cells, red blood cells, lymphocytes, monocytes, eosinophils, granulocytes, hemoglobin and hematocrit. Serum
blood metabolites, total protein, creatinine, beta-hydroxybutyric acid, albumin, liver enzymes (alanine
aminotransferase, aspartate aminotransferase and alkaline phosphatase), antioxidant capacity (malondialdehyde
and total antioxidant capacity) were analyzed using Alpha Classic autoanalyzer. Data were analyzed using SAS
version 9.4 as a completely randomized design experiment. For all results, significant differences between
treatments were declared at P< 0.05 and tendencies were declared at 0.05 <P<0.10. Least square means for each
treatment are reported in the tables and were separated using Tukey-kramer test.

Results and Discussion: The results of this study showed that the use of flaxseed oil and injection of fat-
soluble vitamins during preweaning had no significant effect on the Serum concentrations of total protein,
creatinine, beta-hydroxybutyric acid, alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase,
malondialdehyde, total antioxidant capacity and had no significant effect on the starter feed intake, daily weight
gain, rectal temperature of calves. Calves received flax seed oil and fat-soluble vitamins injection had the highest
Red blood cells, White blood cells, Hematocrit, Lymphocytes, Monocytes, Eosinophils and hemoglobin
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concentration. Claves received flaxseed oil and fat-soluble vitamins injection have the highest serum cholesterol
concentration (P<0.00).

Conclusion: The results of this study indicated that inclusion of flaxseed oil and injection of fat-soluble
vitamins (A, D, E) had no significant effect on blood serum parameters such as total protein, creatinine, albumin,
beta-hydroxybutyric acid, malondialdehyde and total antioxidant capacity, but partially improved the immune
system (white blood cells, monocytes, eosinophils) and reduces liver enzymes such as aspartate aminotransferase
and alanine aminotransferase, which indicates an increase in animal health.

Keywords: Blood parameters, Fat-soluble vitamins, Flaxseed oil, Holstein calves, Immune
system
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Table 1- Ingredients and chemical compounds of the initial test diet
Shy> el
Ingredients (%DM)
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45
Ground corn
Milled barley
bgw dlbs 29
Soybean meal
PAS (g 9
Wheat bran
ey JoSo 1
Mineral-vitamin premix
Sal K 1
Limestone
Chemical composition
Crude protein (%)
Sais n.)ln(/) 90.5
Dry mater (%)
B it sl S ysing, S
(NFC) 57.7
&5l olas(’) 31
Ether extract (EE)(%) '
s (1) 06
Phosphorus (%)
oS (%) 0.7
Calcium (%)
=SB (/) 5.20
Ash (%)
LJ\ odlo (Z) 9471
Organic matter (%)
Lf“" °‘3“"5"" » J?b““ )“'i3 (Z) 57.7
Neutral detergent fiber (%)
(sl o2 3 Jolouls 5 (1) 6.9

Acid detergent fiber (%)
3000 (IU/KQ) E by 300000 (IU/KG) D3 (polisg zomjel o 53 (cmoling JoSo ot Sty oMl
352 40000 (MQ/KQ) 2w 20700 (MQY/KQ) w2 juie 30000 (MY/KQ) yiui 7011 (MY/KQ) pamenls

120 (mg/kg) x, 100 (Mg/Kg) pssl— 3000 (MY/KQ) e - 10000(MQ/KQ) c5, S000 (MY/KQ)
.1000 (Ma/kg) st sl 100 (MA/kg) ciis 2 (MY/KY) JI pgsib

Vitamin supplement components in the initial diet: vitamin D3 (IU/Kg) 300000,
vitamin E (IU/Kg) 3000, calcium (mg/kg) 7011, phosphorus (mg/kg) 30000,
magnesium (mg/kg) 20700, Sodium (mg/kg) 40000, manganese (mg/kg) 5000, zinc
(mg/kg) 10000, copper (mg/kg) 3000, selenium (mg/kg) 100, iodine (mg/kg) 120,
organic selenium (mg/kg) 2, cobalt (mg/kg) 100, antioxidant (mg/kg) 1000.

Non fiber carbohydrate = NFC=100-(CP%+EE%+Ash%+(NDF%-NDIP)
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Table 2 - Fatty acid profile of flaxseed oil (% of total fatty

acids)

gl

Fatty acids

C16:0 7.05
C18:0 4.23
Total SFA 11.28
Total MUFA 26.85
Total PUFA 61.86

By no dg b podal o g F & Jolis 3 aS jsbjlen
S50 sl s b con Sy glod g iy Ll (Sys
09155 2ol b g nen ool Cwoday (glaodly «d)S5 )5 ioles]
Hill et al.,2011; Kadkhoday et ) il o cpdase ol b odd
(Karimi et al., 2021) | ,\Ken g 02,5 a5 Jb>yo (al., 2017
bods 435 )l55 0 SladllnsS dpae )il 13 (g )b sine b
Sygs oS amd o Hlis Sllas .65)5" (5155 oy calisee plie
9 &5 o IS o Ol o 5l Sl Wl oo By e
Doppenberg ) asb oy slusl 4 glsl e ja slaiw] cod

and Palmquist., 1991; Ghorbani et al., 2020; Hill et al.,
(2011
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Table 3- The effect of experimental treatments on the average feed intake of calves during the experiment (g/day)

L;@.L‘)'] sbyles
Wi ol omls ot oSl SEMT Palue’
Control Flax seed oil  Vitamin  Flax seed oil + vitamin

Jsl win > (g/day) 63.0 59.8 62.3 60.2 4507 0.949
The first two weeks

ps> atin 9> (/day) 274.4 274.7 300.9 255.8 27880  0.426
The second two weeks

pye <iin 5> (g/day) 430.1 415.2 446.9 398.8 15050  0.163
The third two weeks

Pl s 9> (9/day) 932.7 929.4 953.7 923.3 8353  0.084

The fourth two weeks

1Standard error of mean
2Probability value p= 0.05

))\A}tu\ du°5 u*iJLﬁ\
P=e/et pais s ime Jlois] o’
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Table 4- The effect of experimental treatments on daily weight gain of calves during the experiment (g / day)

inlejl (gl )los
ol OB o) ol omlag + OIS ) SEM* P value?
Control Flax seed oil Vitamin Flax seed oil + vitamin
Jsl azia 5> (g/dlay) 138.8 153.1 188.8 1337 3467 0671
The first two weeks
ps> 4sin 5> (g/day) 4255 406.1 419.4 4235 7146 0.997
The second two weeks
Py i 9> (g/day) 565.3 654.1 629.6 576.5 7398  0.805
The third two weeks
ol «ia 5> (g/day) 644.9 673.5 734.7 736.7 62.03  0.658
The fourth two weeks

IStandard error of mean
2Probability value p=0.05

J)b.itw\ L;Ua& u,i;l:.o\
P=/o0 oas s gxe Jloin] ma”

(o3 Bl 42 3) Gtalef] Jgb ) s xSy (slod (3o 2 stilejl (slolos $1-0 Jgoa
Table 5-The effect of experimental treatments on the average rectal temperature of calves during the experiment (° C)

u@l‘}i sbles
Jald O ) ol Owelig + U Gy, SEM! P value?
Control Flax seed oil Vitamin Flax seed oil + vitamin
Jsl siia 53 (¢/day) 38.71 38.69 38.86 38.87 0.143  0.724
The first two weeks
ps> aiia 5> (g/day) 38.63 38.70 38.57 38.64 0.144  0.940
The second two weeks
py win 5> (g/day) 38.54 38.73 38.47 38.66 0101  0.306
The third two weeks
ple asin 5> (g/day) 38.49 38.53 38.63 38.77 0.163  0.620
The fourth two weeks

IStandard error of mean
2Probability value p= 0.05
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Ahangarani ) 5gs e ;9> ) mesd] jiww 55 il el o)l
AUy o 301 oS &S Cawl 0103,5 e (et al., 2021
o ol 15 gyl Jolge il 31 ials saimd yLis Cmegd] 4
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Olgr o Sgpa b @l 1g, (Ramezani et al., 2018) 1
Gl 0 )55 Jbges 0 calisee (glaloj 4o

N ol 5 (oS o3l p sl (slales i
b adgb.ccwlo b 5)5 Y oY b oV oo jo
S Glam 3l g —dolos] ol )loss HId ixe 5l codel Cinday
5 (AST) il izl el (ALT) sl sl 5¥)
39 g0 0anliie Jlos 1o 5 oS (ALP) jbliud I
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a3 0g)5 d Capnd JoSio 0aiS Bl > 3 slagls )3 pl JgnlS
o oy Tobaw p (S)lbisne S OLS )h g inen 9 43
sy 9 (HDL) b K2 b (nSgnsnd 5515 cdgls (JS
Jald 09)5 b duslie 3 g, opl saiScdl)d Gllgs 55 3y S
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Table 6- The effect of experimental treatments on blood parameters of suckling calves

Sl
' : Treatment : SEM! P value?
s OB o) omoling omelag + S e,
Control Flax seed oil Vitamin  Flax seed oil + vitamin
(mg/dl) Jgyuuds’ 84.43P 97.13% 91.65P 109.832 4503  0.00
Cholesterol (mg/dl)
(9/dl) £ x5 5.66 5.77 5.42 5.45 0117  0.10
Total protein (g/dl)
(mgfdl) oeisl,s 1.17 1.14 1.15 1.16 0062 098
Creatinine (mg/dl)
(nmol/l) . &e’"'ﬁy. “’“5.9)@ & 0.17 0.16 0.16 0.18 0.017 0.77
Beta-hydroxybutyric acid (nmol/l)
(9/d1) e 3.38 3.35 3.26 3.29 0.042  0.199

Albumin (g/dl)

(P<10) ol s gimn 4ol g b sy o 53 pl5) cglis 5P
Slsbil glas S5ke’
P=e/et pas s ime Jlotsl o’

band 2, the difference between numbers in each row with dissimilar letters is significant (P<0.05).

1Standard error of mean
2Probability value p= 0.05
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SEA) Lo 5 Joors slageeling & 555 ol 35 (al., 2016
slagls 0y 53 (59 9 posilss jiSte o) CLeS yolie 5 (D
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(Omur et al., 2016) cuisls (ALP

2V Bl Oy slarl (S)ledr 5 (IS )k 29y b pas
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(Hamd et al., 2015; Nazir et al., 2013
@ plo g OIS g (953 & A—d ol ()50 adllae
g 9 Al joil 4 N-3 Gy clatwl gie lgicds Vo) Couus
il walgss Sl S ol el p oyl cpliils oole
Moradian et) -,Ke2 4 b3l .(Opgenorth et al., 2020)
By Yoo ) E o oyebing 30,5 45 355 axllas 5 (al., 2016
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Table 7- The effect of experimental treatments on liver enzymes in suckling calves

e
: : Treatment : SEM! P value?
Jald OB o) ool oelizg + oS o)
Control Flax seed oil  Vitamin  Flaxseed oil + vitamin

(U1) seel il bt 66.30 68.96 67.74 60.74 3213 0.288
Spartate transaminase (u/l)

(U/1) Sl sgical o1 16.13 20.39 16.61 15.26 1384  0.052
alanine aminotransferase (u/l)

(Ul) 36las o1 469.50 515.00 456.80 456.70 32.62 0.543

alkaline phosphatase (u/l)

1Standard error of mean
2Probability value p=0.05

(P>/20) cuils gyls gno 5 Hlgd s (slaallugS

sl ol e Sils)
P=c/o0 oas s gre Jlois] "

ShAlugs Sl Sl sl el —ibol sbajles il
sljylag aS ol L ol sl a5 A ol 43 les i
Pl a1 5l e b 5 salliod (yglle line 1 (oo

s b ol sl ol el pialofl sbalos 51 -A Jgsa
Table 8- The effect of experimental treatments on the antioxidant activity of infant calves

lows
' . Treatment ‘ SEM! P value?
s Ol oy omeling Oeling + QLS o8,
Control Flax seed oil Vitamin  Flaxseed oil + vitamin
(nmol/ml) 24l 5> oo 2.048 1.974 1.965 2.335 01594  0.320
Malondialdehyde (nmol/ml)
(mMOIfI) b (hawus (ol b ko 0539 0.549 0.504 0528 00148  0.181

Total antioxidant capacity (mmol/l)

1Standard error of mean
2Probability value p=0.05

8,55 B oiled] (Slnsla 5l 00 g e sl
Ao joyd sla JoulS i gla JoulS liue Ll (P >+/+0)
OnglSgen 9 Jdgrjgil ao)d by wgige o)y Sgilon

sl ells Sils
P=e/et pas s ine Jlois] o’

2l Sl 5 ol s p (oalojl lasled
Ll b dgl.crwlen b )55 50 slaydges 94 Jouo
09 oMy sl wgil)S g acuwgid o) el Cwd
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ialejl slolass 55 o (gl ne ysbods JlsS s (sladlls S
o 3 o Sgilan g 508 sloJglS Hlaie (P <-/-0) cd)5 1,8
S Jloss g anls 098 )3 g (gt oeling + IS 9, s>
2 39 Mo ool ol g 350 b |yl (0SS 89,
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Table 9- The effect of experimental treatments on the immune system of infant calves

sl
. _ Treatment . SEM! P value?
als OB o) Orelzg Owelig + O (g,
Control  Flax seed oil  Vitamin  Flaxseed oil + vitamin
6 Y.L g
(10°7 )" py55 30,8 sla JgulS 6.221b 6.300° 6.5312b 6.8852 0.1216 0.001
RBC (108 pl)
3 Lo ¢
(10% ) 09> S gla JolS 8.025P 8.043bP 8.6772 9.1522 0.1647 0.000
WBC (103 pl)
04)0 - o
(%) e S glon 30.61° 31.24b 31.99% 34.20° 0.6760  0.002
HCT (%)
(%) it 48.69 50.37 51.14 50.54 0.7362  0.114
Lymphocytes (%)
() osmgise 4.857° 6.029% 5.314% 6.543¢ 0.2252  0.000
Monocytes (%)
(/) J-\ﬁa—v)y‘ 3.4740 4.629° 4.057® 4.6572 0.2186 0.000
Eosinophils (%)
(7) caolsl s 3837 3761 39.26 39.23 0.8126  0.425
Granulocytes (%)
(0/dl) omstssen 9.5820 9.797 10.121 10.890? 0.1822  0.000

Hemoglobin (g/dl)

(P<+/+0) sl o o sine s ()l S ey g L i)y (gl Silia 2P
3kl glas 5L
P=2/o0 i s me Jlis! o’
09 8 sl Sl T
O M sla JplS T
oSl ®
a.b Means within same row with different superscripts differ (P<0.05).
IStandard error of mean
2Probability value p= 0.05
3 Red Blood Cell

4 White Blood Cell
SHematocrit

Lashkari et al ) wis’ o SaS (i sdls o5 osl 9 c505 o
.(2021; Weiss., 2017

Jobre (5900 slagmeling g o lyine jl (S cdale il )

dge cpl &S sy g0 sl 4 (5)9yS 9035 WS E 9D A 2
.(Blakely et al., 2019) 555 03933l )lgu> odlaiwwl 350 i 4
MWy auE s DA L 0 Jdoe slapelng a5 cusl s <ol
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Figure 1- Average blood cholesterol changes of calves in
different periods
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Figure 3- Average changes of blood alanine aminotransferase of
calves in different periods
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Figure 5- The average changes of blood lymphocytes of calves in
different periods
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Figure 2- The average changes of beta-hydroxybutyric acid in the
blood of calves in different periods
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Figure 4- The average changes of blood aspartate transaminase of
calves in different periods
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Introduction: One of the valuable unconventional foods is whey powder, which is a by-product of
cheese production. Whey powder is used as an important source of energy and protein in animal nutrition.
By reviewing the composition of whey powder based on dry matter and comparing it with the needs of
livestock, its nutritional value can be understood. Whey powder as a feedstuff also has properties of a
prebiotic; it contains a significant amount of lactose that is not absorbed to a large extent, but is fermented
and converted to lactic acid and volatile fatty acids, which may stimulate the establishment of lactobacilli
in the small intestine. Whey powder in animal feed, in addition to preventing environmental problems,
reduces feed costs and improves yield. Adding whey powder to this juice probably improves and increases
the weight of animals fed with whey powder by stimulating the microorganisms of the digestive system
and as a result, by better synthesizing the required nutrients and improving the absorption of nutrients from
the digestive system. This study was conducted to determine the effect of different levels of whey powder
on growth performance, fermentation parameters, ruminal morphology, degradability and microbial
protein biosynthesis in fattening Zell lambs.

Material and methods: In the first experiment, ruminal degradability of dry matter and crude protein
were measured with nylon bag technique using three fistulated Zell sheep with mean weight of about 40
kg and mean age of about 10 months. In this experiment, nylon bags made of polyester (Dacron) with a
pore diameter of 45 £ 5 micrometers and dimensions of 9 x7 cm were used. Incubation time in rumen
consisted of 0, 4, 8, 16, 24, 36, 48, 72 and 96. In the second experiment, the effect of different levels of
whey powder on fermentation parameters, ruminal morphology and microbial protein biosynthesis, an
experiment in completely randomized design (CRD) with four diets containing zero, 1.5, 3 and 4.5 % whey
powder on 24 male lambs with initial mean weight of 24+ 2 kg and mean age of 4.5+0.52 months for 90
days was performed. Every day, a certain amount of feed in the form of TMR was weighed for each
experimental treatment and was provided to the experimental lambs at 8 am and 5 pm. To determine the
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daily weight gain of the experimental lambs, weighing was done with a digital metal scale every 14 days
until the end of the 90th day of the experiment. Data obtained were analyzed by statistical software SAS
(version 1.9). Comparison of experimental treatment means was done using Duncan's multi-range test at a
significance level of 0.05.

Results and discussion: A significant difference was observed for final weight, dry matter consumption
and daily weight gain among the experimental treatments, and the highest values were found in the 4.5%
whey powder treatment. Significant differences were observed in pH, ammonia nitrogen, total volatile fatty
acids, and acetic acid among the experimental treatments. Specifically, the treatment with 4.5% whey
powder exhibited the highest levels of fermentation parameters. Additionally, the 4.5% whey powder
treatment showed the highest population of total bacteria at 2 and 4 hours after feeding, as well as the
highest protozoa population at 4 hours after feeding. Moreover, the 4.5% whey powder treatment
demonstrated the highest thickness, height, and density of villi compared to the other experimental
treatments. Furthermore, significant differences were found in the degradability parameters of dry matter
and crude protein among the experimental treatments. In particular, the soluble, degradable, and effective
rumen degradability in passage rate constant parts exhibited significant differences. The amount of gas
produced from the fermentable part also showed a significant difference between the experimental
treatments. The control treatment showed the lowest amount of gas produced from the fermentable part,
which was significantly lower than the other treatments. However, no significant difference was observed
between the experimental treatments in other parameters of gas production.

The highest amount of microbial protein production was observed in the treatment of 3% whey powder.

Conclusion: The consumption of higher levels of whey powder at a maximum of 4.5% in the diet of
fattening lambs improved the growth performance and some ruminal indices and decomposability of dry
matter and crude protein.

Keywords: Dairy by-products, Protozoa Ruminants, Rumen villi, Volatile fatty acids
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1- Small Ruminant Nutrition System (SRNS)
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Table 1- Ingredients and chemical composition of the experimental diets (% of DM)

L;Ze.L")'T sl e
YH Experimental diets
Ingredients Jals o Ol g Ao yd VO o ol g o ¥ o Ol )39 Ao yd ¥/0)
Control 1.5% whey powder 3% whey powder 4.5% whey powder

S 25 25 25 25
Alfalfa hay
p5 ol 5 5 5 5
Wheat straw
el 223 223 223 223
Corn grain
zab 26 26 26 26
Barley grain
P g 104 8.9 7.4 5.9
Wheat bran
(Pl B9 20 ¥Y) Ligw dlos 10 10 10 10
Soybean meal (44% CP)
el 0 15 3 45
Whey powder
\ TS .

Slaghee JoSa 05 05 05 05
Mineral + vitamin premix
Se 05 05 05 05
Oyster powder
S 0.3 0.3 0.3 0.3
Salt
Chemical composition
(S22 o3le 55l s JIa) S 5 90 JE (53 2.78 2.89 2.92 2.96
ME (Mcal/kg DM)
(s ole jl s20) o 0552 14.25 14.28 14.31 14.40
Crude protein (% of DM)
(<Kt oale J) 0 3) (25 odizgs > Jgbols SL 34.45 33.28 34.19 33.30
NDF (% of DM)
(S 3le | (522,2) el 0.69 0.68 0.66 0.67
Calcium (% of DM)
(525 o3le | s22) it 0.32 0.31 0.33 0.32

Phosphorus (% of DM)

oelS 25 VA Jol ne JoSo 1 p S0k 50 B sy 5 S0 5 D3 oling Mallgpr 35y Voo e e A ualing (Mall i 351 00+ Jol usling oo 51 S5LS 0!

b1l 25 ds s £)5 S gl 5 S LS £ S ) £ A cgme £ 1T coml 25 s K £5 93 res £)5 T4 i p)5 V0 b p S A
1 Mineral vitamin mix composition: 500,000 1U/kg of vitamin A; 100,000 IU/kg of vitamin Ds; 1 g/kg of vitamin E; Mineral mineral
mix composition: Mg; 180 g/kg of Ca; 90 g/kg of P; 20 g/kg of Mn; 60 g/kg of Na; 2 g/kg of Mn; 3 g/kg of Zn; 1 g/kg of Co; 1 g/kg

of Se; 1 g/kg of I; 3 g/kg of antioxidants.
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slasloss o ()l gl 4 jo Cul £ 55 g i J— B
yo Ol 390 Ao )d dw Byane b (P<o/+0) 51 3939 (—islo]
4 G 425 Sl £ g 25 BB (Jobre lagisy polie
O3 plie (izren (Bl S (6 eyl bajless ol
2l Cond i O g do 0 dw e 3 35 s LB pd

8l )by gne Bl bnles
P20 MO slas pl (1S90 i ladoiul
o g Jolre (15 Gl G (o) stne psboar ety
/05 ¥l b Jslomo (s (il s iy Of )39 o
Syt 5 (il g (Bl e s iy O gy Ao
@y Ol g do D F/D 9T Hled > a0 coli Fp s Ao
adlas S 3 b 4 jos Cul 5 palS g Gl o o 5
&5 4w e SlaeSS S pha e Glise & Cowload )15
sty (65 5 Wb pas ded ()08 slopli b) sty O )3y
@ 9 LB Lise (Tanha, 2020) cé 5,15 15U cos g b
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Table 2- The effect of experimental treatments on the parameters of dry matter and crude protein degradability (%)

iabojl sl lows

Experimental treatments sles Jlass!
olaw . P o MO Ol g oy ¥ g o FIO 3,5kl
Items anld Lo : Lol W Sils bt

= % W o P-Value
Control 1.5% whey 3% whey  4.5% whey SEM
powder powder powder

Suis oole (g ydya o5 glmaceil B
Dry matter degradability parameters
oloxe iz 30.72 275% 2510 29,12 0.66 0.002
Soluble part
4 63.2 60.4 60.1 61.1 1.34 0.15
Slowly degradable
s JB i 93.8° 87.0%  g5.20 90.2% 0.41 0.003
Degradable part
4525 Hop i 6.11° 12040 148° 9.77% 0.06 0.002
Undegradable part
s el gy 5.19? 424% 3110 3,23 0.14 0.001
Degradation rate
2203 p3 £33 e o3le 5o (S
(celw
Effective rumen degradability in passage
rate constant (%/h)
ofeY 49,72 41.5% 36.3° 45,1 1.07 0.003
of+¥ 43.32 37.1% 34.1° 39.4% 0.74 0.003
o5 38.12 32.6% 32.6% 35.42 0.98 0.002
B gy (Spdid o8 (glaaoal b
Crude protein degradability parameters
Jofome 250 9.042 11.28 8.16° 10.4° 0.78 0.001
Soluble part
S 85.4 81.1 83.1 84.2 1.59 0.75
Slowly degradable
4520 J o 94,52 923 913 94.6° 0.52 0.001
Degradable part
4528 Hox i 5.50° 7650 8707 5.33" 0.05 0.002
Undegradable part
s b gy 3.11% 2.95% 3.70° 2.44b 0.16 0.002
Degradation rate
P hop) joe 550 shie oo Fge (S ply &S
(celw
Effective rumen degradability in passage
rate constant (%/h)
ofeY 44,22 4252 39.1° 41.2% 1.12 0.003
ofo¥ 40.22 41.18 36.7° 37.1° 0.69 0.002
o/ 35.52 36.42 32.2° 33.9° 0.82 0.002

