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Introduction: Pomegranate has many secondary metabolites such as tannins and phenolic compounds,
which have various properties such as antimicrobial, antioxidant, anti-inflammatory, and immune system
stimulating effects. The amount of tannin in pomegranate skin has been reported up to 20.6%. The limiting
effects of tannins can be related to reducing the use of nutrients, especially protein, reducing growth and
performance, reducing palatability and feed consumption, and reducing the activity of digestive enzymes. In
addition to the anti-nutritional effects in high concentration, the positive impact of dense tannins in optimal
concentration includes improving live weight gain, preventing flatulence, increasing milk production, reducing
intestinal nematodes, and reducing the production of NH3-N and methane in the rumen. Therefore, the present
experiment was carried out to improve the nutritional value of pomegranate peel as a tannin-containing edible
material by treating it with some tannase-producing bacteria for ruminants.

Materials and Methods: Pomegranate peel was treated with tannin-degrading bacteria including Klebsiella
pneumoniae and Acinetobacter (isolated from deer rumen), Lactobacillus fermentum (isolated from Najdi goat
rumen), and commercial Lactobacillus fermentum, and its nutritional value including chemical composition,
digestibility, and fermentation ability alone (first experiment) or as a combination in a standard fattening lamb
diet (second experiment), with two-stage digestion method and gas production test were studied. In the first
experiment, five experimental treatments included 1- Pomegranate peel without treatment (control treatment),
treatment 2 to 5- Pomegranate peel treated with each of the four tannin-degrading bacteria. The five treatments
of the second experiment included 1- Diets containing pomegranate peel without treatment (control treatment),
2-5- Diets containing pomegranate peel treated with each of the four tannin-degrading bacteria.

Results and Discussion: Applying tannin-degrading bacteria reduced the tannin in pomegranate peel
(P<0.05), which is caused by the tannin-degrading bacteria. In an experiment of ensiling and adding
polyethylene glycol and urea to pistachio hull for tannin removal, total tannin decreased. The concentration of
total tannin with the potential and rate of gas production, truly decomposed organic matter, microbial biomass
production, and microbial biomass production efficiency improved in pomegranate peel treated with tannin-
degrading bacteria compared to the control (P<0.05). Perhaps the reason for the decrease in gas production
potential in the control treatments compared to the treatments treated with bacteria is their higher amount of
tannins, because tannins and phenolic substances by forming bonds and complexes with nutrients such as
carbohydrates, proteins, reduce the availability of microorganisms. Ruminants to them and as a result reduce
their decomposition. Similar to the results of the present experiment, other studies have also shown the positive
effect of tannin removal on the improvement of gas production parameters. NH3 concentration and population of
protozoa of pomegranate peel treated alone and in the diet increased compared to the control (P<0.05). The
reason for the increase in NH3 concentration and protozoa population after degrading the tannins with bacteria
can be the presence of tannins and polyphenolic compounds in this edible material. By binding to protein and
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reducing the rate of protein decomposition, tannins reduce the concentration of NH3, on the other hand, these
structures lead to the rupture of the protozoa cell membrane, the inactivation of enzymes, and the reduction of
the substrate needed for cell metabolism. The percentage of digestibility of dry matter, NDF, and ADF of
pomegranate peel processed alone and in the diet with tannin-degrading bacteria increased compared to the
control (P<0.05). Due to the reduction of the tannin level by the isolates, the activity of proteolytic enzymes has
probably increased, and releasing nutrients from the binding of tannin, has improved the digestibility of the
materials. An increase in cell wall digestibility has been reported as a result of treatment with tannin-degrading
bacteria in laboratory conditions. Gas production potential and rate, separation coefficient, microbial viable mass
production, and microbial viable mass production efficiency were improved in diets containing processed
pomegranate peel compared to the control (P<0.05).

Conclusion: The use of tannin-degrading bacteria in the processing of pomegranate peel by reducing the
tannins concentration led to an increase in the digestion and fermentation potential of pomegranate peel and diets
containing pomegranate peel processed with tannins-degrading bacteria compared to the control. Therefore,
considering the positive effects of processing pomegranate peel with tannins-degrading bacteria, it can be said
that processing it by reducing tannins is a suitable solution to improve its nutritional value.

Keywords: Ammonia nitrogen, Chemical composition, Digestibility, Gas production, Protozoa population,
Tannin-decomposing bacteria.
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Table 1- Feed ingredients and chemical composition of the experimental diets containing pomegranate peel

(Suzs o3l 1oy3) (STyss MG Soales o 'S L osd gyl Jos
Ingredients (% of DM) Untreated Treated*
g 15 15
Alfalfa

paiS o8 25 25
Wheat straw

o b 20 20
Barley grain

Oyd iy 35 35
Corn grain

by dlos 15 15
Soybean meal

M o 20 20
Pomegranate peel

- 0.5 0.5
Salt

¥ e dlge g pmelng JoSla 1.0 1.0
Vitamin and mineral supplements?

tbosd GlS 5

Chemical composition (%)

ool 93.0 93.0
Organic matter

N 1271 12.60
Crude protein

S oxzgh > Jgbrels U 38.60 38.55
NDF?

el 0395 )3 Jolorals S 26.00 2595
ADF?

(S o3le Sk 53 5 JIIKe) (omnlio (5551 213 213

ME2 (Mcal/kg DM)
3 A8 o (gilulis pgiio)8 sl I ()305 aaSh o (gillis 15T i g dupegts MuedS” Jolds (56 0aiiS e i slans S
IS potiosd uglwl 55V 9 50

VAs B ppeling o8 oo Vo0 D3 ppelig Melloy 3ol jlimV e A raling el doly e 00+ (gl ame dlge — (praling JoSe p S5lS 2T

Pt 152 V8 coal £ e i a5, £ sbie i A it p)S e 38 VA urtes 25 oo i S jhnd S e Jl3m Fr oS 25
i8I 5l o) o Fov s p)S e Voo pgrilis p)S e o oS ) e Vv e S i Ve 53S0

! Tannins-degrading bacteria include Klebsiella pneumoniae and Acinetobacter isolated from deer rumen,

Lactobacillus fermentum isolated from Najdi goat rumen, and Commercial Lactobacillus fermentum.

2 Premix contained (per kg): Vitamin A, 500,000 1U/mg; vitamin D3, 100000 1U/mg; vitamin E, 100 mg/kg;

Ca, 180 g/kg; P, 60000 mg/kg; Na, 60000 mg/kg; Mg, 19000 mg/kg; Zn, 3000 mg/kg; Fe, 3000 mg/kg; Mn,

19000 mg/kg; Cu, 300 mg/kg; Co, 100 mg/kg; Se, 1 mg/kg; I, 100 mg/kg; antioxidant, 400 mg/kg; carrier,

up to 1000 g.

SNDF: Neutral detergent fiber, ADF: Acid detergent fiber, ME: Metabolizable energy
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Table 2- Chemical composition of pomegranate peel and diets containing pomegranate peel treated with tannins-degrading bacteria

b Lo

Treatment

" ogldes sl odlatl 350 (slas S,

Bacteria used for treating®

() iio oo

sl 55Y :
Nutrient (%) Jals ) :L.;\A;,;};;‘A)é ”’1’”4’"{* SEM Prvalue
Control? T(T ’; MTI“K 25 piieus] ol < ﬁ:” ’Tl"j
ebsiella : . Lactbacillus
pneumoniae Acinetobacter I}Z(r:rt::nctllljlrlrj]s fermentum
Commercial
(Isolated) ( )
B“‘n:;;er 68.50 70.900 70.75 69.20 69.50 0.960  0.40
ry
f“CB i’fae,n 2.95 2.40 2.85 2.87 2.83 0.416 0.50
rude protei
$F3ww 2 Jsbeell S 2574 25.47 2573 2573 25,63 0409  0.90
i;‘;ww 2 ol SU 19.70 19.40 19.64 19.61 19.62 0471 0.90
5o 12 472 8.31P 8.63P 8.40° 8.450 0.580 0.03

Total tannins

b pstinsd uglasl 5V 5 (009 b 4aSid jlond (gilaliy pationd uplusl 5TV (58 aneSid jlosd (gilubiy 55D st g diipagy Mowels” Jold (U 0180325 (slacs S

A 5)5]Jo.c Hul wyv
lgn (P<e/+0) Joiine caglite gy L ciud) y 5 (slapSibe olis 3D
Loy Sibe 3,5kl (glas :SEM

! Tannins-degrading bacteria include Klebsiella pneumoniae and Acinetobacter isolated from deer rumen, Lactobacillus fermentum
isolated from Najdi goat rumen, and Commercial Lactobacillus fermentum.

2 Control: untreated pomegranate peel,

ab Means with different superscripts in the same row differ significantly (P< 0.05).

3 NDF: Neutral detergent fiber, ADF: Acid detergent fiber
SEM: Standard error of means;
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Table 3- Potential and rate of gas production of pomegranate peel and diets containing pomegranate peel treated with tannins-
degrading bacteria

b jloss
Treatment
'ogldes sl oolitl 350 slacs S
Bacteria used for treating®

o i
Vgr*i‘;bles b s skl Y ptie puskd gy SEM - P-value
Control? posiy Howels gy, o (sl e
Klebsiella Acinetobacter Lactbacillus Lactbacillus
pneumoniae fermentum fermentum
(Isolated) (Commercial)
bl Cawsgy
Pomegranate peel
B My Jewsily
Gas production 53.03° 67.442 61.372 65.642 68.222 3.44 0.04
potential (ml)
55y &
Gas production 0.02° 0.042 0.052 0.042 0.052 0.005 0.13
rate (ml/h)
)Lv'l wy LS?L'> 0 yu>
Diets containing pomegranate peel
g5 Jemiliy
Gas production 55.77¢ 91.412 91.452 75.34° 81.60% 6.14 0.003
potential (ml)
JLENP RSt
Gas production 0.05° 0.05° 0.05° 0.07% 0.102 0.012 0.047
rate (ml/h)

)l pstiogs ophesl 55 g 038 51 4SS Sl 0ad gilulie ptiond uphack 5TV (0365 eSS jlonds (g3l WD sl 5 diigosty Hoaerls Jolis (5 0riS o5 (lag ST
O gl sloy g oxis (559l Jae U gy
sl o (P<1+0) Jlaiine glise g b i3,y 53 slagSibe ogles P
Lo Sle 5kl glas :SEM
Tannins-degrading bacteria include Klebsiella pneumoniae and Acinetobacter isolated from deer rumen, Lactobacillus fermentum
isolated from Najdi goat rumen, and Commercial Lactobacillus fermentum.
2 Untreated pomegranate peel and diets containing it.
ab Means with different superscripts in the same row differ significantly (P< 0.05).
SEM: Standard error of means
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Table 4- Fermentative parameters of gas production of pomegranate peel and diets containing pomegranate peel treated with
tannins-degrading bacteria

Lo Lo

Treatment

' ogldes sl ool 250 slags 35T,
Bacteria used for treating®

oy shesl 55Y . -
Variables Joli :\_‘,1_\? psiiayd st pusbot sy SEMP value
Control2 ~ *%* . e e " &b
Klebsiella : . Lactbacillus
. Acinetobacter | actbacill
pneumoniae actbacillus fermentum
fermentum o mmercial)
(Isolated)

Pomegranate peel
04 4y 150 L§l9 LJ‘ o3lo
TOMD" () 15255  173.90° 156,05 152,35 163.55% 459 0.04
P?ﬁmﬁ:nl) 4.97 7.20 5.27 5.50 5.43 1.02 0.64
;’Bf"(” *‘)) 22y Wy 71.38" 118.88° 71.61° 86.96 94.78b 1436 0.029

mg
ﬁ);;"g/")“”s i o23k 46.01° 68.17¢ 46,63 57.06 57.56 8.56 0.45

0

LUl Cowgy ‘55l> 0y
Diets containing pomegranate peel
FXWIPVRCTY [ ] 7o
T“Sl\‘;g‘; (L;; )‘9' L 150.85°  172.30° 158,05 178.30° 185.15° 448 0032
P‘jF'f“’;rn“;‘/L:nl) 3.45 3.77 3.56 3.01 4.76 0621 062
ﬁsf? *‘)) 22y Ay 53.85¢ 7150 59,84t 77508 90.48° 429 0045

mg
;58’:; (;’) o398 g o3l 31.77° 41.44 37.98% 43.04° 52.15 450 0.68

0

potiod poplel 5 5Y g (5320 5 a8 Sl 0 (g3l mptiogd uplsh Y (365 4aSd jloads (g3l J5T pti] § diipapy Muunls” Jold U oS 328 slacs St

sl

ol sl sloo e 5 00 (gl Jos U gy

Al o (P<e1+0) s sime Sglisie By by cindy yo yd (slacySibe cglis &P
Sl 3,5kl (sl SEM

! Tannins-degrading bacteria include Klebsiella pneumoniae and Acinetobacter isolated from deer rumen, Lactobacillus fermentum
isolated from Najdi goat rumen, and Commercial Lactobacillus fermentum.

2 Untreated pomegranate peel and diets containing it.
3 TOMD: Truly organic matter degradability; PF: partitioning factor; MB: microbial biomass production; MBE: microbial biomass

production efficiency.

ab Means with different superscripts in the same row differ significantly (P< 0.05).

SEM: Standard error of means.
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Table 5- In vitro digestibility of pomegranate peel and diets containing pomegranate peel treated with tannins-degrading bacteria

b jloss

Treatment

' ogldes sl ool 250 slags S,

Bacteria used for treating®

() o yoice sl 55Y
Variables (%) wls o :L"IJ?P}L’F w;éw.b;fﬂf SEM  P-value
Control2 ~ *2%% 7= 5 gl ot b paieyd
Klebsiella ey . Lactbacillus
. Acinetobacter | actbacill
pneumoniae fz(r:rtn:nctlurlrj]s fermentum
Commercial
(Isolated) ( )
bl Cawsgy
Pomegranate peel
b thqt 65.07° 69.492 72.152 75.022 73.76% 2.02 0.040
ry matter
55 0diypd ) Joloeel GUI
“N";Fr 25 Jpbe S 60.27° 61.76b 61.67 67.022 64.242 0.968  0.002
Sow] 00 g5 4 (PN
:E;F* 1952 Jyel S 58.44° 59.75% 59.16° 62.97 62.932 1.09  0.030
)Ul C,w;y dﬁb 0 yu>
Diets containing pomegranate peel
Kiid odlo
b it 64.06°¢ 66.27° 65.54¢ 70.142 69.70? 0.82 0.03
ry matter
5 0006 4 (1N ]|
;;F“ 255 2 Jsbneli S 57.59b 61.49° 60.222 60.98% 59.822 0.850 0.01
Sowl 04 95 4 L Ul
o bl 54450 59.79° 55.40° 57.37 56.81° 0.720  0.009

potiod puplel 5IY 5 (5359 5 a8l osd (giluli pptiond uphurl 5T (55 a8l osd glulin T st g diipapy Mouunls” Jols 36 0aiS 4y o5 slags ST

sl

o ol slao g 5005 gyl fos Ul Cansy

Ao (P<o/40) s gxe ciglite Cgpn b Cindy yo p3 (slayyuSile coglis a-b
L‘b‘_).«itlm A)\Aﬁl:.wl JU45 SEM

! Tannins-degrading bacteria include Klebsiella pneumoniae and Acinetobacter isolated from deer rumen, Lactobacillus
fermentum isolated from Najdi goat rumen, and Commercial Lactobacillus fermentum.

2 Untreated pomegranate peel and diets containing it.
3NDF: Neutral detergent fiber, ADF: Acid detergent fiber

ab Means with different superscripts in the same row differ significantly (P< 0.05).

SEM: Standard error of means
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Table 6- Effect treating of pomegranate peel with tannins-degrading bacteria on the concentration of ammonia nitrogen,
ruminal pH, and protozoa population (x10%) in gas production experiment

IO
Treatment
' agldes (gl oolitl 250 slags 7S,
oyt Bacteria used for treating®
Variables b s Y oo et sy SEM - Prvalue
Control? digagly Mols” b g odd (gjlwli> ppiio,d b
Klebsiel!a Acinefobécter Lactbacillus Lactbacillus
pneumoniae fermentum fermentum
(Isolated) (Commercial)
Pomegranate peel
el g 20.85 35.63° 25.28 21.35 24.26° 198  0.0001
NHz-N (mg/dl)
pH 6.30¢ 6.522 6.43¢ 6.552 6.48 0.167  0.0008
Lligan JS 9.50° 10.0° 9.75° 13.50? 10.75P 0.459 0.002
Total protozoa
Diets containing pomegranate peel
Fligel 0a 17.96¢ 23.33 22.57° 28.222 22.01° 0.05  0.0001
NHz-N (mg/dl)
pH 6.31°¢ 6.42° 6.40° 6.40° 6.512 0.012  0.0007
Lligsn JS 9.50¢ 14.50? 9.50¢ 12.50° 11.50P 0.500 0.003

Total protozoa

potiofd puglaol 55N g (5125 51 &Sl Jl 00 (gjluliz pgiie b ughasls GV (555 4SSl b (gluliz 5T sl g diiposts Ml ol (56 0aiS w325 (gl 8L

5ok

ol sl slooye 5 00 (65l Jas Ul sy

b go (P<1+0) Jb ine glie g b s jo )3 (slauSibe coglis a-b-c
LoSile 5l cllas :SEM

! Tannins-degrading bacteria include Klebsiella pneumoniae and Acinetobacter isolated from deer rumen, Lactobacillus
fermentum isolated from Najdi goat rumen, and Commercial Lactobacillus fermentum.

2 Untreated pomegranate peel and diets containing it.

abc Means with different superscripts in the same row differ significantly (P< 0.05).

SEM: Standard error of means;
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Introduction: Raising healthy calves is indeed a critical concern in the dairy industry. Close up diets have
important effects on the quantity and quality of produced colostrum, on the other hand, colostrum and milk are
considered the most important sources of food that contain energy, protein, and other nutrients for the newborn
calf’s growth. Including fatty acids in the late pregnancy supplements are controversial because of the potential
reduction of cows DMI. Also, the growth and health of calves can be influenced by feeding linoleic acid to
pregnant cows. Safflower as a rich source of linoleic acid (55-70%) is a significant oil alternative product, and
has a high nutritional value. This study aimed to examine the effects of safflower seeds and palmitic fatty acids
on the transition diet in cow feed consumption, colostrum quality, blood parameters, body measurements and
Holstein calf performance.

Materials and Methods: Thirty pregnant Holstein cows, 15 primiparous and 15 multiparous, were used 21
days prior to the expected calving date. The experiment was conducted using a completely randomized
experimental design with three treatments and ten replicates in every treatment. Cows were randomly assigned to
experimental treatments so that each treatment have an average body weight 659.34 + 84.2 kg, parity 2.04 + 1.31
and body condition score (BCS) 3.23 + 0.15 The experimental rations have similar energy and protein content.
Diets were thoroughly mixed and fed to cows based on the recommendations of the US National Research
Council (NRC, 2001). The experimental rations included: 1) Control diet without fat source (Ctrl), 2) Diet with
palmitic fatty acid (SFA), and 3) Diet with safflower seed (UFA). Daily feed intake was calculated by
subtracting distributed feed to every cow from the leftover amount on following day. Newborn calves were
weighed immediately after birth. An individual colostrum yield for every cow was recorded at each milking. The
quality of colostrum was determined using an optical refractometer (ATC., China). The body weight and skeletal
parameters of calves were evaluated at birth day, 21 d, and 49 d. Blood samples were taken immediately after
birth, two hours after colostrum feeding and on days 3, 7, 21, and 49 via the jugular vein. Samples were
centrifuged at 3000% g and the plasma was stored at —20°C until analysis. Plasma metabolites were analyzed
using an autoanalyzer (Alcyon 300., USA). Colostrum composition (fat, protein, lactose, solids, solids not fat)
was determined using a Milkoscan (Foss Electric, Hillerad, Denmark). Fatty acids profile were measured
according to O'Fallon (2007) et al., using gas chromatography (GC) equipped FID detector and 100 meter
column. Data were analyzed using the MIXED procedure of SAS using a completely randomized design with ten
replications.
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Results and Discussion: Using sources of SFA (palm oil powder) and UFA (safflower seeds) in the
transition diets were not affected on dry matter intake in Holstein dairy cows (P>0.05). Dry matter intake in Ctrl,
SFA, and UFA were 10.29, 10.98, and 10.80 kg per day, respectively. We found that using SFA and UFA did
not have any significant effect on colostrum parameters such as colostrum volume, the percentage of fat, protein,
lactose, total solids, fat not solids, and also, immunoglobulin concentration, and Brix number of colostrum
(P>0.05). The colostrum volume in UFA and SFA treatments was higher than in the Ctrl treatment, but this
difference was not significant (5.82, 5.23, and 4.19 kg, respectively). According to the results, the researchers
stated that adding raw and processed safflower seeds to the diet did not have any significant effect on milk
production, milk fat, protein, and lactose in Holstein dairy cows (Paya and Taghizadeh, 2020). Feeding omega-6
sources in the transition period (35 days before calving) caused higher colostrum protein and Brix values (Salehi
et al., 2016) but was not consistent with our results. Feeding palm fat powder as a source of SFA and safflower
seeds as UFA did not have any significant differences in concentration of short chain, medium chain, and long
chain fatty acids in colostrum. It was reported that various fat sources in the rations of dairy and transition cows
did not affect colostrum fatty acid and milk fatty acid. However some studies showed that different fat sources in
the diet of dairy cows changed the fatty acid profile in milk. In general, it can be stated that because of the high-
producing dairy cows experience a negative energy around calving, the diet energy meets the requirements,
which probably causes the fatty acid composition of the colostrum not to be affected. Our results showed that
blood factors such as glucose, cholesterol, triglycerides, blood urea nitrogen, ALT, AST, total antioxidant
capacity, malondialdehyde, total protein, albumin, calcium, magnesium, phosphorus, and HDL did not differ
between treatments. It was observed that the addition of SFA and UFA had no significant effect on the birth
weight of calves, weight at d 21 and 49, and dry matter intake during the experimental period. Skeletal
parameters such as hip height and width, withers height, chest circumference, and body length at 3, 21, and 49
days had no significant differences in the treatments.

Conclusion: It seems that using saturated and unsaturated fatty acids sources in the transition diets did not
reduce feed intake. Moreover, it had no significant influence on the calves' performance, bone condition, the
colostrum'’s quality and the colostrum fatty acids profile.

Keywords: Performance, Holstein dairy calf, Saturated fatty acid, Unsaturated fatty acid
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Table 1- Ingredients and chemical composition of pre parturition diets of Holstein cows (percentage of dry matter in the diet)

ialejl bl
(Sizs oole o) 00> sl Experimental treatments
Components of diets (% DM) Jals &b o) 5,15 il
Control Palm oil Safflower seed

i 4y 21.22 21.13 21.14
Alfalfa hay
@ e 29.12 29.00 29,01
Corn silage
paiS ol 10.04 10.00 10.01
Wheat straw
ol 19.72 18.30 14.68
Barley grain
b ol 4.25 423 423
Soyabean meal
S s 4.3 4,72 2.75
Canola meal
b5 25 1.79 1.79 1.79
Meat powder
P g 8.74 8.63 10.62
Wheat bran
b m 29 _ 1.38 _
Palm base fat
S5 by ) B ™
Safflower seed .
eSSl S 0.29 0.28 0.28
Calcium carbonate
\ o e .

el g e JoSe 053 053 053
Vitamin—mineral premix
E+Se poliy JoSo
Premmix E+Ss" 0.15 0.15 0.15
(M odle .bo)a) 0y @w u.»S)J
Chemical components of die
(Sis odle p 5 slST (g JBIK) (22yed s (555 158 1.62 1.6
Net energy for lactation (Mcal/kg)
P oan 138 138 138
Crude protein
Syt Slyamg S 365 35.6 334
Non- fiber carbohydrate ' ' '
w2

2.8 4.1 4.1

Crude fat
G ezgd ) Jsbnol b 424 420 44
Neutral detergent fiber
il 290 3 Jolonals b 26.4 26.3 27.8
Acid detergent fiber
- 0.7 0.7 0.7
Calcium
st 05 05 05
Phosphorous

tpajie oo oo MOIKY 2jind SASYA MYIKY 1peds 1000 1U/KG E prolssg 500000 1U/KG D pelig « 1000000 1U/KG A polisg 2 Sz g aniobisg JoSo 30T

s poaides Vo MYIKG LS VY- MYIKG wy N+ MYIKY zpguiko VAT MGIKG z o ) +¥A0 MYIKY :(g9, D2+ + MYIKY 25550 o+ o+ MY/KY 2o Y-+ Mg/kg

Voo, mglKg :olunst s & mglkg

¥er, MO/KY : oS! 5l - MOIKG 58 VY- - o MOIKG € polisg € + S€ poling JoSo 5JUT 7

ol 0ab dunlons (Yo V) NRC 1331 o5 5l olizol b g 595 50 p)5 oS V1D Sis odle G ppmo (bl p 23y (2B (65507

L Vitamin and mineral supplement analysis: Vitamin A: 1000000 lu/kg, vitamin D: 500000 1U/kg, Vitamin E: 1000 IU/kg, Ca: 68679 mg/kg, P:

30000 mg/kg, Mg 20700 Mg/kg, Na: 40000 mg/kg, Mn 5000 mg/kg, Zinc: 10395 mg/kg, Copper: 1840 mg/kg, Selenium: 100 mg/ kg, lodine:
120 mg/kg, Cobalt: 100 mg/kg, Antioxidant : 400 mg/kg.