(P<+/+0) aisl o ylo pime glis (gl)ls Sy e Bgy> b <) jo (sl Sleo

Means within same row with different superscripts differ (P<0.05).
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Table 3- Effect of experimental treatments on some gas production parameters (ml/200 mg DM)

inlejl sl

Experimental treatments sles Jlass!
olaw g1 X0 yd VD Py o ¥ gy duo > ¥/0 3,5kl
Items wald U U o L S

7 i W o P-Value

1.5% whey 3% whey  4.5% whey SEM
Control
powder powder powder
(0) 55 255 Jewis 51 533>  57.6° 59.2¢ 55.1% 1.37 0.02
Potential gas production (b)
I gy b _ 008  0.09 0.08 0.08 0.002 0.17
Constant rate of gas production (c, %/h)
CopeligSil el 87 ploj 2 g 5 e 601 613 58.2 59.6 1.49 0.36
The gas production at 96 h of incubation
O

o >9A_M <okl . 64.7 65.3 64.3 65.6 0.98 0.10
Organic matter digestibility (%)
o 5 o JE 535 9.6 9.7 9.5 9.4 0.13 0.08

ME (Mij/kg DM)

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

4aS5 3 39SV 5 5515 S IS 5o 55V 5 o | 58V (sl
e )3 (29,50 g il Hhlil G ol (pl 9d oo a3
Windschitl and Schingoethe, ) 553 0 0aiS )l i3 (sla
oy 3 odlil y90 pis Ol Jdgs g5 45 2y s Slalllas (1984
2 O oy G ol oliend SLuS 5 g (04 jpe55 b (pyed )
o Al Clidos )3 (09,50 (g p Sl 255 4 bgye i

.(Lammers et al., 1998) >4

(P<-1+0) 328l oyl ine Dglds gy S j2a i By b Cind, o (sl Sl

FI0 o 50 iy (85 (5981 ke (a8 g oy

e cpyieS g Cpyidar g iy 2l 203 B Jloi g iy Ol 2oy
VB Jloss g ity o Ao 4o Jloss )3 s (29,500 (g
eme gl 1l g litie plo 4D b esalie ph Of o)
Sl BYs 5l (St sanlie dalej] olajlod o ) ()b
oty 0ol odlis | ey Ol Bpuan &8 3gr (il o b (3
052 i Sl 9 e oo Gl (29,5 g L

19550 oy 3L 9 )3 (g Slide 5 ctilof] slasles - Jgda
Table 4- The effect of experimental treatments on excretion of urinary purine derivatives and microbial protein production

L;ie.u}" sbjles
Experimental treatments s s
ola JRYTRWSLR Y/ P doy Y Pes do )y ¥/ 3,5kl
Jals . B, - ~ S e
ltems sl ! PRl 0SSk P-Value
1.5% whey 3% whey 4.5% whey SEM
Control
powder powder powder
9 2 Jgeie) (o283 0] 8112 7.23b 9.11° 9.66° 0.21 0.001
Allantoin excretion (mmol/day)
; Syl !
()”_ » J_"’ o) Sl 0.41 0.38 0.40 0.39 0.04 0.65
Uric acid (mmol/day)
(s 2 %) 0551550 5 05155 133 156 1.23 1.48 0.15 0.30
Xanthine and hypoxanthine (g/day)
(s > Jre “1*‘ ) % 11.2 9.07 10.66 114 1.08 0.40
Purine derivatives (mmol/day)
(s 2 %) 9,5 092 44.1%  40.25 47.72 46.12 1.29 0.002

Microbial protein (g/day)

(P<+/+0) 33l oo Yo sime ©olis ()b Syiin jue By p b >y o cba:Sko

Means within same row with different superscripts differ (P<0.05).
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Bl o B 9 (3 ()9 B e St ouls) i o Slas
(s2las

b s> > ilon slrop 63,des Clio @y byype mlis
oo o)lay bk 01js Slimo 3 ()3 st gl 4T dad o Lt
s stalofl slojloss o o Wlig) g il g (B pae Sits
2S5 lap 0)93 (LU (jg (rpeS 9 b (P1T10) )
o3lo (iS5 b cdald g ety Ol 03 1D (g5l slos
gl gty Ol Ao)d d o )3 gy (Bymme SIS
o 3 i ia Sligy (jg LRl (S g (p it ioren
Sl pl b guen b oanlie aals ¢ b Ol o 3 F/0
S 3 oole Linli8l o yai Ol Gya e a8 12 oli s ldllas
a0 o (DePeters et al., 1986; Eseceli et al., 2021) 8z
DeFrain et al., 2004; Lammers et al., ) ;5 Lil38l 45,
Vs s O gy 99380 s oaiiS laseia s slapls ;> (1998
5 o 55 SIS] Gl 5T (Sl 53 e B2
i dlge e (3905 Sk g B oS> ) S 20
Lol 35 slaply ojs iulial 5 dae el 4B )lsS oo ]
JYs 5l 6lg e 45 (Chung and Day, 2004) 54— o yuis ol
3 s O g 0aiS B pa e slaoy ;oAb 5 Shas 3900 Jlois]
A8l b G

Slops 3 i ol By ine oS sl Lt addllas (pais guls
Barile et ) 5,ls (glgy slooy olde bas copd y (g)b sz
Geios s b oS (al., 2009; Poliquit and Sanchez, 2013
o dlge ebls 3539 o i Ol gy il cilae sl
(dne dlgo (B g el e oy oY Asle b
OB 3 g Ol Ay (sl (gdaa Slge 05l gite G plgisa
«(Mirshahi, 2012; Miranda et al., 2019) ,u ol SSgu9p
Jelge 31 o plsiets Blgce (slgp slapld oy )3 (o Byiae
S (Jloisl BYo 51 s (S ng b (Byme Ay 0)Slos dguty
PoSyan Sl Gloy oy (Brae Sis oo g 2l 09
it s 88 05 b sl lg e o b el 5 ey O
Poliquit and ) (;e5Y) s55! 5 wap YL lgioee (gl
Slygd pab odimddguy cu—wold 4l 50 4 (Sanchez, 2013
cwl (Sedaghat et al., 2019)

SlsaS—d iy 8 Gelign ale )l S Olssa i
I8 oolawl 350 35y Jbb jd BUiSlem il 4355 )0 &S w02y
b oS el oad ool Lss .(DePeters et al., 1986) 5,5 .
Comaz Gial3l Jdoay (BUS ot b g ety O By iae
@555 390 oo JWisay g ¢(Lee et al., 2019) awss wlo 193959,
Maiga et al., ) LU oo il38l g (29,500 il plb GLI
4 M 39)Sn (3B bl & Cawl sns )5S (1996
[Juengst, 1979) b o dgut0 yis O g 13 565V 9>
e Il S 9 Wl o 4SS )3 (29,500 (e xS 0jl]
M8 (5551 o9 ol el 2 (Lt |y oS 5o 595
oy 2l o350 598N Jidsay aeS b Il 5oy el yrass
Russell et ) cusl o 09)Su0 (g Mg &5 inlidl & e
w2y ol g 4l b (Sligel 09y clale ialS (al., 1992
5 o o ool oas 115 oyl 3aio )3 dialojl (clmno
5 Slogel (3ay bl Slojan g e )3 0nd AT 525
&5 > Oed 41 9 WL (29540 (B9 CELe Cap o 5
(Salary et al., 2013) ¢l odgs yiaS 35 dnaSi I 1y59505
2 Sigel (395 5l e odlits] gl ol byd 93 izren
5 Sbisel 3y wsllas Clle ol (9,800 (89 S
OISy (sl 551 @ie (992 oy )3 9 dneSb )3 005
ol iz, oS (Russell et al., 1992) cowl oa i lgis
o )yd duw 0aGS Bl slajlos D (s9SKue gy cilw il
Slisel Bisyi 5 aisg o3l & bgyye Ylais! piy T o
(Salary et al., 2013) cuwl 4l )5 0 Mg
O 8 M o5 (59 Sl el )3 (295See (1B
5 eSS ) (sl 3l )50 sl ol ST g3l g
Vaithiyanathan et al., ) xS o o2l 1) b oo olos 20 )g
P @955 oon w5 lp ) e i it (2007
St sod o |5 09 o o0t | 0428 st 5 lilgs dneSi
O g Clitie § SAlSe ladwl (209383 lx oo

Py Cute Ol il ol saios ,o (Chen et al., 1990) cuol ouds
P N1 3 alS Coge (g )8 (g W )3 iy
Wolpd )0 Wilgh o 4eS b 1D (09,50 gy Mgl il Ve

(Makkar, 2003) 595 555V 268 28 Comw
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Table 5- The effect of experimental treatments on the growth performance of fattening lambs

ialejl sl los
Experimental treatments ulas Jlass!
olis . Ol P dod VO g dop ¥ Poy duoyd ¥/0 3,0kl )
Jals - - _ d)lbw
Items g <l PRey oSk b e
1.5% whey 3% whey 4.5% whey SEM
Control
powder powder powder

s lsys 4ol 3
(p5s) Jo 5l iy 2560  26.13 25.38 24.66 2.01 0.648
Initial weight of fattening (kg)

) | o
(p755) o o 035 4313 47.88a° 46.33% 49,502 1.03 0.027
Final weight of fattening (kg)

I Siis oolo
(p5) e . > 1454° 1623a° 17972 17132 40.22 0.001
Dry matter intake (g)

5) &ilie, orjs Ll
(p5) sy 05 A1 227.1° 2454 262.8° 275.3 4.61 0.002
Daily weight gain (g)

lis YT
e o e 633  6.87 6.75 6.42 0.26 0.195
FCR

A ;5)‘-3@’“’ LS)L"T M| d‘)b o/e0 J)Loi Cjam 5 u;lnu: J}P L [EIRPIT dlhu..izluo
The mean of each row with different letters have significant difference (P<0.05).

waSs glo gln oy LS osmsdy e gl asls
Gpas )0 Swldl o940 )13 oy (sladonl o ]38l 4
598Y a3 Wbl oo (Slgn sty bags yuiy Ol y3g; 1oy F/0
it 5 ol Ol GBISS ot )3 ((Signisn piE) i
351y s ety il L5 Gon celton 5 SSY duasl 45 ]
o bl clals (438, YU caldl 3 g WS 0 S 25 039
Sl ySh b ) Al caw g (8155 o > gl g alS el
S a5 (Giilsen et al., 2002; Patel, 2015) 39 oo 1.5 ylows
Eljlos 3 ey gl e mle gl 45 ol ol s adllas
(Zamani et al., 2019) 59 BYb sals 4 Cond i Ll (gol>

oo S5 S gaw GRIEIL S S Gl adlae S
4aSs glo (Sligel (jgy chle 5 gl ke i Sl 5l Jo s
Lo (Mousavi Anijdan et al., 2016) sl yialS 5 slaoy
o gty i Ol 4D 39390 595Y S sly )18 (Thivend, 1978)
SV dl & g 45 eSS 3 Tgigig 0 9 g8l g
OEmed A 4eSb mlo gl B cuw & 398 00 S
el odd dgtud slagls ) i Ol B pan a5 Cunl oads 3,155
o Shgd Gpns jlam cels ¥ 5 V0 )0 anss gl o Lials
aS ol s laawds (g9, adllles S ass (Thivend, 1978) wi
2 b g s £ el Jdoar sy Ol g Bpas
Ay o 4050 o (Sl (g0 Colé alS s S5
.(Shapiro and Volcani, 1977) 1 sals

72 Sl 9 g Siha g She pan & Cuslord IS
b (Bass lasais )0 duo )0 £O 3905 e & CuilB) )L 034 0
2o oty iy O iaig gy (gm0 (VL pin Coli 4y g
G (Mehri et al., 2004) (95,5 ¢ o) disel (slodow! VL
o Y| (Gilsen et al., 2002) oy ufg s Sligis ylo 4
2y 3 Ses daads o (2 50 5 siRe dlge BV Ll o Ailg
El-Tanboly and El-Hofi Khoeshid, ) 553 i ol
039 85 35 Ok lox oy 9y eSSy e (2017
CEL 29y L & o ity O oy By o b oy L
.(Nocek and Kautz, 2006)

3 sSkasel 055558 Gliy) Sl as—id o aa il b
(4pasid gl ) A 02 o
Jodz 30 (6)lgp ooy (slawSs sladomuwlyd 4 by guls
O S mlo gl o 50 (o)l me gl oS Db L5 £
ale gl i (250 g (it (P<100) 3,5 3929 ok 2ol
£10 lash 5 it S ile Sl (50,85 AL 308
MR e ladpsl JS cale oty ciald 5 50 Ol g 20y
orizmed g 3ald 5 ety ol 2o 3 /0 e )3 o e 4 o
Y10 gl Jlos ) cui ity St | o | Clale a8 g iy
B Y9 sl po b gols b sdalie dald g i Of o
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Table 6- Effect of experimental treatments on pH, ammonia nitrogen and ruminal VFA of fattening lambs at the end of the
experiment

ialel o o

Experimental treatments

bl glas s

Slas Ol g doyd V/0 O pgaen Y Ol g s FiD _
ltems aald s T T Oels & oine
Y red = SEM P-value
Control 1.5% whey 3% whey 4.5% whey
powder powder powder

4aS5 glo pH 6.29% 6.612 6.18" 6.49? 0.10 0.02
Rumen fluid pH
sdle S iden) Stiel Gisred 0 go 12.442 11.2% 13.5° 0.34 0.02
Ammonia nitrogen (mg/dL)
(2l Jge she) 3 o2 ol JS 88.6" 92.1% 91.0% 97.3° 2.09 0.03
Total VFA (mmol/L)
Sl dpl 445 49.8% 50.7% 55. 6 1.61 0.03
Acetic acid
Seigsn el 26.6 24.6 2234 24.8 1.23 0.19
Propionic acid
Kesipt dpl 14.6 14.9 15.3 14.2 1.38 0.24
Butyric acid
@.Ab_w _ 1.54 1.61 1.43 1.24 0.26 0.41
Valeric acid
&,Jlm_a.l A.a.»_' 1.34 1.21 1.45 1.51 0.29 0.62
Isovalric acid
ol Sl Cons

IR ' 1.88 221 241 2.28 0.17 0.49

Acetate /propionate

(P 1+0) ssbiso o sine ol (sl S 2oy By b s o sloeSibo

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

Bl o Ylainl oy (sloygl 30y oo 2l L ol yod 4neSd
Scharenberg et ) o Sllgas b 53 (595w yud o sl o
& Sbigel (395 cbile ials a8 4 ooy olois (al., 2007

95 (Sgp Sl (Rl e 059y ) die edlitel
(Van Soest et al., 1991) 545 0 4neSis 4

aasid pule (slags iSLs US 9 1959595 curen
oSk S Cunex g bgigign Caner 4 by mbis
glis &S am3 oo Lt YV Jgda )3 )lgn s aeS—3 mle
celo bz 5 93 lagle) 2 Sl 5 Caner ln )ixe
2 4S5 le slalgigion Camex > uizeen 5 (@S] il axy
d9g shalef] slojlesd o 50 (@ISl am celo oz oo
93 534S mlo sla g yiSL S Curer (p yidin (P<+/+0) 3,5
Lo ¥/0 oY jle o cuipa 28T il celw s o
oS glo slalyigion Cuman (nyiier b edalie sy o g
yo ol g Ao ¥I0 Hle 3 23S 5l am celw Jos o
Bl hlals 5y Canes dgs jl Sk bt pl a5 enl i

o3l ol Joy yuiz Of 3 b ($)lgy p slodll g @05

Sl M5 S g Olgisds jeSY 5l aeSd slas S
el B o bl g Sy chle Gl caw S8y
St LY 5l (S (Grummer et al., 1983) a_b 4
o Ol Jeo > A 0aSdl s (slrop 3 4Sid @lo gl LalS
S 25 (Sdisnn OB Sl 4 S jo b o
lo3gion Camaz (halidl iy draaSd glo gl G2 )3 it
Slg¥ o daSs mbo gl o el (Brossard et al., 2006) cus |
Sl | (9o Capms Glil g (gdie dlge Saayw esd jl 0L
Oliee Lials” (Steele et al., 2011) wil awesis mlo )3 41,8 iy
2l g By me Jl )3 eSS )3 P g g
Joo¥5 51 (K0 lpmsimn |y 23 365 53 Sls sloo s Laws
olgie 4:a5 lo (SLsgal (139, o o sine tlS Lo
3 i ol ) D930 565V ((Stienezen et al., 1996) 5,8
Ol &S 00l gz awSd sy Sue (gl (655] pre mle
Sl (e ) dreSb )3 (Sgpd OJ9is I edlaiul
wlo Sbigel 5955 li——e Lials (DeFrain et al., 2004)
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olo To599p Coumex a5 153l 3,155 (Hosseinpour, 2008
DY 5l (S eis b Gl i O Gpne b tids o5 )3 4esli
oS gl o lyigon 5 b8l Comn plfl oo
iy ol gy oSl edlil (ol 3o 3 (glg (oo
MiIron ) wi b e 48 mle slos ySL b o (65,3 auin lgis
Lo b colled g Sl o pis ol (ol pegde (et al., 1990
P owicmed (Galloway et al., 1992) uas s 1) g Seo
g ot col Slge o] (Sognin 018 Jlsea iy
Colled g olaas isli8l cel Wlgh o o)l (ol 5l g 0ad 4l mle
DeFrain et al., 2004; Pierce et ) 555 4w plo (slg;959

[(al., 2006

585 3035 292 g0 Sloog 3 iz o 290 Bpas b 4aS
Cabl b sl clng S LG a4 pe b Of e ) 3240
Miron et al., ) 55— oo (glaseS—s oyl 55 (sl YU juoss
b Jslomo Wiy o2 Ll Jehoas jtp ol g cpsieen (1990
4eSd mlo (Slaog S sl (lio (9500 e e Jle CudS
ale syl Canox (I3 o Jbis 4 g W9 )lg e sloo
5 o (Bayat, 2002) 3o ier i LB s 5o 5 draS_
yo Ol )3 Bpae a5 13,5 lgie (Lee et al., 2019) Ko
5 4SS Sy Sin Cumer I3 sine ol G i slagls
D95 SleaSS a3 gt
Jafari Khorshid and ) js cpuws g (gds —dyos (5 02>

Ole3l bl )3 (g slaoy 4eSid mlo (slalgigiy 5 s SL S Cumes o ptalojl (slalos 31 -V Jgua
Table 7- The effect of experimental treatments on the total population of rumen bacteria and protozoa in fattening lambs at the end
of the experiment

iabojl sl los

Experimental treatments sles !
Slas . «_:’l 209 dao)yd VD UT P9 o) Y 09 o)y ¥/ ))‘AJL.»JI
Item aals . o L b

ems = P P oS bl e
1.5% whey 3% whey 4.5% whey SEM
Control

powder powder powder
g pSh JS Corer
Total bacterial population
S mlo gl Loy 45 dlaw x Ve*
Number per ml of ruminal fluid x 10°
(oaSlygh 5l ) jio el 2.27 2.30 2.28 2.32 0.04 0.27
Zero hour (before feeding)
23St o el 5 2.08 2.18% 227 2228 0.03 0.027
2 hours after feeding
a3l Jam colo o 1.940 2.09% 2.05% 2.18° 0.04 0.04
4 hours after feeding
Wlgjeig, Cumoa
Protozoan populations
4 polo il Jeo oy ol x Vo7
Number per ml of ruminal fluid x 108
(2255l J8) oo el 4.36 451 4.64 4.49 0.06 0.15
Zero hour (before feeding)
23Sl Sl dm el 2 413 4.29 4.46 459 0.07 0.46
2 h after feeding
(gt an celo o 323 3.47% 3540 3.7 007 003

4 hours after feeding

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

u.ul).‘)‘w_.w ‘_g)b‘_s.bw )}bdu)wu] )J% ..\._.«c).)ds_.w;é)_.«a.a
&Pagw)lw.uwdh}ﬁpﬂ;5&n&_b
S xe yobas pin Ol g o P F/O Bpas b ansls slajy

D $YL ctlejl slalass plo 4 o

(P<e/+0) il oo HIo gro glas (glys Sy e Bg> b candy o sl 1, Sl

el 64 gau Cb ceulilicndn § Gilus guad
d)‘ﬁ))dho):w le.wwu)ﬂ.m)); ul.uoya.> ("_UL.:
0oy Wyl wwlsus (3 (o) me olas aS ol LS A Jgds jo
(P<e/+0) 513 542 ‘_gwlp)] Sylas o 4l sy w515 4
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Table 8- The effect of experimental treatments on the developmental characteristics of rumen villi of fattening lambs at the end of
the experiment

iabojl sl los

Experimental treatments sles Jlass!
Slaw R ERYRRWARRY/ ; Ol g oy ¥/ 3, lkw!
ltems Aol R JRIp LYWL 7 ’ “L S gme

P-value
1.5% whey 3% whey 4.5% whey SEM
Control
powder powder powder
(p,59k) 555455 059 1.24 1.36 1.28 1.40 011 075
Weight of rumen- reticulum (kg)
() )55 mesasd 2 _ 6.21 6.78 6.92 7.10 0.47 0.42
Volume of rumen- reticulum (liters)
(ose) easid o)l ol 1.35 1.46% 1.56° 1.41% 003 002
Thickness of rumen wall (mm)
. § & . o I

("“J o) & ‘SL"”,”’_‘EL‘”’ 2.58° 2.74% 2.66%® 2.79% 0.03 0.02
Height of rumen villi (mm)
(o) eraSid slnjy 2e 1.200 1.350 1.450 1,528 003 003
of rumen villi (mm) Width
(e reistl > olas) o o515
Density of villi (number/square 71.5° 84.32 91.6° 80.2% 3.02 0.03

centimeter)

(P+1+0) 3Bl oisine ks s S e i gy b iy o sloSis

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

A4S slajy drw ¢ Wg) o b S )l Ol g Bpae

IS (8 5 4o

)W)MJUT))?J M).)Y'9\c/a C?h“’ LB).«Q.AL’W)JJJ u_é)..cn
ol Jolds (glanesSi sladswl 3y 53 dgu (ol asdly
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Introduction: The fodder used in animal feed is in the form of silage, crushed and pellets. If used a
a pelleted form, the animal will spend less time for eating so the activity and the maintenance
requirements will be decrease. Part of the improvement in pellet diet is due to less energy consumption
during feeding. In other words, the use of pellet rations reduces the energy consumed by the animal for
eating and also increases the availability of vital nutrients and energy (Fluharty et al., 2017). Alfalfa is
one of the forage plants that can produce more than two tons of protein per hectare per year. Pelleted
alfalfa is a perfect feed for dairy cows, sheep and goats, horses, camels, rabbits and other livestock
animals as it improves their performance and production (Fluharty et al., 2017).The activities of
ruminal protozoa contribute significantly to the digestion of plant cell wall polymers and their absence
from the rumen may have a negative effect on the extent of fiber digestion. Fiber-degrading enzymes
include total cellulase activity, carboxymethylcellulase, and microcrystalline cellulase. The activity of
these enzymes is in three separate parts of the rumen contents, including tiny particles (microbes
attached to the rumen particle), intracellular part (cells that are freely suspended in the liquid part of
the ruminal fluid) and extracellular part (enzymes in the liquid part) are measured (Agarwal et al.,
2000). The aim of this study was to investigate the effect of alfalfa physical shape and barley grain
processing on nitrogen retention, activity of enzyme cellulolytic, blood parameters and rumen
microbial population in Dalagh breed fattening lambs.

Materials and Methods: Thirty male lambs with an approximate age of 3.5£1.2 months with an
average weight of 17 + 1.1 kg were used. The experiment was statistically analyzed in the form of a
factorial experiment based on a completely randomized design with two factors. The experimental
variables include: physical form of forage (chopped vs. pelleted form) and barley grain processing
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(whole vs. grounded vs. steam flaked). The experiment was performed in the 98 days (14 days of
habituation and 84 days of the main course) with 6 treatments and 5 replications. Experimental diets
were equal in protein and energy content and includes: 1- Pelleted alfalfa with whole barley grain 2-
Pelleted alfalfa with ground barley grain 3- Pelleted alfalfa with flaked barley grain 4- Alfalfa with
whole barley grain 5-Alfalfa with ground barley grain 6 -Alfalfa with flaked barley grain. Rumen fluid
was sampled on day 84 at 3 hours after feeding and blood samples were taken from the lambs in the
penultimate week of the fattening period 3 hours after morning feeding from the cervical vein.

Results and Discussion: Nitrogen consumption and fecal extracted nitrogen in lambs feces were
significantly affected by the physical shape of the forage, which nitrogen consumption and fecal
nitrogen excretion in lambs fed with pelleted alfalfa compared to chopped alfalfa were increased
(P<0.05). The processing of barley grain didn’t significant effect on apparent nitrogen balance
parameters (P>0.05). The total number of rumen bacteria, lactic acid, coliform and rumen protozoa were not
affected by the physical form of the forage (P >0.05). However, the number of total bacteria and rumen protozoa
in lambs fed with flaked barley grain were higher than milled barley grain and also in milled barley grain were
greater than whole barley grain (P<0.05). Activity of carboxymethyl cellulase and microcrystalline cellulase
enzymes in intra cellular, extra cellular, solid and total rumen fluids of lambs fed pelleted alfalfa forage and
flaked barley was higher than chopped alfalfa, however, there was no significant difference between treatments
(P >0.05). The blood glucose of lambs was significantly higher in lambs fed by flaked barley than
milled barley and in milled barley was higher than whole barley grain (P<0.05) The blood urea
nitrogen of lambs was significantly lower in lambs fed by flaked barley than milled barley and in
milled barley was lower than whole barley grain (P<0.05).

Conclusion: The results of our experiment showed that the use of pelleted alfalfa and flaked barley
grain in the diet of fattening of lambs due to numerical increasing trend in digested nitrogen, statistical
reducing of urea nitrogen and numerical increasing trend in total rumen bacteria and cellulase enzymes
activity had the best performance of rumen, which ultimately ensures the health of livestock. For
recommendation using pelleted form of forage and flaked barley grain for farmers is required more
study to investigate rumen and post rumen digestion rate of nitrogen and also, the cost of processing.
While the lamb performance increase compared to the cost of processing, it can be recommended to
the farmer to instead of consuming alfalfa and barley grain as a traditional way, use the processed
form of them to improve the efficiency of the use of nutrients and increase the performance of the
animals.

Key words: Cellulolytic enzymes activity, Nitrogen balance, Pelleted alfalfa, Flaked barley grain.
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Experimental treatments
L;«»)LO)I dho)g R 3)5 gy @S 3y dgy PR W) 3)5 Ly P ;\_AL LIy 9> ‘C,\L g P gu.l.) LIy
Experimental diet’s JolS o> ol o o Suldge Jels Ol ol Kb
Alfalfa- Alfalfa- Alfalfa-Flaked Pellet alfalfa-  Pellet alfalfa-  Pellet alfalfa-
whole barley  ground barley barley whole barley  ground barley  flaked barley
o8 2> 4 25.0 25.0 25.0
Chopped alfalfa
by eoxiy 25.0 25.0 25.0
Pelleted alfalfa
H
Jo g s ) 56.5 56.5
Whole barely grain
28 oleul g2 b 56.5 56.5
Milled barley grain
2 b g2 b 56.5 56.5
Flaked barley grain
PS5 g 11.3 11.3 11.3 11.3 11.3 11.3
Wheat bran
by xS 25 25 25 25 25 25
Soybean meal
pogel 2 0.2 0.2 0.2 0.2 0.2 0.2
Amoniom colorid
ke 1.0 1.0 1.0 1.0 1.0 1.0
Oyster shell
Ko 0.5 0.5 0.5 0.5 0.5 0/5
Salt
e Lo 15 15 15 15 15 15
Sodium bicarbonate
Oelizg —(Fame Slge JoS™
Minerals and vitamins 15 15 15 15 15 15
premix
Chemical composition
S oolo p)SlS )3 (K qpudgilio LB (5551 2.62 b 0.35
Metabolizable energy (Mcal/kgDM) Phosphorus
PB OF9R 14.91 (S 0494 ) J?b“’l" )“"5 30.82
Crude protein Neutral detergent fiber
LS)J‘ °)L‘4° 1.2 LS"\:?‘“" 000 gd ) J9l’“l’ )“‘5 14.08
Ether extract Acid detergent fiber
el 0.92 P 463
Calcium Crude fiber
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Contained per kilogram of supplement: 1000,000 IU vitamin A 250,000 IU vitamin D3, 3,000 IU vitamin E, 110 g Ca, 45 g Mg,
10000 mg Mn, 10000 mg Zn, 300 mg Cu, 100 mg Se, 100 mg I, 3000 mg Fe, 100 mg Co, 30000 Mg P, 11500 Mg Mo, and

100Mg antioxidant.
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by 48 Col (Gilopnd (29500 s So AeSd
015 Judl lag B 5 153555, «cs S Jold (529,540 oy Cmex
il edbs ol & conl ouis <ol (Martinez et al., 2010) cul
B> g 3550 plrsl Tgjg 5 by a8 StV colled
= Pl pmdn B el el 4aS 5l S (clyisis
iy a2 ¢ 0wl (slaJoSl)S il b 1536550 20
"AeSuS yra3S ALl)3 sl cpl g Mmoo (LS AeSid 3 ] s
Clos dsaSid g b 5 o e 40 48 03l L2alS ] ol
o35 bl dgu00 g 4eSh 5 lgisig cpgazee 50 D90
Ol dy Lag Ly i oo 4raSd (2L Sk Comenr S8 4
Sl Lalgjgig s ay S Lol cdiin olus 408 gl
.(Ghoorchi and Seyed Almoosavi, 2018) .5 (¢ ,:eS

o Sl g el (S50 IS 50 b timgy
Lol 508 (o 3V s)lgm slooyy (glaaSs (slayial)ly
Sslis 9 48,5 ojladl ]y Tojes 5 8 S s Sl JS olass
L 38l5e 45 203,55 oanlio 00l Clawl g €y op G gy sne
g 5o (Asadi et al., 2018) il o pols imgh 5 ol
i g i CublB 0y (So58 JS b plyie cov
Loy 13 Tojgiay Cumox g 13y 3)Shos ¢l el yrass
Cpmor 3 Gl me BB aS 05)S (3)l55 sy JLs
6l 5 & oy 0SBl (glg (sloey 50 e aligs
(Karimizadeh et al., 2017) cusls >4
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Oiboh zls b swes a5 (Valizadeh Ghalebeig et al., 2018)
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oS Y gmaze Byiae g 030 E5 (3)5 S g A4Sl
5 4SS b oo (60l G 98 00 Cowd Gyl 5 bawgs
Valizadeh ) s5d o Lajled ol 0 (9,0 a iy iSlas
.(Ghalebeig et al., 2018

@ S & 4SS Gl gy dlwgas Shgs g0 jl el
ChB oSl el dinly (59555 lie (b LS €5 9 Sy
Fomo 58 0y (SlaeSd s B (g5 5] gl 5l onlitl
Ghoorchi and Seyed AlMo0savi, ) cul 3o (29,500 (x5
(2018

Sl odd 53 455 4 Cund odd Cy donigy igR ol
2355 godde (B3 ()9 9 (Brman (ies I se Ll
OMisS )3 YL (Byme oy OlsS e 45 (P<+/-0)
o3le Bpan & |y 0ad 35 doxigy 4 Cand Gy gy 045 B puae
4 9P (283 ()39 > s GidwsS (pl 5 VL Suis
OPidwgS )8 oS ()9 ks 9 S odle B pan il Sljlge
Suid odle By (VL &S Sy w5 (sol o Lol 435
9o Gk 5l (39 @85 cpyidn sl ety ]y (g
0393 LS S laidngS b Sl g (85 ()9t dg
03lo ¢ By me it odlo Linli8l b cuwl oty bl o (8 pae
Mutsvangwa, 2007)) sob e iol38l 35 b pas maan BB JI
b slhoy > Shod (58 JS8 31 imgy 5 («(Kiran and
90 Slop oy 3Slas (g5 (sladaga yiu 398 (19 4
a2 S5) SPste 6588 oy (35 Sol 85 J1E )
9 (9,8 e B 039 ) Oiarw P lajyiell 5l S
O399 03d @83 (gt JS o3l jload @85 (g cggdie
o=l @l b as”.(Mir Mohammadi, 2013) el (oas Wl
o) 3 85 )8 b s el > )l & ke Simgl,
sbasleas ) Sid oslo LG Loy SBpae 4 Glyin 1) BuiS
2 Cod sk

Cll o, Slos 1y 92> b (6)51,8 £95 (g b ooy 0
=280 ()39 )9 Bpan &5 K25 (B (sdka dlge wan
035 Ll (159,48 0dd s ()59 5t 3l (483 (g cggdie
AU Cos it )3 00 Ui (a5t 203 9 (59, 3 £5)
3 cllas ydlb Gimgiy @l b oS a8y 1,5 Wl gl 8
LY-+Y Jlo o picmen (Masumimoghadam et al., 2015)
Solan slooy 0y )3 Sy g oud Kb &y g 4l g9l 3
Sl 2 o loisine 8 G3Somn g2 b gl p &S Ba S )18
3 B 5lw pimgin ol gl L 48 cuslys (g8 o pmll
(Kiran and Mutsvangwa, 2007)
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Table2- The effect of physical form of forage and grain processing on apparent nitrogen balance (g/day) in experimental diets

s e TROWE g bois s Wosy o
b )los @25 sy Fecal Total oAb oA s
Nitrogen 77
Treatments consumption  Urine excreted  excreted excreted Retained  Digested
nitrogen nitrogen nitrogen nitrogen  nitrogen
Physical shape
ok 2> axis 33.08" 5.83 7.56 1338 1969 2027
Chopped alfalfa
osd oy ey 35.372 6.77 8.572 15.35 20.01 22.64
Pelleted alfalfa
oSl 2 el 2] 0.082 0.070 0.072 0.098 0.124  0.056
SEM
A 0.041 0.85 0.041 0.77 0.83 0.69
P value
Sl &9
Type of processing
e 92 _ 33.84 5.99 7.80 13.48 2005 2096
Whole barley grain
"5_3)‘9? . 34.04 6.11 7.86 13.97 20.06 21.43
Milled barley grain
28 S g ) 34.79 6.45 8.21 14.66 20.13 22.25
Flaked barley grain
ok 3 il S 0.100 0.086 0.089 0.120 0.152  0.069
SEM
R 0.99 0.68 0.75 0.54 0.63 0.82
P value
9l £ X (Sojd S5 liza )
Interaction physical shape x type of
processing
plogs X 0l 33 gy
. 2.81 2 7.24 12. 20.2 19.91
Chopped alfalfa x whole barley grain 328 528 53 028 99
‘53)]9; X 05 3y Ao
32.99 5.41 7.35 12.76 20.23 20.14
Chopped alfalfa x milled barley grain
ol S8 X 04wl Dy 40
A _ 33.64 5.95 7.37 13.32 2032 2088
Chopped alfalfa x flaked barley grain
p”ma) 9> X [ C,\L 4>u94
Pelleted alfalfa x whole barley grain 34.88 635 8.13 14.48 20.44 22,04
3yl X ol ey dso
I o 5-' . 35.08 6.48 8.14 14.62 20.46 22.76
Pelleted alfalfa x milled barley grain
ol S8 x ol s dou
= PR . 36.14 6.95 8.33 15.28 20.86 23.79
Pelleted alfalfa x flaked barley grain
oSl 3 il 3o 0.141 0.121 0.126 0.169 0216  0.098
SEM
e a 0.064 0.542 0.073 0.061 0.668 0.446
P value

(P<1-0) win ool sloog,S oy sl sine glis saimdLis baygi 3 ailiio i gy 0 o2
a.b Different letters in columns represent significant differences between the experimental groups (P < 0.05).
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Table 3- The effect of physical form of forage and grain processing on the number of protozoa and rumen

microbial population (x10* /mL)

)los st JS S Yl PR loas b S5
Treatments Total bacteria Lacticacid Coliform Protozoa
Sepd S8
Physical shape
oLh 2,5 iy 10.18 8.25 5.90 9.21
Chopped alfalfa
o1 ey 10.54 8.58 6.13 9.60
Pelleted alfalfa
b ilie k] >0 0.017 0.015 0013 0016
SEM
l .
Solbe gl 0.618 0.258 0.075 0.885
P value
Sl ey
Type of processing
e 52 _ 10.23° 8.28 5.95 9.26¢
Whole barley grain
sy _ 10,415 8.44 6.06 9.47°
Milled barley grain
b S > 10.442 8.52 6.05 9.50°
Flaked barley grain
o pilie 3] Sl 0.021 0.019 0.015 0.019
SEM
S e glaw 0.0001 0.315 0.069 0.041
P value
Sl e x (Soi S Hliso S
Interaction physical shape x type of processing
pllog X 045 25 4o
Chopped alfalfa x whole barley grain 10.12 8.15 586 9.08
@)lg> X 033 25 aoxigy
. . 10.21 8.28 5.92 9.27
Chopped alfalfa x milled barley grain
ol S5 9> X 0 Dy doigy
. 10.23 8.33 5.92 9.30
Chopped alfalfa x flaked barley grain
WJL.J IS X oMb “"‘l‘, gy
Pelleted alfalfa x whole barley grain 1035 8.43 6.03 9.45
L;Jj? X 0JWS u.b gy
10.62 . 2 .
Pelleted alfalfa x milled barley grain 06 8.60 620 9.68
X" g.{.,.LB 9> X o4 VJ) A4
) . 10.65 8.71 6.17 9.70
Pelleted alfalfa x flaked barley grain
Lo pilie k] o 0.030 0.026 0.022 0.028
SEM
S Bisine ghaw 0.610 0.224 0070  0.783
P value

(P<e/+0) it ilojl slaog,S o 3 sine glis oimd s W g 5> ailisio s g D g2

ab Different letters in columns represent significant differences between the experimental groups (P < 0.05).
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oy 9 593 Gyle 4 0 cows (Leedle et al., 1986) awsls
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ol 00 cos 3l 6o yo yos

el 5oy ygls Bl oy b (Kazemi, 2017) LIS
S 2 Vo (s 5 S Jolt) Sty ]
oSl (Jolw )l 5 Joko (1950 dale is )3 (Vo Jute
O35 4SS slm il 9 5998 €95 o i ixe Sl W5
3 B85l Simed opl s b &S 00 S

€9 9 sle (58 U 15b 0 Jo jl el cuns e s
JoyalS gl 55 515) (o5 sladoe il ) ade )],
b (omls IS5 b eBmsed T IS b 555 00ty 55
o yelS (65 (Jg S (g5 0y9l (S oS Jlade am o L
5 oy (98 omlb JBo b 0B peed YU JB b (5 000
Sl e y51 5 55 Bl 8,55 5 dbsle (Sob U5 b
e a8 5l cou s gae yeba |y e sladocail b
Sulb g 3 a5 (gysbody (P<+/+0) 29 S5 jled 93 I iy 0l
Josine yobos ooy (y5 0ygl Jade 29y JelS 52 (0)] 2 0
MU LS b 5 byl 55 oSl i (P<-/-0)
€8l Bl 5 g)laigiae ol oy (193 b JBe L (8 ngd
J_»LM)_" il Jol8 9> Lgb)i? 0l S8 o> Lo A
= Siliine U g Sligs 598 g5 g bgle (Sojd S
bl oy (g3 (sladomiunl b )

) oyLSKed g (ol ialejl 13 oel Cowd T gl bl
L ywlS (655 S oI5 (gloygl 39,5 e (AbDbasi,i et al., 2015
5 )] tlojl o 93 (it 53 0,05 slaglS (y53 g S
Dimts ol ol U 38lse 45 Gl dgvg (gl ine M|
OhESeon 5 0315 (008" pol imghs gl b (38lge (e ol
IS jleolazwl L alayly j> (Karimizadeh et al., 2017)
o ooy UL e 53 (Sl 5 Sy o) 0,88 Sz
SIS clale gyl e M) ey 5 (63,] 0,5l b Lt
2553kl 2 S 6 5 g JoymadS (s Sloygl (9 9

Sy om3jLs 48 sl bzl s cilies clallas 5
Wl s b glelas Mo BB jobody (clasaSis odoe lylale 3,
o gl aaiSuy g Selslw Lo Sl puiie 4aSis
LD oo (LS Comslue (i 5 4 AeSd Al Gl 4 o
omly 4l > ob 4aSd Glgigisn pnien Ny Om 3l g
e o 3 O I 8 b YL o luiST L slao e s 5l 3L
caw &5 ola 5g, 5l edlasl oyl ply (Bonhomme, 1990) 1,
A4S oylgud a1y B Cusyd ded e & i Cas e halS
Al Rl 5l eenlply 5 w300 L8 iy ladpwl x>
1S e S ole Igisign 9 syl Syo o )3 g 4
392 S92t (559158 £95 L bloyl 5 yal ol &8

A gl e g dbgle (S5 S 55b 5l Job b
Mbos i S 9580 5 sk Jito (S58 lopl clled
4eSd @lo J57 g aale (Jobo )1« Jobo Jobo ise 4w >
odd )35 ¥ Jodn jd (dolojl (claopn b odd 4ds5 slao
Ol S9)Se0 9 Vsl e (oS58 ol cled .l
1S gl JS 5 3ol (Joo g5 (oo i a5 Yk
Lol g 00l 3)3 dodigy I s <y dogigy b o asdss slao
g5 blod jl ilises lajlod o (izped D955 o gime gl
(ol i w3 Vsho Jute (oS5 3l ol csygl3
Sl o> b oad 4085 glaoy 4SS mlo JS g del> ( Jolu )15
52 52 Ly odd 405 glooyy Sl ey o sine b jbods o
Oi a3 gl i 59,50 3l Clad agy g2 il
a3l £ AL Cov 4aSh glo JS 5 Wb cJobo B ook
lae ol cadlad 5 Iy e gl gud witced 8,55 )5
Loy 4o @le Yok (i S'9)Sm 9 jV sk Juto (cuS'9)S
e opsl e g bl (s UK G Blie I ) P2
(P>+/+0) wis osalie inlojl (slajlod o

Loy 55 503 Biee cloazily b cilbo Lol Ltolojl ol
S35 Jold) Sidgyn Lol cullad & canl ()l
9 ok 97 el (150 )3 (¥ sk (linn 59,50 Yok it
Jele U Ly aally 1 5 10,8 (6,503l |y 4aSs gl )5
ooy 4385 5 glareSs slam il clld i > Sz S
Sz JSb Sl o 1505 55 S5l g s o 3 5o
93 ol Jute (S8 S clld 3 o) ne iRl cage
b Gyl y bl jimgis 5l ed sl CusdTa s b )15 oyl
o) 53 ol w4 s > glis (Mir Mohammadi, 2013)
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Table 4- The effect of physical form of forage and type of grain processing on the carboxymethyl cellulase and microcrystalline
cellulase enzymes (micromoles of glucose released per hour per ml of ruminal fluid)

Yok ol 9,500 ok Jeto (uS5)S
Microcrystalline cellulase Carboxy methyl cellulase
oy oo Sl wbom o [ Bl sbos
y Cellular  Extracellular  Solid Cellular  Extracellular  Solid
Treatments part part part Total part part part Total
S JSs
Physical shape
oAb 25 exdge 129.05 65.02 236.24 430.33 | 132.49 60.84 238.07 431.42
Chopped alfalfa
oy ey 149.92 72.83 265.72 488.48 | 166.50 80.98 272.94 520.43
Pelleted alfalfa
LS‘”ET\;‘L#" sl Sl 1732 1150 0723 2875 | 0.923 1011 0851 1673
S PBine gl 0.229 0.258 0.337  0.297 0.189 0.231 0.278  0.315
P value
Sl g
Type of processing
el 52 _ 14032 6552 23893 44478 | 15217 6649  244.46 463.13
Whole barley grain
w2l _ 137.10 69.38 258.14 464.62 | 146.39 79.64 25559  481.63
Milled barley grain
o Sl g
. 141.05 71.88 255.88 468.81 | 149.91 66.63 266.48 483.02
Flaked barley grain
:E’“'\;’Lﬁ ksl Sl 2.120 1.401 0.886 3.519 1.129 1.241 1.042 2.044
Si'/;ﬁ g 0.388 0.391 0.352  0.311 0.401 0.345 0.289  0.311
Sl g5 % Sz JSb o
Interaction physical shape x type of
processing
wllogs X ol 3 )3 ddgy
. 133.01 62.20 223.75 41896 | 12491 54.49 225.87 405.28
Chopped alfalfa x whole barley grain
@)lg> X 033 35 aoxigy
. . 131. 4, 237.82 4242 141. 2 239. 449,
Chopped alfalfa x Milled barley grain 31.56 64.90 37.8 8 39 69.23 39.36 9.98
o el g2 X 025 3% wxln 122.60 67.98 247.16  437.75 | 131.17 58.83 248.99 439.00
Chopped alfalfa x flaked barley grain ' ' ' ' ' ' ' '
WJL» 9> Xodud C,\L 47::9.:
i . 147.65 68.85 254.09 47059 | 179.44 78.48 263.06 520.98
Pelleted alfalfa x whole barley grain
d;)'l? X ol Cy doig 142.65 73.86 287.47  494.97 151.40 90.04 271.82 513.27
Pelleted alfalfa x Milled barley grain ' ' ' ' ' ' ' '
b Sl g2 < 00 Sy xdyy 159.49 75.78 26459 499.88 | 168.65 74.46 283.96 527.04
Pelleted alfalfa x flaked barley grain ' ' ' ' ' ' ' '
?E"'\':“LA bl Sl 2.996 1.985 1.253 4,977 1.594 1.754 1.475 2.890
E‘i'/;i; gl 0.915 0845 0626 0529 | 0385 0521 0295 0.289

(P<e/+0) wins il claog,S oy 3 sine oglis oimd s Waygias 5 dibiie e gy g 2
ab Different letters in columns represent significant differences between the experimental groups (P<0.05).
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Table 5- The effect of physical form of forage and grain processing on blood parameters (mg/dl)

o jlos S5 09! Joyuds’ L pelS (65 _
g ol J&s
Treatments Glucose  Urea  Cholesterol  Triglyceride Y::IS:_% “T_D‘E
S jb S5
Physical shape
o5 2> exig: 6781  14.69 76.39 20.52 65.91 24,54
Chopped alfalfa
oxd oy ey 7631  11.49 78.85 23.54 7156 2751
Pelleted alfalfa
o ilie ] Sl 0234  0.879 0.091 0.093 0.159 0.071
SEM
S Pisne gl 0.399  0.449 0.230 0.420 0.071 0.685
P value
Sl g
Type of processing
el 92 _ 69.22° 14200 7695 21.09 66.67 25.06
whole barley grain
‘9_" = ] 7289  12.86P 77.26 22.02 69.21 25.96
Milled barley grain
o S g ) 74060 12.21° 78.65 22.97 70.32 27.04
Flaked barley grain
o geSibe 3 il S0l 0286  0.107 0.112 0.115 0.194 0.088
SEM
S Pisine gl 0.008  0.045 0.185 0.350 0.068 0.650
P value
S9l E9 X (b JSB Jilite 1
Interaction physical shape x type of processing
R
i 66.26  15.88 75.72 19.69 64.64 23.64
Chopped alfalfa xwhole barley grain
@)lg> X 033 25 aoxigy
) _ 68.66  14.21 76.16 20.51 66.05 24.42
Chopped alfalfa x milled barley grain
ol S5 9> X 0 Dy Ao
i 68.52  13.98 77.29 21.35 67.03 25.54
Chopped alfalfa x flaked barley grain
WJL.: > X W) u.b ELary
Pelleted alfalfa x whole barley grain 7219 1252 7819 2248 68.70 26.48
63)“9? X 0JW ul\ gy
7712 1151 78. 23.54 72. 27.51
Pelleted alfalfa x milled barley grain > 836 35 38 >
ol Sld g X ol Cly axig
T 79.62  10.44 80.01 2459 73.59 28.53
flaked barley grain x pelleted alfalfa
oSl 3 il S0l 0405  0.152 0.158 0.162 0.275 0.124
SEM
S Pisne ghaw 0.069  0.056 0.276 0.389 0.062 0.619
P value

(P<e/40) s ilojl (slaog,S o 3 sine oglis imdLis laygis 5 ailisiopé gy P 52
ab Different letters in columns represent significant differences between the experimental groups (P < 0.05).