2 Vitamin E + Selenium supplement analysis: Vitamin E: 11000 mg/kg, Selenium 300 mg/kg, Antioxidant: 400 mg/kg.
3 The net energy of lactation was calculated based on the consumption of dry matter of 11.5 kg per day and using NRC (2001) software.
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P Ve oo Ly pyus dng pslatods (53 sladigai oo ]
J3b Lap s w0 s byl paw 5 808 Sty il adsds
a2y Ve gled g odd 4B i 90 Sl Se
A (MRS (St sleaominl gy ojlal ploj b oIS il
8 b)) 2BEilejl slaces jlolitul b S (slaazl 3
b g5l 3T ol 51 o0lisal b g (! ecymsl ol

Solol el g @55

MolS oyl B > gty ol 5 Jools (ylel slaosly
gy 5 030l Ly 5 3JU1 SAS 9.4 l3ile 5 5l eslisal |y soluss
—ialosl elaylo pm (Sle dunlie L2505 awslie MIEXED
A5 pbul (Sg yge5l 5l ooliel b g oy gy paw

Yijk=H+Tit+Agpyj+Sict T Sjict-giji

31 TTSIK ocs S a5 loj 5K olass 3 g Lobas il AD)]
il o okle Bl ,61 eijk 9 S pSdiged Hloj 10 Hlog ldie

oy gldl g eldlid o slasel glie 009581 56

Y Jods o pliide slagll » Sis odle Bpan o inlj sl
S pan Suid odle sl Conddy ol 4 dn g b ol oad 5,158
(P>1/00) 8,55 )5 iolojl sbajlows 1l cos il j U8

3987 5 S dgad

b S5 coles b plaly 5l ey Lol Lagls e
4>y —A- sl 5 )9:—1 U»LM dhz»)',)lﬂ TES )9:—] LS)‘*‘JUJ*‘
Cels YF Gto B)b Sl dgel S S (ld 005d gl
oy e o Car 655lS dlee b LT oOBtlel 4
b (Foss Electric, Hillerod, Denmark)  SuwlgSde ol5iws
ST can 50,500 diged g b odliwyd okjl 8,5 Jesll g
A 5358 3 (19G) G (gl il (lise 9 02 sosssl Jd9 0
olZiwd I oolizwl b jotl (sladiges i (6 )l0SS Logmubo 4y
&b 5l (Martin Christ, Beta 2-8 LD, Germany) !5,
O e Suid g 5l g Sad (05dds) Sis olessl b,
S gilogyS 55 olSiwd) (s ool oy (sladusl JolST Ll3g s
Y5+ sld LFID ;555 4 545 GC Varian CP 3800, USA
» e sl by (CP-SIl 88 y5iw 5 (womdiws 42>
clale b (6,565l (Fallon et al., 2007) wutiwe 5gy bl
BIO- ,u, IV ol%iws 1 eslisl b Liales] cpl 55 by gl gies)]
Bovine immunoglobulin G Elisa ¢S 4 TEK ELX800
5 6 xS0l My Bio Source ¢Sy it

SxS09s
9 (3951 Bpmae 5l ) g5 oloj 5o Lol 5l 55 05

oleile lagls > Sis osle Bpan ol il oy )3 gludl s gldlyd Cp sladgel gl (35581 51-T Jgaar
Table 2- The Effect of using sources of unsaturated and saturated fatty acids in the expectation diet on dry matter intake in Holstein

(_r“"’LO)T L;Lm)ﬁ Ou )b - Jlm}l CJGN
Experimental diets e
- ) o .
5 5,5 als SEM
u 1 -
Parameter A ok Safflower Treatment Time  Treatmentxtime
Control Palm
. seed
oil

(Gox 25 okS) il ) U8 L3y St 0o
Dry matter intake before 10.29 10.98 10.80 0438 ) 530 i L
calving(kg/day)

! Standard error of mean
2 Probability value p=0/05

oy s9aiedny a8 dladdlas 3 (ialoil ol b b Gallas

3 bl (glls Sl
P=0.05 ;ui )l ise Jlois! pdau?



Yyy v Slygs B pan g gwly HUGl o e 0 252 Al @byl Kon g (Sl

Cr2 ol g 3 pandS (65 sldJoSe (13938l 45T W65 )S )l
U bl slagls s Sl il L oas 2 (FA)
oauie [0 (aidgh 53 Cubll (8 pae SWis odle (o)l bixe
sl o, an glilue g glsl Oy sladgwl (09381 aS™ 0
9 Sid odlo By a0y d).u‘._) Oily il B eyed o opluide
WU coss s (Garcia et al., 2014) sl on o9 <yt
o s Shy 4 Cul (See (Spas SiS odle (135,55 )8
u.é)_a.a.o Sid ool 2 .\J]yu.o e J.wl; by.).c Lﬁo).:? u.,w 9
Wopld Clorew yud clyie Jolis b Sy opl 45 3,13 b

.(Allen, 2000)

oliils cbagls )3 ok (555013 5 pls S, &l ) oolisl @l
U S0, il aS ol i guls «8)5 &g |jaSis din
Paya and ) cisls b8, e Sid odlo y o (g)b ime
500l (59l (6 )55 idgi 40 ouimen (Berthiaume, 2006
P984S as> S )l 5 (Oyebade et al., 2020) | )LSon
adbate @S Az g g o cplidle (lagls 0y 4 Wl (69,
5 Sily ol a2l (g5 syl St 03le Byan p &ilyne
sl oS aS Wby ol (Wang et al., 2010) ;Ko
.3l 6yl ne 3l aglS B pan Sis a3l gluil 0
2 ey bal b Slie oy JoSo a5 0 o 505 gk
SCts ol o ()lasine b coplile ul5 oS5 s clagls
sobd cpszmen o (Kliem et al., 2019) cusly bagls 3 ya0
sladllas > (Souza and Lock, 2019) Y 4155w alin

orltle (slagls 5ol cuisS il Hlanl oy )3 gludl g eldlpnd Gy sladenl wlio (39381 31 -V Jgu
Table 3- The effect of supplemented different sources of unsaturated and saturated fatty acid in the expectancy diet on the
colostrum quality of Holstein cows

Loj o
o)l (L0 > Coa
s il loas
JUe Experimental diets ¢ .d’m ! gl
Parameter s Wb o 5,5 4l e e
o) SEM P- value
Control Palm oil Safflower seed

(1) 5921 o

Colostrum volume 419 5.23 5.82 0.661 0.231
(liter)

Loy) jeé]

bor) il 6.73 6.72 6.35 1.173 0.966
Colostrum fat ()

Lo 33 5

(e )."*”,”*' 13.80 13.17 1355 0.870 0.878
protein (%)

Ao ) 568 Y

fhorlis 3.58 3.80 3.59 0.142 0.489
Lactose (%)

Aoyd) dels ol

( 1))- aatd 26.02 25.45 26.95 1.389 0.746
Ts* (%)

o9k ol odls

(EWESYges 18.98 19.01 20.07 1.074 0.719
SNF? (1)

CodyslSyse! 66.23 66.91 65.48 4.891 0.980
1gG(gr/1)

o) ei]

(o) il s 21.02 2175 2125 1.288 0.920
Colostrum brix (%)

Lol> dlge JS IS

1TS: Total Solid

2 SNF: Solid non-Fat

SEM: Standard Error of Mean
P-value: (P<0.05)

r 0ot dals o3l :SNF ¥
3 bl glas Bl :SEM
(P< +/+8) (s ls e Jlois! s :P-value
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GBI ¥ Jgi )3 culitln slagls 55T o sl 1 iy s
olida clagls )9:—1 Gy sl &S ol i gl cul ol
>o00) 2,55 )5 tileil cljlog il cov )l ixe ysboy
(P

P e el Slasude (S5 5 sl sl )ess
o=l @l L glhe (Fallon et al., 2007) ol 38,506 8
(Dorea and Armantano, 2017) gLl goy90 < ialojl
st B jeba Shd ©p bl byl & 26385 ()18
¥ Sl 5 5 ol glin 51 osliul 45 15,8 5155 cpudioee o glaslllas
2 Sl Slgndll clale ol el Ginl; Sodp sl e
sl I oslizl (Capper et al., 2006) a5 Y Kol jlo o]
o3 MY Jlaiedy (5 1Kl) gLl e oyp sladpusl 5 glodl Gy
Dby 3 o) sime b ials Sod5 090 3 Syes St oolo
Giou s (Garcia et al., 2014) el jeel Oyps slasl
SLagls oy d (y2 JoSo (3938 &5 35 pasidie (6503
g A b op bl g bl o Slassul JS 5 (pliils
8,k jl (Watts et al., 2013) coisly gyl ino ;5L alga
G el J 2 4S Wl gy 03gl o W3S ol e
Amd o inlidl o 1)yl oy (leiee (C16:0) cunl glusl
G Al Sy g b e slexe ((Mosley et al., 2007)
a8l 3 ol b 09 Flin 5 JoSo 2 o g g5 4 e
slagls ¢ 8, ;| .(Rabiee et al., 2012) >4 s algs gl ate
g 31y e (55,531 JoLs 3l (gloygd Vgane 155 2 (s
o @55l gl 0 501l S e 28 ol
Ylais! 45 (Watts et al., 2013) xg-5 o g (55,31 slajls
039 Jbd (a0 538l o sl oS5 08,55 )15 586 cow
Lol

oy 3 gl g gltlyd oy (Sladel glie (9581 56
D Jyix 53 biile slaallugS Jigs slaasmil yr il L
o sladswlyd jl plaSad ol il gls Ll oad )5S
Ll P >+ /+0) ¢d,55 )3 iolojl slayloi il cons lnallussS
S 9) Sob slaaiulp o 5 5 il slalej
oY1 Glha il gl by wl ey je wndS (64 5 Jg i wlS
S o9 comesdl e Sl il cud b ol yhudl ol
(P <ol 8) 59 35556 (Vb (JBe b 6595 9 paud copnds

oy 3 gldl 5 eldlt o st plie (3938 ,3b
OIS Y Jatr 5 e clagls el cus sl
(Sep 2y e odal Cunddy mli 4 dxg b .l o
5 G (nslSssml (o2 Go bele odlo ol dlge S oY
I8 bl sl 56 cod jbgme psba el S p
(P>+/0) 8 )5

00,8 lo b cu.ula)] ol cJA&wMg i b silas
Sl 8 558N g (uign e 2 opd Mg e »
sl 5438 (Paya and Taghizadeh, 2020) cusl sl
cel Ghly Koo 0y 0 F Kl wyp slanl 5 glasl oy
05 od Jgie gbdllosS pro 3 G mslSsiay] clale i3l
(Nowak et al., 2012) l,Ken 4 STy (Garcia et al.,2014)
CbS p 56 (St 0,99 1 (5551 (VL e 228 315
Uauie (6,503 555 0 Cpisred (il Gl (olayslS sl
#U pluile gl oy 4 oy JoSo (958 &5 38
Og el dlge GESY (nlign b (22 Loy P
(Watts et al., 2013) cuils Sologw b Joho sl 9 oy
opz 4 plh (fg) (295l &5 A ey L (650> GBS
Sl (g B b e g il glagls
zokbw oyl a5 glaallas 4> 0gMeqy (Oyebade et al., 2020)
alinte dilhie cpliils byl > Sles 5 S5 by calises
Mo w6yl )5 aly a8 b ol mbs S pbl
OhSen 9 (2dlo .(Oguz et al., 2014) cuily pud oy 9 pusd
YO) il Hlanl sl o lasdlls ,> (Salehi et al., 2016)
N3 oin 290 1) 7 Bl 98 Kl lio 35 (ol 4 ol o)
03,8 oxlaiwl £ Kol mlio jl a8 Slagls &8 Wdged odalive g Liald
YL oSy G50 ormen 5 VL el Leign Ol o
S g0 098 gued b oln b oS wzily ()50 slajles 4 o
25U 5e8Y e g o> JeSe a5 LS ool i e Sladss
Martin et al., Gonthier et al., 2005;) cuils (g, sxe
o) JeSe 635,56 5 .(2008; Pirondini et al., 2015
St 0y il plo b JoSo blize @lysb g oslital ol5ueds
cod sy Canl (Ses yol oped a5 ¢(Nudda et al., 2014) )l
A5l cpluala slagls 5ol cudS (58,55 51,3 b

oy > gl g gltlyd oy slatel glie 9581 56
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Table 4- The effect of supplemented different sources of unsaturated and saturated fatty acids in the expectant diet on the fatty
acid of colostrum of Holstein cows (g fatty acids in 100 g fat)

sinlel sloop>

e Experimental diets 3 bl (sllas Bl ol Sobe Jloo o
Parameter aals Wb g, 5,08 ails SEM’ P value”
Control  Palm oil Seed safflower
C4:0 060 071 0.48 0.158 0.590
C6:0 0.76 0.73 0.76 0.063 0.935
C8:0 0.55 0.50 0.56 0.044 0.593
C10:0 1.34 1.15 1.35 0.141 0.511
C11:0 006 0.5 0.06 0.013 0.576
C12:0 228 187 2.26 0.212 0.301
(CA0-CL2:0) o5 obisS 02 sl 5.61 5.04 5.51 0.484 0.679
Short chain fatty acids (C4:0-C12:0)
C13:0 0.05 0.04 0.06 0.009 0.410
C14:.0 10.62 9.10 10.12 0.841 0.443
Cl14:1 0.54 0.41 0.47 0.108 0.713
C15:.0 0.91 0.78 0.98 0.096 0.316
C16:0 36.47 3751 33.73 2.066 0.414
Cl16:1 2.32 2.37 2.09 0.179 0.505
C17:0 0.94 0.82 0.98 0.105 0.543
Cl7:1 0.39 0.35 0.32 0.05 0.631
(C13:0-C17:1) o5} Lo o sl
Medium chain fatty acids (C13:0- 52.28 51.40 48.78 2.980 0.704
C17:1)
C18:.0 14.50 13.29 16.54 1.859 0.456
C181n9t 0.68 0.79 1.05 0.335 0.728
C181n9c 19.81 23.41 21.05 4.088 0.829
C182n6t 0.11 0.11 0.14 0015 0.295
C182n6¢c 3.95 3.54 4,26 0.221 0.093
C20:0 0.29 0.25 0.30 0.041 0.676
C18:3n6 0.04 0.04 0.06 0.008 0.168
C20:1 0.10 0.13 0.09 0.018 0.478
C18:3n3 0.55 0.50 0.50 0.046 0.714
C21:.0 0.1 0.11 0.16 0.065 0.686
C20:2 0.04 0.04 0.05 0.014 0.661
C22:.0 0.08 0.07 0.07 0.017 0.945
C20:3n6 0.41 0.41 0.39 0.075 0.982
C20:3n3 0.00 0.00 0.00 0.003 0.397
C20:4n6 0.70 0.58 0.66 0.101 0.700
C22:2 0.04 0.04 0.05 0.015 0.951
C20:5n3 0.17 0.14 0.16 0.021 0.601
C22:6n3 0.03 0.01 0.04 0.020 0.501
(C18) s s o Slosee 4179 4353 45,65 3.339 0.731
Long chain fatty acids (C18>)
(C167)9> & jpom 05 s o slodel 47 26 15.38 17.16 1.340 0.456
De novo fatty acids (C16>)
C16:0 36.47 37.51 33.73 2.066 0.414
(C167) o9 ) 28,5 Lice 2 (sl 4545  47.09 49.07 3.191 0.742

Performed fatty acids (C16>)

1 Standard error of mean
2 Probability value p=0/05

Syukl glas ket

P=0/05 -ui jls ine Jlois! ghau?
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Table 5- The effect of using the sources of unsaturated and saturated fatty acids in the expectant diet on blood parameters of Holstein

calves
ialojl (gloop> P value'
o9 ol Experimental diets SEM®
Blood parameters el - y’_’ S b Treatment  Time  Treatmentxtime
Control Palm oil Seed safflower

(2 g3 [ ySke) 55515 87.67 91.74 81.16 3061 0085 000 0.733
Glucose (mg/dl) 1
(52 (oo [y Seba) Jg ol 64.05 62.82 64.39 4.216 0.926 <0.00 0.631
Cholesterol (mg/dl) 1
e N O 3167 3171 26.44 2.340 0.227 <000 0.632
Triglyceride (mg/dl) 1
05 oyl 59y
Blood urea nitrogen 28.17 25.48 26.04 1.895 0.584 0.107 0.979
(mg/dI)
(U Sl 20l 58.20 55.26 55.20 4438 0863  “0:00 0.543
AST (u/l) 1
(W) Sl el 1 13.71 15.09 13.33 1437 o0ee9 90 0.215
ALT (u/) 5
P Sl ] )b 0.537 0.540 521 0.027 0877 0015 0.772
TAC (mmol/l)
() o3 [p5) oo 3.27 3.17 3.15 0066 0460 000 0.914
Albumin (gr/dl) 1
(2 o3 15) IS 02 6.18 6.17 6.03 0.254 0891 000 0.584
Total protein (gr/dl) 1
(52 g3 /Sl 11.48 11.43 11.40 0.213 0.966 0.001 0.125
Ca (mg/dl)
(5= o> [ 5ol e 2.32 2.36 2.34 0.082 0.932 0.919 0.516
Mg (mg/dl)
(2 g3 [ Seke) 6.97 7.11 7.15 0.168 0.741 0.001 0.679
P (mg/dl)
Vb IS L oy nsed 19.94 17.61 18.35 1.94 0693 000 0.015
HDL(mg/dI) 1
sl 63 opglle

2.06 1.68 2.19 0.193 0.191 0.177 0.087

MDA(nmol/ml)

! Standard error of mean
2 Probability value p=0.05

ol gl s (Uken et al., 2021) s (g, me 15U
235l 33 6y 0 Oy slaswl JoSo @l Bl Eds 1 inlejl
= xS b JRlol g 65 et ) Gl sloeygd g (Sl (g
#U dlize glagle) 1 g sladlngs > JS 5S9pn
¥Y a5 lasdllas p> (Jolazadeh et al., 2019) cusls gyl xe
plosl 3Lj 5 bawgio o8 (6551 L sl aw L g Sl 4 oaile
o3liil YUy (65,01 L open 51 45 obadllogS 13,5 ascio ol
5 J—5 Sl sl e 3 )b S I8 e lale ey, S

3yl slad Lot
P=0.05 ;yai s ine Jlois] dau?

oS 5358 e e (Sladlln 3 isloj] ol bt b (3sllae

S hine b el (nh b ballagS S5 il JoSo
Sl ¢ Jo2lS S 95 comglS ol (S5 B coresel]
YL S L oelig oo 5 3l gl V1 oyl el
A5 (She) Vo0 9 A VO F KDY g il slaglej
03y s (6,55 adllas y> ¢ yizxen (El-Hafeez et al ., 2017)
4595595 Sgid el 9 0908 o sl Sl oslatnl & 03
S35 9 IS B9 lSY S5 Gl lalj sl 0)93 5
esl ghygn clisie laglej Job )3 395 sladllogS 3y juudS
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A5 VY adg) dlwsS (0 (59 codal Cowdas guls 4 a5 b
Suid ke  (Sie YALY 9 (Sj9) VI BY) ()55 Ll 31 (S,
Shg> dlgo ggomme (S5jo, FALY 5 (S39) YV UY) byas
YVYLY) SThgs 035l 9 ((Siay FALY 9 (Sigy VIV BY) (e
S me yoban cplidla ladlugS (559, YA LY 5 S,

(P>/+0) €8, )15 olojl sbajlows il coos

soban omly (551 L sles o a8l (00 opglle clale pizeen
3,5 My Gali8l 1500 sla et d s ()b e
Se slmasiuld o Lej o3l .(Hao Chen et al., 2022)
“dllogS 53 039y 3 Slas 5 (o)l65 i dgade Judady Cunl See
250 b

sl oy ) bl g bl e 02 slosgel glio (139381 5
ool 0as )53 8 Jgd 0 (pliils sbadllogs 5 Slos il

orledle clodlogs 3 Slas y talj sl o> )3 gLl 5 bl o sladsl glio (9381 31 =T Jguar
Table 6 - The effect of using the sources of unsaturated and saturated fatty acids in the expectant diet on the performance of Holstein

calves
ialojl sbvoyx
JIEA Experimental diets _ SEML P value?
Parameter ol Wb o, 5,08 4l
Control Palm oil Seed safflower
k L e
K0) e sss 2 o 0 42.06 40.90 4134 1.779 0.906
Body weight on day 0( kg)
(KQ) ¥ 595 o 09 44.94 44.81 44,51 1677 0.982
Body weight on day 21(kg)
(k) 55, 22 o 039 56.28 56.12 56.53 1.895 0.989
Body weight on day 49 (kg)
(kg/day) (539, YV 6¥) 0ij el
Average daily gain (3 to 21 days) 0.13 0.18 0.15 0.048 0.778
(kg/day)
(kg/day) (S35, ¥R B Y) 39 ol3é!
Average daily gain (3 to 49 0.29 031 0.30 0.031 0.875
days)(kg/day)
(S50 VYV BY) ailjgy (bpae St ol
(ko/day) _ 0.06 0.08 0.06 0.013 0.345
Dry matter intake daily (3 to 21 days)
(kg/day)
(559, YALY) aljg) (B pae Sis odle
(kg/day) 0.27 0.30 0.28 0.017 0.653
Dry matter intake daily (3 to 49 days)
(59 VY BY) (Bras (STyes dlge ggome
(kg/day) 0.60 0.62 0.60 0.013 0.345
Total feed intake (3 to 21 days)
(kg/day)
(559, YALY) (B yao (STyos dlge ggeme
(kg/day) 0.81 0.84 0.82 0.016 0.653
Total feed intake (3 to 49 days)
(kg/day)
(Ao ) (o) YV LY) STyss od3l
Feed efficiency (3 to 21 days) (£) 0.23 0-29 0-26 0.078 0-865
o) (( 559y FA L Y) S5 o05L
(o) (S ) Shsb oo 0.35 0.36 0.39 0.037 0.779

Feed efficiency (3 to 49 days) (%)

1 Standard error of mean
2 Probability value p=0.05

Syukl glas ket
P=0.05 ;s s ise Jlos! pau?
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Table 7-The effect of using the sources of unsaturated and saturated fatty acids in the expectant diet on
skeletal status of Holstein calves

inlejl (glop>
e Experimental dlet/s _ SEM! p- value?
Parameter Jals ol o, 5,8 4l
Control  Palm oil Seed safflower
(als) S39) ¥ e €53 81690 8142 82.56 0.677 0.498
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Body length on day 49(cm)

! Standard error of mean
2 Probability value p=0.05
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Introduction: Lack of animal feed, especially with development of industrial methods of animal husbandry
waste in many parts of the world, has led farmers and researchers to try identifying and using agricultural and
livestock waste and new food sources for animal nutrition, including poultry manure and urea is mentioned in
the diet of ruminants. Due to the fact that no research has been done on the effect of barley grain processing
methods and non-protein nitrogen sources in the diet on rumen degradability, gas production and microbial
protein synthesis in sheep, the present study was conducted.