(89l yd E90 (Bymme e £95 )3 g e |y e 9,55 osalie Soid slais ol 8l oy p b (Kazemi, 2017) oLl
Ban A ol g Al pg d lojen Bpas 0BluiS i S ine Gglds (hagiy (ml gl Ly plae SIS ) 4l
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a8 Ysho Jito (uS52)S 5 Yo iy S50 slagys]
P> oMl (o crgo (Cales )3 5 AreSid 3 Slas S92 G

10.

11.
12.

13.

14.

15.

IS (5 45 A o )gly3 Slie b pac jSolo Gimgly onl b el o
Solor oy g Lyl 65 9 JgiadS 015> 0yl 59y 2 2
U L bls,l s (Kazemi, 2017) LoblS o)y gubs b oS o
sl cotllas (o )Lidl slroy 0 @pd il (S8 slasyl,e
210 Ol g ol Slb g0 93 0 g2 &b (6918 L e
S5 ptals el wad S @ jgons (5y5l,8 oS 60,8 3158
g ol bl a8 05y sxe LialS pl bl (s )3 o5

. .(Babaei et al., 2015) »>,)ls cdsllas
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Introduction: Selenium is an essential mineral for many metabolic functions of the body, including the
activation of enzymes and the optimal biochemical and physiological function of birds (Antongiovanni et
al., 2007). Selenium protects cell membranes from oxidative damage and can therefore improve nutrient
efficiency (Arner et al., 2012). The small intestine is the most important part in the digestion and absorption
of nutrients, while the large intestine and intestinal tract are very important areas for the accumulation of
microbes (Chitra et al., 2013). Gastrointestinal health is one of the most important and effective factors in
bird function. Gastrointestinal microbial population affects the nutrition and health of various animal
species, including poultry. These microorganisms need trace elements such as selenium to perform their
normal metabolic functions. Selenium may affect bacterial cells by disrupting the respiratory chain (Pappas
et al., 2005). In addition to improving the quality and composition of intestinal microflora, selenium can
have a positive effect on the morphology of the intestine as an antioxidant (Haghighi-khoshkhoo et al.,
2010). Despite these benefits, the effect of selenium on intestinal microbial population is largely unknown,
so the aim of this study was to investigate the effect of different levels of organic and inorganic selenium
in the diet on microbial population, intestinal morphology and intestinal acidity in laying hens.

Materials and Methods:The experiment was conducted in a completely randomized design with 300
laying hens of high-line strains from 23 to 35 weeks of age with 5 treatments, 6 replications and 10 hens
per replication. Experimental treatments include 1- Base diet (without selenium), 2- Base diet + 0.5 mg/kg

sodium-selenite, 3- Base diet + mg/kg 1 selenite-sodium, 4- Base diet + mg/kg 0.5 selenium-methionine,

5-base diet + 1 mg/kg selenium-methionine. At the end of the experiment, two birds were randomly selected
from each replicate; To evaluate the microbial population, a sample of the contents of the cecum on the
culture medium was used (1). Tissue samples were prepared and then measured using a microscope, villi
length, villi width, crypt depth, and number of goblet cells (9). To measure acidity, samples were taken
from the contents of the cecum, and acidity was measured by a pH meter.

Results and Discussion: The results indicate that consuming 1 mg/kg of selenium-methionine increased
the villi area compared to the control treatment. The experimental treatments did not affect villi length, villi
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width, crypt depth, number of goblet cells, and the ratio of villus length to crypt depth. The consumption
of 1 mg/kg of selenium-methionine significantly decreased the population of Salmonella and increased the
population of Lactobacillus in the cecal compared to other experimental treatments. The consumption of
0.5 and 1 mg/kg of selenium-methionine caused a significant decrease in the population of aerobic bacteria
compared to the control treatment. The acidity of cecal contents in the treatment containing 1 mg/kg of
selenium-methionine was significantly reduced compared to the control treatment. Several studies
(Langhout et al., 1999, Lukaszewicz et al., 2011, Pappas et al., 2005) have reported that using organic
sources of selenium reduces the coliform population. In mice, dogs, and laying hens, selenium intake has
been shown to increase the number of Lactobacillus and decrease Escherichia coli and Staphylococcus
aureus in the cecum (Langhout et al., 1999, Lukaszewicz et al., 2011, Pappas et al., 2005). Increasing the
population of beneficial bacteria due to the provision of sufficient selenium for their synthesis is also an
antioxidant property of selenium in preserving the life of these bacteria. It appears that beneficial bacteria,
such as Lactobacillus, can competitively eliminate harmful bacteria such as Escherichia coli in the gut
(Lukaszewicz et al., 2011). An increase in the number of pathogenic bacteria in the intestine causes the villi
to shorten and the lining to shrink (Attia et al., 2010).Numerous studies demonstrate that the consumption
of diets containing selenium compounds has destructive effects on harmful intestinal bacteria (Chantiratikul
et al., 2008, Hashemi et al., 2012, Heindl et al., 2010, Horn et al., 2009, Langhout et al., 1999). Adding
organic selenium to the diet of broilers increases the weight of the intestines due to the growth of villi and
intestinal lamina propria (Haghighi-khoshkhoo et al., 2010, Heindl et al., 2010). The lack of selenium
consumption on morphology can be attributed to the levels of selenium used, as well as the bird's lack of
stress. Selenium can exert its effect more effectively under stress conditions. Most harmful bacteria grow
in an environment with acidity close to 7 or slightly higher, while beneficial bacteria multiply in an acidic
environment and compete with pathogenic bacteria (Cooke et al. 1973). An increase in acidity leads to a
decrease in Escherichia coli and Salmonella in the gastrointestinal tract. Therefore, the consumption of
organic sources of selenium reduces the population of pathogenic microorganisms (aerobic bacteria,
Escherichia coli, and Salmonella) and increases the population of Lactobacillus competitively, followed by
an increase in gastrointestinal acidity. This improvement may lead to an increase in digestion, absorption,
and performance (Kasaikina et al., 2011).

Conclusion: According to the results of this study, it can be said that consuming organic sources of
selenium (levels of one and 0.5 mg of selenium-methionine per kg of feed) significantly reduces the
population of harmful aerobic bacteria, bacteria. Salmonella and Escherichia coli and cause a competitive
increase in the beneficial population of Lactobacillus; The consequence of this operation is to increase the
acidity of the cecum and reduce the damage and microbial destruction to the intestinal tissue, and therefore
with positive changes in the morphology of the small intestine will lead to improved bird function.

Keywords: Intestinal morphology, Laying hens, Microbial population
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Table 1- Ingredients and chemical composition of the basal diet

alaiza 1] %
Components

o 58.7
Corn (CP=8%)

g Albss 20
Soybean meal (CP=44%)

Lgw of9) _ 1.2
Soybean oil
Calcium carbonate

QMM&) 2
Dicalcium phosphate

MM_Aﬂ)lf _ 0.28
Sodium chloride

ossstels> 0.2
DL-Methionine

255,005 ) 0.12
L-Lysine HCI

Yotk g) (e JoSo 0.25
Mineral premix (without selenium)*

Yo |-

Ay JuSe 0.25
Vitamin premix 2

Chemical composition

(PS54 > SHB5LS) padsilio LB (5551 2840
Metabolizable energy (Kcal/kg)

('\‘9)‘5) (’B U"b”" 17.02
Crude protein (%)

(32)3) pamalS’ 4.4
Calcium (%)
Available phosphorous (%)

(30)3) wan b8 (3 0.94
Digestible lysine (%)

Digestible methionine (%)

(323) e BByt pigate 07
Digestible methionine+cystine (%)

(P51 W9 S skeo) 95— g6l Jolss 917

(mEg/g) Anion-cation balance

o p S o WY e 25 (o 010 ci59) 5 oo M (5300 5 oo M 0301 £ Lo DO 25l 0l p S5kS o
A1y VPO D3 owolizg (allipe s g ¥Yev et A Oeling (Mallipw as lg AAevevs (o> oyl F)fy.nf).m"
wnL..v5 P)fu’\""“ YA ‘BZ u,:.ALJ9 F)fk;uﬂ ol ‘Bl u,:AL.Aj P;LELA y/o ¢K3 u,:AL.Aj P;L;L:A viv E L}AﬁLis LEU«JL},\J
255 ko 00 B12 (el p)5 oo VYN Bo eling p)5 o /5 B eling p)S Lo YIY B5 pelig p )5 o £/ Bs

2 BH.T. o5 ko ¥or gl (58 28 WV e g

! Provides per kilogram of diet: Iron, 55 mg; manganese, 88 mg; zinc, 88 mg; copper,
5.5mg; iodine, 1.7 mg.
2 Provides per kilogram of diet: vitamin A, 8800000 1U; vitamin D3, 3300000 1U; vitamin
E, 16500 1U; vitamin Ks, 2.2 mg; vitamin Bz, 2.5 mg; vitamin Bz, 5.5 mg; vitamin Bgs, 28
mg; vitamin Bs, 6.6 mg; vitamin Bs, 3.3 mg; vitamin By, 0.6 mg; vitamin Biz, 22.1 mg;
vitamin Bz, 55 mg and choline chloride, 110 g.
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EronS Mg a0 3 )l gne Gl cow (Sane postle L dulie
2l e 5 oanlie clasls (Scheideler et al., 2010) 35 .
23,5 4l oy )3 o3litul 3)90 porilis gobaw 4 Kl oo (i
P 2l giy R el oy 4 porl s JoSe (2938
5l S el (Heindl et al., 2010) us 65 sladsgs
Jets 2815 951 3l ol sl SLasa o0 85 D 25
b pgeiler sl 3 g Cow | (T3) (g yighacs s 42 (Ta) oo S99
posib 29 (o 1B ) 290 el )l A9, (gayg 3 & AE
Pl JoSto as 055 05) gusly 3 0y 3,Shes py (Jase 5 ]
PSS b aS SBx )l S 0k oyl o
Holovsk ) w1y (g yuiim aljs) )59 (il ebid 43385 pouidas
etal., 2013

oS Wlod)S )13 yshizms Sl (ke (o ol B b il

039 620055 25 32 S 0y )3 posls JoSio ) ool il
Chantiratikul et ) >)lu )l 55 g e 15 (559 0395 g § oo
Bpae L3 olis gbs .(al., 2008; Jiakui and Xialong, 2004
15 Aoy p s )bgine y8b JIS 055 slagye 3 Il ol
;1 .(Payne et al., 2005; Utterback et al., 2005) il § oo
0395 o yoe3 g5 doyd Gl I (Sl @S (B 503 59
o o @l b &S Wl posil @lie Bpan b £10055 (Jjg
(Attia et al., 2010) |, g Attia ow )y guls .cuwl slas p
G IS 055 glag po 02 53 pe3e porilw Byae by Lt
b alie )3 E0055 0395 (39 9 Eron™S ()9 Jdisine Rl
IS 4 pale s 53 Cannd 1Y s A3 i pgile

2 posdwyasie By ime b & ponsd 033 ety Cuiw (5,0 xe

S (55 slag e M55 0,90 JS 13 E 30 056 25 sl el iolefl slajless 51-Y Jgu
Table 2- Effect of experimental treatments on the egg production traits of laying hens in whole production period

o . VAR EWSY e o B
ilejl (sl jlos E( ) . (::juct)ion (Gofoxinle3) Si9 0385 (p)5) Eren™S 0139 (pySOLS) o 0ij9
Treatments 99 p(% ) Egg mass (g/hen/d)  Egg weight ()  Body weight (kg)
aald 91.01 50.34 55.29 1495.38b
Control
10 il 92.40 51.45 55.65 1520.37%
SeNa0.5
} il 91.96 51.32 55.80 1549.158
SeNal
0 Oyl 90.83 50.17 55.24 1524.33%
SeMet0.5
\ Oigempaile 90.08 49.47 54.92 1506.16"
SeMetl
Sone sl 1.681 1.091 0.351 0.013
SEM
i 0.872 0.681 0.432 9.51
P-value

.(P<~/~£)) Kbl oyl e OMB] gl S yiiio e By b (gt jo slo1 e
Values within a column with different superscripts different at (P<0.05).

A by g b i)l sy ¢ I8 lge 5 039, oleg S
tdaw 5039, (60,0505 3> yus5 (Yamauchi et al., 2006) 5,135 .

Wloaly by igjlon LIl 2y yo—a> 4 ) (gdin dlge Q>
5 Wi o obsS el 039) 53 s )los (slags yST Slas il 38l
L alie (Cooke and Bird, 1973) cowl iibg Y Lials
Sl ySL 2 lokip o jl Sl pgsibe SlaS 5 ol slao
Dhingra and Bansal, 2006; Lukaszewicz et ) 3l 3g, yuio

Ero 2 955 o b Sy g2 oialof] (slaslos 8B Y Jpe
s S Bos Gy 025 p Jobo w30 it |y S5
jpcelowe g S Bos 4 jn Jsb Cod (bl sla ol
(P>+/+0) 3,55 )15 inlojl slaylos Sl gime pib cow
A ol 5l sk 039 pgiS5 cond (8L LS ()
83 jl Canund (2l 003 o] (elo 355 5ubo 48 A3l ppe Llg e
wd)S s 5> ()15 ol Sl Gl odas 4l lyiear SO)L
(o MSbe g0 Jelss .(Hattori and Taylor, 2009) >5
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Cupmo I3 dne Gl (igte —posil p)SokS 53 )5 e
1 b sloj] elbylos plos b dueslio ;3 65 039y wslew bz
—pgd— pSolS )3 £S5 e /0 By e (inen (P<4/-0)
OBl s s Gt p)SolS )3 ) (e S g ignte
(P<+/+0) 50 10l | duuglio 1> sl b Eupma IS _sino
oS By —as slojloss (m pbwlpBTY Cumex (Jl (I L
(P>l+0) xS0 b (gyld xe olds pudw —cuil
2l b dunlie 3 (ygste —pgitle pS5kS 53 p)S (oo Sy Bpae
25 L i3 [ o Yo gme bl o (oaloj] (slales
JS by Same wlio b aslie > JI plio cpien (P<-/-0)
(P<e/-0) by alSl 48 09 (SILdp i/ Cumer 55550
Pl )OS 3 ) e S g /0 By Bl L S
i —Cutlo p)SolS )3 o5 (e S Bpae rimen gt
sbyles plo b dawslie o Misalls Cumes b sxe LinlS o
(P<+/+0) 1 iolojl
g Wit luo (S o) posiles Cundg 4 039) o)l 1)
W] sl |5 35250 slas Sl olasi 5 oS 5 2 i oo ol
ol (Kasaikina et al., 2011) a_sb 38,51 5,leS olKiws 5
g <ilitte (LIl o) b ¢ porilis jlloslite | e o | (ySae aiBly
Aladlasl by pasuie glogSee 9) 5 posths Cuow

P 29290 porle gio g9 4 dans s ySL g9y p pgril o
Shabani et ) .o,y s ;s (Marina et al., 2011) 5l o

ul5s (al., 2019; Yang et al., 2009; Zhihua et al., 2011

sl od s

Cupmod (igele —pouil—w g postlwgil 5l ealitul .
e 3l ol | loj 3 oS taimd oo (Al p )8 S (slas ST
ORIB G JieobgiSY Cipmon (20 w0 )3 popil (s
b aulie )3 dsS (sladagx 039y 3 UK/ Cunor
Gkl 53 45 23,5 oo N posibes 5 pgstbogil oS il (slaog,S
el oy ol @l b JolS
ol UIF 039) (29,500 Comer | p)lee S 90>
porkes 42 5l ate 13 5 el ol )10 1 Loyt ol
o) 0 e yd ol ) bw o pecd jl eolatw] opl )l
o ) a3 oo L (s GlapEgpeile Ol sln |y pais
230 Iy postls 4 (lbjee Sl ke (09,0 Copner
M iyl e op) o b ali. (Kasaikina et al., 2011)
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el 039 b g pliasY g lajy Ay Jdod (S sladege
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33,5 (0 395 039y ) (S Spkdlin] 9 (Ll

JS 3l gl e b oo 22l ST 5 ol
posib b oad 35 (W 568 039 9 £33 )3 silp slacs L
e85 ) 5035 (slo 5551y Ao 5 25y siaS ]
sl o SL olaas 0B, Gls bl alg o (uslwlipiSY
o)) pogMe wimd jgalS 0dg, 5 |y (ML, S dlon 4o
e JoolgSY S (ialS ¢ Gine gl jl odliiul oo
2 b o5 sladngr 039y 0yled 33 (MLt 44l [ Cures ol
Ying etal., ) 55,5 o J pouibo o0iScdl s (slaog,S b awslio
b syt Jolss g i bl gyl T gl cadly 5> (2009
4 Cod G595 STl o ols 5 ade las S
e b dliio ) Jp)8 nlpogdle teul ol )05 sl JSs

S5 slag po pgifs (owlidcou) p cpigsio —parbe g podw —cutle S -Y Joua
Table 3- Effect of selenite-sodium and selenium-methionine on the morphology of the jejunum of laying hens

sloylos (ocske) 52 €85 (saide) sy 08 (o) conS os o o sk S S Bee djp eyl (Tpeike) 5 colus

sialo] Height of villi  Villous width Crypt depth ) Height of villi/ crypt ~ Villous surface
Goblet cell y

Treatments (mm) (mm) (mm) depth area (mm?)

aald 1021.00 167.67 105.33 0.706 9.740 169955

Control

./ 958.68 123.33 97.00 .0898 10.153 116883

SeNa0.5

\ 1077.67 123.33 116.33 1.136 9.386 141258

SeNal

Opgemposils

s 978.67 125.67 105.67 1.043 9.366 122458

SeMet0.5

Opgiemposiles

\ 925.33 112.33 109.67 0.655 8.851 103556

SeMetl

Sere sl 54.46 19.38 9.12 0.16 0.59 10563.72

SEM

e 0.346 0.343 0.668 0.225 0.632 0.175

P-value

(P<el-0) asilyso o sime B (Sl S 2o i By b st 0 oSl

Values within a column with different superscripts different at (P<0.05).

2 g 5 oSl e bS5 adg ials el g )il
G |5 59l comi )3 g 00 (55 09 0l S3glsh g0
Garcia et al., ) &S o (655l 039 0)lg00 (bbro sla Jol
b ocan 4 S5 andewl ) 1 glew sbaoxSL iy (2007
LS oo <oy oo slag Sl b g g o iS5 5 45 (Gl
sl oSL iS4 e ansa, —wl iliel (Ford,1974)

255 039) Sbgizwe abtew | i alojl (slajless b0 Joao
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Lopo | 5 ine Gl (igste —pgible p)SokS 53 )5 e
s ialofl lalass L b aumlie )3 568 039, ol giee
sl oSS > oS o +1D By s e (P11 0)
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039 0 le3 3 1) 1565 lew (slo 6 S oo cawlio aly il



VPoY (Ll ¥ oyloids 3O al ol pl oold pole lommg} a4 pii VAYF

Lo sl aolsiS Y Comon 28y JS_ay o 4l 2alS (Migalu Samik et al., ) 553 o (5155 olSd 3 Misall o (oM i

o el ks Gl s & 5 ol 098 i QIS o s J i yme (3 i (eon 4l (2007
Gl g muad dguty 4 yoxie a5 Bl a8l )l ol du! Pl J wlie Gy e b aS Cus )y oyl el Cumday alis
(Samik et al., 2007) ool 015 3,Skac 5 g e MTip il ecsilon slosySL) Besylon oSl o) Cmar
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Table 4- Effect of selenite-sodium and selenium-methionine on the cecal microbial population of laying hens

(log cfu/g™)
ialejl slalag Sl sl st rlssY Ll Higallu
Treatments Aerobic bacteria Lactobacillus Escherichia coli Salmonella
aals 10.7572 7.370¢ 5.2482 2.9262
Control
18 il 10,537 7.455 5.111° 2.866%
SeNa0.5
Vil 10,5110 7.564% 5.025° 2.835"
SeNal
10 Ogampgil 10.435% 7.600° 4.091¢ 2.793
SeMet0.5
V Ogstempgrile 10.333¢ 7.7922 4.835¢ 2.647°
SeMetl
sene sl 0.048 0.037 0.021 0.025
SEM
Jloio s 0.0013 0.0001 0.0001 0.0001
P-value

(P<e100) atsl o Jlaisine BST (Gl Stite pd B L gt 2 slonSike
Values within a column with different superscripts different at (P<0.05).

NI 35 (slag yo 155 035) Shigis el 2 (st —pseile 5 pad il J1-0 Jos
Table 5- Effect of selenite-sodium and selenium-methionine on cecal acidity in laying hens

ialojl sl g
Treatments pH
aald 6.57
Control
I e ioihe 6.55°
SeNa0.5
el 6.37%
SeNal
10 oyigriep il 6.23"
SeMet0.5
) U’-’ﬁ"*"’_f’ﬁ“l“’ 5.93¢
SeMetl
Sne st 0.089
SEM '

o)
Jle>! s 0.0001
P-value

(P<e-0) atily ol sime B ()l S e By o b (g b (sl Sl
Values within a column with different superscripts different at (P<0.05).
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2 gl S oS gl ol YL Clls o 2o bl 269 ol ol ety Dl e (o)l oSt > e | 1531
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Introduction: During the past decades, rapeseed production, including canola varieties, has surpassed peanut,
sunflower, and even cottonseed in production, and ranks second among oilseed crops worldwide. Due to its
drought endurance, canola may be the preferable grain for cultivation in several locations of Iran. Canola seed
(CS) is an economic feed ingredient containing well-balanced protein (19 to 22%) and a high oil content, up to
45% in some cases. Apart from the oil content of CS, its concentration of dietary fiber, glucosinolates, and tannins
are of concern. Canola has less glucosinolates and erucic acid than rapeseed. It, resulting in a higher level of vital
nutrients and higher nutrient density. The nutrient composition and presence of anti-nutritional factors in CS may
also affect its quality and feeding value for poultry. However, the presence of some glucosinolates, erucic acid,
and other undesirable compounds such as phytates, polyphenols, and soluble non-starch polysaccharides (NSPs)
may reduce nutrient digestibility and performance of the chickens. Heat process affects the rate of protein
denaturation, starch gelatinization, digestive enzymes accessibility, bacterial counts and toxin degradation of feed.
On the other hand, starch gelatinization by heat processing may increase amylase effects to break the chains of
amylose and amylopectin, which in turn increases the digestibility of less digestible carbohydrates, improves
metabolizable energy and digestibility of amino acids in beans, soybeans, peas and canola. Some concerns have
been raised about the inclusion levels of CS in broiler diets. This experiment was carried out to investigate the
effect of processing method on apparent metabolizable energy (AME), apparent metabolizable energy corrected
for nitrogen (AME,), apparent dry matter digestibility (ADMD), and apparent nutrients digestibility (and) of CS
(Nafis variety) in broiler chickens.

Materials and Methods: This study was designed to determine the nutrient digestibility and, AME, value of
crud and heat processed CS. The CS used in this research was of the Nafis variety, which was sourced from the
Astan Quds Razavi farm, Mashhad, Iran. The obtained CS sample was divided to three equal subsamples. One
part was unprocessed, second part was micronized; one hour before processing CS was moistened by 20% of the
weight, and then placed in a single layer on a vibrating conveyor belt under the infrared emission source at a speed
of 6.25 cm/s until the surface temperature of the grain should reach 130°C, and third part super-conditioned under
humidity of 16% and temperature of 75-85°C for 3-4 minutes. A total of 48, day-old Ross 308 male broiler chicks
was obtained from a commercial hatchery. Chicks were reared and housed in battery brooders in a room. From
day one to 10 and 11 to 15, chicks had ad libitum access to conventional corn-soybean meal starter and grower
diets, respectively, to meet the nutrient specification of the strain as recommended by Ross 308 manual. A common
corn-soybean meal diet was formulated to serve as the reference diet to meet or exceed the nutrient requirements
of broiler chicks as described for the Ross 308. The CS samples (row, micronized, and super-conditioning) were
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incorporated into the reference diet at a 40% inclusion rate (60% reference diet and 40% CS). The digestion trial
included a 4-day preliminary period in 16-19d of age, followed by 4 days of recorded total feed consumption and
excreta collection. The feed was provided ad libitum during the preliminary and the collection period. During the
collection period (20-23d of age) total feed intake was measured, and excreta from each cage were collected twice
a day, pooled, and kept frozen at -20°C until subsequent analyses. The excreta samples were oven-dried at 60°C
for 72 hours to determine dry matter content. The dried excreta and diet samples were ground through 20 mesh
screens, and nutrient content was determined according to (AOAC, 2000). The gross energy of the dried excreta
and diet samples was measured with Bomb-calorimeter (Model 1266, PARR). The apparent nutrients digestibility,
AME and AME, of the reference and test diets were determined. Accordingly, apparent nutrients digestibility,
AME and AME, of the CSs was calculated as: "AND,AMEandAMEn CS =
[AND, AME and AMEn of test diet — 0.6 X AND, AME and AMEn of reference diet]/0.4”.

Results and Discussion: The average of dry matter, crude protein, ether extract, fiber, ash, and gross energy
for CS were 96.20, 17.70, 46.60, 6.00, 4.11%, and 7137 kcal/kg, respectively. The apparent digestibility of dry
matter, crude protein, crude fat and AME, for raw CS in broiler chickens were 54.28+1.19%, 69.42+1.13%,
77.1+1.32%, and 46731268 kcal/kg of dry matter. Processing of canola by micronization and super-conditioning
method numerically increased the dry matter content of CS by 2.46% and 0.88%, respectively. Crude fat and crude
protein content also changed with a similar trend to dry matter content. The effect of canola processing on AME
and AME, in broilers was not significantly (P> 0.05). Micronizing process of CS increased ADMD and AME,
values of 7.47% and 117 kcal/kg than non-processed seed, respectively. Super-conditioning process was less
effective than micronization on improving CS nutrient digestibility and AME, values.

Conclusion: The outcomes of the present study showed that spit non-significant effect of heat processing on
energy value and nutrients digestibility of CS (Nafis variety) that might be due to better tolerance of chickens fed
recent varieties of CS. However, the change in nutrients digestibility and AME, values of CS with processing by
super- conditioning method was poor, a trend of improving nutrient digestibility and AME, values were seen in
micronize process. More research is needed to clarify the response of the chickens when CS in the raw, micronized
or conditioned forms.

Keywords: Apparent metabolizable energy, Canola seed, Heat processing, Broiler chickens
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Attar et al., ) se—3 o plosl JLoiid g Caoby «yly 3l cov
S5l s JoSge Bl S LS (2017
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Teymouri and Hassanabadi, ) s Jles! 1315 &l> (9, 4dd>
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Table 1- The ingredient and nutrient composition of experimental diets

Ingredient composition Nutrient composition
onmd iS5 (sl e dge S
° Vbl e . ° VogolesT e
VA 1,65 o3| laPalldd ooyl 0 i s Pl d o)l 0>
in) id)i;:s %) Reference Test diet! ‘;u tri)e:;; Reference Test diet
g ° diet 1 2 3 diet 1 2 3
JN S jlogcdow LB (g5
0.00 40.00 40.00  40.00 s 3100 - - -
Canola seed (p55ks s )
ME (kcal/kg)
s 158 93) p1& (6551
Z:) o 51.50 30.90 30.90 30.90 (p,5 sk 4500 5555 5651 5561
GE (kcal/kg)
by b 38.50 23.10 2310 23.10 (A)e oS 21.50 19.98 20.06 19.92
Soybean meal CP (%)
B O . 6.16 3.70 3.70 3.70 (A o2 8.09 2350 23.78 23.87
Vegetable oil Crude Fat (%)
Olawd pualS” (03 .
Di-calcium 1.51 0.91 0.91 0.91 () 0.87 - - -
Ca (%)
phosphate
Sl S 111 0.67 067  0.67 (R)om s b i 0.43 - - -
Limestone Available P, (%)
plb S 0.44 026 026  0.26 ()oue 0.20 - - -
Common salt Na (%)
Yo |- ) . R
doltyg JoSo 0.25 015 015  0.15 (F)an LB e 0.47 - - -
Vitamin- premix? Digestible Met (%)
v ()i I Cpptamgurt pigsie
e JeSe \ 0.25 015 015  0.15 Digestible Met + Cyc 0.87 - - -
Mineral- Premix
(%)
oy S 0.24 014 014 0.4 (Ao b6 0250 1.15 - - -
DL-Methionine Digestible Lys (%)
. - > . R
o “J < 0.04 002 002 0.02 (/_)f”“"‘f)*b oeFr 0.77 - - -
L-lysine-HCI Digestible Thr (%)

L Juols @ g 0y doyd Fo + Skt S gw b pbgySue pls (S il ko )3 Fo bglsta | cai g ¥ g ¥ o) ialojl (clmoyes
£S5 oo Y10 psali o S Lo VOV (yaling )5 o 0 B puoling 40,5 Juo ¥ D3 pualing (Medlpo s 1g VA=« A fpoling adlips s 1y VYoo e (gols ops p,SslS o ¥
Pk MV e 10 Vs gl )5 oo VME SSI5h ol 5 o N K0 )5 o o/ ViS5t e 5 Sl VBT ol )5 shio Y I 1SSy sl )5 (oo VYIVY 1509 M05

0885 Sl )5 e < NYO IS (S
25 ee VIE (ool lilgu) ool 25 uo YO+ uomSlilgur) oo p)S koo Yo (53500 Clilg ) 53500 £ oo V5 (g5 Dlilgus) (55) £ )5 koo AFID « (gl 2 p S5k o
A (e Coils) poriles p )5 (oo < /Y gdS” ly)
Test diets 1, 2, and 3 were prepared from a mixture of 60% reference diet + 40% crude, micronized or super-conditioning canola
seed, respectively.
2Vitamin permix Supplied the following, per kilogram of diet: vitamin A, 11000 IU; vitamin D3, 1800 IU; vitamin E, 36 mg; vitamin
K3, 5 mg; thiamine, 1.53 mg; riboflavin, 7.5 mg; panthotenic acid, 12.24 mg; niacin, 30.4 mg; pyridoxine, 1.53 mg; biotin, 0.03
mg; folic acid, 1 mg; cyanocobalamin, 1.6 mg; choline chloride, 1100 mg; etoxycoin, 0.125 mg;

3Mineral permix Supplied the following per kilogram of diet: Zn(Zn-sulfate), 84.5 mg; Mn (Mn-sulfate), 160 mg; Cu (Cu-sulfate),
20 mg; Fe (Fe-sulfate), 250 mg; I(calcum iodate), 1.6 mg; Se (Sodum selenite), 0.2 mg.
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ol Sid o3le g 3w o8 iulojl @)l dm d b g5l S5
bwgi @il 5 ciwd duSgw oKiwd bw gl plb oy 0,5 o
Bdises pla (655 pums gl b et Ologil il olKtw
oz I8 oy Sl Y538 g alojl (lmo e e po 0y IS il
b oozl (Model, PARR 1261)
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AND Reference and Test diets —

_ (Nf x FI) — (Ne X EX)
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oolwl &> 40 0,0 (et al., 2017; Chibowska et al., 2000
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8.22 x (Ni — Ne)

AMEnReference and Test diet = AMEReference and Test diet — F1
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(F) aslss

_ [AND, AME and AMEN 745 giex — 0.6 X AND, AME and AMEN geference diet]
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Assadi et al., 2011; Hill, and ) &b b oo (piie plo law o

anderson, 1958; Liang et al 2002; Newkirk and Classen,
3U9,See g, 158 &l (6,413 .(2002; Salmon et al., 1988
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Table 2- Chemical composition of canola seed (Nafis varity)

() csdae 03le el 569,50 Sy Sl g
Nutrient% Crude Micronized Super-conditioning
)i ole 9620  98.66 97.08
Dry matter (%)

(p,5 kST S 6kS)pls (555 7137 7377 7152
Gross energy (kcal/kg)

(F)e& ox: 1770 17.89 17.54
Crud protein (%)

(F)esz 46.60 47.32 4753
Ether extract (%)

Vel 2 6.00 6.15 6.05
Crude fiber (%)

(*) o 0.66 0.68 0.67
Calcium (%)

() 0.33 0.34 0.33
Phosphorous (%)

(F) 75 411 481 3.86

Ash (%)

535 st ge )3 (L 08)) SIS s (s3ke dlgo (s,alls pian bl Gyl syl ST Jg
Table 3- Effect of heat processing on apparent nutrient digestibility of canola seed (Nafis variety) in broiler chicken

(%) oo puan colls

s Apparent digestebility (%)

Treatment JRLCS Pl gy s S esle Kb osle
Ash Crude protein Crude fat Organic matter Dry matter

P& 2213 69.42 77.77 56.00 54.28

Crude

AhgsSee 26.98 69.33 80.78 62.67 61.75

Micronization

e 25.51 65.98 78.79 54.53 53.23

Super- conditioning

St sl 1.39 1.38 153 1.17 1.19

Standard error

S Pisine Jloo! gl 0.465 0.270 0.963 0.237 0.225

P-value

e 0.751 0.477 0.944 0.284 0.299

Crude vs. process

In the above table, + represents the standard error.

inlejl oyl ,> .(Jiménez et al., 2009) 345 085 (45,lgS oK
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05 bl b Sy e dlgo pan bl ials el coul
oals -l (Svihus et al., 2005; Abdollahi et al., 2010)
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Sl a9l B s ol ] 3 Bt IS 5 bl )
Sy an CublB ol aS o odly i gy g yd &b (g9,
OSee Sl s9l,8 (IM et al., 2007) cul asl 3900 gk
5 ol Sl iladlil (alS Jolow o)l o 58 el el



YoV s siaeolse s piehles ¢ ol 6l S olen 5 pLS

208 L beS (glads e )y 1S ails AMEn 5, s ool
2 0d b oy IS &l lwgcd e w BB o5l b5l 50 gl
uT 9 L:CI)) h’])_w c‘\l:{)]g dlw)‘ L5L°‘9'c LY wliswe Olxllas
o bl 0o oo gl mdaw c(gdao dlge Cilgivee ¢ olsng
Sibbald, 1977; Assadi ) cuw | odd 61> Camns 8855 cglate
ol 3l lgives joue Cas uw 0y0> b il38l L (et al., 2011

S5 3l 9 e dge pan ialS el g 4Bl G Bl
i aw BB 55,0 (Toghyani et al., 2017) s 0 STy ool
B 39y il cons by a b (Slhes dlge 5l L g
by KL w b g lold da b)) aisle , e sla uSleS
iSu sl Gials Cage dlge cpl e @Bly (Jaloeol (slan Lis s
(Lee etal.,, 1995) s o wl> pdaw b odd i & (g3000l50
Slome Ly AMEn 9 AME y0lis a5 450905 ()55 e
St (Kot pl (22 b g (o (Sisrod IS > (152

(Toghyani et al., 2014) 5>
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Table 4- Effect of heat processing on apparent metabolizable energy corrected for nitrogen of canola seed (Nafis variety) in broiler chicken

W3l gly o omad (gyall (gile g cEgw LB (5l

(LSe35 5LS) cs ol (g5lo g cdguw B (5,

s

Phaes . _ N

Treatment S o3lo (5 Yl p S 4lS) Sid oolo
AMEq(kcal/kg) DM AME (kcal/kg) DM

g 4673 4926

Crude

el 4790 5089

Micronization

Sy 5 g0

Super- 4705 4918

conditioning

J)l..\lt'wl LSUG5 104.77 10268

Standard error

Gbaze Jlois! o 0,512 0513

P-value
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Introduction: Oxidative stress is an imbalance between oxidants and antioxidants at the cellular level which
leads to the condition of infertility in male. Oxidation of cell macromolecules, cell death by necrosis, apoptosis
and damage of tissue structure are the results of another oxidative stress damage. This process eventually leads to
a variety of diseases, reduced growth performance and even death (Min et al. 2018). Poultry face a variety of
environmental, technological, nutritional, and biological stresses that reduce their productivity and reproductive
performance. Most of these stresses at the molecular level are associated with oxidative stress and damage to
biologically important molecules (Surai et al. 2019). Qualitative characteristics of sperm, blood testosterone level,
and plasma lipid peroxidation are affected by severe oxidative stress (Khan, 2011). Vitamin E is an important
known antioxidant and protect cell membrane of sperm cell from damage of reactive oxygen species in male
reproductive system of animal. Feeding of this vitamin has beneficial effect on testes weight, semen quality
indexes, testosterone and antioxidant enzymes such as glutathione peroxidase and superoxide dismutase in birds
and mammals. The objective of this experiment was to investigate the effect of diet vitamin E supplementation on
fresh sperm quality in broiler breeder roosters challenged with oxidative-stress.

Materials and Methods: Eighteen Ross 308 male broiler breeder at 28 weeks of age were randomly assigned
into 3 experimental groups including control group, dexamethasone group (subcutaneous injection of 4 mg
dexamethasone per kg body weight) and dexamethasone group receiving supplemented diet with of vitamin E (200
mg per kg of feed). Each experimental group consisted of 6 birds. Sperm samples were taken from roosters using
abdominal massage method and analyzed for quality characteristics and antioxidant status. Sperm concentration
was determined by counting spermatpzoa using hemocytometer. The pooled sperm sample was diluted by using
poultry semen extender and then 10 pl of diluted sperm mixed with 10 ml of 3% NaCl. The chambers of
hemacytometer filled with 10 pl sperm suspension and allowed to settle for 3 mines. Numbers of sperm cell in 5
of the large squares of chamber were assessed. Computer assisted semen analyses (CASA) were performed to
determine sperm motility, with settings adjusted to detecting domestic fowl according to a previously described
method (Froman and Feltmann, 2000). Total, progressive and non-progressive motility (%), as well as immotile
sperms were measured. Also, sperm kinematic values including straight line velocity (VSL (um/s)), curvilinear
velocity (VCL (um/s), average path velocity (VAP (um/s), amplitude of lateral head displacement (ALH (um),
and beat-cross frequency (BCF (Hz) were measured. Progression ratios were also calculated using the mentioned
velocity measurements: straightness (STR = VSL/VAP) and linearity (LIN = VSL/VCL).
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Results and discussions: The results indicate that dexamethasone-induced oxidant stress caused an increase
in MDA levels (5.4) and a decrease in the activity of antioxidant enzymes such as glutathione peroxidase (52.51)
and superoxide dismutase (108.62), as well as sperm motility parameters and sperm cell membrane integrity in
comparison to the control group. However, when vitamin E was added to the roosters' diet, it improved the negative
effects of oxidative stress on sperm motility parameters, antioxidant status (Total antioxidant capacity (1.65),
superoxide dismutase (155.10) and glutathione peroxidase (87.77) enzymes), sperm viability (88.05), and sperm
cell membrane integrity (89.72) (P<0.05). These findings suggest that dexamethasone injection caused a sharp
decline in sperm quality by reducing sperm motility, antioxidant enzyme activity, and plasma membrane integrity,
while vitamin E supplementation improved sperm quality by enhancing the antioxidant status and protecting the
sperm cell membrane from the damage caused by reactive oxygen species in broiler breeders.

Avian sperm are highly susceptible to lipid peroxidation due to their high content of long-chain polyunsaturated
fatty acids. Lipid peroxidation produces reactive species that damage sperm membrane function and motility,
ultimately reducing the fertility potential of aged roosters. Therefore, the antioxidant defense plays a critical role
in maintaining semen quality (Surai et al., 2006).

Conclusion: It can be concluded that the inclusion of vitamin E in diet remarkably improved the sperm motility
characteristics and antioxidant status of sperm in broiler breeder roosters challenged with oxidative stress. On
bases of this finding it’s recommended to use of vitamin E in the rooster diet to elucidate negative effect of
oxidative stress.

Keywords: Broiler breeder rooster, Oxidative stress, Sperm quality, Vitamin E
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Table 1- Ross 308 male broiler breeder diet in experimental period
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Ingredient? Content (%) Chemical composition Content
Corn Metabolism Energy (kcal/kg)

Soybean meal (Cp, 44%) Crude protein (%)

b 11 (F) it = i 0.45
Barley grain Methionine-cysteine (%)

Wheat bran Lysine (%)

b S’ (6 13 (%) oy 0.38
Dicalcium phosphate Threonine (%)

Oyster shell Calcium (%)

' ine eolizg JoSta 05 (7) s 0.35
Mineral vitamin supplement Phosphorus (%)

Common salt Sodium

ULJ)&» w’v\w 0.05 (/) » 0.16
Sodium bicarbonate Chlorine (%)

osgse =l 63 011 (1) Al S5 1
DL-Methionine Linoleic acid (%)
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Vitamin B
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Vitamin E
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.(da Silva Maia et al., 2009) a5 b5, yguels

ponedl (lacadly L (Sl (b))
s> (HOST) Sigorulonle s oLl » Ltalesl o]
e Vore o5 ¥I) i Sl 5 (p)5 0) 5955758
25 (b ey [l 3 Joow | (oo Ve a) ¥ goun 1] jlade
lSs Lid s slap sl plicds 03,65 0,5 £ L (slap ol
2 lig Gl oyl plgieds 09 Blo bl o3 &5 (slop sl g
sobate opl sl (Revell and Mrode, 1994) wi b 4 LS,

Lols plicssea s p paeal 5 525 (333
o ey )3 Ca o (S 0Xig) ey S 20 JS S 25
2o )3 S 29 (g (dad (e s ) Cs p qualilns yrne 5
058 g (8ys S5 dap el S > (g lasdlesiie
S8 sy Sm &y jame gl LT s b (oiile IS >
Ndleys g Ve SlesS,5 L (Labomed LX400) el
Vo yekile i 5 byl (Video test-sperm 3.2, USA)
o3 JoY o g aisu) oY (g9 1) 008 38 (st ges Sl 59 e
3 oolat sl b p sl olis (glavasewl B g us ool 13 T (<o,



VPV Ll ¥ o)lols A0 als ol ] (010 pole sleidrgfy 4y yid Y\5

o 5 Woig o3l o g I o e olys polie
9 (For oo l) YUl oliw 5 b o isled ads 54 ¥/V 4 ¥/0

A plsl g (S pale ol Gladsd S e oSiulejl 4o

Syl Jalosi g 4 505
S5 o JS S s ol inlesl opl 5l osel a3 4 (slaodls
Ol bgye slaodls g slié (So)liSy Slookij kg
0956 515 Cellad (MDA) la by Jbgors 2801 (25 ollo
49y b g5 o S1 T Cd b 5 Sligamsd ST yyg lapuslyy
i) 3,90 (Bl Ml )b LB 53 5 SAS Jljéle 5 GLM
plogl 5S35 9051 L lbog,S cysSilie lalis () doleo) 5 )3
<elo0) 2o pd O o 3 ad Sl e (1wSbo O ygody gols 5 o
25 )55 (P
Yij = p+ Titej (V) doles
2 el Gged dlunly cdo 3 Slas lade Y cdlsleo (pl )5 &S
wlle B gl g jlow 51T Glog JS pSleo i epll Hlo

03 p o | Sloosj g JS S o5 4y gy (glaodly T aoes

Cod b ug s paaw | Sloodss e b 0 odaliin V S5 4o
S g i g (PSe [40) €85 )15 adslol (slalas 5T
o,\“Susb)s Lgba L)"9)> LY 109))@ w;)Jd.; u.)l.a ol ) )‘..\.E.A
09)5 9 B (melitg JooSo (sl (2ls oppx 5 (iliels
Gup b ol ol w81 55 sloul g (5liel ;55 sl 4
b dsllo )3 oy | (Sloodij (e (238 (2l s (y93lialjS>
1 oy 4 B (pelug JaSo (YL lie (13958] 05 sal 09)S
2als 09,5 b duglio ,d 1) o] lise aSh s pyw] Sleodsj oliee
Pyl (Slooss; 1> ialdl ¢ iolos] opl ol Al te oy Lol
P cshen Vor e B ppsling L oj (gjluo oo jl (o9
owen (As] et al., 2018) el od i osalie p,SekS »
oS <oy | looss5 I LE ualiy atingS 1S cins
s (Franchini et al., 2001) s 5o 0 390 1) (wo> oo
)I')Lf‘” umblg Cu—w cug)Lucl)f.) DJ«.\swb)J 09; d@.)go ul_aw)
OOk () JSKB) 48 s 09,5 b dusliie )3 p iyl JS S 25 5
&S yg5liel 5 aaiiS Bl )3 09,5 0yl 505 09)5 93 b (6l bixe
095 b dwlio ;0 g oa s (g5l JoSW E polig b Lm"j 0>

ool Jgoa 525 S0 Vo b1y 0058, p ol yidg S 1+
Py ok £ g o e L Lglmp).._.wl Mg 9 o.))f 19917:.0
5 )y dy50 X¥e  _wie L (Olympus, Japan ) ceS g Soo

2,5 )3 b))

popl Sloouly s

0239555 =088 515 ) s g oy Sloos Cnids g
Vo blyoad3d) (e yigSue Ve glaie cul (sl (oy
Vo) 0239558 S5, dp S VY il S5 sl SO g S
bgloco jlaiie o 2 e Voo 3 ()5 VIR) mads Sy 9 (p)5
P | Ve ol (Sloos 9 08 anes oY 59y 32 (o pnS 9 03)5
bS5 b (Olympus, Japan ) ;g oSy Sue deugas
S b I Hgba o plap sl 5 S () 3)90 xF
S lapyl g 03y |y 009 485 395 @ iy 4 blo jo B )
Evans and ) ws «3,3 a5 )3 0155 (slap pul cling 48,55 K,
(Maxwell, 1987

popeal (sl ST Cuaid g (s 580 31
sl e w3l o dle clale oy Soslul oy
S b o138 e J sl b S e e (el S,
99 b Iiged o 5 005 bglie o5 -4 o 205 2 Lo
dus O 4y g oA Fouiy yile ABBD gy Cidedy ABBd 4D Hgd YO+
Caglag 3 NI 53 0 oaore g 9w Sl 3L L L
S22 Lop sl 0kilo Bl g g 00 4150 593 (29) Jgla
5 ol ke Sl sl A U ogiss o ke
Floden o5 bl 1y digei o 3 s Sen VO e sl
1B Sl Sy 50)bg g oy Vo S5y I8 (g5l Jglxe
oS il a0 (glod p> 4dBd Fr dedy g 0l bglee Moy
L 4d85 10 Odody (a3 g | dey Brdiged Lo w5 03 oyl >
8 ole wda dae (bl )0 .05 Seus ol ABBD D yg3 Veoo
JENWAY-) jrogidg Sl ol bowgi oYU Joloe 1541
cdale 5 oa 5 ok lgd cyogl DAS zge Job yd (waSS! 6405

(Perisetal., 2007b) s e w5l (o> oygllo
2 Bgoumd douST 00 5 Sl B IS b o clo sl
(0l =glnl) Olgi b €8 b )l GlaceS g p iyl
O Olyess Colps b plol oijle <800 Joullygind 3l
Cad )b gl a o d VIV 5 OV i a6 ,So03li) o g S50
Ui sy o d VIV g Mo g Sl St sl S

b g5 STy 95Ul Clld o g1 UgemnddpnST g
5 &b pl>il (Zellbio GmBH, Germany) g Jj (sl cuS