Materials and Methods: This experiment was conducted in a completely randomized design with seven
treatments including a control treatment containing whole barley grain (without milling) and without urea and
chicken manure, treatments 2, 3 and 4 containing processing method of milling, filling and pelleting with a
certain level of urea, respectively. (1%) And treatments 5, 6 and 7 containing processing methods of milling,
filling and pelleting with a certain level of poultry manure (12%) were performed on sheep. Each treatment
consisted of 5 fattening lambs at the age of 3 months 24+1 which were kept individually in separate cages for 14
days of acclimatization period and 84 days of fattening period. In the second experiment, rumen degradability of
dry matter, crude protein and NDF of experimental diets were measured using a nylon bag method with 3
fistulated male sheep that were fed in the maintenance level. Extent and rate of gas production were done based
on Menk and Stingas. The NH3-N concentration was determined following the Broderick and Kang (1980)
technique. Purine derivatives and was measured by the method of Chen and Gomes (1995). Rumen fluid was
collected for 5 consecutive days in the end of each period and ruminal fermentation parameters containing pH
and NH3-N and were determined. Urine of sheep was collected end of each period for 5 days and microbial
protein synthesis was estimated by measuring purine base. Data were analyzed using SAS software version 9.9
(54) using GLM procedure.

Results and Discussion: The apparent digestibility of dry matter and organic matter were significantly
different, and the control treatment (whole barley grain without urea and poultry manure) had the highest
apparent digestibility. Digestibility in non-fibrous carbohydrates was significantly different, so that treatment 5
(processing method of milling with poultry manure) had the highest apparent digestibility. Different parameters
of degradability of dry matter, crude protein and insoluble fibers in neutral detergent of experimental treatments
indicated significant differences between treatments (P<0.05). Barley grain processing with non-protein nitrogen
sources caused a significant difference in the fast decomposing part, slow decomposing part and degradable part
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of dry matter, crude protein and insoluble fibers in the crude protein neutral detergent of experimental
treatments. Effective degradability of dry matter, crude protein and insoluble fibers in neutral detergent at 2, 4
and 6% per hour passage rates had a significant difference between experimental treatments. The results showed
that there was a significant difference between the experimental treatments in terms of gas production parameters
and the amount of gas produced in 96 hours (P<0.05). There was a significant difference between experimental
treatments in terms of digestibility of organic matter, amount of metabolizable energy and concentration of
short-chain volatile fatty acids. The highest pH was assigned to treatment 7 (6.30) and the lowest pH was
assigned to treatment 1 (6.10). Ammonia nitrogen had a significant difference in experimental treatments. The
highest ammonia nitrogen was related to treatment 5 (11.45 mg/dL) and the lowest ammonia nitrogen was
related to treatment 3 (10.38 mg/dL). The excretion rate of each of the purine derivatives (allantoin, uric acid,
xanthine + hypoxanthine) and the total urinary excretion of purine derivatives and the amount of microbial
protein synthesized in the rumen were affected by the test diets and the observed difference was significant
(P<0.05). There was a significant difference in rumen pH in experimental treatments. The results showed that

barley grain processing methods with non-protein nitrogen sources had a significant effect on rumen
degradability, gas production, rumen parameters and microbial protein synthesis compared to the control group.

Conclusion: In general, the use of urea (1%) and poultry manure (12%) with different methods of barley
grain processing without negative effects on rumen degradability, rumen liquid parameters and gas production in
terms of microbial protein synthesis can be useful.

Keywords: Gas production, Microbial protein synthesis, Non-protein nitrogen, Rumen degradability
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2- Total Mixed Ration (TMR)
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Control Ground Filled Pelleted Ground Filled Pelleted
15 oS
P 5 5 5 5 5 5 5
Wheat straw
< )M”” 15 15 15 15 15 15 15
Corn silage
bgw dllous
e T 14 7 7 7 9 9 9
Soy meal
5 i Al
N 5 5 5 5 5 5 5
Sugar beet pulp
Sl
e 41 47 47 47 40 40 40
Barley grain
35
P oo 14 14 14 14 9 9 9
Wheat bran
o 25 0 0 0 0 12 12 12
Poultry manure
64!
9 0 1 1 1 0 0 0
Urea
tal 1 1 1 1 05 05 05
Bentonite
i 1 1 1 1 0.5 0.5 0.5
Enzyme
N 15 15 15 15 15 15 15
Limestone
e hsr 1 1 1 1 1 1 1
Sodium bicarbonate
BN
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Chemical composition (% of DM)
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P oy ) 15.17 15.36 15.36 15.36 15.12 15.12 15.12
Crude protein
T 0.74 0.73 0.73 0.73 0.67 0.67 0.67
Calcium
S 0.47 0.44 0.44 0.44 0.47 0.47 0.47
Phosphorus
ERVAN. ]
S odagd 50 Jglowe ' s 32.89 33.04 33.04 33.04 29.64 29.64 29.64
Neutral detergent fiber
| 64 g4 (W]
(il o425 3 Jylols 3L 16.49 16.21 16.21 16.21 15.27 15.27 15.27
Acid detergent fiber
Veroe 38t oy S oo ¥V e oo st o Medlip oy Yoo B puoliyg e Mol dly YO+ + o+ Dy palivg o edlpn aslg Veovees A pyolisg Jols (Sdne g cpoling JaSat

Ve i oSl T b ipy S o Ve IS Sk oo ol ip o Ve Sk oo o Sk Foo s Sle Voo (s 5 o

il pSS 53 oS ke Ve e oSl o5 e
Contained per kilogram of supplement: 1000,000 1U A 250,000 IU vitamin D3, 3,000 IU vitamin E, 110 g Ca, 45 g Mg, 10,000 mg Mn,
10,000 mg Zn, 300 mg Cu, 100 mg Fe, 100 mg P, 11,500 mg Mo and 100 mg anti-oxidant.
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Zokw 4 ds5 (Rahimi et al., 2018) ) )LSen g o>y .cd )5
or BN Slan oy 3 (dsS sy puy Cilixe
Coyd g (Bymae SCid ol o (g)b me M gl i S
- e gl WLo)i sbylos e J ol ol dl)y %
Sl aaadllas SO 50 s sdmline (ghuwl sdigi 4 Jaloeels B
P sbop o 3 (953 (55l g 0ygl) (g Al lie Bpan
Caw 0yl Ly dunlie 13 )3 5a 18 (8 pns oS ol L SUgdlus
Kyriazakis and ) si  piigys podn Codild jlo ixe o5l
cadld o Sglate @l l alisce sulig b (Oldham, 1997
Fin A 43 sy g A5 Gllas 40 (g g0 dlge puta
khalid et al., ) Cawl Foo 0> Sxo J|9n > O])'#o 2Oy
ﬂ,_,.a'_m Sy U_C)A .)95 9 0)9‘ L' MLQA » Ls.w 4”}:.'5 (2012
D9 0 b9~u s d)mn JY 9 3)‘3 oS Bl dﬁwi
e ailyd 55 g 4aS oy Ko 03y 9 Cllad el
355 5 039) Bt (5ar @lie ) oslisel dI) 25K 1,5 b
Sgn @lie b dmlie 13 1) 0y sk dlge s Culld (550

A3 ials (Lgw dbus) duds

Ao s Sl 059yt it @lio Bpae 1L dlaily

4 g dily (gy9l )3 el osd &1 (e3dmie 5135 15 op> (cdie
o3lo pdn Chl Bl cage (Sgp i (9 @lie olyen
ot 2 d CllE EalS (P<o/-0) 5 oy M oole 5 Sits
5 st S lye ey Vel e 13 (e 355 il
Cbale Gal58l o a8 039 (£ 50 3957 53 3L L SB35
Lol (SaiiSoguome Sl g (50 365 (5ol slooyr )3 y250 dlge
s Sl )3 o gtae gl 395 |V Joio) Cawl 0390 i
45 2 2390 bgiye (£ 0 395 (1Tgp Cuple 4 35 (g
sl odigd 53 Jolmols BLII (i 53 39290 (36890 Canns
(Hale, 1980) el o5 (sbg5 a9 355 )3 (e Ji6e5)
&9y = —ialojl ;3 (Negesse et al., 2007) ),LSen g (oSS
zolw sols oluisS jl oalaiwl a5 15,8 odaline 3 5 MibwsS
DS olgs plaw Lyolyan (£30 365 oy &+ 5 ¥r ¥+ (ya0
oy JI 5lge muan cubld )3 I gxe ciglis pas oaimd i osimd
OB mad CgblB o )3 (£50 395 (19381 b Glejed 9 35
Mirmohammadi ) )L 5 (gdamws jo 0)S oy yials s
Slap sop 59y p 1) (1355 clade s>y Sl (et al, 2015
P Ve aligy iy ORIPI plgie & wol> Ui g 02,8 (o)
Oly M g3, Shae o ko 56 g g ], £S5

N(1032) (shia dlgo it Cubld yy Bigné 5ok e g 92 G (59058 slay wb =Y Jgan
Table 2- The effect of processing methods of barley grain and son-protein nitrogen sources on nutrient digestibility (%)*

(doy> V) 0,9 (doyd V) (£ 30 265 slbs s

3)lge Urea (1 %) Poultry manure (12 %) 3,5kl

Item s s obel e Sy aascd sbolel a3, abcl Sk ;’5;;

Control Ground Filled Pelleted  Ground Filled Pelleted SEM

Sis odbo

Dry matter 81.10? 79.90° 79.75° 79.90° 79.50° 79.47° 79.60° 0.066  0.0006
‘_Jl I

Organic matter 82.50° 81.50° 81.37° 81.52b 81.05° 81.12b 81.10° 0.064  0.0010
b (uBgn

Crude protein 81.22 80.75 80.82 80.97 81.15 81.35 81.10 0.065 0.4424
Pl o

Ether extract 83.22 82.75 83.02 83.00 83.30 83.00 83.35 0.061  0.3196
S a9l > bl SLI

Neutral detergent fiber 68.50 68.47 67.92 68.07 68.45 68.37 68.25 0.084  0.8800
el oz > Jsboeal G
Acid detergent fiber 61.60 61.00 61.32 61.05 62.45 61.22 62.05 0.097  0.2882
SWl Syamg s

Non fiber carbohydrate 92.52®  9240°  92.27b

92.12°¢ 92.752 92.50% 92.05°¢ 0.041  0.0001

ol (P 10) Jlozn] s 3 (6l sime ST il oy 2 53 S i b gy

1The means within the same row with different letters indicate the significant difference (P < 0.05).
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S— ,» (Sadeghi and Shawrang, 2008) 5, 5 (ol
S5y = snSele (@Usin <3l L LS s in situ 4 dlas
SR a5 153)S ()5S o s piqan o Cluogad
oS LS 5 (@) Jbre (it plidl 4 oo 499yl
ol 505 byl 5| g 0 il 5SS o3l (D) Jgbeol
g 0l aslds 5 Sts oalo (€) Jolomols i 42358 &5 «csnl
ran Shp o 156 ot 4aSs jldlge youe ¢ a2l e )
e il el 3 Sy Bpae aw ialBI L 45 (g psbody
oS 2gd 0 o Slga youe £ Il opizen Abe GBI 5
LS 3 (St dlge 4 4eSd Ile ) (g Gloj e
Ay > Sid o3le oo (g pigdnpd e ond ) g 4Bl
-~y el BusS lguis L(Orskov, 1992) by yials” STye5
ol JS 53 9 A5 (i o5 4reSid 53 & i (S sl
Pozdisek and ) sl & sl YLy poid CiblB by S

(Vaculova, 2008

o3le Jho pdndnjad 5 Gpha s i slhaomul
auolie a0 03l (L Y Jod 0 (dnlojl oljle Siis
(P10 39 Uil s 3 sine NS ) Sl LneSileo
Olalidl ecely (gt (Fay o olen 4 g &b ()18
as s aals b ool ol ylos s oolo o0 oy iS00
(4aoyd VAUFY) dalis g ¢y iy (o> YV/¥ ) ¥ jlaws oS50
O @lie olyen g 4l (g9l 8 ogdeds 29y (e
s KL o3l dy o A8 i yinlS el iatig i
9 CpyieS (Ao ¥EIYO) ¥ o oS g ygbods b aali b (oslo]
o ol yan 4 9> by (69,8 D9y oyt (o y> DO/YD) aalis
Ot 45 B s o gae OS] el (g ppé (950
Oy (2o VWAV Y jlas oS gygbods 0 inloj] (slaylows
O S mme gl Lol g o yieS (103 VHIYY) & Lo 4
295 455 ¢ ol o o] sl o
Agd & joue glace > Sis olo She s pbiad
A gime @iglds ivlejl slayles b aald o celo 4D Aoy
3 e ool o i AL S5

o 9) St o3lo (glaseSis (g oo (sladoinl b gt (Sers lie 5 32 4 6yl 8 slaby, LY Jgd
Table 3- The effect of processing methods of barley grain and non-protein nitrogen sources on degradability of dry matter (%)*

(Ao > V) 0yl (doyd V) (£ 30 265 sles s
5le Urea (1 %) Poultry manure (12 %) 5kl
Item Jals ol bl 0dd Sy o cdy ol Gl 0l Sy odd Silee ;S)lDTuw
Control Ground Filled Pelleted Ground Filled Pelleted SEM -value
(30 3) 2325 @y S0
Rapidly degraded 19420 2373% 1083 2740 2443 2235 2579 1211 <0000
fraction (%) 1

(3o 3) 325 S i
Slowly degraded
fraction (%)

(2013) jo JB (i
Potential of
degradability (%)

2 Jopd) 43 &l
(sl

Constant rate of
degradation (h%)
(celo > o) Jhe Gt
Effective degradability (%/h)

55.352 50.58ak¢ 55.08?

74.77% 74.31% 74.91%

1.76 1.96 1.95

2 54.712 50.01% 54.512
5 53.782 49.19° 53.672
8 52.882 48.39° 52.862

46.26° 47.54% 47.97% 4797 1735 0.0010

73.66% 71.97° 70.33° 77.912 1.892  0.1489

1.72 2.15 2.02 1.64 0.663  0.6627

45.69° 47.09% 4747  51.46%  1.697  0.0007
44.87°¢ 46.43 46.74 5052 1642  0.0004
44.07° 45.78" 46.04*  49.60® 1592  0.0002

ol (P<e/00) Jlaan! gaw 3 (gyls gime M3 Sl sy o )3 Sy pui gy

1The means within the same row with different letters indicate the significant difference (P < 0.05).
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Nazem et al., ) 555 o g 4 )l 3,y 5k (ow yiwd
S oD ) Joloreli BLIl 5 Sis o3le gy 5 (2008
0 yo3S Sl 4 izman 5 4aSd (Sligel ()t ke 4
Boucher et ) ¢l &l oy olowds 5 (Sopd slaylidlu 4
a8 Sligel (59 panal ¢ yols b el (al., 2007
Soigal (59 sl SLI oS pan Sk 6 4 Slgi oo
4S8 BLJ aiiS o an Lo iSLy 4l 5 405 ) ege (M
S oo (63 ol Al lis 2] 3
Ay joue glace,w 3 pls (Bgp She b
A b s e gl —iulojl sla b e cslo (D oy
Lo OY/YY 5 OF/+N OFIVY s pas ) slajlos aS gy b
OieS 2oy FO/FY o FO/AN FEIEY s ey Fylass g oy

BUVATY)

B9 P Cphaid g G phdpd wliste ladsul B

aaolie ol oasd o3l L ¥ Jgas 0 iulojl (sla)los pls
.(P<~/~&)) Sg Lo lous Oy )‘.)u._.'uw @Mes| ) LsSl.> l.muSJLn
gl el (iuBgput (ot @bie olyen & g &l (5403
A b halojl ol Pl (pSg 43S @ (S I e
59 p e 9 Lo olyan 4 9> &y 651,39y (S
sloylog pls piig s an i S iy )b xe Ciglds sl
Foles 5 opyid (Mo OVISA) ¥ e oS g ygbas ad iulo)]
slayles Oyt d)bu—;’*" M3 g J,;&S (A_,.o)b \°5’/VV)
saalie tolejl lajlows pbs (ngp ajos BB (isu (oiule]]
VENA)Y jlass g oy (oyd AVA) Y jlaws oS’ (gpbody s
b ) tlejl bojloss o (5l ste Sl 391 o330S (Mo
oS s Jgloo dlge jlade |8l g5 pls gy 4555 £
o oly opl 5l g oad aeSs oyl 3y sl oS i gl 55
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Table 4- The effect of processing methods of barley grain and non-protein nitrogen sources on degradability of crude protein

(%)*
(3253 1) 039l (02 3Y) (0 355 sl !

5le Urea (1 %) Poultry manure (12 %) 5 bl
Item Jals s bl 0dd Sy o cdy ol Gl 0dd Sy odd Silee s)lDLI;.M

Control Ground Filled Pelleted Ground Filled Pelleted SEM -value
(2013) 4328 @y i
Rapidly degraded 25544 2727 23920 29440 2873 2653 30198 1086 0000
fraction (%) 1
(o)) 4555 A8 iso
Slowly degraded 55.23 48.91b 52.36%  46.77" 50.67°  49.64°  4837° 1627  0.0045
fraction (%)
(3op) w2 BB i
Potential of 80.77 76.18 76.28 76.21 79.40 7618 7857 1662  0.1259
degradability (%)
P dop) ps g e
(sl
Constant rate of 2.25 2.58 2.72 2.79 2.76 294 281 0655 04072
degradation (h?)
(colo 5 202) 5o s gt
Effective degradability (%/h)
2 54742 4853 51.97%  46.42° 50.30 4931  48.03™ 1619  0.0048
5 54012 47.97b 51.40%  4591¢  49.76b¢  48.80™ 4751 1609  0.0054
8 53318 47.43™ 50.85%  4541¢ 4923 4831  47.02 1599  0.0061

ool (P<o/+0) Jloss] o 53 (5l sine B Sl i3y b 55 S e i By
1The means within the same row with different letters indicate the significant difference (P < 0.05).
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Ban it Ofsrs glie olyen 4 g wl (g9l 5 (P<+/-0) 35,
S o by Jelorels BLI 5 e Gis Gl el
(3o )d YY) Y Lo oS g yobot o aalis b odoloj] (olonlows
g > (ygl,8 g (S (100 VUAY) s g o iy
s S s plalS el (aign pé ()9 lie olyen
s als b ilefl clajlog 55 adiyd 3 Jsloeel GBL)
(1003 FONVY) 18l 5 3,208 (1> FANE) D sl oS sbo
e 59y lie olyen 4 g 4l (59l 5 25 it
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Table 5- The effect of processing methods of barley grain and non-protein nitrogen sources on degradability of NDF (%0)*

(2253 1) 059l (02 3Y) (0 355 slas s

™ Urea (1 %) Poultry manure (12 %) 5l
Item anls R Y O RO ¥ U 0 [V P O TN I;s)l:TM

Control Ground Filled Pelleted Ground Filled Pelleted SEM -value
(2013) 4328 @y i
Rapidly degraded 19.92¢  22.16%c  2054%  2298®  2173%d  2280® 23912  1.085  0.0012
fraction (%)
(o)) 4525 A8 Jiso
Slowly degraded 4513 4064  42.61% 4217  3914b 4116 42.06®  1.547  0.0627
fraction (%)
(o) 0325 1B i
Potential of 65.05®  62.81%  63.15%  65.15%  60.88°  63.96% 6597¢ 1741  0.2972
degradability (%)
2 doy) 4 g el
(S
Constant rate of 2.05¢ 3.25 281% 272 453 281 273 0836  0.0032
degradation (h™)
(el 3 803) S3e s oty jos
Effective degradability (%/h)
2 44,662 40.38 4220  4183b  3897°  40.85° 41.74% 1517  0.0659
5 43.98° 39.99b 4182  4134%  3871° 4039 40.39% 1473  0.0716
8 43332 39.61° 4136 4086 3846  39.94° 40.80*  1.430 0.0787

sl (P<e/00) Jlossl o )3 ()l ime N3] S0l i, ya )3 S o yub gy

1The means within the same row with different letters indicate the significant difference (P < 0.05).
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(Valentin et al., 1999) sl awily (oab; &l s Llgs

ol 0 00l LIS Y Joda 0 4eSs slacyIglio yolde
il oy ime M3 ivlojl claylas )3 aeSs PH lade
o bgya PH (a8 9 (FI¥2) V o 0 bgayo PH (it
otalil]) oad lul St (clie plie 4 4Ss (glacg S
i dlge (g yidn Cae o b g e polil (e 1 930 dalgs
S5 3g dwS b mlo PH ials cubls colys 50 g 0dg0d puin |,
OhlKed 5 (>, (Callison et al., 2001) csly L algs
Iy (€0 355 V0 5 Ve B «yao zolaw 4o (Rahimi et al., 2018)
aeSs PH 14x5ke a5 0l L zols 60,8 eolitwl oy 0> 42
Cewddny PH s duolde il D39 (g)ld xe OS] L;JJ%LQ)’T
s O3 @lie 2938l e o L alas (s 0]

d)bu—:‘*" SN u_u.»i‘.ﬂ)] slayled ufl_.uyoi 039y
P ke VWD) 0 Jlosi & bgsye (Sligal (1595 on pby -culy
VY)Y o 4 bgryo (Slogel gy o pteS 5 (33 (o 5
slacdale o agls .caih joluand] (i aws jd p)S e
sl (slmoy | a8 09] (lgima slmoy 1> (Sligal (5950
039) 4t G (0 355 ) g LS 51 (59500 S (g5l
OS5 g 3l CoS i (e dlge min ColilE sl by e
Aloss Lol o Sl b (Sbgel (5gym olie 9 4l )3
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(it oxga ) Jolbrel GBI puan cublB 35y pogMe NidwoS
oo (Sigl (33, Sl 5 15 g, 5 )1, e0aih Ll
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AU o5 |y Lnoyr (Sligel (g5 cale g w5918 oS
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5l Jols L5 0 Jg (Menke and Steingass, 1988) )i
ot ot ol Sl B By, | duglis 55 ia
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3929 5 My Gy g Ldiged pb nlign w2Vl (Stasen
S Ble e Hlade (09 YU iz (Larbi et al., 1998) sl
Church, ) sg-3 e (2L Jsbo S Sligime 51 la 5l Jos
Vo ol JBlas b (STy65 slge (; Wilson et al., 19911988
28l Collae 4eSid )3 (29)Sse Cillid Uil pb gy doyd
OB s pl (g Lop3 Vel S b (ST dlge cnlpli
= I Mg Il G ol )3 5 A4S ) (29,50 Culled
I i gl p 138,56 Jalge ales 51 .(Norton, 1994) xes
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Table 6- The effect of processing methods of barley grain and non-protein nitrogen sources on gas production parameters (ml/200

mg DM)!
(dueyd V) 0,9 (duoyd V) (£ 30 265 s sl
3130 Urea (1 %) Poultry manure (12 %) 585kl N
Item s b bl aas Sy embek aabohkel eSSy ascl LSl ;-)VE:J;
Control Ground Filled Pelleted  Ground Filled Pelleted SEM
B Mg Jesily
(5 k)

Gas production 3498  3807°  38.30° 37.87°  3554°  3432°  3543° 1128  0.0056
potential (ml)
SRS

(celol 2 o)

Gas production rate (ml
h'1)

celw A8 adg 58

(3 tee)

Gas production in 96
hours (ml)

S oole s culils

(Sis o0l duo )
Organic matter
digestibility (%DM)
J535%) pudlgilio LB (5551
(Suzs o3le pS5hS
Metabolizable energy

0.043% 0.033° 0.040%¢  0.038*  0.037®  0.036"™ 0.0472 0.063  0.0154

32.33° 35.50? 33.67%¢  34.90%  33.20% 31.77¢ 33.07  1.049  0.0107

40.05% 39.543b¢ 39.18%  40.21%  39.44%c  38.19¢ 40.972 0.932  0.0389

(MJ/kg DM) 5.82 5,75 569 5842 571 55 5942 0365  0.0381
2755 0658 o r el

(Jsoisle)

?r?n(r)r:gﬁhainfanyadds 0.45° 0.442 043% 0460 0431 040 047% 0146  0.0370

ool (P<e/00) Jlaan] gdaw 55 (g)lo sime BB S5l sy jb )3 S jidie pué gy
1The means within the same row with different letters indicate the significant difference (P < 0.05).
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Table 7- The effect of processing methods of barley grain and non-protein nitrogen sources on rumen parameters*
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The means within the same row with different letters indicate the significant difference (P < 0.05).



VoY 5l o ¥ oylodd 0 alo ol ! (oolo pole lesirgh a5 pis  YYF

Byan 03 Sy ol a8 09 (lagls Sl SV ()l e psboas
9 w9y pdadn s tals (Alijoo et al., 2011) 4 S
Pl p S jlan an Cabl g ite ST (e 4SS 5> Al
4 (Campling, 1991) ceul oud saalin g5 3,5 Sligel
o Gli8l Gk Sl cl (Ses g 4l (6518 > le
140203,5 deaSll )0 dtwlis e iul38l el atwlias alyd ules
SVskol slacs 8L ol iz 53 48 2900 UL
bl eSS (29,500 e e lgiedy (Aol oaS 4y 150)
Sl 025055 sl 7Sl o e 45 Lo STl Al Rl L
ol i d ol )05 oS b ) g bl ]33] 4eSis > Sy
PH 13 sl 5YL 513 G ccldpusl o b duglio ,3 SSY
S PH bl b 595 5105 51 Jloys s 1 Gl (ySae dsaS
it ] GBlaie g 005 o Kol slacalls (ol Layls
.(Khalesizadeh et al., 2011) sl o (ialS asd > ,ud
clale o Wo)S" 5155 (Erjaei et al., 2018) |,\Kon 5 sl
AU oS (gSse By S g e 950 Sy 2l
48,55 )18 gl o Jlite S5 002 (a2 aulio 2 @l (g9l
S Glon odllosS )3 anajled 4y (2980 (59 Ol ol
3 a8 po S Ly alon, ' B pae )y 035 S 9>
Wledy S A dw 00 STl i 9> 45 39 (sylg g (slaallusS
&l 008590 > ,aiS18 g5l (Beauchemin et al., 2011)
45 Gl 00l ()]3S g Col 4SS 13 (29500 (B9 Mg
oo I (005 e 5SS o5 SBle) e w38 s3] 3
B 5,0 alsdl g aneSs p arlis 1 oolizl o)l iyl
OB Jiw il Bl o eSSy S 38y (sl oy
(Kiran and Mutsvangwa, 2007; Davies et 53,5 o (29,540

.al., 2013)

IS (8 5 Ao

o ol am a5 b (55l )8 sla by, oy (i b
Sxigan s lasiul p 6o 1 (Ag e ()5g s
Ofigym Ay g slaeS il ladould G5 0]y (slaesis
5 (o3 V) oygl 5l ool ( JS jsbody .ubly aalids 0g)5 b 9,500
09 92 45 (5ol b calisie (glaby b (1o)3 VY) £ pe 355
9 4eSd @lo slaaminl B ((lawSs phaipd p e Ol
Al b WIS o (29,50 (pgy Mg i I 5B Ay

Ol 9 g litde @3 (liee 55 0jll & oo gl
ol oad ooy lis A Jgdo 10 o Jiiw (09,8w0 gy i
g Gl IS0 e 18 Gliwe (Jodr ol 4w 2 b
Olide 185 5 g (0l gt +0lS (Sl el 3355V
Co 4eSd )3 0ad Jih (2950 g i 90l (g
I3 mine 00 odmlie BB g 8,5 518 dalojl slao s 3l
4S 4zl (Kim et al., 2000) o,Lson g o (P<+/+0) 35
aS oy b awslio j3 40365 L yd S (g9l> 0 45
Wy e OlELde S a8 g ol el > §Mew ;) Lasid
23 tal3 8l ) At gS 5> (g Se gy S o JLd
5 plogl (Pathak, 2008_) ol ilSan 5 Sl bawgs 45 oiylo]]
9 )_Q_M.\S )_.oL.C ‘0)9] .)L)‘) )J.)LEA ‘_ggl> dl.bo)o &S J.i.))f ua}z.\:m
i Jes (295 Flwgn )3 0liSdgixe Jalge lgiedr 3,555
OB GBS ezt gy Sl (el 3 (2955we (nSgp AS
9 MRS by (Sl 5l )90 el slasgl 12519 350 (ot
Vaithiyanathan et al., ) .S o waly)8 1) (Lsee Gloe Mg
(2006
Gyao &S 10,8 5,155 (Papi et al., 2013) )Ken ¢ b
G me i3l 00 355 (g5l> (slao s 10 Siis oole wiljg,
ay (L5005 b ddole b pops 0,5 JoSo Cuwl 00l L
S i » osllas 1Sz o3lo o 53LS 15 2,5 15+ s
A_JJ.:J P il AA-L—AA’; 3 39— w—*wjj’l*" 9 uﬁ)_.aa.a
ool LSl neSi mobans] byl oy (o8 aiSlgseds
8 4559588 g 5l (alid oy )3 5L 3)90 B I (50
T )M;?U L ])Lg))"] .)|9A )I uLo)on odlaswl 9 o)9| Jole ‘u“f“%’
e 1 38,80 ege Jole (Swan et al., 2006) 55 3¢
E s (g0 oD J_;lg d)).:] L dl.(b&_{l)? )l ookl MLUA 0y
O-See 9 43l (Sl o)l (Bgn pE (ers JeSe g
Kowalczyk, ) sl awslh slas seMw 59 saeluol 3l conl
(1997
aS S il 8 (Alijoo et al., 2011) S g o e
29S8 o &l 6yl gy b CoB gy by
S u.sLm9l§ )I Pl 59y 045 d.;.hu LW uL.w] P L LY u.:l.tbﬁlf
U o 0 Ll 5yt 4539 03,5 G puan ol s g oS
g 3355 > 5 A ygld Jg d S5 5 Injla Lol
53,5 G yan o Ol g3 a5 Slagls 45 43 JL3 5k cov I,



YYV o Selianmt e aalio 3 92 4l (559118 sloig) 5T (ly50n g b5

2955 (g e g Gy Ol Sy (5o wlie g g2 4 syl b slaisbyy b A Joda
Table 8- The effect of processing methods of barley grain and son-protein nitrogen sources on purine derivatives and microbial protein
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The means within the same row with different letters indicate the significant difference (P < 0.05).
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Introduction: In the broiler breeding industry, chickens are often reared in confinement at high stocking
densities, which can make them susceptible to infectious diseases. Antibiotics, growth promoters, and anti-
coccidial drugs are frequently used as feed additives to elevate growth rates, combat diseases, and lower losses.
However frequent use of antibiotics in broiler diets may result in a rise in the antimicrobial resistance of both
human and animal bacteria. Alternatives to antibiotics as growth promoters for broilers could decrease bacterial
resistance to antibiotics, while at the same time maintaining growth and improving carcass composition. In
addition, the bioactive components of herbal plants have a high free radical inhibitory activity that may help the
endogenous oxidative status of animals and thus may prevent oxidation in meat and lead to improved meat
quality. The objective of this study was to investigate the effect of thyme (Thymus vulgaris) on growth
performance, blood metabolites, and meat quality of broilers at high stocking density.

Materials and Methods: This experiment was conducted based on a completely randomized design with a
2x2 factorial arrangements. A total of 216 1-d-old male broilers (Ross 308) were allotted to one of four
treatments with four replicates. Two different stocking densities (low stocking density (LSD): 9 birds/m? and
high stocking density (HSD): 18 birds/m?) were tested with two different thyme levels: zero and 0.1%. Chickens
had given ad-libitum access to water drinking and diet. At the end of the experiment (42 days old), two birds
with the closest weights to the mean weight of the pen were selected, and after blood sampling slaughtered for
determining meat quality. Body weight gain (BWG) and feed intake (FI) of birds were measured per pen at the
end of each period. Mortality and the weight of birds that died or were culled during the experiment were
recorded. Corrected feed conversion ratio was calculated based on mortality for these periods. Blood
biochemical indices (glucose, cholesterol and triglyceride) were determined using a clinical biochemistry
autoanalyzer using a kit from Pars Azmoun, Tehran, Iran. To determine the Water-holding capacity, 5 gr of
breast sample were placed in filter paper and centrifuged at 1500xg for 4 min. Then the samples were placed in
an oven at 70 °C for 24 h. Finally, the Water-holding capacity was calculated from the difference in the weight
after centrifugation and the weight after drying, divided by the initial weight multiplied by 100. Collected data
were subjected to ANOVA using the GLM procedure of SAS (SAS, 2005). Analysis of variance was performed
using a completely randomized design with a factorial arrangement of treatments. Tukey’s multiple range test
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was used to determine differences among the treatment means. Statistical significance was considered at P<0.05.

Results and Discussion: The results showed that in the starter period, birds in the HSD group had the
highest feed intake and weight gain compared to the LSD group (P<0.05). HSD caused a significant decrease in
feed intake and body weight and a significant increase in feed conversion ratio in grower, finisher, and the total
periods compared to LSD (P<0.05). A significant increase in glucose, heterophil concentration, and heterophil to
lymphocyte ratio and a significant decrease in glutathione peroxidase and lymphocyte concentrations were
observed in birds raised in HSD than LSD (P<0.05). Also, HSD decreased water holding capacity and increased
cooking loss and dripping loss of breast meat (P<0.05). The addition of thyme powder increased feed intake and
body weight and decreased feed conversion ratio in grower, finisher, and the total periods (P<0.05). The
treatment containing thyme decreased the concentration of glucose, heterophil, and heterophil to lymphocyte
ratio and increased the concentration of glutathione peroxidase, white blood cells, and lymphocytes (P<0.05). A
significant increase in water holding capacity and a significant decrease in cooking loss, dripping loss, and
thiobarbituric acid of breast meat were observed in the treatment containing thyme (P<0.05). The positive effects
of thyme on reducing the negative effects of high stocking density and improving growth performance,
antioxidant status, blood immunity, and meat quality of broilers could be due to its antioxidant and antibacterial
properties. The improvement in the growth performance of broiler chickens caused by thyme could be partly
attributed to its positive effect on nutrient digestibility. Furthermore, this positive result could be, at least in part,
due to the antioxidant and antibacterial effects of herbal products in the gut.

Conclusion: Therefore, adding 1% thyme powder can reduce the negative effects of high stocking density on
growth performance, and blood metabolites, and improve the meat quality of broilers raised under high stocking
density.

Keywords: Broiler, Glutathione peroxidase enzyme, Meat oxidative stability, Stocking density, Weight gain
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Table 1- Feed ingredients and chemical composition of basal diet during different rearing periods

(0,3) bS5 (5590 Vo=Y) el oy93 (5395 YO=VY) A5 0y9 (5395 YP-XY) Sbb o)
Ingredient (%) Starter (1-10 days) Grower (11-25 days) Finisher (26-42 days)
= 50.92 54.26 58.87
Corn

(0 20,3 1) Ly s 4171 37.84 33.44
Soybean meal

Lgw (5 _ 3.42 433 4.16
Soybean oil

oS 03 1.45 1.25 1.23
DCP

eSS 1.30 1.22 1.18
Limestone

pe A 0.30 0.30 0.29
Sodium chloride

gl s> 0.16 0.13 0.12
DL-methionine

o= 0.24 0.17 0.21
L-lysine

Vo e

e g el JoSe 0.50 0.50 0.50
Vit-min premix*

0 dpmloeo 5L

Nutrients (calculated)

ME (kcal/kg)

(302) P 0552 23.00 21.50 20.00
Crude protein (%)

(3053) el 0.96 0.87 0.81
Calcium (%)

(129) (3 b ot 0.48 0.43 0.41
Available phosphorus (%)

(3053) e 0.16 0.16 0.16
Sodium (%)

(o) 8 0.23 0.22 0.22
Chlorine (%)

(x253) o2 1.44 1.29 1.19
Lysine (%)

(30,3) g 0.56 0.51 0.48

Methionine (%)
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bS5l S ke
! Mineral premix supplied the following per kilogram of diet: Mn, 80 mg; Fe, 120 mg; Zn, 60 mg; Cu, 100 mg; I, 0.95 mg; and Se,
0.25 mg. Vitamin premix supplied the following per kilogram of diet: Retinol, 12,000 1U; Cholecalciferol, 1500 1U; Tocoferol, 60
1U; filokinon, 2 mg; thiamine, 2.4 mg; riboflavin, 4.8 mg; niacin, 30 mg; pantothenic acid, 16 mg; pyridoxine, 3 mg; folic acid, 1
mg; vitamin B12, 0.03 mg; biotin, 0.15 mg; and cholin chloride, 50 mg.

o905l sl 8 b eS8 jleslawl L (Ames, Rome, ltaly (LS 65 9 JoyialS (S65) o3 slandion sl yasli
O S 5 sbdiges §1 00 e by il )l es AUTOLAB, ) b ondgn ;3 YUlgl oKy jl oslazwl b



1Y 5l o olodd 0O alo ol ! (o0ld pole lesidgh a5 pis  YOF

PYA 050 L aady V0 Gaed debdl 3 s (Sed SS9
sl b9 5 02 Souds yilw (g 42> o slod
b g 51 il o 93 (s 2b Spglgen s Jilowiganios
[l Sislg IS ()5 S gl Jodone jid oo iz 4
JYVD 5 (o2 o> TCA (30> V) sl S y5i, g
5 (Sl SS90 Yso VO 3 (e2e/ o2 TBA (00
s YIY) oaia gyl Syt sy S o
Gl plas 55 5 0ad (Son (uS5)5 b g 00 03938 (a2l (02
STy alzl jelaieds 4ads Ve dedy (3,5 Sle 4550 A0) p,5
A G 5 0dd S 3UT glod (o ladiged 035 0 415SSl (ST,
Jelore Gla 500 1000,5 5eaty 5l YA+ + 0 590 L 4dBd VO e
55 sl SO Sy o5 ol OFY ggm b 3 <ol g
Sl Jobo y il o o 3 2033 +13 ol Joloa 2oL
bl b o pSojlasl awl Sy sl Swlg IS ¢ 5
U oad a3 pluliwl oxie S il 0 Landsesd jl Jols
Ol b oy (g p S 95115 TN B pne sl lale
1 ol g pS ke 2 3 Jgesil Oygons mallieapglle
(Ahn et al., 1998)

(5595 YOI) ) 5595 V=) 023lel slooygd 5l S0
b B ) VXY oS QT L (S50, FY-YF) 093 JS
iy 5 (YI¥) UF ad SAS ljile 5 5 oolizasl L bslas Mels
dglio gz g2 )l 5 o)Ll a9 5,00 GLM LS
A oalitl Lo > gty 6)lel o )3 (S5 g3l S lonSile

slooygy Slg s Byas 1y (gl (99581 g alS (S5
0395 3 ol ol 03> L3 ¥ Jada jd 0y90 JS g )9y alisee
@5 p{l)j wl)ﬁl €093 J§ 9 Ls"bl) sJafJ) 099 yd Ll ¢;4.9[; L)MUI)B‘
se (ydagl (938 (P<+0) ud S1ygd Bpae ShalS 4y e
A5 0y53 1S Sk ey slaoysd 1 Shss Bpae il 4,
85 bl 093 > Shygd Spas p bjles Jlite S1.(P<-/-0)
Aolass 3 Shgs Byae o yide 4550k g 5l 5ne 0)9
laabs VA JLas 13 Slg 3 By me oy ieS g cpdugl b (slaakas
(P<-+/+0) i osalin U“"‘"ﬁT 19
ol o3y s o Jgdo 53 59 oiulj8l g caliske (slajles 3]
Ll s 59 ialiel 4 yoie alS oS15 iol331 5lel 0,93 3 wcanl
3J9 u,.ub_‘)‘ ‘DA_S),; Slias L}“JI)B‘ l; 0)93 Jf 9 L_S"LL 5—\4:)) 0)93 2
9 L?’L’L c..\_«f:}) L;Lbao)a.) JLl L)““JJ u)9)5‘ .(P<'/’0) l.dl; uu.balg
s Laglagt Hizo 51 P</+0) s (535 G238 & e 399 S

595 &ygleezr EDTA (gols cladlg) 5 g slaJsho sl
Lo sl b ang o] (58 o el gilopSon I
55 LS Jsbro by 5 005 o J3lio b 5500 (55 (S5
5 Jdgyin) Lo wsS g slas (g, Sojlail gl siud (gl
Coger 2855 )55 (hyled 3)90 CapmgSyl Ver dlasd (Conwgid]
P55y S Ly (somdzr hyled i b JoulS ggeome (s
LB O)go

¥Y) ohilail 0y Lol )3 Y Slogad e jlaion;
IS5 ol osSile alide 09 b )15 o 3l odiy auld 93 (S,
Ao 93 Ay g I ABY | A CudsS Ly o HluiS o bl
ooy 4 (il yw gl celn YF Glods uow dd paund
0 M5 g slaaiS ) gaindian | ey BAiges 05 izt
S o o (slyy 50 S (31,5 5l r 3 Y4) 5
@ PH e S 2B Jl ol CudS b yialil
Fle Y0 )3 1) 0ad 2 (digw diged) pls CulS Wiged 5l p)S
S5 51 ooliinl L s 33,5 c3lgiSo b s 03) w2 ylatio
Sartorius  Company) , . pH L 503, 5 Bl o |yl
Ladsges baxe (sled p (oLl Professional Meter PP-50
FENG S S PP IS JOUCR PN S I JONNP S
e Sy 5 85 )18 (Slo I JBD diged jl o) gty (o
W (oW EBA 200 Hettich) 5. yilo V0 + g 593 b adds
Ladigal s b (339 0)lgd 9 S o)l Joudy 0l 5]
9 S oy S il as Ve glod jd el jo cels VY Cieay
039 J=oli5 ) Ol (oSS cd s e 3 038 (g e
4ol ()9 el (29SSBSl Gy (159 9 Smie il Sl
bl s cp(Dai et al., 2012) 4 awloee Voo yay 0
031> 51,8 (LS Al )3 5 (e Al CudsS I adkd S, alss
Cdody g b dLsldS Sy <8l jo jlas 5yg0 diged e <A
4S5 ppban )5 )18 (ugmdi 423 ez slod 5 Celes VY
b an el CbS G il uled Szdly b e S
Al i 2l aligh 13,5 i o)bss 5 25 ool il
Ad Ao Ve 5 Ayl (g e (2led U9 9
S sy dons yd il (6550510l ol (Christensen, 2003)
Ay (9 wSe ol Sy Cuelid b s culgS I aslab
O o (6)lS0 w3 Hles slod )0 cel YF e
A AD clod o (pyS Ol plos J31s p> aids Ve cosods
i o)lagd 5 Sk S eyl b AT )5 g ab eals 8 ugeades
039 1= e 25 0 9 Al (g Ol 5 8 sy cdlas
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S (S59) YV B S6 w0 )3 Shgd Bpan bl bl (395 0593
uo)l35 (Pournazari et al., 2017) cdly yials sald 09,5 4
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Zolw 1 5, Sloe 250 (Akyurek and Yel, 2011) cils
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o] Glise ol 3l ydisee L(Lee et al., 2003) wisy
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kS s il g g Gl g SThgh Bpae il o
ol g (Sakietal., 2014) us yo )9y alisee (slaoyg > STyss
ol s wan g 03 5 (LS SV gae (S0 gl K0S
G basye lial g (uilol oty cplpl sl @l ol
=t 0SS 5 g polladl Bl (gl 03,18 yobody gl ons
Oagl oS )3 35290 LS 5 05 o 1,8 odlital 390 e
oSSl «Sarg8 039, bloes )3 155900 Gl 5 M5 S0 y28
Cross et ) aS o SaS 18 pudd dy cdonl )3 g Lgad oo LS o
Vv i) syl bl Gilises oo (oaislogl 53 (al., 2007
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s sdalin u‘*"91 0o (glaskad VA Slad )3 50 ial38l oy ieS
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ol & Jodo 0 Shgs Joasd capd p dlise b lo
b oy dlS (ST iol58l b oS ol L zols (sl i 02l
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ol 0 Shss s aps SalS & oo gl (09581 G
2 Shed ks cups p bjleg Jlie 51.(P<+/-0) 45 baojgd
S (eSS 5yebbdn g Y dxe 0y93 JS g (L 0)9
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P roe 3 polis o by (LSS sladr g el o
Uramadd A5y )y Baa s 0 by Job 3 15 il g o byl
Cengiz et al., ) ol ()9 YU o515 cos )] o5 olKin
VL w815 oS el o 51 S adlllas K, j1 ol zls (2015
Cod (gyo i )3 £S5k YO @apoyio yo )3 035y addad VA) dlS
5 P 3S YVID yagia yn 53 oy 48 VD) ol 515 4
@lisy 0jg phalPl 5Sbe (AL (o 0y L oo (@20 e
ks ca s il g alyyy STied Bpae (:S0Lee i8S
o1 o3l Lt (Li et al., 2019) 4 2565 (cladagy Slyss
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loazye Shss Lo cu s Gl s o 0js 9 S
039 9 Shed Byae yials .(Kamel et al., 2021) wis soS
Ak \Y) YU o815 cod ail ()gpn b5 sladses o o
y2 g3 0ay dshad &) Gl o515 b dusllie )3 (B y2 3 0k
Uinl3S oeiee (WU et al., 2019) ol oads (i) 35 (e
2 (gperio 32 3 0dip asa8 V) (hyg VL o515 &S W08
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Shes s coy Jli8l g i 0 9 Slhp Symae
ot ol (Cengiz et al., 2015) ub 2565 slaases
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5, Sles uals (Cengiz et al., 2015) sg-i 0 STy 8 puno
Al by e goiate Jolge 4 Wl e A (VL oS1 5l b
ol gy e ;0 bae (YL (slod (el Jolge 51 (S,
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) ke i8S SaS 5 Shas il &) Canl San 45 6,50
5 SLgel Ll doa culiol oL oy lgn ymly i
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Table 2- The effects of stocking density and Thyme powder and interaction on feed intake (g/period) of broilers

o Lo (5390 VoY) il oggs  ((S39y W-YB) 08y 0090 (S VA-F+) Gbboggs  (Siay V-¥Y) oy90 JS
Trea{tments Starter Grower Finisher Whole period
(1-10 days) (11-25 days) (26-40 days) (1-42 days)

(@rorie 2 3 0kip) A5 oS5
Stocking density (SD) (birds/m2)
9 185.21° 1281.552 2830.622 4297.39°
18

b b b
Sibe 3 Jstal Gl ool 201.11° 1211.97 2642.77 4055.86
SEM 3.65 4.96 25.74 29.27
S ne Jlois] mlaw ' ' ' '
P-value 0.009 0.0001 0.0002 0.0001
(223) eyl
Thyme (%)
0 194.55 1232.85° 2677.08° 4104.47°
1
il 3 Jstial Gl 5ol 191.77 1260.692 2796.322 4248.77°
SEM 3.65 4.96 25.74 29.27
S sime Jlois] o ) ) ) ’
P-value 0.60 0.002 0.007 0.004
oriasl X ST
SD x Thyme
9x0 183.75 1261.39 2825.692 4270.83%
9x1 186.66 1301.72 2835.552 4323.93?
18x0 205.35 1204.30 2528.47°¢ 3938.12°¢
18x1

b b

rSile s ikl Gl ool 196.87 1219.65 2757.08 4173.61
SEM 5.16 7.03 36.40 41.39
S sine Jlois] maw ' ' ' ’
P-value 0.29 0.10 0.01 0.04

(P<10) )l (g)ls sime B3] cuglie gy b ygias y 50 Jole ya (sla Sl &C

&b Means within the same column with uncommon superscript differ significantly (P<0.05).
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5 JoyedS 1 i U5 Lol a5 5515 (uliél v
) asls SO LMl 5515 oS bl 5l cusls 3y punlS 6 5
WS aS ey o lis 565 oYL Tskaw ol ol i bl
Mirfendereski and ) aa> iol58l 1) &4 e oyl Slg5 0 YU
WD N ) didiste slagSTy5 3l winlejl s (Jahanian, 2015
slraze 055 bcdslio p (oo p y3 0kiy asaB V- 4
P ayepe y > oddy abd Ve &S Ab (LIS g ooy p (DS
25U Ll s becodly 3915 ial38l como aeSTy5 plos b dualie

Cl bowdy Ly wdS (6,5 9 JS JgpndS clale (o)l bixe
2 Cawgad 4 by Cons ol (Gholami et al., 2020)