Y\vV

e 036 o sl ConinS yy 2138 002 E cyanling JoSo il ) Sen 5 Sioi

08kaliS (P<e [e0) was o GialS |y S sla ua?‘_A»
D9 oo i STl piiSly saaigS Wi (il caw Yoo
@lo iyl Gial 5w T Joigle Gl mlis o g pba
(¥ Jgi2) sl SS90 0989 5 Bgoied ST pyo—
Sl oo pol ol g Cenl 92 90 cpl M (o0 ol Ll dawlges
b ol a5 a3l S slaasld 31 5 ol L 8l S
OUid (pedtee (Cawl oy )3 jUsounsd deanSpgm LSL“’W-.’.}j oals
Reactive oxygen ) ;5—wS] Jkd slaai S sYL slg ool
o3l Lyial8l 1y o3 Cuwl (slay Jolw sliws el (Se (SPECiES
AL ad 1>y | (S glapadls g9y p e OISl g0 L
.(Rover Junior et al., 2001)

¥dse 0 alowdl sl (Kol 4 byype slaoosly zlis
Sl ialS cuuw (yg5kiel 55 5555wl oad odly LS
oLzl .l 0ad ;553 05,5 93 b dunlde 10 pypwl Loy slie
[ESva— O9)'l3.nl)’§.) b O Coxd LSLQ’(_)”9)> 0> 3 E J.OL.JS )l
DMDUL&A&J FUERW P)“*" u.sl.o.w)’t d‘l.w..c u.<>)L.§) Cow o Laos
ObSings plo i b 38lge &5 3L o B (ppeling (able s
lzd ) clablos da ey E cyualing cilod,S o 48 4 il o
G2,k I (Peris et al., 2007a; Zhang et al., 2001) Jsko
SloaisS (3Il s 4 g e GgmwlipnSTy 0205 STy alad
21 w58 sl 5T S lgieds 3] g iS]g
(Niki, 2014) col

a
b
80
c
60
40
20
0

Control Control +dexa  Confrol +Dexa + VE

) pyed J5 5 0
Sperm total motility (%)

wtileil slonless

{A) Experimental treatment

() e s
Sperm viability (%)

(B)

Al pdi 0Xg) e S5 Gl (g3l 5 oans el
093l Goy o5 oy s ol talesl b Gillas (Y Jga2)
S5 S Gl o (G 0j9 PSS 2 25 ke e ey
omeling 0958 L(Eid et al., 2006) wi sals 09,5 b duslis
e (O3 oS8l ) 5 o (slaggss STyt 4 E
1555 oauScdl yd g ol (glaog S L awslio o JS' S o0 daupe
P S dee Yoo jladeas E polisg 5l eslaz ol (P<e/-0) 05
OB Co8 &S (g y—an (e lapwg B o )3 STt o5 elS
€518 G Gig PSS p e ke e BF b gsli—uS]
2lo g 28ld 09,5 L duslie )3 1995l ol )25 9000 o didgs
o pol Liolejl s alie o5 (Eid et al., 2006) wi loog,S
PE polig 09580 a8 ol Lo (glaslllas > puizmed il
ASl) 85 sg58le s | S 5 Galidl o w93 238 0y
— S 39S 5 o 93 sl (3938l (yizman (EL @I, 2018
g3l s | S8 9080 o 98 s | 008 3) 0 B (osoling
Ao ylasl 3y90 )3 3] addllae 4> (Benhenia et al., 2018) .5
S il b i ol ST 5] By aae a8 aisbly > lasise
(Eskenazi et al., 2005) cus! olyor )] yiiin Sy50 gy
Sl o gy o8l & Jlasl LE ey 45 ol 00 sliiy
Marin-) 3.8 Lais 1, ol (slo Job S 55 5 (SS5lhss0
(Guzman et al., 2000
S Slmogad nE el JoSo g glaus] (i 1
oy s guls cCal odd 00y LS Y Jgdo 10 by gy 035 p el
sl ol a8t (a5 bl Jole plgisas (ygjlialiss 3255 &5

90

a
85
80 b
75 b
Hm
65

Control Control + dexa Control + Dexa + VE

cotdlef] sl lans
Experimental treatment

OIS b 3ln] ol €05 2355 Lo (slaipug s (B) o oyl (Sleoss 5 (A) JS' S5 2 E uabing Joo 0958 =) S5
Figure 1- Effects of vitamin E supplementation on the total motility (A) and viability (B) of fresh sperm in broiler breeder roosters
under oxidative stress with dexamethasone
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Table 2- Effects of vitamin E supplementation on the motility parameters of broiler breeder rooster sperm under oxidative stress
with dexamethasone
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s PR i it
Parameters! 2aLs Osokial Ko b aals UJJLf“US_" LE L_’*-“L‘”

Control Control with Vitamin E with SEM P value

dexamethasone
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! Different letters in the same row show statistically differences (P < 0.05).
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2 Pm (Progressive Motility), VAP (Average Path Velocity), VSL (Straight Line Velocity), VCL (Curvi Linear Velocity), LIN
(Linearity), STR (Straightness), ALH (Lateral Head Displacement), BCF (Beat Cross Frequency).
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Table 3- Effects of vitamin E supplementation on plasma membrane integrity and fresh sperm count survival under oxidative
stress with dexamethasone
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! Different letters in the same row show statistically differences (P<0.05).
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Figure 2- Effects of vitamin E supplementation on MDA (a) and TAC (B) of rooster sperm under oxidative stress with

dexamethasone
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Figure 3- Effects of vitamin E supplementation on GPx (A) and SOD (B) enzymes of rooster sperm under oxidative stress with
dexamethasone
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Introduction.: In order to maximize poultry production, it is important to have knowledge of the bird's
requirements. This can help to increase their production capacity. Since feed is a major expense in poultry
production, it is crucial to consider the main components of the feed. Energy and protein are vital nutrients for
poultry. Energy is necessary for body function, while protein is an essential constituent of all tissues in the bird's
body. Proteins have a significant impact on the growth performance of birds, and they are also the most expensive
nutrient in broiler diets. A lot of research has been done to better utilize feed by the animal and reduce feeding
costs. This is important because diets that contain excessive amounts of certain nutrients can lead to nutrient loss
and increased breeding costs. The Khazak hen is a native hen of the Sistan region and is known for its small body
size. Achieving better growth performance in this bird requires determining the optimal levels of energy and
dietary protein in different phases of production. Since there is no information about the optimal level of energy
and protein in the growth period for Khazak chickens, so this study was conducted to determine the effect of
different levels of energy and protein on growth performance of Khazak native chickens and select the best
combination of energy and protein levels at 7 to 91 days of age.

Materials and Methods: The research was performed on Khazak chickens in the Research Center of Domestic
Animals (RCDA) in the University of Zabol, Zabol, Iran. A total of 360 seven- day- old chicks were randomly
allocated to 9 dietary treatments including three levels of energy (2600, 2800 and 3000 kcal / kg) and protein (17,
19 and 21%) as a factorial experiment in a completely randomized design with four replications, and 10 birds in
each replication. The chicks entered the experimental pen in seven days of old and they were examined with
experimental diets for 12 weeks. The birds had ad libitum access to feed and water throughout the experiment.
Eenvironmental conditions in terms of light, temperature and humidity were considered similar for experimental
treatments. Weighing chickens and feed intake were measured weekly. Other parameters including average daily
body weight gain, feed conversion ratio, daily energy and protein intake, energy and protein efficiency ratio were
calculated based on the body weight and feed intake data, in three age ranges (7 to 35, 35 to 63 and 63 to 91 days
of age) and the whole period. The collected data were analyzed using GLM procedure of SAS software version
9.1 and the means were compared with Tukey test at 5% level.

Results and Discussion: The study results indicate that varying energy and protein levels had a significant
impact on weight gain, feed intake (except during the 63-91 day age range), feed conversion ratio, and energy and
protein intake (excluding the 63-91 day age range) during all three periods studied as well as over the entire period
(P < 0.05). Furthermore, the interaction between energy and protein showed a significant effect on all variables
studied across all periods (P < 0.05). However, the impact of energy and protein levels on protein efficiency ratio
(PER) and energy efficiency ratio (EER) was not significant. During the starter period, physical limitations may
cause birds to consume less energy with low-density diets. Thus, when birds consume diets that are low in energy
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and protein during this period, their energy consumption declines due to these physical limitations. The study
results indicate that determining optimal energy and protein levels in the diet is crucial for maximizing the
performance of native chickens. To balance poultry performance and economic production, an applied feeding
program that compromises between the animal's nutritional requirements and management needs is necessary.
Consequently, one approach to achieving this balance is by developing a diet formulation that can regulate a
specific ratio of protein to renewable energy.

Conclusion: Although, the many performance variables were not significant between energy levels of 3000
with 2800 kcal/kg and protein levels of 21 with 19%, but the negative effect on performance was observed by
reducing energy level to 2600 kcal/kg and protein level to 17 %. So level of 2800 kcal/kg and 19% for energy and
protein suggested for these ages of chickens.

Keywords: Daily weight gain, Khazak chick, Protein efficiency ratio, Feed conversion ratio.
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Table 1- Composition (%) and nutrients of experimental diets

. "o
o "5]}?1 Die{;Z

Ingredient 1 7 3 7] 5 5 7 8 9
o 5702 5536 5281 6687 6431 6182 7379 67.66 6144

(P 95 2253 ¥F) Liges alles
Soybean meal (44% CP)

PS5 (g 1946 1694 1429 887 635 343 - - ;
Wheat bran

um b (63 1.64 1.62 1.60 1.75 1.73 1.72 1.84 1.80 1.76
Dicalcium phosphate

C ooy 1.47 1.45 1.43 1.43 1.41 1.39 1.40 1.38 1.37
Calcium CO3

ke SlySee 0.54 0.32 017 041 019 017 030 018 017
Sodium bicarbonate

Ko

NaCl

e JoSu 0.25 025 025 025 025 025 025 025 025
Mineral premix!

ey JoSe 0.25 025 025 025 025 025 025 025 025
Vitamin premix?

Ogete 7“]‘_ <> 0.11 0.06 0.05 0.10 0.06 0.03 0.10 0.05 0.03
DL-methionine

U5 _ _ - - - - 57 1. 2.
il 0.5 59 63

18.07 23.45 28.87 19.76 25.15 30.64 21.29 26.54 31.80

0.29 0.29 0.29 0.30 0.30 0.30 0.21 0.30 0.30

01d dnle plerd LS 5
Calculated chemical composition

(P ST 5 YOGS ) udplie JB 555 2600 2600 2600 2800 2800 2800 3000 3000 3000
Metabolizable energy (kcal/kg)

(22) 1 0892 17.00 19.00 2100 1700 19.00 2100 17.00 19.00  21.00
Crude protein (%)

(22) 0254 0.78 0.91 1.05 0.79 0.92 1.06 0.79 0.93 1.07
Lysine (%)

(22,9) oeigeie 0.33 0.35 0.36 0.33 0.35 0.35 0.33 0.35 0.35
Methionine (%) ' ' ' ' ' ' ' ' '
(03] Optus + (eipcie 0.62 0.63 066  0.62 063 066 062 063 065
Methionine + cysteine (%)

(03] el 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Calcium (%)

(1023) (o3 8 i 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50

Available phosphorus (%)

gYA=)F (M5 YA ) 0 (1Y 5 VA=) F oY) 5 Y5+ o) ¥ L1085 Y5+ ) Y IV 5 Y5 0) \ jloss 5 booyex (4o ) pls g 5 (55T s IS oLS) o lio 1B (550 ol
DYV g¥eee) Qg (M g¥ere) AWV g ¥eee) Y (VY
IV il S en 1Yt S e VA S e 5 un A f50] )5 e B+ £(55 25 e DO FD 5ia )5 ie B 13905 (a0 pS5hS 2 3 1) 3)lge nl (e JaSa
Ohlse pS ke VP 5 IS 2 S e
Mg B2 cpelisg B poling Molope 5l YV ¢ g S alg8 Mol soly YV oo A uoling  Modliys 3y M0+ + 23905 (ali 03 p,55hS y 53 3yl50 ol atsolig Joo ™
VS Sotpm )5 oo VSl S e ¥ S | S 25 i <A £ig03lin S i VB (G5 e IS 25 i YD 8000l 55 985 £ s ¥ /¥ MY gD 05
0855 (S 51 £33 (e WV 5 LIS (358 )5 (e OF+ fiyom ) e
*The levels of metabolizable energy (kcal/kg) and crude protein (%) of diets were in treatment 1 (2600 and 17), 2 (2600 and 19), 3
(2600 and 21), 4 (2800 and 17), 5 (2800 and 19), 6 (2800 and 21), 7 (3000 and 17), 8 (3000 and 19) and 9 (3000 and 21).
1 Mineral premix provided per kilogram of diet: 65 mg Mn; 50 mg Fe; 8 mg Cu; 1.8 mg I; 0.30 mg Se; 0.20 mg Co; and 0.16 mg
Mo.
2 Vitamin premix provided per kilogram of diet: 11,500 IU vitamin A; 2,100 IU cholecalciferol; 22 IU vitamin E; 0.60 mg vitamin
B12; 4.4 mg riboflavin; 40 mg nicotinamide; 35 mg calcium pantothenate; 1.50 mg menadione; 0.80 mg folic acid; 3 mg thiamine;
10 mg pyridoxine; 1 mg biotin; 560 mg choline chloride; and 125 mg ethoxyquin.
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Introduction: Feed additives are commonly used in poultry feed to enhance performance, promote health, and
increase nutrient efficiency. The use of antibiotics as growth promoters in poultry feed has been prevalent for
years. However, due to concerns regarding the accumulation of antibiotic residues in poultry products and the
development of antibiotic-resistant bacterial strains, antibiotics are no longer considered desirable additives in
poultry feed. As a non-therapeutic alternative to antibiotics, probiotics have been introduced as suitable candidates
to promote growth. Probiotics have beneficial effects on poultry digestive enzymes, improve intestinal absorption,
and neutralize toxins produced by harmful microorganisms, ultimately improving the immune system and
economic performance. Among the most popular probiotic bacteria are Lactobacilli, as they are generally classified
as safe bacteria.

Materials and methods Lactobacillus reuteri (L. reuteri ABRIG25 (MF686485)) and salivarius (L. salivarius
NABRIIS9 (MH595987) isolated from the digestive tract of Guilan’s native chicks and Mazandaran’s duck
respectively, were prepared up to 1.36x10° CFU using MRS medium at 37 ° C, under anaerobic conditions. 300
one-day-old male Arbor-Acres chicks were distributed in a completely randomized design, with 5 treatments, 4
replications (15 chicks per replicate). Experimental treatments were: 1- Basic diet as control group (Cont), 2- Basic
diet + 100 g / ton Avilamycin as antibiotic group (Anti), 3- Basic diet + 200 g / ton commercial probiotic (Lacto-
feed®) (Plac), 4- Basic diet + 1 g / Kg of L. salivarius NABRII59 (MH595987) bacterial powder (Pls1), and 5-
basic diet + 1 g / kg of L. reuteri ABRIG25 (MF686485) bacterial powder (PIrl). Daily feed intake, weight gain,
and feed conversion ratio of broilers were determined and recorded in starter, grower, and finisher periods. On
day 42, two chicks were slaughtered from each replicate and the weight of internal organs and carcass cuts were
recorded as a percentage of carcass weight. Chicken antibody reaction were determined using SRBS suspension.
On days 22 and 35 of the rearing period, two chicks were randomly selected from each cage and 0.1 cc of SRBC
solution was injected into to the wing’s vein, intravenously. Humoral immunity test was applied on days 29 and
42, using 1 cc of blood taken from the wing vein of chickens. The hemagglutination reaction was recorded based
on the last two dilutions as SRBC’s antibody using the logarithm and the antibody titer against Newcastle was
determined by hem agglutination inhibition (HI) test. On day 42, blood samples were taken randomly from 2 birds
per replication to evaluate blood-serum parameters including glucose, cholesterol, triglyceride, HDL, LDL and
VLDL. All data were analyzed using SAS software v.9.1 (2012) in GLM procedure using a completely randomized
design, and comparison of statistical means was performed, using Duncan's method at the level of 0.05.
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Results and Discussion: The present study investigated the effect of native probiotic isolates (PIrl, Plsl)
compared to commercial probiotics (Plac) and antibiotics (Anti) on the growth performance of chickens. The
results showed no significant differences in daily feed intake, weight gain, and feed conversion ratio between
experimental treatments. However, two native probiotic isolates (PIrl, PIs1), the commercial probiotic (Plac), and
the antibiotic (Anti) resulted in a significant reduction (P <0.05) in proventriculus weight, while there were no
significant differences in the relative weight of other organs. Both the commercial probiotic (Plac) and the native
Lactobacillus isolates (PIrl and Pls1) significantly improved total immunoglobulin and immunoglobulin G (I1gG)
levels after both the first and second injections (P <0.05). Lactobacillus salivarius (PIsl) isolate also significantly
improved immunoglobulin M (IgM) levels after the second injection. However, there were no significant
differences between treatments and the control group in terms of antibody titer against Newcastle disease vaccine,
blood glucose, cholesteral, triglyceride, VLDL, and LDL levels. Probiotics can affect gut microbiota by competing
for nutrients and attachment sites on the intestinal epithelial cells. Additionally, they may improve blood
parameters and stimulate immune system cells to produce cytokines, which play an important role in inducing and
regulating immune responses in poultry. Probiotics support lactic acid-producing bacteria and stabilize the gut
microflora, which has beneficial effects on feed conversion ratio by stimulating the production of digestive
enzymes. Furthermore, probiotics may reduce cholesterol synthesis by fermenting indigestible carbohydrates,
leading to the production of short-chain fatty acids and ultimately lowering cholesterol levels in the host bird.
Discrepancies in results reported by different researchers may partly be due to differences in chick’s age and breed,
level of stress, diet composition, consumption period and duration, type of commercial probiotics, dose or amount
of probiotic intake, management skills, and environmental conditions in different experiments.

Conclusion: The general conclusion is that the probiotic isolates used in this study are competitive with the
commercial type of probiotics as well as the antibiotic used and are promising as probiotic candidate with
beneficial effects on broiler’s performance, blood biochemical parameters and immune system

Keywords: Avilamycin , Lacto-feed probiotic, Lactobacillus reuteri, Lactobacillus salivarius, Guilan’ native
chick
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f(a)f Y/ ‘(fw)f » ‘;U.a.”u,.o A>|5 [a~~) E u:.AL:g fp)f\“ ‘(Z ‘\‘\) Bs u:"“l*"ﬁ f{:)f AN ((X A')BQ u,:plug ff)f . I¥ (((:)f » k;l“'”u"" .\>‘5 Devves ) Ds u,wl.u5 f{a)f DAY
3 1o ‘(Z Y) H2 uwl.ug f‘p)f -I¥ ‘(Z 50) K3 qu)g
3508 e /YO o Sl ) o 5 WV (LYY (5 3 S1) (555 5 YO (/Yo o8l Sl ) o8] 5,5 V5 (L PY 5500 e 1) 5550 (55l (Shdno Joo S5k 5o
.{:)f 93 ((X \) (:y.al.w ff)f AYd ‘(Z Y ol W.lf)
! Each kilogram of vitamin premix contains: vitamin A (500000 1U/g), 1.8 g; vitamin B1 (98.8 %), 0.18 g; vitamin Bs (98.5 %),
0.3 g; vitamin B12 (1 %), 0.15 g; vitamin D3 (500000 1U/g), 0.4 g; vitamin Bg (80 %), 0.125 g; vitamin B5 (99 %), 3 g; vitamin
E (500 1U/g), 3.6 g; vitamin K3 (50 %), 0.4 g; vitamin Hz (2 %), 0.5 g.
2 Each kilogram of mineral premix contains: Mn (manganese oxide 62 %), 16 g; Fe (iron sulfate 20 %), 25 g; Zn (zinc oxide 77
%), 11 g; Cu (copper sulfate 25 %), 4 g; | (calcium iodate 62 %), 0.16 g; Se (selenium 1 %), 2 g.
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Table 2- Consumption effects of native lactic acid bacteria, growth-promoter antibiotics and commercial probiotics on production
traits in broilers (gram/bird/day)

sinle] glo e
Mg Claw Experimental diets
Production traits aals SSgnsl  Sdgmep  owesledls (g,
Cont! Antit Plact Plsi? Plrs! P-value SEM
3 S Uefexnles) vis AP 1760 1686 1803 1836  17.23 0.88 1.13
B <  Weight gain (g/bird/day)
DR (e feneS) Shgs Gy
3 Wy o g 23.22 23.14 23.47 24.14 23.53 0.94 0.92
— = Feed intake (g/bird/day)
(S - B (VS PV FE
s S it 1.33 1.38 1.30 131 1.37 053 0.03
n Feed conversion ratio
R~ Usifoxxle5) Gis 213 5720 5833 5932 6448  56.96 0.51 3.27
3 Weight gain (g/bird/day)
— . . P . .
- (9o x/p)5) Shgs Spae 7572 81.00 81.01 86.64  79.28 0.15 2.66
& = ©  Feed intake (g/bird/day)
~ © . 5y
50 Sh dnd e 1.34 1.39 1.37 1.34 1.39 0.73 0.03
= Feed conversion ratio
3 g Unlenles) i 9576 10614 10555 10319  106.76  0.19 3.05
o &  Weight gain (g/bird/day)
j b @1 A e R
RN s/ Af’f'/*’ ) “{'”? Sra 200.36  193.91 192.56 19550  205.98 0.43 5.46
T — £ = Feed intake (g/bird/day)
3 —
| c 2 5o
r £ Shhdens 2.04 1.83 1.82 1.89 1.93 0.08 0.05
Feed conversion ratio
2’ g Doledled)oh I8 6126 6651 6651 6762 6438  0.39 2.20
g Weight gain (g/bird/day)
%= ool z o
S5 L Upluddes) by S 11270 11096 10975 11375 11080  0.89 3.14
S oS Feed intake (g/bird/day)
> O . . .
~E  Sedwews 178 167 165 168 172 0.08 0.03
= Feed conversion ratio
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ABRIG25 (MF686485) s, usleolssyY 35U 1301 51 2,55k 13 2,5 o b olyod a3l 0y 0438'G o 09,3 :PIr (MH595987)

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

1 Cont: Control group which consumes basic diets only; Anti: Consumer group of basic diet containing 100 grams per ton of
avilamycin antibiotic; Plac: Consumer group of basic diet containing commercial probiotic (Lacto-feed) according to the
manufacturer’s consumption recommendations; Plsi: Consumer group of basic diet containing 1 g/kg Lactobacillus salivarius
bacterial powder NABRII59 (MH595987); Plr1: Consumer group of basic diet containing 1 g/kg Lactobacillus reuteri bacterial
powder ABRIG25 (MF686485)
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Table 3- Consumption effects of native lactic acid bacteria, growth-promoter antibiotics and commercial

probiotics on the percentage of relative weight of internal organs (organ weight/live weight x100) and carcass
components (carcass component weight/carcass weight x100) in broilers

L;wlp)] dhzo)%
4y gl Experimental diets
Carcass components Jals Sosmtl  Sdamen wesulsdle )
Cont! Antit Plac! Pls;! Plri! P-value SEM

J“’_f 2.39 2.40 2.56 2.21 2.32 0.32 0.11
Liver
QS 1.48 1.45 1.42 1.36 1.45 0.67 0.058
Gizzard
Sdseotey . 0.402 0.32° 0.32°P 0.34° 0.33P 0.030 0.018
Proventriculus
Job 0.11 0.10 0.12 0.13 0.11 0.13 0.008
Spleen
oSt 0.24 0.22 0.23 0.23 0.22 0.71 0.01
Pancreas
- 0.49 0.42 0.45 0.44 0.46 0.13 0.019
Heart
o 0.059 0.050 0.060 0.060 0.070 0.046 0.005
Bursa
e 0.38 0.33 0.27 0.34 0.41 0.07 0.032
Thymus

5y
o 62.35 63.23 63.76 64.46 64.45 0.32 0.80
Carcass
d"_ 30.37 29.85 30.40 30.31 30.45 0.71 0.41
Thigh
Ao

i 38.37 38.82 38.10 39.06 39.42 0.53 0.65
Breast
“JL'_ 8.37 8.16 8.22 8.57 8.35 0.88 0.15
Wing
If): 1.26 1.46 1.31 1.34 1.56 0.61 0.15

a
ol & 4 1.26 1.30 1.25 1.28 1.29 0.98 0.046

Breast:thigh

(P<0.05) sislgo jlosine ST (shls S jtio o By L sy (sl Sl
05,5 1PIAC ¢ peslodMysl Sgm il o5 3 )5 Voo bolyad dyly 0y 0056, 09,5 TAN tly 0, Lilh 05065 ne 18 Ly L 09,5 :CoONL
$5SL 15 31 pSAS 53 5 o Lol ol 0y 04U 095 PIST 10015 dog Billas 358N (o5 Sigmg g b olyed ly oy 01118 pe
osllisiSY S g il pSekS 53 )5 Ko b olyen by oy 0SBy as 09,5 PIr NABRIIS9 (MH595987) s lalw yuslwlsisy
ABRIG25 (MF686485) ...,
Means within same row with different superscripts differ (P<0.05).