B D Joir 2 > sbdglio y cislef] sloles ,5b
SIS oy a5 1S5 5 g e oanlio &S g led nl 05
Cond g Cmogil] g Jidg 0 210y ¢l sy (9UslS o ] clale
JgydS oy Bl (P</20) 391 o gine (195 Conwgddd & Jidgyin
PS5 (P>e]+0) 395 Jloine (195 Mo JolS g N pulS 6
oS5 DRl Camgidd 4 Jdg o Connd 9 Syt 203y
OALS (55 Conagill do)d g il clale Bl il a8l oS
Cad g 35505 JhalS ay yoxto oyl 09381 L(P<-/-0) Ly
b g5 STy sl GRlidl g Cagid 4 Jidg i
So)> g dyio S 9IS (liee pagl (9531 imen (P<1/-0)
(P<el-0) sl pralsly Jdgyim doyd 5 a3l (g Cumpidd
(P>+1:0) 395 osine (G55 slacdlslio y bolog Llits
Se Codles 3590 55 glad (gl (53 Jlre (8 slo el
Candy pio slapadls plyieas (lodyins jobas 5 Cosl o
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alysl edise (Biiyiikkilic Beyzi et al., 2020) o olb,5
Slabse )3 Ol Cams il 5 gl 5 6)lejy (Hadlore
LS o JoSo 93 (pl &5 2Bl )3 5 38 gy |y (2o
P &ileiy g gl by SIS aw (ialS s Lewdly oS
sla ol jl cilable Jdoa cul (Son ol b auslio
29 JoSeo 9 ol (el ool 51 36 ]SS b
OSee )y JoSo izman il el gul e 5 ol 81 dogis
i Gl slS Ll b (glosgy jMuel (slaclld oo b ol

(Abdel-Azeem et al., 2017) &S )leo Iy (slodg, S5

oSTo U duliio 55 (auyoyio sb y3 0k p dalad VA/S) YU o155
=855 sLaansx ) (apeie yo 53 0dsy askad W) (Gl
9 bl U5 pdisee (WU et al, 2020) el oid i)l5S
Zataria Multiflora, Ziziphora clinopodioides ) ;i ol 465
Sladrg> 0y pSolS 3 p)S (Lo o g Vor olaw o1, (Lam
PrSche oo o 45 00n)S (5115 5 20,8 (yp (HBSS
b s S5 jualS cuw Ziziphora clinopodioides 455
(gl ale LS claaigS 5| 5, (Talebi et al., 2021)
@) Sl wilgi oo w523)) 9 Jlane oS p (S 5 2>
» .(Srinivasan, 2005) a8 o5l idauwsl aud eS8 >
By il o yoxie (15 SIS o ialS ol adllas
5 09> b ialS sy e uingl g 5l edlil 5w Slyes

b sladgx (099 3 £)5) (i3 LRIB 2 ol LS eR 2 g (gl 5y dlS (ST 51T Jgu
Table 3- The effects of stocking density and Thyme powder and interaction on body weight gain (g/period) of broilers

ol (S3o VoY) il epd ((S3eo N-V0) 2y 0390 ((S39) VP=F) (b oygs  (Sioy V-¥Y) 090 IS
y Starter Grower Finisher Whole period

Treatments (1-10 days) (11-25 days) (26-40 days) (1-42 days)
(@resio o 3 0k ) dS o515
Stocking density (SD) (birds/m2)
9 144,720 864.792 1520.142 2529.652
18

b b b
rSibe 5kl ool 155.662 789.72 1372.57 2317.95
SEM 2.13 5.37 16.55 18.77
Sobsine Jlois] mlaw ' ' ' ’
P-value 0.003 0.0001 0.0001 0.0001
(103) creg]
Thyme (%)
0 153.12 805.94P 1363.89P 2322.95P
1
rSila 3kl ool 147.25 848.572 1528.822 2524.642
SEM 2.13 5.37 16.55 18.77
S ine Jlois] mlaw ' ' ' )
P-value 0.07 0.0001 0.0001 0.0001
el X o515
SD x Thyme
9x0 145.69 835.42b 1480.56P 2461.66°
9x1 143.75 894.162 1559.722 2597.632
18x0 160.55 776.46° 1247.22°¢ 2184.24°¢
18x1 2 g7b b 5 b
Sile 3kl Gl o 150.76 802.97 1497.91 451.66
SEM 3.02 7.59 2341 26.55
S B Jlosn] o : : : :
P-value 0.22 0.05 0.003 0.03

(P<A140) 15)ls ()l sme BB cglie Cgyn b ygian 5o p3 Jole yo (clo 5 Siko &€

&b Means within the same column with uncommon superscript differ significantly (P<0.05).
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Table 4- The effects of stocking density and Thyme powder and interaction on feed conversion ratio of broilers

ol (S3o VoY) il pgd ((S3eo N-V0) 2y 090 ((S9) VP=F) (b oygs  (Sioy V-¥Y) 0390 IS
y Starter Grower Finisher Whole period

Treatments (1-10 days) (11-25 days) (26-40 days) (1-42 days)

(oo y 53 0k ) &S oS5

Stocking density (SD) (birds/m2)

9 1.28 1.48° 1.86° 1.70°

18

Sile sl il 1.29 1.542 1.932 1.752

SEM 0.01 0.007 0.01 0.005

S sine Jlois] o ' ) ’ ’

P-value 0.51 0.0005 0.0007 0.0001

(329) cpzg!

Thyme (%)

0 1.27 1.532 1.972 1.76%

! 1.30 1.48° 1.83° 1.68°

OoSbe 5l Cél ol ' ' ’ '

SEM 0.01 0.007 0.01 0.005

Sobsine Jlois] mlaw ' ) ’ ’

P-value 011 0.002 0.0001 0.0001

oriasl X ST

SD x Thyme

9x0 1.26 1.51 191° 1.73°

9x1 1.30 1.46 1.81°¢ 1.67¢

18x0 1.28 1.55 2.022 1.802

18 x1 b b

eSile skl Gl ol 1.30 1.52 1.84 1.70

SEM 0.02 0.01 0.02 0.007

Sobsime Jlois] o ' ' ’ ’

P-value 0.69 0.38 0.01 0.02

(P<140) 5 (gylisine BMS] glisie g b gt o o Jols yo (el uSile &P

&b Means within the same column with uncommon superscript differ significantly (P<0.05).
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TV 970 o )3 (b sladagn ppw LSy (9sUslS w3l
oSy lsbl s ol o 5)l55 (Lietal., 2019) us S,
P el 58S w3l b (LS s oy
Wb ols zs1.(Simsek et al., 2009) wis wssS (slads g
(Sharma et al., 2012) s Lo SgoMs 5 bn Joid b 5l e

gla s b Lay ylos ol u—WST oyas cJled oyl pli
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5 5i0) cpingl o oslaae J oslizul o aslyys o Sitngy
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Y01) Jyrasi b gle)S G5 €05 (255 (slakgs > s
LS 55 Jsash o 5 | il Slgicsn (5558 55 5 e
Cmoz ol G )bl ol (5Sn a8 0L bz g )3 15
slagwl & G el phesw Cosl g ()65 oS> (29,50



&

B s g plowl 2 (o0 55

291

S

s glio w Slos poud iS¢

¥#

g "SNP € " ol b ) Lo e (e (P e (0+/->d)

*S[[99 POO[q AYM :DFM dwkzud aseprxorad suorypen|s XJ-HSO

(S0°0>d) ApuesyIuSis Jogy1p 1d1dsIadNS UOWIWOdUN YA UWIN[OD SWIES AU} UIIM SUBIN .,

150 6£0 6£0 980 150 €50 6v0 950 an[eA-q
o
200 o1l ort 87°0 ey 6LT wL 6£9 SRy
WES
O O—
L¥0 00°Z€ 00'89 €SP ceopl 99'LS 99"L11 L9°STT R nwu“
X
950 00'9€ 0049 99°¢ 00°LTI 9919 99021 00°LbT 0x8l
8€°0 €€°LT L9TL 08t L9891 9985 €€'L6 00't1Z 1x6
050 €cee £9'99 €0'p €cepl 0065 eIl L9'LTT 0x6
swhyr x ds
..”«_Me X _.qu.b
200°0 200°0 2000 200 6000°0 950 0£°0 200 onjeA-g
e e
10°0 8L°0 8L°0 61°0 L0€ 86'1 9p's sy R =
WAS
PR
PO L96T W£E0L oL W0S°LST 91'8S 0S°L01 £8°61T A qju.ﬂ
L£5°0 WL9PE (€759 (S8°€ LUSED €€°09 00911 WSELET 0
(%) PwAy,
E7 (cCor)
100 100 100 870 200°0 LLO 60°0 $0°0 onfeA-g
R
10°0 8L°0 8L°0 610 L0°€ 86'1 9's 4% R =
WAS
ot [rpr(Ce s
W50 00°7€ 40099 ory L9OE 1 L9°6S LT6I1 £E9ET T SMM
0 (£E°0€ 199°69 Wy L00'95 1 €885 €Ep01 (£8°07T 6
(zwyspaq)
(as) Ansuap Sunjoolg
€159 g (oo o o€ o)
(oner
akd0ydwiA] (%) (Tp/Bw) (Tp/3w) (‘Tp/Bur)
03 [1ydosalay) A.Mwm:.maowuoz A kooydwA] ) .mo_v Uma Admmvsxm.zmmw EIRERIN A [013183[0YyD) 3soan|n mEuEﬁ,mo«C.
[hsaZuaen 66 (cCer) [ (cCorr) S v SIEQEED ¥ gmry( &9 gl Pl e e
emives b by

s19[101q Jo d[yoid poojq uo uonderdul pue ropmod swAy ], pue AJISuUap Fun|d0IS JO $1I9JJ3 Y] -S IqBL

b o—|if fis¥ g ¥l [ € Kad gm0 Do K o 67 vy g™



1FeY 3l oF oylols MO ol ol gl (010 pale Glocidrgy 4 s Y&y

3 g e STy 98058 w3l Clled S8 s (p S5k
(Gumus et al., 2017) ai b -y Al

P slrdae CodsS oS p s glales
WSho Sl b as oby ol pls .l odds ooy i & Jgus
Ol oy e b g el il alies il § cou cél @S
byl gl 9958l 431 (P<e/+0) codl ials cosgS
Uilil A yoie g 0g I gxe ailigd il g oo il ol (¢SS
(P<e140) 155 oy g aligs cél zals g Ol ()l cud b
|y i CudgS 5 dusl Spgtinlissd Glise agl 2938 Orieen
algs il g con cdl p bjlas Jlie S1.(P<+/+0) sy Lials
A jles 50 abigs g sy cdl oy eSS oS (gyebdy gy b cixe
Otngl gy slaakaB WA jlos ) o it g gl b (slaakad
.(P<~/'&) A5 odalin

siget 3 > slommeisl il (S gl Basigde

Moskaug, ) dmd e il 38l 1, oo el (oo sl
Ltzo].\,._uﬁlwb'i iy b ol ials b g lai o oplply (2005
Khafaga ) ass” Jisce ) olasST ] ol6y il ol Soe
Oing] 48 ol 00d 03l ()lis yuien (and El-Sayed, 2018
4 5 S slaeigS o (sl a1 T s el
Ozt ply 53 (S3glan dlge 5l cdadlre (sl ool S8 5
G e Cuwl 0l iyl35 . (Hoseini and Yousefi, 2019) g 0
Zataria ) ool 4595 5 uilwl 5l p)Se LS 3 oy 5 Juo Feo
oil38l caw (Multiflora, Ziziphora clinopodioides Lam
0)93 > (SBg5 sladagr pyw ISl (9Ll @l culld
oS bl e (Talebi et al., 2021) ass SLL 5 43,

2 oS eleo Y0+ g ¥er A0+ gl Guiliul G lises b
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Table 6- The effects of stocking density and Thyme powder and interaction on meat quality of broilers

o Lo da (o) o @luS el (203) e 8l (22)3) 4bgs- ol S2y90)095
Trea{tments pH Water holding capacity Cooking loss Dripping loss Thiobarbituric

(%) (%) (%) acid
(@rosie 2y 0kip) AlS ST
Stocking density (SD)
(birds/m2)
9 6.88 60.00? 28.32° 10.66° 9.13
18

b
eSilee 3] G 6.70 58.25 30.252 12.022 9.72
SEM 0.18 0.58 0.39 0.28 0.25
Sobsime Jlois] pdas ) ’ ’ ’ '
P-value 0.48 0.05 0.005 0.005 0.12
(1253) cpag]
Thyme (%)
0 6.82 57.50° 30.95? 12.662 10.022
1
b b b
OSOlee 3 |kl (Bl yzl 6.76 60.752 27.62 10.02 8.84
SEM 0.18 0.58 0.39 0.28 0.25
Eobsine Jlois] pdas ' ’ ’ ’ '
P-Value 0.84 0.002 0.0001 0.0001 0.005
el X oS5
SD x Thyme
9x0 6.93 59.00 29.40° 11.52° 9.62
9x1 6.84 61.00 27.25¢ 9.80¢ 8.64
18x0 6.71 56.00 32.50° 13.80? 10.41
18x1
b

OeSlee 3 llil Bl s 6.69 60.50 28.00% 10.25¢ 9.03
SEM 0.25 0.83 0.53 0.40 0.35
Sobsixe Jlois] pdas ' ’ ’ ’ '
P-value 0.90 0.15 0.05 0.04 0.57

(PS0) 35yl gyl gime ] gliio gy b gty 53 Jols o (slagy,Sole &P

&b Means within the same column with uncommon superscript differ significantly (P<0.05).
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{(Cheah et al., 1995)

0yn 4 gl JoSo (13938] 45 A o3y L5 aulllas ) )
Wb A CdgS ol S )9i0)liss Olise S me (B o
Jso {30y ¥10) JgS15)08 Jed 51 (b S 5 (gl (gl
~Lel g (4o )2 WWIV) (o (50555300 (g0 (o3 FANY)
Ko F b Sl sl ol iy a8 sl (303 FIA) e 5
cdls a S el sl sl (Rota et al., 2008) siws
S OH 155 (slaog,S 25y e Jpest (6l a5
1 15 S SIS, & 55 oS Tanl e o
S ol S (0 Joo ded gmslinnS] 53 Al po gl 5
Yan-Ishlieva et al., ) 53l0l o pb 4 |y 3uSTy JouS'gy0n
a1 S Sy e 5 5 5158 e (1999
55 el Sl oo & )1 (02 amliansTy GERE )3 (b
zbs (Alagawany et al., 2015) sgi Joluw slié golas]
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Introduction: Early post-hatch feed and water deprivation, as happens practically, may negatively influence
the growth performance and health of broiler chickens due to severe dehydration, suppressed mitotic activity of
satellite cells, poorer gut health, and development as well as retarded yolk sac (YS) absorption. Decelerated YS
absorption may be associated with a higher incidence of YS infection and lower transfer of maternal antibodies
from the YS to the chick body. Royal Chick is a nutritious gel providing adequate quantities of water and
essential nutrients for newly-hatched chicks. The product also contains probiotic organisms, prebiotic, yeast
nucleotides, and natural anti-stress substances. Royal Chick is an innovative nutrient-enriched powder product
that forms a jelly mass when mixed with water. As claimed by the manufacturer, the product prevents initial
weight loss, alleviates oxidative stress, improves skeletal muscle growth, and stimulates the development of the
digestive and immune systems of the newly hatched chicks. This study aimed to evaluate the effect of early
feeding with Royal Chick on productive performance, carcass traits, immune system function, and jejunum
morphometry of broiler chickens.

Materials and Methods: A total of 420 d-old straight-run Ross 308 broiler chicks were used in a completely
randomized design with 5 treatment groups and 6 replicates per each. A group of chicks were deprived of both
feed and water for the first 24 h post-hatch and served as control (CON). In the second group, each bird was
treated with HRCH gel in two separate 2 g dosages from which the first was given in the chick box and the
second was administered immediately after placement in combination with the first meal of the starter diet (T1).
In the third group, each bird was treated with a mixture of 2 g HRCH and 2 g starter feed in the chick box (T2).
In the fourth group, each bird was treated with a single 2 g dose of HRCH in the chick box (T3). In the fifth
group, each bird received a mixture of 2 g HRCH gel and 2 g starter feed immediately after placement (T4). All
chicks were held in chick box up to 24 h post-hatch and then were transferred to the associated floor pens and
reared for 42 days on standard starter (2 to 10 d of age), grower (11 to 24 d of age), and finisher (25 to 35 d of
age) diets. On days 10, 24, and 35 birds of each pen were weighed together. Offered feed and refused feed were
also weighed and mortality records were kept for each phase. Then weight gain (WG), feed intake (FI), and
mortality-corrected feed conversion ratio (FCR) were calculated. On days 2 and 25, blood samples were taken
from 2 birds per replicate to evaluate maternal immunity and humoral immune responses to vaccination against
Newcastle disease virus (NDV), infectious bronchitis virus (IBV), and avian influenza virus (Al). The birds from
which blood samples were taken on day 2 were killed at the same time to measure residual yolk sac weight. At
the end of the experiment, 2 female birds per pen were weighed and decapitated to investigate carcass traits and
to sample the mid jejunum for morphometric analysis.

Results and Discussion: Birds in T1 and T2 groups tended to have lighter residual yolk sac than their
control counterparts (P=0.076). During the starter phase, T2, T3, and T4 groups had significantly (P<0.05)
higher WG and FI compared to those in the control group with no improvement in FCR. During the grower
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phase, the T4 group consumed more feed than the control one (P<0.05). No treatment effect was detected on
performance traits at the finisher phase and throughout the experimental period (P>0.05). Birds in T2 and T3
groups produced the most pronounced antibody responses against IBV. The highest carcass yield was obtained
in birds treated with a combination of HRCH and starter feed in the chick box (T2). The same birds also tended
to have the highest breast yield (P=0.077).

Conclusion: Administration of hydrated Royal Chick gel in chick box (with or without a starter diet) or
immediately after placement (in combination with a starter diet) can bring beneficial effects on the health and
productivity of broiler chickens. Further investigations are necessary to identify possible interactions of different
EF regimens involving HNG with breeder age, deprivation duration, and pre-placement environmental
conditions on subsequent performance and health status in broiler chickens.

Keywords: carcass characteristics, early feeding, immunity system function, performance
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Table 1- Ingredients and chemical composition of experimental diets

(12,9) Sl dlge (5590 W-Y) o] (539, Y¥-IY) 23, (539, YO-YD) SLL
Ingredients (%) Starter (2-11d) Grower (12-24d) Finisher (25-35d)
= 58.30 61.41 66.43
Corn
(Z5¥ Pl g ) Ligws Al
37.40 33.88 28.61
Soybean meal (CP,44%)
b5 0.80 1.65 2.17
Soybean oil
el Sl 1.06 0.98 0.91
Carbonate calcium
Slondpnls 52 1.77 1.56 1.40
Di calcium phosphate
b S 0.35 0.35 0.35
Salt
sy 5 (e JoSo _ 0.50 0.50 0.50
Mineral and vitamin premix*
osgse=Jl o
DL-methionine 0-34 0.29 0.27
g0 -l
. 0.27 0.20 0.20
L-lysine HCI
e |
oid! 0.11 0.08 0.06
L-threonine
(Ao ) 04 dwlre (gdso Slgo
Calculated composition (%)
(S 5hS 3 5B 6LS) jlo g o5 LB (5551
. 2850 2945 3040
Metabolizable energy (kcal/kg)
P oen 21.86 20.45 18.54
Crude protein
S 0.91 0.83 0.75
Calcium
o o> B il 0.46 0.41 0.38
Auvailable phosphorus
PR
0.15 0.15 0.15
Sodium
0.68 0.61 0.56
Methionine
Oeprtodade 1.03 0.94 0.86
Methionine+cysteine
o 1.37 1.23 1.10
Lysine

o) B12 cpelig 0,8 LoV K3 palig ¢ adlip 351V ¢ E ol g ¢ ol anlg YO+ + ¢ JgyanndS algS ¢ Mol oy anly A 0 A fpoling o> p)S5kS 1o (slilay polie’
e o (S5 i S e VIO (S 935 055 e <1N0 (g fp)S e 10 S5 sl )5 oo YO (el e 5 koo sl s Mise 055 MO (el 05 e

2 sk VO (ool 0.5 o (i o 10,5 oo I8 50, oo Y cpssibis 12,5 Lo VO (5i0 125 o £D w59, 12 S skeeV A 8l p S e 00 ll)IS sS p S
1 Supplied per kg of diet: vitamin A as acetate, 8800 1U; Cholecalciferol, 2500 1U; vitamin E (as dl-o tocopherol) 11 IU, vitamin
Ks, 2.2 mg; Vitamin B2, 0.01 mg, thiamine, 1.5 mg; Riboflavin, 4 mg; Niacin 35mg, folic acid 0.5 mg; Biotin, 0.15 mg;
pyridoxine 2.5 mg; pantothenate, 8 mg; choline chloride, 50 mg; Betaine 190 mg; Zinc, 65 mg; Magnesium, 75 mg; selenium, 0.2
mg; iodide, 0.9 mg; Copper, 6 mg; Iron, 75 mg.
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Table 2- The effect of receiving hydrated Royal Chick (HRCH) nutritious gel in chick box (with or without starter feed) and in
rearing house on productive performance of broiler chicks in the starter period (2-11 d)
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Lb)w )L:M 6U45
o yie Treatments* Jlezs o L
Variables aals Y logs Y jlas ¥ log ¥ o P-value LgE&M
Control T1 T2 Ts Ts
03548 gans 359 (%0)
Relative yolk sac 3.85~ 2.758 2.588 3.2878 3.0278 0.076 0.333
weight (%)
(o2/p5) 3% 5 09 218.3 223,96 234,72 234,92 232,30 0.001 2272
Live body weight (g/b)
Shgs Spas
(aolekslps9) 21.16° 22.06° 23.112 22 57 22.81% 0.001 0.292
Feed intake (g/b/d)
% s ol
(9s/02i 0/ p 5) 18.15 18.58" 19.612 19.50° 19.372 0.000 0.220
Body weight gain
(g/b/d)
whe i s 1.165¢ 1.1872 1.179% 1.186° 1.172b 0.006 0.004
Feed conversion ratio
ERTS Vyloss x 10l Vilsxaals Y loxuels  Flasx sl
T-Test ControlxT; ControlxT> ControlxTs ControlxTs
o yuiio
P-value
Variables
(o2521p.%) oo 055 s 0.061 0.005 0.000 0.000
Live body weight (g/b)
Shgd Spas
(9o /e 5) 0.004 0.000 0.034 0.000
Feed intake (g/b/d)
o Ojg oI
(39s/025 02 5) 0.097 0.007 0.000 0.000
Body weight gain
(g/b/d)
e e 0.004 0.047 0.002 -

Feed conversion ratio
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1 T1: HRCH in chick box and rearing house; T2: HRCH along with starter feed in chick box; T3: HRCH in chick box; T4: HRCH in
rearing house.

abc Means within a row with different superscripts differ significantly (P<0.05).
AB Means within a row with different superscripts tended to differ significantly (0.05<P<0.1).
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Table 3- The effect of receiving hydrated Royal Chick (HRCH) nutritious gel in chick box (with or without starter feed) and in
rearing house on productive performance of broiler chicks in the grower period (12-24 d)
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sl oo sl
b it Treatments? Jein ! pdas e
Variables als Y logs Y las ¥ o o P-value ‘g‘;’ M

Control T1 T2 Ts Ta

(sl )_ o o5 OjglIve 943.3¢ 955.8b¢ 994.12 974.9% 978.4% 0.010 9.335
body weight (g/b)
s/ “fﬁ:/ p5) Shst Srae 73.5 73.3 74.7% 73.7° 75.82 0.045 0.628
Feed intake (g/b/d)
(aox2/5) o 09 23 52.3 52.3 54.0 53.3 53.2 0.236 0.595
Body weight gain (g/b/d)
He Jess o 1.404 1.402 1.418 1.398 1.411 0.850 0.014

Feed conversion ratio
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1 T1: HRCH in chick box and rearing house; T2: HRCH along with starter feed in chick box; T3: HRCH in chick box; T4: HRCH in

rearing house.
ab&e Means within a row with no common lowercase superscripts differ significantly (P<0.05).
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Table 4- The effect of receiving hydrated Royal Chick (HRCH) nutritious gel in chick box (with or without starter feed) and in
rearing house on productive performance of broiler chicks in the finisher period (25-35 d)

Lo

Ly Treatments® Jss| Sbe Hlne (sl
Variables Al Yoy Yl Yl ¥ lows P-value SEM

Control T1 T2 T3 Ta
(s332/p,5) o o35 09 19342 1977.1 1986.5 1994.1 19905 0.299 21521
Live body weight (g/b)
Usifosiglp,5) Sl Spae 149.7 150.4 151.6 153.8 153.2 0.486 1.875
Feed intake (g/b/d)
Usifoxinle ) o Gis G413 89.2 92.8 91.6 92.7 92.0 0.504 1.630
Body weight gain (g/b/d)
he i o 1678 1.670 1.663 1.638 1673 0.322 0.014

Feed conversion ratio
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1T1: HRCH in chick box and rearing house; T2: HRCH along with starter feed in chick box; T3: HRCH in chick box; T4: HRCH in
rearing house.
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Table 5- The effect of receiving hydrated Royal Chick (HRCH) nutritious gel in chick box (with or without starter feed) and in
rearing house on productive performance of broiler chicks in the overall (2-35 d)

"l les
PYVES Treatments? Jles! aw Sl Hle (sl
Variables Aals Yl Yl Y lows ¥l P-value SEM
Control T1 T2 T3 Ta
Ussfosinlp5) Shgs S e 82.501 82.101 83.739 83.531 84.119 0.368 0.801
Feed intake (g/b/d)
(afosinles) o 0ig o213 54.202 55.401 55.653 55.841 55.772 0.326 0.611
Body weight gain (g/b/d)
ehe bas cops
1.522 1.516 1.520 1.501 1.525 0.318 0.008

Feed conversion ratio
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1 T1: HRCH in chick box and rearing house; T2: HRCH along with starter feed in chick box; T3: HRCH in chick box; T4: HRCH in

rearing house.
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Table 6- The effect of receiving hydrated Royal Chick (HRCH) nutritious gel in chick box (with or without starter feed) and in rearing house on maternal
antibody titer against Newcastle disease virus (NDV), infectious bronchitis virus (IBV), and avian influenza virus (Al) in broiler chicks (2 d)

"lajlag
o Treatments® Jlozs] g sSlbe Jlas sllas
Variables Jals Vloss Yl Y yloss ¥ylows P-value SEM
Control T1 T2 T3 Ta
(HI *Log2) Juls'ss
5.833 6.500 6.500 6.167 6.000 0.316 0.267
NDV (HI; Log2)
(H1 :Log2) 151 6.000 6.500 6.333 6.500 6.833 0.475 0.318
Al (HI; Log2)
WW . 9168.167 9454.500 8957.167 9347.500 9748.333 0.333 271.546
Bronchitis

ohsgn o 3 e J5 o jle ten 508 53 s J5 Y sles (e 058 0 el Shgs L olyen (g3ie 5V )lass 0y00 Ml g Jeo 508 53 (s J5 1) sles
1 T1: HRCH in chick box and rearing house; T2: HRCH along with starter feed in chick box; T3: HRCH in chick box; T4: HRCH in rearing house.

Cod Gl 1) (enl s 3,558 el Sae adgl 438
RPN

iy sla Siag
4S5 psboas cdal Cundey T2 09,8 )3 alY 03jly olise VL
A Jgiz) 35 Sl ne dald 09,5 5 Lajlog pla b o gles
2ol 09,5 Ly odds 3L 09,5 (o0]yail dunlio ogMeay L(P<:/+0
di azmlo 03]l (992 Ll (sl 09,5 el 3 1y s2alS (T (g0)
(P=21-YY A Jgan) 5405 )11 dlis 09,5 dulio )3y
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Table 7- The effect of receiving hydrated Royal Chick (HRCH) nutritious gel in chick box (with or without starter feed) and in
rearing house on maternal antibody titer against Newcastle disease virus (NDV), infectious bronchitis virus (IBV), and avian
influenza virus (Al) and relative immunity organs weight in broiler chicks (25 d)

"o logs .
)l:.”' dU”
[PYVEN Treatments® Jls! s oL
Variables Sl Vs Y, lows ¥l o P-value g;M
Control T1 LE T3 Ts
(Log2¢Hl) Juslsgs
5.417 5.917 5.833 6.000 5.917 0.689 0.307
NDV (HI; Log2)
¢ 155Y gl
(Log2:Hl) 15¥5a 4,083 4,083 4.000 4.333 4.333 0.152 0.118
Al (HI; Log2)
E{;”w 1154.3858 1685.917A8 2240.500 1761.79578 1484.00078 0.090 273.298
(0) ety o 0.185 0.206 0.181 0.206 0.201 0.495 0.013
Bursa of fabricius (%)
%
(%) Jot 0.088 0.106 0.097 0.108 0.103 0.283 0.007
Spleen (%)
ujfdg‘oj V)l X Sl ¥l x sals ¥ low x sl ¥olow x dalis
T-Test ControlxT1 ControlxT2 ControlxT3 ControlxT4
b i P-value
variables
Candig 2
- 0.023 0.041 -
Bronchitis

o Fl > glie J5 ¥ s f e 5)l5 )0 (e J5 ¥ jlass f e )8 5 ol SThgs b olpen (i J5 1V jlos (800 Mo 5 Jex )55 (gdie J5 1) slas
(+1+0<P</N)) tlloiie ,S0uSs b s sine Coglds (52515 & cciady b 53 S o Sy B> 33 gl 3L EB
1 T1: HRCH in chick box and rearing house; T2: HRCH along with starter feed in chick box; T3: HRCH in chick box; T4: HRCH in

rearing house.

A&B Means within a row with no common uppercase superscripts tended to differ significantly from each other (0.05<P<0.1).
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Table 8- The effect of receiving hydrated Royal Chick (HRCH) nutritious gel in chick box (with or without starter feed) and in
rearing house on carcass characteristics of broiler chicks (35 d)

"lnlews .
)Lr“ slas
o yize Treatments? Jlozs o L
Variables als Vyloss Y loss ¥l ¥ o P-value gévM
Control Ty T2 T3 Ta
oy . 64.959P 54.212b 67.1632 64.879P 63.803° 0.011 0.692
Carcass weight
o 25.388 25.231 26.725 26.456 25.312 0.075 0.475
breast
A Jobo 0.537 0.551 0.553 0.548 0.544 0.907 0.0126
Breast length
e 028 . 0.475 0.467 0.477 0.477 0.471 0.893 0.0085
Breast width
Loy dbs
e e 1.556 1.451 1.528 1.325 1.388 0.197 0.077
Abdominal fat
& —o9ej) Vo x aalis Y log x anld ¥ ylow x Jali s x Aali
T-test ControlxT: ControlxT> ControlxTs ControlxT4
o yuio
Variables P-value
e 0.077 - - .
breast

e e slie J5 ¥ Jla e (55 )3 ke S5 et f e (555 )0 ikl S1yss b olpen (i J5 1V e (50 o 5 Je 555 (gdie J5 1) slag
1 T1: HRCH in chick box and rearing house; T2: HRCH along with starter feed in chick box; T3: HRCH in chick box; T4: HRCH in
rearing house.
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Table 9- The effect of receiving hydrated Royal Chick (HRCH) nutritious gel in chick box (with or without starter feed) and in
rearing house on the intestinal histomorphology of broiler chicks (35 d)

"o jlo ,
)L:“ dué>
o iz Treatments? Jlessl s L
Variables sl Ve Ylos o ¥ los Pvalue 22
Control Ty T2 Ts T4
: i 6]

(eae) 52 €5 1644.667 1708500  1779.000  1702.000  1478.167 0.175 88.364
Villus height (um)
(Resee) iz 02 191.667 213.833 201.667 193.667 211.167 0.692 13.340
villus width (um)
(g, %) 08 3o 219.818 247.167 232.167 243.167 283.500 0.734 14.847
Crypt depth (um)
(109,50) L ypg pliceY Cuolies
Thickness of lamina propria 43.000 39.500 39.667 45.667 39.527 0.115 1.994
(um)
(@22 50ske) 52 gl 0.995 1.129 1.119 1.056 0.983 0.704 0.09

Villi surface area (mm?)

S iaslin sl
‘1"’5“‘ /.”3‘ € 7.291 7.109 7.956 7.516 6.173 0.167 0.509
Villus height/crypt depth

e Fl > glie J5 ¥ o tes 55 ) gdie S5 et f e 5555 )3 el SThgs b olpen (gdie J5 Y slasi (e e g Jos 5 ) gdie J5 1) e
1 T1: HRCH in chick box and rearing house; T2: HRCH along with starter feed in chick box; T3: HRCH in chick box; T4: HRCH in
rearing house.
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Introduction: In the poultry industry, feed efficiency is of great importance in order to reduce the cost of
feed by maximizing production efficiency. To achieve this result, the use of synthetic amino acids, such as the
amino acids methionine, lysine, arginine, etc. in poultry nutrition can play an effective role in animal
performance. Application of monosodium glutamate in animals cause to increased levels of triglycerides, total
protein, cholesterol and blood glucose in rats. Addition of 1% monosodium glutamate in broiler diets increased
feed intake compared to the control group and also in relation to weight gain at the level of 0.25 and 0.5%
monosodium glutamate had a significant decrease compared to the control group. Therefore, considering the role
and importance of laying hen performance during the production process and due to the very important role of
monosodium glutamate in the occurrence of these changes, the effects of consumption of different levels of
monosodium glutamate on performance, egg quality characteristics and blood parameters were investigated.

Materials and Methods: In this study, 60 laying hens of "Hy-Line W36" strain at the age of 68 to 74 weeks
in 4 treatments and 5 replications and 3 hens per replication were used. The experiment was conducted as a
completely randomized design in four periods 14-day for 8 weeks. Experimental treatments included 0, 0.4, 0.8
and 1.2% levels of monosodium glutamate per kg of feed. To better benefit from the data, all measurement
factors except body weight gain were sampled and evaluated at the end of every two weeks. Egg mass was also
obtained by multiplying the percentage of daily egg production by the average weight of eggs produced on the
same day. Egg quality traits including height and diameter of albumin and yolk, relative weight of yolk and shell
and albumin, shell thickness, shape and specific gravity were measured. Blood parameters were selected from
two cages in each cage every two weeks and blood samples were taken from their wing veins and the
concentrations of glucose, cholesterol, triglyceride, HDL and VLDL were measured using a Pars azmon kit and a
spectrophotometer. Experimental data were statistically analyzed using statistical software (2002) SAS 9.1.
Significant differences between treatments were compared with Duncan's multiple range test at a significance
level (P<0.05).

Results and Discussion: The effect of adding treatments on the traits related to egg mass production and
feed conversion ratio at the age of 72-74 weeks and feed consumption in all weeks of the experiment was
significant. Today, several neurotransmitters have been identified to regulate feed intake, one of which is
glutamate, which is most abundant in the central nervous system, which reduces feed intake in broilers. Feed
intake is reduced by adding monosodium glutamate throughout the production period. Moreover of experimental
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treatments on Haugh unit, aloumin and yolk height in the whole period was significant so that adding 0.4% of
monosodium glutamate to the diet was able to increase the height of albumin and Haugh units and decrease yolk
height compared to other treatments. Adding 0.8% monosodium glutamate increased the white diameter in the
whole period compared to the control treatment and the treatment containing 0.4% monosodium glutamate. The
data showed that adding 0.8% of monosodium glutamate to the diet could increase cholesterol, triglyceride and
VLDL concentrations at 70-72 weeks of age compared to other treatments. Also, adding 1.2% of monosodium
glutamate to the diet has been able to increase the concentration of HDL and VLDL at the age of 76-74 weeks.

Conclusion: In general, it can be concluded that the addition of monosodium glutamate to the diet has no
significant effect on the percentage of production, the relative weight of yolk, albumin and egg weight despite
the significant effect on blood parameters that was observed also it did not have qualitative parameters of the
shell. On the other hand, the addition of 0.4% monosodium glutamate to the diet reduced feed consumption in
the entire production period. Also, this treatment was able to increase the height of the albumin and Haugh unit
and decrease the height of the yolk compared to other treatments in the entire production period.

Keywords: Blood parameters, Egg quality traits, Laying hen, Monosodium glutamate, Performance
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Table 1- Ingredients and nutrients composition of the experimental diet (Percentage)

0 > dl)'?l o )d
Diet ingredients Percentage
o2 55.45
Corn
Wheat bran

(P13 gy 0yd ¥Y) Lguw dlloss’ 9779
Soybean meal (743 crude protein) '
b 05 214
Soybean oil
Dicalcium phosphate

o “"‘"E ut‘f)s 8.97
Calcium carbonate
S 0.42
salt
Odgste Jed 0.23
DL-methionine

o=l 0.18
L-lysine HCI
““-.‘.‘t%.} J“g“’ 0.25
Vitamin premix!
igee JoSe 0.25
Mineral premix?
0 duoloee (gdao dlgo polie
Calculated nutrient composition
(p59kS 15 ghS) pudplio JE (555 2620
Metabolizable energy (kcal/ kg)
(M)J) Pu Oan 16.50
Crude protein (%)
(3233) wals 4.00
Calcium (%)
(J“”)‘}) o) Cwd A.J"b )°““5 0.53
Auvailable phosphorus (%)
(2253) o 0.19
Sodium (%)
(8013) cieta 0.48
Methionine (%)
Methionine + cysteine (%)
(32) 23 1.00
Lysine (%)
(J‘”)J) FB )“‘5 3.38
Crude fiber (%)

(B1) ool ipyS e Y/ 0 K Omebig ip)S e +/+ VA B12 oweling p)5 eo VY E Ooweling YeoolU, Ds Oowelivg MedUA Omebg isgls dielig JoSs ‘o)f;l:f)m !
ke V1D iy i e 1Y S e X100 55 S Ve oS 15 e V0
ke VY sy e 1Y i S e V5 i T+ 8l i o 11+ 53,5 WY+ 550 il e e 5

! Every kilogram of vitamin supplement contains: Vitamin 1U, A11000: Vitamin D3 IU, 2400: Vitamin E 22 mg Vitamin B12 0.018 mg:
Vitamin K 0.3 mg: Thiamine (B1) 5/2 mg: Choline 1600 mg: Folic acid 0.2 mg: Biotin 0.25 mg: Riboflavin 7.5 mg.

2 Every kilogram of mineral supplement contains: Manganese 120 mg: Zinc 110 mg: Iron 20 mg: Copper 16 mg: Selenium 0.3 mg: lodine
1.2 mg.
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Jsin> @l 4y a5 L (Egbuonu et al., 2010) sl awsls
2 Oleligl i gige Jo > VY o +/F (09381 L STygs B pas
59 Lowsdly disal (sl prdans ol Bl il 2 g5 095 JS
009V Ugen 3ok jl Shgd Bpas 38 )3 wae slaygisl |l
5 oalS Slis Brae o o GRIHIL oS psboar ol
mie Ol Sy s B pae e Sl S L S
o958l ,531d ba e (slaodls ((Lepkovsky et al., 1973 )ul,
Pae (1jy 9 dwgy (S Clao oy > LIS mawgige
aS ol i Laodly awyp ool 0ad 1)) ¥ Joa )3 &40 050
Ogzed (Slho p )lI5R5S Epe 0y > CLbgl maduwgige (13959
g g 22y (il dtwgy (g ing Cwelbs ding (s 0
d9-5 Jlone pinlofl sLadiin ded )3 E 30 055 pogase (g
U955 e By odel Canddy ol oyl b gunen (P>/40)
250 Cudlss oy 53 oS il g 29381 85 2308
(Shakeri  asl awily § o 650 diwg S Olao p gy LB

3- Follicle stimulating hormone
4- Luteinizing hormone

0Ll g asly il atwgy G55 s Sojlul sl
2 03litl o a3l e yio gl yo (slilay atgy 039 p)5 oo
03latwl s g yo 556 dlwgy pdaw picmen (Osfor et al., 1997)
(Walker and Lupien, 2000) . duslbxo y ;5 dlslo
(V) dbslso

N0 o avvAly

gy o (@00 (Blo) = (E30 055 139)
100,5 duole i dblre bawgs 50 gla Ay
(V) dolo
H.U.=100 LOG (H + 7.57 - 1.7 W . %%7)

5yt oo s odpis €15, TH coln aslg tHU ]y a5
Sl p)S s 50 059 g T W

ontd y il aan 90 ya 0 St cbrazuinlyd ddllles jolaiedy
548 5S> Lagl J Spliw g QLsl ossyy asdad 5
S § oslial 1y HDLY cagpulS (655 o Jg s 5505 ol
5 reS03lal agiby Sl olStsd dlsgas g (903l oyl &S b
(Friedewald . auwles y doles 5l oalizal L VLDLY clale
etal., 1972; Sahu et al., 2005)

VLDL=TG/5 (¥) doles

ol g5 aladl s Lol slaghg,

Jae gy b s 9 JuST 138l 55 3l il Gialejl (slaosls
cd,S ), o)Ll 5JUT 390 SAS (2002) (o kel J3dlpy s
aiels dix 9050 b laylews oy I sime oglis (Dai et al., 2009)
W duglie doyd gy (6)b sime plaw 50 ST (4l

oozl 3y90 (Lol )b o
=p+ Ti+e; Yj (¥) doleo

)_‘}‘l Ti cdnols wi)Lm M cosalie Ju JMde :Yij‘di DS
ol bl olas € g laylos

gl ) (ilofl Ll o (539 G134 byepe ol

ST 9V g ) (9o (sladominl b (yizren 9 g5 ot
las bl miwgige (0938 5l islejl pl 4o .l osis
ded )3 Ere 055 ()9 9 g Moyd o (g LRl 4 by
9 iyl Ep0 w55 0395 b alasly 53 090 o jime Jkg.LojT Slaaan
2 Shed Brae g (Suin VWV (o )3 Shhgs as cops

1- High-density lipoprotein cholesterol
2- Very low density lipoprotein



YAL o Sdes p Sblighs gy auwgio dilisie zabiw il oyl g 9,9 Bl

e &t 93 gl 3 peadS (15 25k 9 0> pels” 2018)
L ool a8’ ol oy il ol §yo 056 gy St 59
Ere w59 Ay CudsS 8l s plgial 3 puddgilie S900
O owedS 390 9 Slygd Bpae 4 plgi oo Sl nl & 39
Ozed (Muszynski et al., 2022) sy cuus § o 059 diwsy
S AU e S8 )5 oS3 Lo 5 paedS G (3p0UglS
g oo Ern 155 Alwgy 53 S Sl ol cow ol

{(Muszynski et al., 2022)

WLl 45 1535,8 osnlie (s I 5 ¢ blie 5 et al., 2014)
S9-aky e YIS 555 GLEpe 0302 )3 (ueliglS w0 > 4 (98
Dbl g &0 050 Ay pandS lgizee yinli8l g diwgy Culbus
sba i S ojlasl o (Jg edd (e g el g9 Wila polic
(Muszynski et al., < sl gyl xe )y\_, rnlS” S
2022)
2558 5 w5 Conl pudS 803 AF (g9l £10 055 gy
(Athanasiadou et al., o] o Gl 40 §ye p55 i

M55 (e ye (1 (139 LIl g e 055 12)e g Jsbo 2 Clebiglt masusgige S1-F Jgd

Table 2- Body weight gain and egg length and width of monosodium glutamate fed laying hens

Gleligl oy gige Juoyd s o llass)
o Azan Monosodium glutamate (%) 3kl S JI
. _. &b
Traits Weeks 0 0.4 0.8 12 eSile Povalue
SEM
(255) 0395 g1l )3 0 o3 68 1608 1589 1639 1594 19.106 0.764
Body weight at the beginning of
period (g)
(255) 0395 slesl 1> % s 76 1703 1643 1700 1662 30.892 0.881
Body weight at the end of period ()
(2,5) Giolojl olo 5> o 39 Lyiljél 68-76 94 72 82 68 16.506 0.949
Body weight gain at the during trial
(9)
68-70 6.13 5.89 6.08 5.93 0.036 0.085
70-72 6.06 6.15 6.10 6.17 0.046 0.888
(o sko) & o Jsbo 72-74 5.83 5.88 6.03 6.04 0.046 0.383
Egg length (mm) 74-76 582° 597 6.35° 6.242 0.037 0.0002
229> Js_ 5.97 5.98 6.15 6.09 0.026 0.075
Whole period
68-70 4.40 4.46 4.37 4.27 0.028 0.119
70-72 4.38 4.39 4.42 441 0.021 0.913
(o) E 3055 L3 ys 72-74 4.33 4.48 4.35 4.38 0.019 0.064
Egg width (mm) 74-76 4.26 4.38 4.44 4.43 0.021 0.050
29 S5 435 4.43 4.40 4.37 0.013 0.196
Whole period

(P 1-0) sl (g)lsimn cindy p 33 S ide yé Gy b b Sibie glis 2 ¢ I3 sime b :P-VAIUE £,Ske jlino olizil SEM
SEM: standard error of mean; a-b Means with different letters in a row differ significantly (P<0.05).

Aok )0 VV-VF dan ) jody oduiu yhad Jg ((P>+/40) €8,
L aS spobots (P<+/+0) sl (gl dme 3B inlajl (slaoygo
2 odudw ylab (5158) Caww GlobslS pdugige Juoyd /A 4343
e g dald dwlie > 0jed IS g (Sika YF-VE Ve=VY i
o=l bl AN 1 s Ll mdwgige duoyd +/F (gol>
YD 39580 0,8 )53 (Olarotimi, 2020) s, Yl ¢ siulo]
NS035 Gl ye 0 4 CLUGlS mdwgise p)SokS 2 p)5 10 4
I3gie 03,5 b 45 )90y «udls (53 e 3 035 lis))
@ &y 038 GBI CalsS p ygSB ()5 wree gl A5lg g odiis gy

S ladoinld p Slligls ptwgise cilisw zglaw il

oinleil ool 5l Jeols zols wcwl ods @11 0 Jgds )3 §pe 159
lroygd ;o ola asly 1o iolojl (ol jloas 39581 &8 sl ol
9 oA...n_w &l_o.;)\ Cp—rad 092 Jf 9 L;...O.b Y¥-Y5& SA-Y- (s
S Yl ime 0yed JS g Suan A=Y w claoyed jd 035
A OlobislS mudwgige o yd +/F 3938l &S’ g ebbay (P<+/-0)
.A>|5 9 o.x.&lw 8@4)‘ w‘y 0,93 J§ 9 u.i».o.lb SA-Y- Oy 9D 0>
S Eals e jlos 500 b duslde 40 035 glas,l 9 o8l ola
8 Slabigls muiwsio Ciliss ol 1l cow 0dy) b wis
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Olaligl iwsise pdaw (yiol3l b aS Jyeu ) il odaliie 03,
(Dong et al., 2010; a2 yials'ly 035 adls Culss o 4

Olarotimi, 2020)

VYO B+ /Y 5 lobigls mswgige gdaw il b an] o Olus
Lo dualie )3 gl oy g oo £lis)] Cundlyis 0y p)S kS 0 )5
SleMb (s ol L (Olarotimi, 2020) ams g3l sals og )5
55 3D ladoiwl b Sl mdwgige yl 3)5e 3 oS
0SS ablsl aS u s iliS wls pl b 88le5 ;3 o)y dgg 50

S35 Ere 63 )Sos szl SLligls worwgige 31 =T Joda
Table 3- Effect of monosodium glutamate on performance parameters of laying hens

Olobigls i gige duoyd

Monosodium glutamate (%)

Slubiol glas pze Jleis

. xSl &b
Traits Weeks 0 04 0.8 12 SEM Povalle
68-70 83.33 81.90 85.24 81.43 1.949 0.885
70-72 79.36 77.14 71.42 73.33 1.647 0.391
(103) & o Slgs 72-74 70.63 79.04 73.81 68.57 1.755 0.174
Egg production (%) 74-76 66.66 77.14 86.66 79.99 2.656 0.156
09> Js, 75.00 78.81 79.88 75.83 1.150 0.436
Whole period
68-70 61.48 61.69 62.46 60.32 0.824 0.827
70-72 59.89 62.06 63.32 60.98 0.620 0.325
(E0lp5) £35S s 72-74 61.50 62.94 64.49 62.33 0.673 0.504
Egg weight (g/h) 74-76 62.53 62.89 65.97 63.07 0.645 0.241
29 Jf_ 60.87 62.39 64.06 61.83 0.590 0.350
Whole period
68-70 51.48 50.47 53.20 49.29 1.304 0.734
Io)5) sy § 5 a5 70-72 47.41 47.80 45.25 44.68 1.014 0.628
Pr) S Erope 029 72-74 43.13P 49.672 47.88% 42.75P 0.930 0.043
(. &0 74-76 43.03 48.23 57.14 50.37 1.571 0.079
Egg mass (g/h/d) 29> 46.43 49.04 51.14 46.73 0.609 0.054
Whole period
68-70 110.502 109.422 110.542 107.90° 0.202 0.001
70-72 108.19¢ 109.48¢ 111.942 110.25° 0.101 0.0001
(5 ps5) S)yss by 72-74 109.93° 106.834 113.572 109.14¢ 0.103 0.0001
Feed intake (g/d) 74-76 115.86° 112.48° 117.48 106.12 0.161 0.0001
09 JS_ 111.12° 109.55¢ 113.38?2 108.35¢ 0.072 0.0001
Whole period
£5) Shsd bods coys 68-70 2.146 2.168 2.077 2.189 0.058 0.861
5 035 pySISlyh G 70-72 2.283 2.290 2.473 2.467 0.052 0.329
O RIS S 72-74 2,556 2.150 2.371% 2,552 0.047 0.020
3% 74-76 2.692 2.331 2.056 2.106 0.067 0.077
Feed conversion ratio
(g feed intake/g egg 29 JS . 2.393 2.233 2.217 2.318 0.027 0.193
mass) Whole period

.(P<~/~[b) Gl (gl gime 3y o )0 S iie o2 By b b Sleo Q5L3.'o':a-b {6 sixe daw P-value £oSles Hlume ol :SEM
SEM: standard error of mean; a-b Means with different letters in a row differ significantly (P<0.05).