! Cont: Control group which consumes basic diets only; Anti: Consumer group of basic diet containing 100 grams
per ton of avilamycin antibiotic; Plac: Consumer group of basic diet containing commercial probiotic (Lacto-feed)
according to the manufacturer’s consumption recommendations; Plsi: Consumer group of basic diet containing 1
g/kg Lactobacillus salivarius bacterial powder NABRII59 (MH595987); Plri: Consumer group of basic diet

containing 1 g/kg Lactobacillus reuteri bacterial powder ABRIG25 (MF686485)
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wba dPIs1) g ol poplaolss alir slajless > (HDL)
s 5 5Y 55 Spmans 3 (PIN) iy s s
SaSgn 5l Hlews > HDL cdale a5 oan Lo (g)ls dne

g cdl als gy xe yobds Anld 09,5 a4 Comn s Sy sl Mg/

s llw gl wwlgSY sailia Jlos )3 HDL jlude oy 5 s
(LDL) o JSo b (slaiyutis pond calé 1 oaaloie (Plsy)
Sglas dals 09,5 4 Cu i —doloj] oo )losd > g p

Ry uL.M) ) d)bu*""’

alllas oyl 5 00 03l (PIS1) oy ol o olosisyY
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GuF 4 Cu—ud (92 Gl GRIPl 4 e (SSengn e
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)] el 029500 25 3lge plo b a2 751 Mg L g 03900
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5 e 6yt JolS5 ol el Slels dbasgn s T3l
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—oge Sl dagyg 8l g (eges slagpdl (RIEI Gisk
sl culled il 50 g 03y olasd il blxs pola w yd
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Table 4- Consumption effects of native lactic acid bacteria, growth-promoter antibiotics and commercial probiotics on broiler
serum immunoglobulins after two stages of SRBC injection (sheep red blood cells)

lojl (sl

9085 ion) Experimental diets
Immunoglobulin s Sl Ssngp osledle EX9y

Cont! Antil Plact Pls;? Plr? P-value SEM
(IU/ml) Mg lssia 1.25¢@ 2122 1.872 0.002 2 1.622 0.19 0.27
IgM (1U/ml)
(IU/ml) G ossgls s 4.25b 4120 6.122 6.872 6.122 0.0001 0.35
1gG (1U/ml)
Ell't)thTl()ldjml) 5.50° 6.25b 8.00 8.871 7.752 0.0001 0.38
(1U/m) M ol | 1.75° 2.25b 2.00° 3.12¢3 2.00° 0.008 0.26
IgM (1U/ml)
(1U/m) G o5t i 487" 4750 6.252 6.002 6.37 2 0.002 0.34
1gG (1U/ml)
(10/ml) Js 6.62° 7.00°P 8.252 9.12@ 8.372 0.0001 0.35

Total (1U/ml)

(P<0.05) szl s jls sime M5 (glyls S jiio o By b idy o sloySibie
olyen 4l 053 oS pan 09,5 (PIAC £ Mgl Kgn 5T (57 3 £ Voo L olyan il 0yn S pn 09,5 TANLT )l 6y Laih oS pune 58 b aals 09,5 :CoONt
NABRIISY s ol sl olsiSY s 3S\ 1300 5l o5 5hS 33 p,5 Ko bolyods ayly oy 00038 By ia0 09,3 (PIS1 00 0gs e o9y 3illae 1398y ()b Sgmgn b

ABRIG25 (MF686485) (s, posluwlisisY 555k y3g 5l p 5ok 13 £33 o bolyods b 0> 015Gy 09,5 :PIr { MH595987)
Means within same row with different superscripts differ (P<0.05).
1 Cont: Control group which consumes basic diets only; Anti: Consumer group of basic diet containing 100 grams per ton of
avilamycin antibiotic; Plac: Consumer group of basic diet containing commercial probiotic (Lacto-feed) according to the
manufacturer’s consumption recommendations; Plsi: Consumer group of basic diet containing 1 g/kg Lactobacillus salivarius
bacterial powder NABRII59 (MH595987); Plr1: Consumer group of basic diet containing 1 g/kg Lactobacillus reuteri bacterial
powder ABRIG25 (MF686485)
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Table 5- Consumption effects of native lactic acid bacteria, growth-promoter antibiotics and commercial probiotics on antibody
titer against Newcastle disease at day 22 and 35

ool sloys

(09> yd dee yd 93b) b Jle Experimental diets
Antibody titer (antibody/ml aals Sgm sl SSgmg oreledle N33

blood) Cont? Antit Plact Pl Plr,! P-value SEM
Y¥585 3 JeolS'ss 52k ke

ND1 (at day 22) 4.25 4.25 4.50 5.00 4.00 0.45 0.39
Y055y > Julas ook s

ND2 (at day 35) 412 4.12 4.75 5.12 4.50 0.61 0.52

(P<0.05) suil go o sine SYS] (£ S jio ot gy b sy o (Sl
oy 4l 0y oS pan 09,5 (PIAC £ oMl Kign 5T (57 53 £y Voo b olyan il 0pn 05 Cb pnn 09,5 TANT )l 0 Laih 00T pune 48 b aals 05,5 :CoONL
NABRIISY g ol sl obaiSY 3S\ 1300 5l o5 shS 13 p,5 Ko b olyods auly oy 00iiS' 8y 09,5 (PIS1 o0 ags a4 o9 3illae 4395y (5 )bos Sgmgn b

ABRIG25 (MF686485) 5, uslewlssyY 35U 1301 5l p,5shS 13 £, o bolyod a3l 0y 04380y 09,3 :PIr (MH595987)
Means within same row with different superscripts differ (P<0.05).
1 Cont: Control group which consumes basic diets only; Anti: Consumer group of basic diet containing 100 grams per ton of
avilamycin antibiotic; Plac: Consumer group of basic diet containing commercial probiotic (Lacto-feed) according to the
manufacturer’s consumption recommendations; Plsi: Consumer group of basic diet containing 1 g/kg Lactobacillus salivarius
bacterial powder NABRII59 (MH595987); Plr1: Consumer group of basic diet containing 1 g/kg Lactobacillus reuteri bacterial
powder ABRIG25 (MF686485)
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9 omale Buio OLB)lS Al e JoyinlS (il oy
98 &S el )] Sk, (Taherpour et al., 2009) ., Kon
5 Jop—lS cble (555 laange opr > Signgn
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Table 6- Consumption effects of native lactic acid bacteria, growth-promoter antibiotics and commercial
probiotics on blood parameters in broiler

bl olao

i clndoe] 2 ) (S0 >
‘{? “5/ c‘/w’s Experimental diets
grkjb P)rs“riﬁ‘t) ; wld Samanl Sdsmgn el @y

00d parameters Cont! Antit Plact Pls;? Plrt P-value SEM
B 126.06 144.2 146.6 107.0 129.5 0.19 12.67
Glucose (mg/dl)
Joyls 157.86 133.30 141.88 145.64 144.94 0.30 8.07
Cholesterol (mg/dl)
"\)’W*Lsdﬁ 58.43 58.77 57.85 57.29 60.74 0.81 212
Triglyceride (mg/dl)
w5 bt S b (o500 11.68 11.75 11.57 11.45 12.15 0.81 0.42
VLDL (mg/dl)
3k S b oigneed 72.842 52.87° 5907 69.52 2 57.93 % 0.058 5.12
HDL (mg/dl)
o 52 b g 7321 68.67 71.23 62.50 72.65 0.94 9.17
LDL (mg/dl)
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Means within same row with different superscripts differ (P<0.05).

! Cont: Control group which consumes basic diets only; Anti: Consumer group of basic diet containing 100 grams
per ton of avilamycin antibiotic; Plac: Consumer group of basic diet containing commercial probiotic (Lacto-feed)
according to the manufacturer’s consumption recommendations; Plsi: Consumer group of basic diet containing 1
g/kg Lactobacillus salivarius bacterial powder NABRII59 (MH595987); Plri: Consumer group of basic diet
containing 1 g/kg Lactobacillus reuteri bacterial powder ABRIG25 (MF686485)
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Introduction: Sunflower meal is considered as an attractive alternative to soybean meal due to its adaptation
to dry and temperate climates as well as its lower anti-nutrient content than other oilseeds. Sunflower meal has a
limiter that restricts its use in broiler diets. The fiber in sunflower meal has limited its use in the diet of broilers
due to reduced metabolic energy as well as production. Fermentation, which uses beneficial microorganisms, can
reduce the chemical composition of the feed and increase the yield of broilers by producing enzymes and using
fiber as a feed source. In this study, in order to investigate the effect of fermentation on sunflower meal, growth

yield, microbial population composition, blood parameters in broiler chickens were performed.
Materials and methods: The research was conducted at the research farm of Sari University of Agricultural

Sciences and Natural Resources in 2020. In this study, 200 commercial male Ross 308 broilers were used in a
completely randomized design with five treatments, five replications, and eight chickens per replication. The
treatments included: 1) Control diet, 2) Diet containing sunflower meal (negative control), 3) Diet containing
sunflower meal fermented with Aspergillus Oryzae, 4) Diet containing sunflower meal fermented with Penicillium
Funiculosum, and 5) Diet containing sunflower meal fermented with Aspergillus Oryzae and Penicillium
Funiculosum. Sunflower meal was obtained from Behpak Behshahr (Mazandaran) company, ground in the animal
nutrition laboratory of Sari University of Agricultural Sciences and Natural Resources, and sieved to a size of 2
mm. Aspergillus Oryzae (PTCC5010) and Penicillium Funiculosum (PTCC5301) were purchased as lyophilized
vials from the Fungus and Bacteria Collection Center of the Iranian Research Organization for Science and
Technology (IROST). During the fermentation process, 1.1 liters of the mixture of distilled water and primer
culture (containing at least 10° colony forming units per ml) was added to each kilogram of sunflower meal, and
the resulting mixture was thoroughly mixed by hand for 15 minutes. The mixture was fermented in special tanks
(with a one-way valve to remove the produced gases and prevent air from entering) for 7 days at 30 °C, and finally,
the fermented sunflower meal was dried for three days at room temperature. All chickens were kept under the
same breeding conditions during the 39-day period and had free access to feed. Experimental diets were adjusted
to three periods: initial (1-10 days), growth (11-24), and final (25-39) using Table 1 of the Ross 308 Catalog of
Nutritional Requirements for Broilers. The pH of fermented sunflower meal was determined using the Chiang et
al. method. Sunflower meal was sampled before and after fermentation to measure dry matter, ash, crude protein
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by the Kjeldahl method, crude fat by Soxhlet device, and insoluble fibers in acidic detergent and neutral detergent
using a fibrotec device. Total amino acid was measured by the ninhydrin method. Soluble sugar was measured by
the intron method. Total phenol content was measured using the Folin-Siocalcu reagent and spectrophotometry.
Soluble proteins were measured by the Bradford method.

Results and discussion: During the fermentation of sunflower meal, pH, crude fat, soluble protein and soluble

sugar decreased. The amount of crude protein, total amino acid, insoluble fiber in acidic detergent, and insoluble
fiber in neutral detergent increased. In the whole breeding period, body weight gain was improved in treatments
fed with fermented feed. In the treatment of Aspergillus Oryza + Penicillium funiculosum, feed consumption
decreased compared to control, negative control and Penicillium funiculosum treatments. The feed conversion ratio
increased in the negative control treatment at the age of 1-39 days compared to other treatments. In the ileum,
coliform bacteria decreased in negative control treatments, Aspergillus Oryzae, Aspergillus Oryzae + Penicillium
funiculosum compared to the control treatment, but Penicillium funiculosum treatment increased compared to other
treatments. At 39 days of age, the use of fermented and raw feed increased the level of HDL-c in the negative
control and Aspergillus Oryzae + Penicillium funiculosum treatments. The amount of LDL-c increased in the
treatments of Aspergillus Oryzae and Penicillium funiculosum

Conclusion: Based on the results, the use of fermented feed in the feeding of broiler chickens during the entire
breeding period has improved weight gain and feed conversion ratio.

Keywords: Aspergillus Oryzae, Feed conversion ratio, Weight Gain, Penicillium Funiculosum, Total amino
acid
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Table 2- Chemical composition of Sunflower meal and fermented Sunflower meal (%, dry matter basis)

3)lge Slos

It Treatment SEM  P-value
i SFM!  FAQ? FPF3 FAP4

(Mo yd) Siis 00lo

Dry matter (%)

(32)9) P& (3590

Crude protein (%)

(+23) 55l ojlas

Ether extract (%)

(12)3) (sl 0395 5> Jglorall SLJI
ADF! (%)

(103) (255 0kizgd )3 Jglorals S
NDF?2 (%)

S

Ash (%)

(5 1255 955%0) JgloociSon
Soluble protein (ug/g)
(515.555500) Jolomonss

Soluble Sugars! (ug/g)
(P51 5o 9555e) JS aigolsges

Total amino acid (pg/g)
(p5Tp55 9,5we) JS U9

Total phenol (ug/g)

g
pH

93.0 92.4 92.9 92.8 0.151 0.105
27.9 29.32 29.12 29.5*  0.309 0.028
0.9228  0.280> 0.251° 0.226 0.031 <0.0001
271> 29.0®  29.7% 31.22  0.689 0.018
53.8%  54.42 54.82 53.2°  0.296 0.021

6.01 5.98 6.02 6.21 0.121 0.554

2092 86.7¢ 100° 99.0° 1.67  <0.0001
2452 116° 119° 127° 5,59  <0.0001
24.4° 1042 72.9° 1062 1.30  <0.0001

97.0 97.0 90.3 91.7 2.57 0.208

5.762 4.50° 4.56° 450° 0.010 <0.0001
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abc Means within same row with different superscripts differ (P<0.05).

SEM: pooled standard error of mean
L ADF: Acid Detergent Fibre
2 NDF, Neutral Detergent Fibre

SFM?: Sunflower Meal¢ FAO?: Fermented with Aspergillus Oryzae¢ FPF3; Fermented with Penicillium Funiculosum ¢FAP*;

Fermented with Aspergillus Oryzae and Penicillium Funiculosum
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Table 3- Effect of experimental treatments on the weight gain (g/bird), feed intake (g/bird), feed conversion ratio (g feed/g gain)
in broilers
>l ot
It)eﬁr; . Treatment SEM P-value
CSBMI SFMZ FAO® FPF? FAPS

(0353 395 :255) Cr39 Wil

Weight gain (g/days bird)
Sisn Ve I 154b°  146° 168% 164% 167° 0.408 0.004
1-10 days
ST I 498° 435> 508° 513 51.3%  1.40 0.003
11-24 days
S5 VAV 107° 98 105> 109 103 1.73 0.001
25-39 days
i) ) 5768 521 5768 592¢ 57.1% 0.689 0.0001
1-39 days

(o8 2j95ps5) Shhgs Span

Feed intake (g/days bird)
SVt M 199 194 206 200 208 0.604 0.526
1-10 days
Sin I 914 963 946 949 911 167 0.158
11-24 days
ELANEAL 194 188 180 197 176 563 0.065
25-39 days
i )M 102 102 984 104°  96.2°  1.80 0.039
1-39 days

(p5:p)5) Shgs ks cups

Feed conversion ratio (g:g)
Sisd e I 129 133 122 121 124 0033 0.124
1-10 days
Sin T IN 1840 2215 186> 1.85° 1.77° 0.041 0.0001
11-24 days
Sin TR JIVe 1815 1928 171 1.80® 1.70° 0.051 0.048
25-39 days
i) VA 177 1948 170 176° 168> 0.033 0.0002
1-39 days
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parkw i 9 Lipgl poslipen | S5 ) (s 3e35 o, SiSl oS gl oy FAP (o0 Jyisd el i Jogun a8 pelion 2 1B b (6 o35 0,81 Al (gl 0
(pgudsSisd poslias s + iyl gl ypasl) ppunlsSiip

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

SEM: pooled standard error of mean.

CSBM!: Positive control : SFM?: Negative control¢ FAO®: Fermented Aspergillus Oryzae¢ FPF*: Fermented with Penicillium
Funiculosum ¢FAP®: Fermented with Aspergillus Oryzae and Penicillium Funiculosum.
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Table 4- Effects of fermented Sunflower meal on pH and bacteria counts in the Ileum of broilers. (logio cfu/g)

Pl sloss

lleum Treatment SEM  P-value
CSBM! SFM? FAO® FPF* FAP®

pH 6.59 5.88 6.13 6.30 5.73 0.329 0.419

Sl 2 IS s

g . 5.95 6.02 6.60 684 619 0493 0.664
Total anaerobic bacteria (logio cfu/g)

skl 670 567 530 685 634 0424 0111
Lactobacillus (logio cfu/g)

PP K 5.30° 5.00¢ 5.5 573 515 0.077 0.0005

Coliform (log1o cfu/g)
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abc Means within same row with different superscripts differ (P<0.05).

SEM: pooled standard error of mean.

CSBM?: Positive control : SFM?: Negative control¢ FAQ®: Fermented Aspergillus Oryzae¢ FPF*; Fermented with Penicillium
Funiculosum ¢FAPS; Fermented with Aspergillus Oryzae and Penicillium Funiculosum.
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Table 5- Effects of fermented Sunflower meal on Blood indices of broilers

3l Sodd P-

It)eﬁr; Treatment SEM value
CSBM! SFM? FAO? FPF? FAPS

&SN

39 days

(5 e 5 ) 5585 200 198 203 200 203 823 0.992

Glucose (mg/dl)

e ad 40.0 416 41.4 422 362 324 0.694

Triglycerides (mg/dl)

(5 dlp 5 o) Jy il 213 216 232 206 6.90 0.144

Cholesterol (mg/dl)

(5 5 ha) Vb 5o b 59006 38.1° 48.92 37.2¢ 40.55 452% 198  0.001

HDL-c (mg/dl)

(5 ol 5 (b o o S5 L 080 8.00 8.32 8.28 8.44 724 0648 0.694

VLDL-c (mg/dl)

(5 e S ) o5 Sz b g 1670 1610 1728 1952 145° 844 0.008

LDL-c (mg/dl)

il o /o0 w1 (g dme BB )l ()l Syt (WY By a5 Hlb ke wid) )_’abc

b Sike sbme il50l =SEM

FPFT (0] sl icol) Lis ol sl sl 5 gy ol 5elid] oS gl 0y FFAOT (ite 10l o, Kol bS5l oy :SFMY (18L5) 4l 0 ,s CSBM’
oo (o 9 Lyl osl e T Sog B 5| 6o ol ST oS (ol 0 AP (g J3Sips ppedeas i Jpgun J35ins pgadeas (0 1B L (6 o5 (15, ST oS (ggl> 0

(polseisd paskeus oy +[ip9] posh o) podsSeigh

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

SEM: pooled standard error of mean.

CSBM?!: Positive control : SFM?: Negative control¢ FAO®: Fermented Aspergillus Oryzae¢ FPF*: Fermented with Penicillium
Funiculosum ¢FAP®: Fermented with Aspergillus Oryzae and Penicillium Funiculosum.
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Introduction: Vitamin Dj is one of the important vitamins in calcium metabolism, which increases the active
transport of calcium and phosphorus in the intestinal epithelium. However, the mechanism by which vitamin D3
increases the absorption of calcium and phosphorus is not fully understood. The active form of vitamin D3 or 1,25-
hydroxycalciferol is transported to the nucleus of the intestinal cells. In the presence of 1, 25-hydroxycalciferol, a
specific RNA is secreted from the cell nucleus, which is translated into a specific protein by the ribosomes, thereby
increasing the uptake of calcium and phosphorus. The primary role of 1, 25-hydroxyvitamin D3 in vertebrates in
regulating calcium homeostasis is the direct action of 1,25-hydroxyvitamin D3 on the gut, kidneys and bones by
inhibiting the production of parathyroid hormone in the parathyroid glades. Vitamin C prevents stress by
preventing the release of corticosteroid hormones, which can be effective for bird function, egg production and
reducing mortality. In the liver, vitamin Ds is converted into 25-hydroxycalciferol, which is later converted into
calciferol hydroxylase (activated by vitamin C) in the kidneys by the enzyme 25-hydroxy molecule. This
metabolite increases the absorption of calcium and phosphorus from the intestinal wall and renal tubules. The aim
of this experiment is therefore the effect of vitamin D3z and vitamin C on performance, egg quality and hatchability
in broilers breeder hen at the end of the production period.

Materials and Methods: A total of 240 broiler breeder hens and 24 cockers (Ross 308) were distributed in a
2x2 factorial arrangement including two levels of vitamin D (3500 & 5500 1U) and two levels of vitamin C (0 &
150 mg/kg) with 6 replicate pens of 10 hens and one cock each. The experiment lasted for 12 weeks (from the age
of 49 to 61 weeks), and during the trial, the performance traits production and hatchability were recorded. Every
28 days 4 eggs were evaluated for internal and external quality.

Results and Discussion: The results of the study showed that the main effect of vitamin D3 had a significant
impact on egg weight, with higher concentrations resulting in a reduction in egg weight. However, there was no
significant effect on other performance parameters. The main effect of higher concentrations of vitamin D3 was an
increase in the number of hatching eggs, shell percentage, shell thickness, specific gravity of the eggs, a decrease
in the percentage of egg breakage. However, this effect was not significant for other parameters. Increasing the
level of 1,25 hydroxycalciferol significantly increased plasma calcium levels, which led to increased renal 1-alpha-
hydroxylase activity, envelope secretion, reduced oocyte rupture, resulting in increased hatch fertility. The main
effect of vitamin C significantly increased production percentage and reduced feed conversion and feed
consumption per egg. However, there was no significant effect on other parameters. Addition of vitamin C
significantly increased external characteristics of the eggs, including shell proportion, shell thickness, shell ash
and phosphorus, number of hatching eggs, but reduced the number of broken eggs. However, there was no
significant effect on internal parameters, except for yolk color. The use of vitamin C activates the enzyme 25-
hydroxycholecalciferol hydroxylase to produce 1,25 hydroxycalciferol, which increases calcium absorption from
the intestinal wall and reduces the number of ruptured eggs. Regarding the interaction of different levels of vitamin
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D3 and vitamin C, the results showed that higher levels of vitamin D3 and vitamin C increased production
percentage, egg mass, number of hatching eggs, shell thickness, phosphorus and FCR. Intake in the egg removed
significantly increased, but the number of broken eggs decreased.

Conclusion: In general, according to the results of the present experiment, it can be concluded that the use of
vitamin C in an amount of 150 mg / kg with 5500 U of vitamin D3 can increase the production percentage, increase
the mass of eggs and improve the feed conversion ratio. It can also increase shell thickness and the number of
chickens produced weekly and over the period, decrease the number of broken eggs, increase the number of
hatching eggs, reduce feed intake per egg and feed intake per chicken at the end of the broiler breeder production
period.