S5 ey pdS clale il 0y 4 CLlight madugise o)
o loss %03 b duaslio ;5 S5 VoYY o0 1> VLDL 4 5y unlS
Olaligl iwgige Jopd VY (3,5 adlsl ¢ 8, 5l amd yol5al
VE-VS s 5 |, VLDL 5 HDL cobilé ol diudlss oy 4
slagbos o > Slbgls mudwgise (39530 > (ul8l (Sadn
sl ol a8 Gl sl (g5 5 Jgpieds clale plgr

O 0y do SLbglS mtwgige (13933 3l ) bgsye gls

ot Gl 00D BLIF Jodo )3 (S5 sladomiul b 5 )l05 055
5 JoyimdS clale  iolol (olajlos 39581 48 oy L Laodld
=V i slaoyed 0 HDL ¢ Sian Vo=VY (o 0 & yudS (5
VeoVY L clooysd ;5 VIDL puzman o Szin VE-VS o SA
TN 39580 45 g yebods (P<+/+0) 24 Jbo dize [Sian YF-VYF
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v 3,5dos 9 SloliglS v dwgie Cilizie gl 13T (o Ko g 3,8 obilS

Sy JgsialS bl 9 155 ualight JeuSgice ¥ JuuS g pen
(Obochi et al., 2009) s> y 5 1y Jg s pdgilio g,
g 13 £ 59805 o VD ety SLlighS o agige sl
&S Bl p ool (Sglie slaplil 1 S 4 ol asly @b
Jimol 655 5 JgpiadS alarlio Ag) 53 ysdd o s

(Egbuonu et al., 2011) >4 Jg sl

Gl Vo) 5 22 5unlS (635 (30 4205 g i o3 5
(Bopanna  cul oy dbgore w3 Gl G sladgwl pulgilio
dwgige | oalaiuwl 45 Cuwl odis )5S imen et al., 1997)
g 2 0gB S5 g (JpdS (JS g cdile leligls
= SleliolS v weige 3l (Osfor et al., 1997) sl jul5al
3839, 198" JiwSg)d0m =Y il a5 b &y (lgice 1y Joyeds
7)) OMpind 3ol I Jgyiads ca b oatiSsguome d po oS
(Obochi et al., by cows ol (Jlad) @M yo by 4y (JLabd
Yoo JpuS b 5l Glbsls audwgise 59,5 43lsl 2009)

EronSS ogata (39 g Aiwg (S slaciul p Ol maugse Bl -E Josa
Table 4- Effect of monosodium glutamate on eggshell quality and specific gravity parameters of egg

Sl loligly it gige Juoyd s "™
Co PreTS Monosodium glutamate (%) 31kl Jl
. . P (e
Traits Weeks 0 04 0.8 12 eSle Pvalue
SEM
68-70 9.60 9.78 9.51 9.79  0.195 0.941
70-72 9.70 10.15  9.66 9.67  0.099 0.214
(30)3) &y dimrgy (oodd (339 72-74 9.74 9.77 9.64 9.66  0.149 0.986
Relative shell weight (%) 74-76 9.92 10.08 9.08 9.54 0.144 0.078
®192 Jg_ 9.75 9.91 9.47 9.68  0.080 0.257
Whole period
68-70 0.293 0291 0.286 0.261  0.008 0.493
70-72 0381 0342 0360 0.398 0.010 0.300
(o o) Epopsss dtwgy Caolbus 72-74 0.351 0365 0.334 0.381 0.006 0.101
Eggshell thickness (mm) 74-76 0350 0312 0311 0324 0008  0.483
29 0344 0329 0321 0338 0003 0216
Whole period
] 68-70 82.710 8269 8127 8274 1491 0.979
(2o el 15 sleo) o s a5y (s dnsy (39 70-72 8292 8725 8371 8306 0790 0172
Shell weight per unit surface area (SWUSA) 72-74 8248 8339 8245 8306 1168  0.989
(mg/cm?) 74-76 8306 8598 7971 8286 1227  0.321
229> JS- 8298 8463 8186 83.04 0.620 0.436
Whole period
68-70 1.082 1085 108 1.085 0.001 0.609
70-72 1085 1.087 1.085 1.084 0.001 0.302
(oo y20 55l 1 ps5) Eron3S Logascs ) 72-74 1.083 1085 1085 1083 0.001  0.618
Specific gravity of Egg (g/cm?) 74-76 1.087 1.088 1.081 0.083 0.001 0.088
29 S5 1.084 1086 1084 1084 0001  0.253
Whole period

(P<140) cul (g )lssine iy pb 3 Sy yé By b by Silio gty 2P ¢ gl ian el P-VAIUE ¢, iko lno olizil SEM
SEM: standard error of mean; a-b Means with different letters in a row differ significantly (P<0.05).

Jess o) oo b ialS 0 g 090 IS 0 SThd B yae
» ‘) 0d)) &Lm)ljwbﬁl I) 5\_6 A_’>|55b..\.4.0_w E:l_m)l k.,\_..wly
A2 ials uder 0y90 IS )0 b jlews [\ b duslde

Sl 5wl

F9-L° ol il ‘Ls"b f}l& 0SSl gllo Coles b YY) O?-‘

5 (S 5 dom

pedgige (139581 45 3903 (65 A (i e IS sob

48 Gy Slacomialp p bine w56 ot de 0y 4 Clabgls
o (339 Al Joyd 6yl me pl 55 zum A oanliie
Lwg (85 Sl b (riomed 9 £r0 055 ()9 5 Ok 03]
oy Slalbigls i wgige dop +/F (3938l ¢ )b 5l cuilys
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EronS S loaominl b Sl muswgise 51-0 Jgaa
Table 5- Effect of monosodium glutamate on quality parameters of egg

Slelisls Cleligls muduw gige Juoyd s o Nl
io ain Monosodium glutamate (%) 5 sl S
. . &b
Traits Weeks 0 04 08 19 oSl p-value
SEM
68-70 85.39P 90.022 86.56" 86.64° 0.537 0.030
70-72 85.61 86.75 83.36 81.81 0.715 0.082
sl ol 72-74 89.80 89.23 87.06 86.01 0.673 0.190
Haugh unit 74-76 88.79 86.80% 84.20P 83.58P 0.629 0.043
09 S5 ) 87.26% 88.342 85.300 84.83¢ 0.365 0.003
Whole period
68-70 7.61b 8.212 7.70° 7.61° 0.081 0.034
70-72 7.56 7.80 7.30 7.02 0.112 0.095
(3o olee) ohes 165 72-74 8.18 8.21 7.80 7.70 0.113 0.288
Albumin height (mm) 74-76 7.86 7.71 7.59 7.38 0.108 0.532
292 7.79% 8.022 7.610 7.470 0.057 0.008
Whole period
68-70 18.39 15.51¢ 17.00 17.452 0.177 0.0001
70-72 16.96 16.77 16.97 16.82 0.161 0.958
(o sko) 03,; £l 72-74 16.94 16.48 16.70 16.79 0.158 0.805
Yolk height (mm) 74-76 16.50 16.56 17.30 17.09 0.133 0.122
09 S5 ) 17.242 16.32b 17.022 17.06° 0.069 0.0002
Whole period
68-70 83.320 81.91° 84.47% 86.532 0.375 0.0008
70-72 77.86" 77.11° 82.542 78.28% 0.753 0.047
(o oles) oas a3 72-74 75.37 78.06 78.43 80.06 0.662 0.172
Albumin diameter (mm) 74-76 71.31¢ 76.91° 80.30° 79.10% 0.506 0.0001
09> ) 77.31° 78.36" 81.542 81.16 0.370 0.0008
Whole period
68-70 48.31 46.58 48.49 48.38 0.355 0.188
70-72 4131 4291 42.79 43.01 0.304 0.279
(o) 03,5 slad 72-74 41.33 42.37 42.54 41.89 0.292 0.540
Yolk diameter (mm) 74-76 4231 41.98 44.11 43.74 0.350 0.101
09 ) 4343 43.57 44.55 44.35 0.174 0.083
Whole period
68-70 55.10 53.67 56.15 53.87 0.597 0.402
) o 70-72 55.19 54.69 56.26 54.95 0.466 0.602
(303) o oo 039 72-74 52/87 53.05 53.91 53.70 0.506 0.849
Relative albumen weight 74-76 53.42 55.89 57.36 54.24 0.707 0.246
(%) 049D Jf
7 54.20 54.38 55.97 54.11 0.382 0.273
Whole period
68-70 29.51 28.16 28.22 29.58 0.411 0.447
70-72 27.62 27.47 27.05 28.00 0.311 0.740
(s33) 0335 s (3 72-74 26.65 26.65 26.41 26.96 0.306 0.929
Relative yolk weight (%) 74-76 28.05 25.35 26.88 28.28 0.437 0.100
09> S ) 27.86 26.89 27.15 28.22 0.247 0.196
Whole period

(P 10) sl (g)lsimn Cindy p 33 S jide yé Gy b b Sibie glis 20 ¢ g )l5 sime s :P-VAIUE £,S5ke jlno olizil SEM
SEM: standard error of mean; a-b Means with different letters in a row differ significantly (P<0.05).
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Table 6- Effect of monosodium glutamate on blood parameters of laying hens

Slbisls Gl moiw gige do)yd sles
o Lan Monosodium glutamate (%) 5585kl e J‘l‘”‘
. _ <P
Traits Weeks 0 0.4 0.8 19 oSl p-value
SEM
68-70 138.00 165.33 135.50 172.00 18.541 0.8711
70-72 94,50  129.00  187.00*  158.50% 6.624 0.0298
(i o | o5 ee) g pianls’ 72-74 130.50 134.75 120.75 158.00 9.473 0.7527
Cholesterol (mg/dL) 74-76 163.50 143.75 133.00 209.00 12.020 0.1626
09 Jf_ 138.10 147.76 145.14 160.80 14.285 0.9615
Whole period
68-70 81.25% 95.622 90.50% 72.50° 2.722 0.0355
70-72 68.33 82.50 106.00 82.00 4.768 0.0940
() w3 | py5 o) HDL g yenls 72-74 90.00 81.67 97.50 65.83 9.489 0.6549
HDL-cholesterol (mg/dL) 74-76 89.17° 102.50°  105.63°  139.382 4.617 0.0170
09 Js_ 80.27 91.16 98.71 89.87 2.500 0.1723
Whole period
68-70 306.80 235.73 278.00 275.40 24.736 0.7846
70-72 247.00° 216.73" 365.40%° 259.87°  10.455 0.0140
(i) o3 ] pS ko) VLDL Jgjls 72-74 242.80 295.13 168.80 386.30 22.243 0.0770
VLDL- Cholesterol (mg/dL) 74-76 288.07%  248.90° 229.80° 385.12%  17.880 0.0357
°9 Js_ 273.77 260.74 249.36 351.54 14.634 0.08118
Whole period
68-70 234.00 236.00 224.00 226.00 1.391 0.0909
70-72 235.00 227.00 263.33 224.00 8.287 0.3318
(o ske) 5555 72-74 222.00 213.50 223.00 240.00 2.625 0.0560
Glucose (mg/dL) 74-76 238.66 229.80 233.00 238.66 1.658 0.2015
229 Jf_ 233.90 225.90 238.66 236.54 2.224 0.2023
Whole period
68-70 1534.0 1178.7 1390.0 1377.0  123.683 0.7846
70-72 1235.0° 1083.7° 1827.0° 1360.0°  56.150 0.0227
(5o o) 4 youndlS (55 72-74 1214.0 1475.7 934.0 14920 102.671 0.2131
Triglyceride (mg/dL) 74-76 1440.3 12445 1149.0 1918.3 97.883 0.0736
29 Jf_ 1369.0 1303.7 1246.8 14126  130.829 0.9701
Whole period

(P<e140) canl (gyls xo Cindy so y3 Sjidie e By b o, Silio Q,L&:’a'b {6yl gime aw P-ValUE ¢, Sils jlas olizsl SEM
SEM: standard error of mean; a-b Means with different letters in a row differ significantly (P<0.05).
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Introduction: The egg production curve is defined graphically as the relationship between
the number of eggs and laying time, which indicates the biological efficiency of a hen and can
be effective in the selection and nutritional management of laying hens. Egg production is an
essential section of the poultry industry. Appropriate mathematical models accurately
represent the production phases of the hen and provide a valuable tool for biological
comparisons and interpretations. Also, egg production curves help predict egg production,
determine the appropriate age for poultry culling, and economic decisions. Sigmoid growth
models are often used to describe size over time in plants, animals, and humans. In laying
hens, the shape of the cumulative egg production curve is similar to the growth curve.
Therefore, different growth models may be used to model the cumulative egg production
curve. Khazak hen is one of the native birds of the Sistan region (Iran), and natural selection
has adapted this bird to the conditions of Sistan over the years. The body of this chicken is
small, and has low growth and is mainly kept for egg production. Since laying patterns is
different in populations. Thus, the use of an appropriate model to describe the specific laying
pattern of each population is necessary. Therefore, this study was conducted to investigate
growth models to describe the cumulative egg production and weight of eggs and select the
best model for the Khazak hen.

Materials and Methods: The present study was conducted in the Research Center of
Domestic Animals (RCDA), the Research institute of Zabol, Zabol (Iran). Khazak pullets are
identified using foot-banded numbers before they start laying. During the experiment, all
birds had access to water and feed ad libitum. The egg production was recorded daily for each
hen separately. Based on daily records, the weekly egg production of each bird was calculated
and then used the calculation of the cumulative egg production. A total of 365 pellet egg
production records were used to analyze the production curve from the first to the fortieth
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week of laying. Five growth models (Gompertz, Logistics, Richards, Lopez, and Weibull)
were fitted on cumulative egg production and weight records. The goodness of fit criteria,
including Akaike information criterion (AIC), mean square error (MSE), Bayesian
information criterion (BIC), and adjusted coefficient of determination (Ridj), were used to

compare the growth models and to select the best model. All models were fitted on egg
production records using the nlme package in R software, and the parameters of each model
were estimated. After fitting the models, the cumulative production values for different ages
were predicted by the models and were compared with the actual values over 40 weeks.
Results and Discussion: Based on the goodness of fit criteria, the Lopez mod had the

highest R value and lowest values of AIC, BIC, and MSE for cumulative egg production.
While the Weibull model was the best model than other models to describe cumulative egg
weight in terms of the goodness of fit criteria. The Gompertz and Logistic models
overestimated initial production and underestimated the final production compared with other
models. Estimates of time and production at the inflection points using Lopez and Weibull
models were close to actual values of cumulative egg production and weight, respectively.
Also, prediction of cumulative egg production and egg weight in different weeks using Lopez
and Weibull models was accurately, respectively. In literature, various models were reported
as the best model to describe the egg production curve, which indicates that the appropriate
model specific to each breed should be used to evaluate its curve. The overestimation and
underestimation of initial and final production using Logistic models were reported in other
research that was similar to our findings. The important application of egg production models
in poultry is to estimate the economic and genetic value by predicting total egg production
from some records, which can be a suitable tool for biological comparisons and
interpretations.

Conclusion: The results of the present study, showed that the Lopez and Weibull models
were the best models to describe the cumulative egg production and egg weight based on four
good fit criteria, respectively. Therefore, these models can be used to describe the cumulative
egg production and egg weight in Khazak hens. The application of these growth models can
be useful to nutritional management and breeding programs to improve and change
cumulative egg production and egg weight.

Keywords: Cumulative egg production, Inflection point, Lopez model, Modelling, Native
hen
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Table 2- Calculation formula of time (ti) and production (pi) at inflection point in different growth models

Jao ilas abis > e il i > W5
Model ti Pi
Gompertz k ) £
S ) 1 (w Wy Wi
Logistic k WD 2
b 1. ( ) Wy
Richards e W — wm Jwm, "me 1
1 1
529 . [(1+5) o+ (1) Wy
Lopez (k+ 1] 3
J%9 l m — 1 ] o erer e _m_l-.
Weibull k ( m ) f Wy — (W — Wy)exp ( —)

i (G35 055 S s (2] sty B3 53 9 S el s 1) i 2la5 obre 55 M5 eyl 035 2y e 0 5 M ek W WO
* W0, WF, k, m and b are initial egg production, asymptotic egg production, coefficient of relative growth, the shape parameter,
and the age at approximately half maximum egg production, respectively.
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Table 3- The goodness of fit criteria of fitting growth models

Jse las Slaye (pSile ST SleMb! b i OleMb jlae 0l gutal (s oy
Model MSE" AlC BIC Rig
PE IO SN
Cumulative egg production
Fres 166.271 87050.03 87079.23 70.42
Gompertz
St 168.773 87213.54 87242.75 69.97
Logistic
P%p"’ 164.790 86953.12 86989.62 70.68
Richards
29 164.639 86943.04 86979.54 70.71
Lopez
s 164.761 86951.15 86987.65 70.68
Weibull
9 (22T ()9
Cumulative egg weight

Fres 297527.90 170892.10 170921.30 68.47
Gompertz

- 301270.30 171030.40 171059.70 68.08
Logistic
PF’"‘“ 295590.70 170820.80 170857.40 68.69
Richards
»d 295841.90 170830.20 170866.80 68.65
Lopez
J”‘.’ 295576.50 170820.30 170856.80 68.68
Weibull

(Rjdj-) 0 gl (el oy 9 (BIC) (i oMbl Jlns (AIC) SS5T Sl Jnn (MSE) Lo clayjo ke
“Mean square error (MSE), Akaike information criterion (AIC), Bayesian information criterion (BIC), and adjusted coefficient

of determination (R3z;)

3,8 eali ol ewlio Jao Gl gl Riay LS 55 55,500
Sl 50 5550 Jlme 4w opl by (Cornell and Berger, 1986)
b oslid BRI ppodle nlin Juo S5
o35 0jg 9 W sl s 0l 20l slo el ¥ g
(Wo) adsl 255 (l3ee slys 00 3551, polie w0 (i |y 055
g (Bly slade YL Sned g 55505 sla Jie bawg
a8 Jomg 9 g 52lm) sladie 3 sl g (e o oy
(Wi) e 058 25 (gl gy ol 8 250 (oBlg ylade |
235 ltd g ke o (6 )dbas g adgl g i S
23 Jioe 935l pde Jong 9 29 50,lm) e bwgi 0l
a8 9 39 e ol Sl VL gl Jue p3 K yualily lade .2
Sty 1595 (2038 Mg ln Jomy Joe bawgi el ol jlade
sl altio La ol 35l 39, 555 059 (sma28 (g gl -l
LaJios 53 (Wo) adgl adsi (lise aS g0 09 059 (oS
@l v55 g lade g e plo | VL Setad g 55008

S9y = 2o g (S Lo S «Setead Juo gy

3y9— B (slosed 315 s 3le 5 o)k (nY 9 3 055 0jy (ke
Sl Jie el plgisdr 3)bm) Jho 5 €85 )18 adlllas
Ahmadu etal., ) as (5,155 Y 55 )0 059 (yjg S0 Loy
Oglas Jdoay Wlgs o pils Buind ol 39 glate J> (2017
(Gt B )3 (s D50 Slade cadlllas 3)90 M35 5 g5
slad by s Clswl wisy y o 3l eolaiwl 5)50 Slialie e
2 slis o pie 5 addllas dyg0 00y ) 0l pldl (o315 M
Jde cdomis )0 5 00 Mg e )D yud el &S WSl adllas
2 bz lalles ) gldy sl cglate 25 & (gly culio
SLodly 3 @55 (e oyl i JAe (npTclie (Byre
9 035 Cgldle (63135 po ) g (Joxie a5 w3 e (LS il
ol 0ol cslie Jace 1L 315 j2 ) W5 oxie () sl
lesean olesa Rl il eslatul a5 olosl 510y eolil sl
sbasline b jlal cplply casl o)bbreyy (Bl (2955 sline



Y0

...ui:)’lﬁ‘sbg..\.&)s‘a:';#ébd.\.eﬂoé&&wl‘ol)&wgégﬂg)é

D9 Jong JAe &

sl e e opizmon 3 3yl Lo Jae oo 51 500l (W)
LaJie pluw 3l pYL 9t Jae by 55 (K) (ooad 1) oy

S 055 ()9 9 055 M5 (slp 5y Cilises (slaJae 005 000 syl —€ Jgu
Table 4- Estimated parameters of different growth models for cumulative egg production and egg weight

e Wo+SE" WitSE k+SE m+SE b+SE
Model
P55 x2S Mg
Cumulative egg production

oS 6.488+0.218 98.513+1.838 0.063+0.001 - -
Gompertz
S 8.695+0.189 83.21020.953 0.116+0.002 - -
Logistic
’“E"’“‘" 3.044+0.563 150.000+19.475 0.023+0.005 -0.767+0.088 -
Richards
i-fl 2.704+0.765 298.211+74.425 1.107+0.067 - 100.000+34.952

opez
J"”‘:’ 3.139+0.683 150.000+£21.200 0.019£0.004 1.146+0.055 -
Weibull

Y e ()9
Cumulative egg weight

e 236.300+8.832 4031.000+83.640 0.061+0.002 - -
Gompertz
e ~‘J_ 321.800+7.655 3345.000+41.180 0.11520.002 - -
Logistic
5’%’*”’" 119.900+21.770 6000.000+818.900 0.024+0.006 -0.689+0.095 -
Richards
)E’J 150.400+25.940 8000.000+1129.000 1.300+0.069 - 57.100+10.640

opez
\Q/vab ' 127.300+26.940 5874.000+825.200 0.020+0.003 1.208+0.059 -

elpu

SE juian 0y 135 S 10s i (9)5] Caddy gige 53 (o 5 IS5 yiahl st Ay oy e stls Lolre 35 Sulsd sl 055 A5 e iy D o Mk WE WO

3 lalinl (slas

* Wo, Wr, k, m and b are initial egg production, asymptotic egg production, coefficient of relative growth, the shape
parameter, and the age at approximately half maximum egg production, respectively. SE: Standard error.
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.(Darmani Kuhi and France, 2019)
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Table 5- Estimated time (ti) and production (pi) at inflection point by growth models

P55 (e Mg 55 5225 (g

Je Cumulative egg production Cumulative egg weight
Model (wian) Cloe dlass )3 loj  (daw) cilae abad > g (atbn) cilae abad 3 Gloj  (p,5) cilee dlads > g

(WK) ti pi (number) ti (WK) pi (9)
oS 15.88 36.24 17.09 1482.92
Gompertz
S 18.52 41.60 19.48 16.72.5
Logistic
p%’q) 9.29 22.45 12.61 1101.42
Richards
29 6.77 16.98 11.92 1055.77
Lopez
53 8.72 20.71 11.66 1036.29
Weibull
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Figure 1- Actual and predicted values of cumulative egg production by Gompertz and Logistic models in various weeks
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Figure 2- Actual and predicted values of cumulative egg production by Richards, Lopez and weibull models in various weeks
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Figure 3- Actual and predicted values of cumulative egg weight by Gompertz and Logistic models in various weeks
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Figure 4- Actual and predicted values of cumulative egg weight by Richards, Lopez and weibull models in various weeks
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Introduction: In the past, vitamins were considered as unknown growth factors, but during the twentieth
century, their structure and nature were gradually discovered. These compounds are necessary to maintain the
integrity of the tissues and general health of the body. Broiler chickens are unable to synthesize vitamins (except
vitamin C) or have the ability to make limited amounts of them (group B and K2). For this reason, vitamins
should be added to broiler feed as a supplement. Vitamins interact with other nutrients in various ways. The
main reference for vitamin requirements in broilers is the National Research Council (NRC, 1994). The
recommended amounts ensure conditions where there are no severe deficiencies. Applying the NRC
recommendations cannot guarantee the genetic potential of today's birds. Because these values were taken from
old studies and using pure feeds in laboratory conditions. Due to the dependence of Iran's poultry industry on the
import of vitamins, unfortunately, in recent years, few studies have been conducted in the country on the
appropriate pattern of adding vitamins to the diet of broiler chickens. Therefore, it is necessary to examine the
lower levels than the recommendation of the Ross 308 strain catalog (Aviagen, 2019) as the dominant strain of
the country and to propose an optimal model for different regions that does not have a negative effect on the
performance and safety traits and to reduce the need to import this strain. It will also follow the products.