Keywords: Calciferol, Calcium, Eggs, Hatching, Egg shell quality.
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1- Calcium binding protein
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Table 1- Ingredients and chemical composition of basal diet

0 yu> ‘51}?1 (%) LSJ"“’ .>|99 )JU
Ingredients Nutrients Analysis (%)
Barley AMER (Kcal/kg)

el 60.38 P oy 13
Corn, grain Crude protein

by Ao 16.58 P 2,563
Soy meal (44%) Crude fiber

P g 4.75 el 3.4
Wheat bran Calcium

Soybean oil Total phosphorus

i k2 1.09 s JB ot 0.32
Dical. phos. Auvail. phosphorus

ST s 0.41 - 0.606
NaHCOs Potassium

J_‘“' 3.02 s . 0.18
Limestone Chlorine

Wb dus 5.58 f""\“’ 0.23
Oyster shells Sodium

-~ 0.22 o 1.484
Common salt Choline

Ve e L oea T

sy S 0.25 o) 0.906
Vitamin premix* ARG

e Sl ey 0.25 oY 0.72
Mineral premix? LYS

oy~ s> 0.18 Oelgeie 0.414
DL-methionine MET

L-lysine HCI TSAA

A 0.05 oePS 0.53
Choline Cl -70% THR

o5 ~J! 0.01 obsies 0.183
L-threonin TRP

@» odbo 0.2 0> "J%Slf uﬁdl Jbl_d 210
Filler (sand) DCAB (meqg/kg)

£ 100

Total

Oolig p)S oo YIY K3 slisg p)5 oo YA E fpaliyg (Madlign a1y YV/E D3 posliny (Mollipn 3515 Y0+« A fpaliyg (allipe 1519 VYoo (gols oy dinaliyg (uSinyy
oS e /YA Sgd Aol )5 oo ¥ eyl 2,8 o Fo il S5l S oo Vo B2 eolig p5 oo /o ¥5 BB aolig o5 Jue 0,0 B2 (el p 5 LV Y/E Bl

O 9

ke ¥ sy p S ke Vor e p)S ke MO (o0l £S5 hie B0 (o S o Yo gl £ e <V (g5l Sane Slse uSioy T
L Vitamin premix: vitamin A 12,200 IU; vitamin D3 3,500 1U; vitamin E 21.6 IU; vitamin K3z 2.9 mg; vitamin B1 3.2 mg; vitamin
B2 12.6 mg; vitamin Be 5.5 mg; vitamin B12 0.046 mg; pantothenic acid 20 mg; niacin 40 mg; folic acid 4 mg; biotin 0.29 mg
2 Mineral premix selenium 0.20 mg; copper 20 mg; iron 50 mg; manganese 115 mg; zinc 100 mg; iodine 2 mg

A5 odalie )50 Ladnd 2 bl bl b 38lse yieen .2010)
op> Y JIAe s ;5 D3 cpeling Yeor IUIKQ (34580 &S
al., 2014) c_sly wlg s Slas p uie Sl IS 50 e o
YL zolew j3 §50 056 g Lo y> 4S5l L J(Nascimento et

Lmo] oy &S JBNy, a5 A5 )liS L_s__m;Lo)] 3D (e

Slas SBNy a4 Cuns 299 D3 polisg (Mol o s lg ¥V o Lol
g ye 055 (> i b 4355 (paling YO+ 5 oo o
(Kazemifard et al., xsg Sas VAL V& 3 (g5 S w
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et al., 1995; Volker & Weiser, 1993)cily os 4 5,Shas
ol iyl s )b calles , sl il b &5 (Zapata
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(Newman & Leeson, 1997; Keshavarz, 1996; Newman &
J Leeson, 1999; Balnave & Zhang, 1992;
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(Orbanetal., 5L o ubo aub b jop bl 0 &pe
51 oolaiwl 48" ol ol by 0 4SS ) aS) peus 1993)
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Sl sime 5l C el Lo 51 Ll (Amaefule et al., 2004)
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o el s o3l s (Ciftici et al., 2005) a_il o ke
Ero 055 0j9 IISw55 Gleye 0z 4 € pualing O PPM (135381
Oeixen (Benabdeljelil & Jensen, 1990) by 51381 1,
3 ko U oy 4 C puoling 9381 &S cl oa 3 sanl e
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Table 2— Main and interaction effects of vitamin Ds and vitamin C on performance in broiler breeder hens

Ellar S1ss b e

o las Ero 035 Ujy G eSS 005 eSS Mysop s o o iy slifa Syt Span
Treatments _Egg Egg mass Egg production Slyg> & ':9) £ 1055 o Mg
weight (g) )] (%) FCR Feed per chicken o per egg (9)
)]
D3 (pelisg 3500 66.542 48.49 70.72 3.36 2690.52 230.89
Vitamin Dz 5500 65.82° 48.87 71.59 3.33 256.46 228.02
P-value 0.008 0.494 0.205 0.478 0.198 0.192
SEM 0.150 0.309 0.404 0.021 2.15 1.25
C ol 0 65.97 47.95P 70.26° 3.4082 262.242 232.282
Vitamin C 150 mg 66.39 49412 72.052 3.300 254,750 226.64°
P-value 0.106 0.014 0.014 0.013 0.023 0.015
SEM 0.174 0.389 0.468 0.026 2.15 1.50
Jlize 31
Interaction
3500D3%x0 C 66.48 47.15° 68.90° 3.462 267.05 236.762
3500 D3x150 C 66.60 49.832 72.552 3.27° 253.99 225.02°
5500D3x 0 C 65.46 48.75% 71.632 3.34b 257.42 227.79°
5500D3x 150 C 66.18 49,002 71.552 3.330 255,51 228.25P
SEM 0.246 0.550 0.662 0.038 3.04 2.13
P-value 0.237 0.038 0.010 0.035 0.082 0.009

(P<.08) stk o s e M (shb S e st gy b 5 o (sloSiln
Means with different superscripts within a column differ significantly (P<0.05).
SEM: lauSile 3 lslial sl
SEM: Standard error of the means
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;> (Duarte et al., 2015) céb il 55 (oy9l pas g 3oy
JsheelSal 5 JoSo 35381 &8 55305 G155 S5 (o ulo ]
gty gl ydazgn woyd (85 o (8 ye o 4 AliuS )0
Sl(Coto et al., 2010) 15 i 50 0 v55 MWg5 9 Mz
oS JB 0 055 3005 2 500 515 C ualis Lo
5 S Oygo Mg Sladagr M i S pe 035 M
NS yiblS eel C poliyg (409381 a8 ol Luiis 090 JS
M3 Gl g (iS4 2 J B Epe 055 Gl Epe 055
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(Franchini et al., i Jales atuss § o vo0 dlies ials cely
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ko 15139 C aling (199331 (19 D3 (sling ol o o
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oy bl ol s (b)) iSan g B e £e
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1979) wad o Gy LS|y Suin pegSye g il
ol slasllas o a8 el Jb p> -l (Abdulrahim et al.,
0y > dn VO Sdody Jg i adSaleS W -V 4 dss a5 a0
2 ollasl Sl g 03,8 oy 1) D3 oeling 39008 3o slo gy
@ e (k2 JB jeba (Jy Bl (6)9)l 5 Mg wo 3 Gl
Sl E0 05 ot U157 01 > 5 05 gyl g sops talS
Soares et ) as (5,135 & 159 4 JoyhunlS dgS W1 Y Jlaz]
IS5 S gnm 63 Y0 5 i Ltalsél b,k 51 (al., 1979
2398 (o0 low Db wanlS” ljne d2 g BB (I8l el Jgydenls
el g ooy Yo |y oonls S gynn W - colled et
Aalgs £ re 035 (S KD Ll g g2 b 5 I ine 13
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Table 3- Main and interaction effects of vitamin Dz and vitamin C on hatchability and chicken quality in broiler breeder hens

slads g ol A>g> (gabdr,d

& "’Ulé BB gl Epe 50 oyd Y IOPINK; “‘sm?’? :LM Chicken grading (%)
byles 4??& 4 (nS) piSagr gl parg aim \Y & '& <
Treatments S Unsettable eggs ~ Hatchabil Chicken per s S A PERESS
Settat;le (%) ity (%) hen for 12 chickensper  Grade1  Grade 2
eggs (%) weeks hen/week
D3 (el 3500 97.12b 2.872 91.20 52.68 4.39 89.50 10.50
Vitamin D3 5500 97.70? 2.29° 90.93 53.47 4.45 91.33 8.66
P-value 0.001 0.001 0.654 0.217 0.225 0.427 0.427
SEM 0.106 0.106 0.428 0.439 0.036 1.59 1.59
C ool 0 97.05° 2.942 91.20 52.30° 4.36° 90.67 9.33
Vitamin C 150 mg 97.77° 2.22° 90.94 53.85% 4.48° 90.17 9.83
P-value 0.0001 0.0001 0.672 0.022 0.022 0.827 0.827
SEM 0.106 0.106 0.428 0.439 0.036 1.59 1.59
Julize 3
Interaction
3500 D3x0 C 96.60b 3.402 91.72 51.35 4.28 90.84 9.16
3500 D3x150 C 97.65° 2.35° 90.70 54.01 4.50 88.17 11.83
5500 Dsx 0 C 97.50° 2.50° 90.68 53.56 4.44 90.50 9.50
5500 D3x 150 C 97.90? 2.10° 91.18 53.68 4.47 92.17 7.83
SEM 0.150 0.150 0.605 0.621 0.051 2.26 2.26
P-value 0.042 0.042 0.223 0.085 0.082 0.349 0.349

(P<0.05) sl o 5 gime BM] (ghyls S jtio e Ggpn b pgiw o (slocnSibio

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

SEM: lauSile 3 lslial sl
SEM: Standard error of the mean
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P& cwlond )55 (Desouza et al., 2001) i b o odubuw
Slgsgo Vere PPM C (ypolizg jloliil 15055 (slagye 0y
(Keshavarz, 1996) 35,5 § yo ©55 6w CutsS ]38l cely
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Casllas ol poli b as” (Whitehead et al., 1990) sy dau
2] 5T 5l ealiwl a5 ol oas 030> LS e 3,0
Pl & 055 @le 3 03)) SO, lgie C 9 B (lagyelig el

(Tarko & Tuszynski, 2006) 48" Lo s ¢ )ls,Luil oy90 Jsbo

oo p33 als cudss 3 C (aeling 9 Ds Gaeliag ool il
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oy 5l S ud 6y sine il D3 paebing Lol il
o958l caly 5158 adsd 1 ol LS §pe o35 B cuaS
055 CadeS 2 (5l im0 56 IS5 ()l se 0y Dagyealisg
b s (Mattila et al., 2004) csly gls aslgalas 51 ¢ 4o
@dyj Juoyd st Juoyd pr C poling Lol 510 cillas yobs
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Table 4- Main and interaction effects of vitamin D3 and vitamin C on the internal quality of eggs in broiler breeder hens

LIDW] P 222 e gl st 21y 03)) Mo)d 03j gl 03)j padld 03,j S5,
Treatments Albumen  Albumen Hau_gh Yolk (%) YolkpH  Yolk index Yolk color
(%) pH unit
D3 yolivg 3500 58.72 6.35 83.21 33.03 3.89 22.87 7.83
Vitamin Ds 5500 58.71 6.40 85.42 32.52 3.85 22.48 8.04
SEM 0.275 0.042 1.19 0.247 0.027 0.239 0.102
P-value 0.983 0.493 0.206 0.162 0.292 0.250 0.167
C ool 0 58.90 6.38 85.27 32.79 3.86 22.33 7.75b
Vitamin C 150mg 58.53 6.42 83.35 32.76 3.87 23.01 8.122
SEM 0.275 0.042 1.19 0.247 0.027 0.239 0.102
P-value 0.342 0.890 0.269 0.938 0.831 0.058 0.018
Jlize @l
Interaction
3500 D3x0 C 58.93 6.33 84.44 33.08 391 22.34 7.66
3500 D3x150 C 58.51 6.38 81.98 32.97 3.86 22.54 8.00
5500 D3x 0 C 58.88 6.43 86.11 32.49 3.81 22.33 7.83
5500 D3x 150 C 58.54 6.36 84.43 32.55 3.88 22.78 8.25
SEM 0.389 0.059 1.69 0.350 0.038 0.199 0.145
P-value 0.912 0.340 0.751 0.823 0.145 0.263 0.777

(P<0.05) x5l ooyl gne BMS] glyls S yitio e GBgpo by (slocnSibio

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

SEM: b1 She 5l (sllas

SEM: Standard error of the means
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Table 5— Main and interaction effects of vitamin D3 and vitamin C on egg shell quality in broiler breeder hens

dwgy CrolBus UPFAZL ()9 L s .
o Lo S o Shell Eye 55 Fhols AT e
Treatments Egg(; hell thickness Egg gravity £ o “on s P (%)
(%) (mm) (a/em?) Eggindex Ash (%) Ca (%)
D3 yelig 3500 8.76° 0.41° 1.074° 75.29 91.64 358.01 1.99
Vitamin D3 5500 8.242 0.442 1.0778 75.73 91.87 360.57 2.00
SEM 0.092 0.004 0.0009 0.501 0.148 2.44 0.099
P-value 0.0007 0.0001 0.049 0.547 0.279 0.468 0.907
C oeling 0 8.300 0.40° 1.076 76.06 91.26° 356.03 1.78b
Vitamin C 150 mg 8.702 0.442 1.075 74.96 92.252 362.55 2.212
SEM 0.092 0.004 0.0009 0.501 0.148 2.44 0.099
P-value 0.006 0.0001 0.545 0.137 0.0001 0.074 0.006
Jilize g1
Interaction
3500 D3x0 C 7.97 0.38°¢ 1.073 75.96 91.04 354.25 1.36°¢
3500 D3x150 C 8.50 0.43° 1.075 75.30 92.24 361.77 2.612
5500 D3x 0 C 8.62 0.43° 1.078 76.15 91.48 357.81 2.20b°
5500 D3x 150 C 8.89 0.452 1.075 75.30 92.26 363.33 1.810
SEM 0.130 0.006 0.001 0.338 0.210 3.46 0.141
P-value 0.347 0.033 0.079 0.732 0.336 0.776 0.0001

(P<0.05) x5l ooyl gne BMS] glyls S yitio e GBgpo by (slocnSibio

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

SEM: b1 She 3l (sllas
SEM: Standard error of the means
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Introduction: Lactoferrin is secreted in the apo-form from epithelial cells in most exocrine fluids, such as saliva,
bile, pancreatic and gastric fluids, tears and, particularly, in milk. Lactoferrin is the most dominant protein in milk
after casein. This protein plays a crucial role in many biological processes including the regulation of iron metabolism,
induction and modulation of the immune system, the primary defense against microorganisms, inhibiting lipid
peroxidation and presenting antimicrobial activity against various pathogens such as parasites, fungi, bacteria, and
viruses. The major antimicrobial effect of lactoferrin is related to its N-terminal tail where different peptides for
instance lactoferricin and lactoferrampin which are important for their antimicrobial abilities are present. cLF chimera
(CLF36 peptide ) was derived from camel lactoferrin (cLF) consisting of 42 amino acids and has primary sequence
of DLIWKLLVKAQEKFGRGKPSKRVKKMRRQWQACKSSHHHHHH. In addition, the results of previous study
showed that cLFchimera had anti-inflammatory and regulatory activity of the immune system. Nuclear factor kappa
B (NF-kB) transcription factors regulate several important physiological processes, including inflammation and
immune responses, cell growth, apoptosis, and the expression of certain viral genes. NF-kB dimers are located in the
cytoplasm in an inactive form through association with any of several IkB inhibitor proteins. The phosphorylation and
degradation of IkB have received great attention as key steps for the regulation of
Nuclear factor kappa B (NF-kB) complexes. Phosphorylation of the 1kB by IKK signals it for ubiquitination at specific
lysine residues. The aim of this study was to investigate the inhibitory effects of the recombinant camel
Lactoferrampin-Lactoferricin on nuclear factor kappa B (NF-kB) pathway.

Materials and Methods: CLF36 peptide was prepared through a previous study in Biotechnology Laboratory of
Animal Science Department, Faculty of Agriculture, Ferdowsi University of Mashhad (GenBank accession number:
MH327768.1). Protein data for inhibitory combinations of the Nuclear factor kappa B (NF-kB) pathway was collected
from the Protein Data Bank (PDB) And UniProt.Physico-chemical properties analysis (atomic state, isoelectric point,
half-life, hydrophobicity hydrophilicity , barometric and pH) was done using Expasy Prot Param online server. The
inhibitory effects of this peptide was assessed by Molecular Docking Simulation (In silico). the simulation of the
interaction (Docking) of CLF36 peptide with Nuclear factor kappa B (NF-kB) signaling pathway in upstream, pro-
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inflammatory cytokines (e.g., TNF-a and IL-6) and in downstream, cytoplasmic IKKB and NF-kBp65 was done using
ClusPro 2.0 software online.interaction diagram created by LigPlot+ showing the hydrogen bond network and the
hydrophobic interactions of CLF36 peptid with the upstream and downstream Nuclear factor kappa B (NF-kB)
pathways.

Results and Discussion: Bioinformatics analysis on The molecular interaction of this peptide with the active site
of NF-«xB proteins suggested that in may have role of the modulators and Anti-Inflammatory of immune processes by
inhibitory effect on the TNF-a and IL-6 cytokines in upstream and IKK-B and NF-xB-p65 in downstream of the NF-
kB signaling pathway. This results are similar to the inhibitory effects of Infliximab, Camelid Fab , NEMO and GILZ
on the Nuclear factor kappa B (NF-kB) signaling pathway. Infliximab (Remicade) is a chimeric mAband its use is not
very well tolerated in the majority of patients, infliximab therapy leads to the production of antibodies to infliximab
in a small subset of patients. the Camelid Fab antibody with the highest (femtomolar) potency, displays a very large
surface of interaction with IL-6. the regulatory role of NEMO in the IKK complex, since a number of genetic and
biochemical studies clearly demonstrate that proinflammatory IKK activation is absolutely dependent upon the
presence of functional NEMO. Glucocorticoid-induced leucine zipper (GILZ) is a glucocorticoid responsive protein
that links the nuclear factor-kappa B (NFxB) and the glucocorticoid signaling pathways. Functional and binding
studies suggest that the proline-rich region at the carboxy terminus of Glucocorticoid-induced leucine zipper (GILZ)
binds the p65 subunit of Nuclear factor kappa B (NF-kB) and suppresses the immunoinflammatory response.

Conclusion: The results of the interaction (Docking) of CLF36 peptide with Nuclear factor kappa B (NF-kB)
signaling pathway indicates that, in upstream, will be inhibitory effect of CLF36 peptide in active site of pro-
inflammatory cytokines (e.g., TNF-a and IL-6) and in downstream, cFL36 peptide will bind to protein receptors of
cytoplasmic IKKB and NF-kB p65. Therefore, these findings may provide a theoretical basis for therapeutic
mechanisms of CLF36 peptide.

Keywords: Pro-inflammatory Cytokines, Nuclear Factor Kappa B Pathway, Molecular Docking Simulation
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Table 1- Inhibitory mechanisms of Upstream and downstream of the NF-xB pathway

R S R
Protein interaction

LXWUA T
Inhibitory

NF-KB yuuno (5 )0 a0
Inhibitory mechanisms of the NF-KB pathway

&l
References

wd Y o
Upstream pathway

TNFRI- TNFa
(PDB: 1EXT)

IL6—IL6R
(PDB: 1P9M)

V¥ 5 Y i Ve 9 OY 55yl (S e ook | TNFRIL TNFOL sty Jlai olSols Sl
Vo YT 9 V08685 VY Glligl VF e @bl b s s Infliximab (Kis b o o0
L INFliXIMab Ko 6,065 AF g 5 5 OF Slobigls  udlyyiily Jlas! s o TNFar 8 sl
TNFa Y (5,kel g OF (pdsnn
Inhibition of the binding site of TNFa receptor with TNFRI through the interaction
of Arg 52 and 100, Tyr 102 and 103 of the heavy side chain of Infliximab with Asp
140, Glu 107, Thr 105 and Ala 109 respectively, of TNFa cytokine and then Van
der Waals binding of Glu 53 and Try 94 of Infliximab light chain with His 53 and
Asn 137
Fe i DA Sl DR g (S Gosb S ILBR L ILE gt Jlail ol lge
AFA 05,1 b e s Camelid uKiw sls 0,505 YV 55551 5 YT Cpiops )0V OF OF @bl
IL6 2l glo Y¥ bl 5 Yo (45, XV g 8 50551 OVY (3 OFF st AVY clebiglS
IL6 u,:lfyal.w \'%4 g L Camelid S 0,593 \rd u’);LWI JLASl O g
Inhibition of I1L6 receptor binding site with IL6R through interaction of Thr 59,
Asp 58, Tyr 60, Asp 54, 56, 102, Tyr 33 and Arg 32 heavy side chain of Camelid
with Arg 168, Glu 172, His 164, Lys 171, Arg 40, Ser 37, respectively., Arg 30

and Asp 34 of cytokine IL6 and then the connection of Asn 26 of Camelid light
chain with Ser 76 of cytokine IL6

Fab Infliximab
(PDB: 4G3Y)

Camelid Fab
(PDB: 4ZST7)

Liang et al.,
2013

Blanchetot et
al., 2016

Downstream pathway
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YYS g5 9 VYA Glebigl VY'Y 00lglS ¥VY Sleligls (cladiel dpwsl L NEMO S oty b oo 33l
Inhibition of the A chain of kappa B kinase inhibitory enzyme through hydrogen
bonding of NEMO with amino acids Ser 733, Phe 734, GIn 730, Glu 720, Ser 705
and Arg 101, as well as inhibition of the B chain of the enzyme by NEMO
interaction with amino acids Glu 711, GIn 732, Glu 729 and Thr 726
0550 b GILZ sz slodisluul (iiSony 3)b | 4w (9,0 4 NFKB (P65) (yizig 0 Jlisl Jlgo
NLS P85 51 Y48 45,0 5 YA (i o+ igyi o YAY (3 YAF
Inhibition of nuclear translocation of NFKB protein (P65) through the interaction

of GILZ peptide amino acids with Arg 294, Lys 293 and Thr 300, Lys 295 and Arg
296 of NLS P65

NEMO
(PDB: 3BRV)

GILZ
(PDB: 1DIP)

Rushe et al.,
2008

Srinivasan et
al., 2014
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Table 2- 3 D structure of inhibitory combinations of the NF-kB pathway
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Table 3- 3 D structure of inhibitory combinations of the NF-kB pathway
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3 D structure

ol sl g5
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(68F2)
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GlLZ
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ol 003 0303 Lz YB S5 0 IL6 S sl
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023 9TV ebgl FO (o R it (S oy ] LS
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Sl S oty NF-KB o wdVl e 3 S50 By
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Table 4-Comparison of physicochemical properties of CLF36 peptide and other compounds inhibiting the NF-xB

32U CLF36 Infliximab Camelid Fab NEMO GlLz
Analyze
Iy 05 5139.05 47752.13 46717.05 8520.70 8712.85
Weight molecular
SeySlgjl dloks 11.17 7.17 7.64 521 4.65
Isoelectric point
roE Ao

: 11 11 0.8 30 30
Half time (hours)
ite sladllos 2 39 30 15 16
(Asp + Glu)
oo sladllss 12 39 31 12 9
(Arg + Lys)
S b pasls 56.70 54.24 47.43 58.70 78.33
Instability index
Ssla] ol 55.71 66.84 69.41 76.71 87.40
Index aliphatic
S5 -1.367 -0.369 -0.282 -0.997 -0.717
GRAVY
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Table 5- Comparison of binding energy for the interaction of CLF36 peptide with the active site of NF-xB pathway

CLF36 sy

Jlé oS5l CLF36 peptide
Active site (Jge 2 s E5kS) Jlail 5551

-AG (kcal/mol)
o e 5 3 258
Upstream pathway Center Lowest energy
TNFa -736.3 -763.8
I1L6 -642.8 -723.7
S Ol e
Downstream pathway
IKKp -1129.3 -1152.9
NF-xB (P65) -481.0 -534.5
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Figure 1- CFL36 peptide binding position with protein receptors of the NF-xB pathway
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