Materials and Methods: The aim of this study was to determine the optimal pattern of vitamin
supplementation in diets based on corn, wheat waste and soybean meal on production traits, carcass
characteristics and immune responses of broilers from 1 to 42 days of age in Fars province. A total of 500 Ross
308 broilers with similar mean weight (mixed sex) were distributed in a completely randomized design with five
treatments, five replications and 20 chickens per replication. Experimental treatments included five levels of
vitamin supplementation: 1) control (100% of the recommended values of Ross 308, 2019 strain catalog), 2)
90% of the recommended values of Ross 308, 2019 strain catalog, 3) 80% of the recommended values of Ross
308, 2019 strain catalog, 4) 70% of the recommended values of Ross 308, 2019 strain catalog and 5) 60% of the
recommended values of Ross 308, 2019 strain catalog. At the end of each period, the feed consumption and body
weight of the birds were recorded with a digital scale with an accuracy of £0.01. At the age of 39 days, blood
was drawn from the vein under the wing of two birds from each experimental unit, with a syringe containing
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EDTA anticoagulant, and the blood sample was quickly transferred to the laboratory in a flask containing ice for
differential counting of white blood cells. At the end of the 42nd day of rearing, two birds from each
experimental unit were slaughtered to measure the relative weight percentage of carcass components. To
measure the humoral immune response, the injection of 0.5 ml sheep antigen (SRBC) at the age of 21 days was
used. CBH skin hypersensitivity test was also used to measure cellular immune response.

Results and Discussion: The highest and lowest mean body weight gain and feed intake belonged to the
vitamin pattern of 100 and 60% of the recommendation of Ross 308 strain, respectively (P<0.01). The best feed
conversion ratio and production index belonged to the vitamin pattern up to 90% of the Ross strain
recommendation (P<0.01). The highest and lowest percentages of pectoralis muscle (22.2% and 19.2%) were
related to the pattern of 100 and 60% of vitamin supplementation recommended by the Ross strain (P<0.01). The
effect of reducing vitamin supplementation on cutaneous basophil hypersensitivity (CBH), serum antibody level
against SRBC and percentage of heterophils, lymphocytes and heterophil to lymphocyte ratio was not
significant.

Conclusion: There was no significant difference between the functional indices and most importantly the
production index of treatment 1 (100% vitamin pattern) and treatment 2 (90% vitamin pattern). Carcass traits and
indicators related to humoral and cellular immune systems did not show significant differences too. As a result, a
10% reduction in the level of vitamin supplementation compared to the recommended level of the Ross 308
catalog is possible and suggested for raising broiler chickens. The final result is that in the breeding conditions of
Fars province poultry farms, it is possible to reduce the level of vitamin supplements in diets containing wheat
waste up to 90% of the recommendation of Ross 308 strain compared to the control diet.

Keywords: Broiler, Immune response, Performance, Vitamin supplementation
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Table 1- Diet formulation and calculated chemical composition of the basal ration (as fed)

(%) oy s3] ol oy L5y 0 Sl oy
Feed ingredient (%) Starter diet (1-10 days) Growth diet (11-24 days) Finisher diet (25-42 days)
Oy 47.60 43.00 39.90
Corn

. ose 0, .
(055, %044) g oS 33.60 28.60 221
Soybean meal (CP %44)
PS5 Sl Slals 10.00 20.00 30.00
Wheat waste
25 Hgyen 2 23 3.00 3.00 3.00
Feather powder hydrolyzed
Sland ol 00 1.50 1.20 1.20
Di calcium phosphate
plab S 0.32 0.30 0.30
Common salt
e S 0.10 0.10 0.10
Sodium bicarbonate
osgi=d 0.06 0.04 0.04
L-threonine
2L 9 02 0.22 0.22 0.26

L- lysine hydrochloride
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Ol <> 0.23 0.23 0.22
DL- methionine
bges oi_s) 1.00 1.20 1.20
Soy oil
elS Sl 1.25 0.99 0.99
Calcium carbonate
AT .
u_wte._sda& _ 0.25 0.25 0.25
Vitamin premix*
Yo
e Jofe 0.25 0.25 0.25
Mineral premix?
Tme3l (Hge

- 0.005 0.005 0.005
Multi-enzyme®
¥ DR 3
Vo 0.005 0.005 0.005
Phytase 10000
nial 0.61 0.61 0.18
Bentonite

(%) sl (phord a8 5
Calculated chemical composition

(pSokS 1 B oLS) Sl g cogw B (5] 2864 2908 2053
ME (kcal/ kg)

() ¢ o552 22,62 21.15 19.19
Crude protein (%)

() el 1.01 0.85 0.85
Calcium (%)

() > B8 53 0.47 0.41 0.39
Available phosphorous (%)

(£) Ot + st 0.97 0.94 0.89
Methionine + cysteine (%)

(%) I o 1.34 1.25 1.15
Lysine (%)

() s 0.18 0.17 0.17
Sodium (%)

(7) el 0.92 0.90 0.86
Potassium (%)

() 5 0.24 0.23 0.22

Chlorine (%)
(PSS 13 YIS oho) o 0l (95 Joke

DCAB (mEq kg %) 243 240 231

sl 030l F B Y Jghia 3 45 ol 03905 ool |y (ilisen polin & UY (ciolojl (slaylons STyos p,SolS 1o )3 usliyy JoSa
Slily) oo 1S ke Voo (59) 3pST) 59 5005 o B (ol lilgus) a5 o Vo (500 0ST) 3Sho 905 00 (el |y 25 lie STyg5 pS5kS m 3 e dlga JaSa T
S IV il maan) paibe 9,5 ko ) fepdS Cliy) b fp )5 e Ve e
5 Y glw anlg Voo GUIS IS aslg Yoo GUM); anlg YT+ gols o p,8 10 5 (ADiSSEO COMPANY, FranCe auwilys cgrunsl ¢S 13) gulsy 65l pb b oslital 3)90 wu il (Joe 7
D2 LSy sy Ve e
Jilis hls o o5 a8 39 o usls ] Jiila s, 5l Jsame o (BASF company, Germany bl «il ol sl (o <8 15) (wgdbl syl pb b oalitl 390 kb w351 7
g (FUT) 5ks ool aslg Vevee
L Vitamin supplementation provided different amounts per kg of feed for experimental treatments 1 to 5 as shown in Tables 2 to 4.
2Mineral permix supplied per kilogram of diet: Manganese oxide, 100 mg; Iron sulfate, 50 mg; Zinc oxide, 100 mg; copper sulphate,
10 mg; Calcium iodate, 1 mg; Sodium selenate, 0.2 mg.
3 The used multi-enzyme was Rovabio (Adisseo company, France) and each gram contained 2200 units of xylanase, 200 units of B-
glucanase, 100 units of cellulose and 100 units of pectinase.
4 The used phytase enzyme was Natufhos brand (BASF company, Germany) and was a product of the Aspergillus niger
microorganism, which contained at least 10,000 units of phytase enzyme (FUT) per gram.
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Table 2- The pattern of vitamin supplements in experimental treatments in different experimental periods

YA wl) ) gu ARARY 39“;[; .)LW )l Edo)d o> #b)ﬁ? 2 Lmuml.u9 clale
Concentration of vitamins in the diet* as a percentage suggested by Ross 308 2019 catalog

owelig ; ; ; . :
Vitamin (o)) ot ()Y Slogs (ZA)Y Sloss (AV) ¥ o (25) 0 Yo
Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5
(9100) (%90) (%80) (%70) (%60)
(Vo=Y) 59,
(1-10) day
(IU)A oty 12500 11250 10000 8750 7500
Vitamin A (1U)
(1U) Ds ooty 5000 4500 4000 3500 3000
Vitamin Ds (1U)
(IU)E cootzy 80 72 64 56 48
Vitamin E (1U)
(MO) K oretzg 3.20 2.88 2.56 224 1.92
Vitamin K (mg)
(Mge) oxels 3.20 2.88 2.56 2.24 1.92
Thiamin (mg)
(M) 015365, 8.60 7.74 6.88 6.02 5.16
Riboflavin (mg)
((mg) ot 62.50 56.25 50 4375 375
Niacin (mg)
((Mg) sl Sz 1850 16.65 14.80 12.95 111
Pantothenic acid (mg)
(M) oS24 4.85 4.365 3.88 3.395 201
Pyridoxine (mg)
(M) o 0.26 0.234 0.208 0.182 0.156
Biotin (mg)
((Mg) 2ol 552 2.20 1.98 1.76 1.54 1.32
Folic acid (mg)
((Mg) oxeVis 0.0170 0.0153 0.0136 0.0119 0.0102
Cobalamin (mg)
(YF=3Y) 59,
(11-24) day
(IU)A oty 10500 9450 8400 7350 6300
Vitamin A (1U)
(1U)Ds galey 4500 4050 3600 3150 2700
Vitamin D3 (1U)
(IU)E oeebzy 65 585 52 4550 39
Vitamin E (IU)
M)k xelzs 3.0 27 2.4 21 18
Vitamin K (mg)
(M) o 25 2.5 2 1.75 15
Thiamin (mg)
(M) x5 6.5 5.85 5.2 455 3.9
Riboflavin (mg)
(MG) sl 575 51.75 46 40.25 345
Niacin (mg)
(M) 2ol S5 165 14.85 132 1155 9.9
Pantothenic acid (mg)
(M) (o 3222 3.75 3.375 3 2.625 2.25

Pyridoxine (mg)
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(M) o 0.215 0.193 0.172 0.150 0.129
Biotin (mg)
(M) 2] Sl 1.90 171 152 1.33 1.14
Folic acid (mg)
(M) ol 0.017 0.0153 0.0136 0.0119 0.0102
Cobalamin (mg)

(FY-Y2) 39,

(25-42) day
(IUA ot 9500 8550 7600 6650 5700
Vitamin A (1U)
(IL.J) D.3 ooty 4000 3600 3200 2800 2400
Vitamin D3 (1U)
(IU)E el 55 495 44 385 33
Vitamin E (1U)
N 2.2 1.98 176 1.54 1.32
Vitamin K (mg)
(M) o 2.2 1.98 176 154 132
Thiamin (mg)
(M) 02535 5.4 4.86 4.32 378 3.24
Riboflavin (mg)
(M) ol 425 38.25 34 29.75 255
Niacin (mg)
(M) 2l S 14 1256 112 9.8 8.4
Pantothenic acid (mg)
(MG) s 522 2.7 2.43 2.16 1.89 1.62
Pyridoxine (mg)
(n?g)_oe.faf. 0.175 0.157 0.140 0.122 0.105
Biotin (mg)
(M) 25 Sl 1.60 1.44 1.28 1.12 0.96
Folic acid (mg)
(M) ¢yoVlosS 0.011 0.0099 0.0088 0.0077 0.006

Cobalamin (mg)
o il slael Sl bl s (Slaidi 2o y3 Vo o) Jgl slows )3 b pseling lise 6092 0 030l 55 puiS (ylog Slaglis 5 Lgws alloxiS g yd oMo atslojl (slmo oy a8 bl 1
b duoloes O BY gbyylass )3 bapeling I S5 ya alie dlusl cpl ol g ad 48,8 jas )5 (YoVR) YA Lly dygu SUIS 13 piS 9 > il o sbooys sl
The amount of vitamins in the first treatment was considered based on the average numbers provided in the diet based on corn and

wheat in the Ross 308 catalog (2019). The amounts of vitamins in treatments 2 to 5 were calculated based on the numbers of
treatment 1.
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1-Ethylenediaminetetraacetic acid
2-Sheep Red Blood Cells

3- Phosphate-buffered Saline

4- Cutaneous Basophil Hypersensitivity
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Table 3- Comparison of the mean of feed intake and body weight gain in broilers chiken fed with diets containing
different levels of vitamin supplements

(082 /p)5) (Brae Shgs (xSke (o252 /p)5) 0355 iy I3l (nSSlee

Loy Lous Feed intake (g/bird) Body weight gain (g/bird)
Treatments Yo=Y sy ¥\ o Y-V 59y AR Ty Y¥-) 5oy Y=Y 59,

1-10 days 1-24 days 1-42 days 1-10 days 1-24 days 1-42 days
(23] o 296.62 1513.62 4217.18 258.02 1014.02 2596.52
Treatmentl (%100)
(72) ¥ o 263.9° 1421 .42 3891.22 239.40 957.42b 2426.82
Treatment 2 (%90)
(FA)Y s 271.5b 1377.1% 3828.3: 240.9b 936.3" 2142.0°
Treatment 3 (%80)
(AY-) ¥ o 268.5° 1318.2b¢ 3329.1° 237.9° 886.5"¢ 1976.3%
Treatment 4 (%70)
(27) 0 o 236.7°¢ 1299.1°¢ 3227.9 216.2° 816.7°¢ 1822 .4¢
Treatment 5 (%60)
Sl sl Sie 5.45 18.73 93.88 3.19 16.75 67.11
SEM!
Po*f“' ;IJ@” bl 0.0001 0.003 0.0001 0.0001 0.0001 0.0001

-value

(P<-1-0) 3l o Jo ime B! gl oS yidio it Bgyn b sl (ygim y 4

Mean within the same row with different letters differ significantly (P<0.05).

1 SEM: Standard Error of Mean
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Table 4- Comparison of average feed conversion ratio, livability and production index in broilers chiken fed with diets
containing different levels of vitamin supplements

Slyss b capd ) Bke 20y Hy pails

Lo Lo Feed conversion ratio Livability, % Production index
Treatments Yo=Y oy ¥\ o, AARATY) Y-V 59, ¥Y-Y 59,

1-10 days 1-24 days 1-42 days 1-42 days 1-42 days
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(/ﬁ') Y ke 1.10 1.49 1.60¢ 99.0 357.28
Treatment 2 (%90)
(ZA)Y Slos 113 147 1.792 99.0 283.3°
Treatment 3 (%80)
Treatment 4 (%70)
(75) 0 ylog 1.10 1.50 1.77% 100.0 245.0°
Treatment 5 (%60)
3,5kl gllas 50l 0.01 0.01 0.02 0.44 11.65
SEM!
O gz Jlets] g 0.53 0.95 0.001 0.28 0.0001
P-value

(P<e/+0) 1l o yls ime MBI (gl oS byt By bdlael (g o )

Mean within the same row with different letters differ significantly (P<0.05).

1 SEM: Standard Error of Mean
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Table 6- Comparison of the mean relative length of the small intestine (cm/g of live weight) in broilers fed with different
levels of vitamin supplementation at the age of 42 days

o o pyogd 53 Pkl
Treatments Duodenum Jejunum lleum
(V)Y Sl 1.28 3.37 3.44
Treatment 1 (%100)

(28] Y Jless 1.36 3.58 3.55
Treatment 2 (%90)

(ZA)Y slos 155 4.02 4.05
Treatment 3 (%80)

AQAST™ 1.44 3.88 4.04
Treatment 4 (%70)

(Z7) 0 o 1.58 4.08 4.25
Treatment 5 (%60)

Sl glas 4 SSle 0.038 0.112 0.104
SEM!?

O3 5l e Jloss] s 0.094 0.258 0.092
P-value
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Mean within the same row with different letters differ significantly (P<0.05).

1 SEM: Standard Error of Mean
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Table 7- Comparison of the average titer of antibody (logz) in response to sheep red blood cell injection in
chickens fed with different levels of vitamin supplementation

olos pb (ol 3l M o395 9ol G gl gl
Treatments Total antibody IgM []€]
(23-) o 3.4 28 1.0
Treatment 1 (%100)

(73] ¥ Jles 3.2 22 1.0
Treatment 2 (%90)

(AA) Y Jlos 38 24 1.0
Treatment 3 (%80)

(2Y°)¥ s 3.4 2.0 14
Treatment 4 (%70)

(2] Jlos 3.2 18 14
Treatment 5 (%60)

sl (slbd (s 0.194 0.069 0.217
SEM!

0 e Jloo! o 0.862 0.133 0.649
P-value
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Mean within the same row with different letters differ significantly (P<0.05).

1 SEM: Standard Error of Mean
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Table 8- Comparison of the average skin hypersensitivity reaction 24 and 48 hours 48h after phytohemagglutinin-phosphate
injection in broilers fed with different levels of vitamin supplements

ol Gy il om celw YE (MM) cwlbus woles
Thickness difference 24h after injection

Treatments

Gy il om cele YA (MM) cobus wglas
Thickness difference 48h after injection

(o)) o

0.21
Treatment 1 (%100)
(72) Y Jlos 0.33
Treatment 2 (%90) .
(FA) ¥ los 0.37
Treatment 3 (%80) .
(V) ¥ Hlo 0.39
Treatment 4 (%70) .
(754) 0 o 0.26
Treatment 5 (%60)
5kl glas 4SSl 0.0.42
SEM -
oAb b gre Jleas ! prdaws 0.641
P-value

0.73

0.74

0.62

0.72

0.64

0.047

0.901
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Table 9- Comparison of the average percentage of heterophil, lymphocyte and ratio of heterophil to lymphocyte in broilers fed
with different levels of vitamin supplements

)les oy g Copogii) & b i Capms
Treatments Heterophile Lymphocyte Heterophile to lymphocyte ratio
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Treatment 1 (%100)
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(75+) 0 Hlow 22.8 77.2 0.30
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SEM
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P-value
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Introduction: The Ferula badrakema from the Apiaceae family is a resinous plant with a strong smell that
is native to Iran (Rechinger et al., 1994). The anti-bacterial and anti-fungal properties of Ferula badrakema are
believed to be due to its high content of alpha-pinene and beta-pinene. Similar to other Ferula species, this plant
is a rich source of sesquiterpene coumarins (Bukreeva and Pimenov, 1991). To the best of our knowledge, no
study has been done on the volatile compounds of this species. However, studies on other species of this plant
that grow in other parts of the world have been reported (Baser et al., 2000; Takeoka, 2001, Iranshahi et al.,
2006). Saccharin is a sulfonamide produced from compounds found in coal tar (Abdelaziz et al., 2011). Its taste
is 300 to 500 times sweeter than sucrose. Due to its high sweetness, it is widely used to improve feed palatability
and can increase feed intake (Feighner et al., 1987). Studies by Han et al. (2019) have shown that Japanese quails
prefer sucrose solution instead of ordinary water due to its palatability. However, few studies have been
conducted on the physiological relationship between sweeteners and the gastrointestinal tract of broilers
(Kimmich et al., 1989). Considering that most medicinal plants have a bitter taste and reduce the feed
consumption and growth of chickens, this experiment aimed to investigate the effects of adding sweeteners and
preventing the activation of bitter taste receptors of the Ferula plant on the growth performance, immune system
and blood metabolites of chickens.

Materials and Methods: This experiment was conducted using 468 one-day-old commercial broilers from
the Ross 308 strain with 6 treatments, 6 replicates and 13 birds each in a completely randomized design as a 3x2
factorial arrangement (3 levels of Ferula badrakema root powder at the levels of 0, 0.75 and 1.5% and two levels
of 0 and 0.15% sodium saccharin in diet). Standard diets during the periods of starter (1-10 d), grower (11-24 d)
and finisher (25-42 d) were used. The diets were formulated using the UFFDA software to provide all the
requirements of the broilers based on the recommendations of the Ross 308 strain (2019). Throughout the
experiment, the birds had ad libitum access to water and feed and an hour darkness and 23 hours of light was
provided. The initial temperature of the room was 32°C, which was reduced by 0.5°C per day according to the
Ross company guidelines, until it reached 21°C at the age of 21 days and remained constant after that. Average
feed intake, weight gain and feed conversion ratio for each group were measured at the end of each period. To
measure blood parameters, one male bird at the end of the experiment (42 d), was selected from each replicate
and blood samples were taken from the wing vein in syringes without anticoagulant, and after centrifugation, the
sera were collected in 0.5 ml microtubes and kept at -20°C until the further analysis. To evaluate the humoral
immune response, 0.1 ml sheep red blood cells (SRBC) suspension was injected to breast muscle of one bird
from each replicate on 28 and 35 d and total antibody, IgG and IgM were measured.
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Results and Discussion: Adding saccharin to the diet caused a significant increase in feed intake during the
periods of 1-10 and 1-42 days (P < 0.05). The interaction effect of saccharin and Ferula on feed intake was
significant (P < 0.05) during the periods of 25-42 and 1-42 days; so the addition of Ferula to diets containing
saccharin increased feed intake while in diets without saccharin, it reduced feed intake. The body weight gain of
chicks at the age of 1-10, 42-25 and 1-42 days in the treatment with 0.15% saccharin was significantly (P < 0.05)
higher than the treatment without saccharin; but adding Ferula had no significant effect on the weight gain.
Addition of Ferula and saccharin to the diet and their interaction had no significant effect on the carcass traits of
broilers. Adding saccharin to the diet caused a significant increase (P < 0.05) in blood uric acid, but it did not
have a significant effect on the concentration of other blood metabolites. An independent comparison of Ferula
supplemented diets with treatment without it, showed that Ferula caused a significant (P < 0.05) increase in
blood uric acid, albumin and phosphorus and a significant decrease in blood cholesterol and triglyceride. The
titer of total antibody and IgG at the age of 35 days, as well as 1gG and IgM at the age of 42 days, increased
compared to its O level under the influence of Ferula consumption.

Conclusion: In general, the results showed that the use of sodium saccharin in the diet prevents the reduction
of feed intake caused by the bitter taste of Ferula, and the consumption of Ferula improves the immune system
and reduces the concentration of cholesterol and triglycerides in the blood broiler chicks.

Keywords: blood metabolites, broiler, Ferula badrakema, immune system, performance, sodium saccharin
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Table 1- Ingredients and nutrient composition of experimental diets

() Shyss sl i) Sigy WYY &S 9) VO-FY
Ingredients (%) 1-10d 11-24d 25-42d
o 34.63 28.84 24.63
Corn
pis 10.0 20.0 30.0
Wheat

= 0, .
(CP=44%) Ly dloxis 41.67 37.22 30.88
Soybean meal (44% CP)
bgw %9) _ 6.73 7.49 8.29
Soybean oil
eld LS 1.34 12 1.19
Limestone
o el 03 150 13 111
Dicalcium phosphate
plb S 03 0.29 0.29
Common salt
e e JoSo 0.25 0.25 0.25
Mineral premix?
iialeg JoSe 0.25 0.25 0.25
Vitamin premix?
odsie—Jl 0.4 0.35 0.32
DL-methionine
2H 90 23 =) 0.26 0.17 0.17
L-lysine HCI
e85 =] 0.07 0.04 0.02
L-threonine
SheSe e 0.10 0.10 0.10
Sodium bicarbonate
ke 2.50 2.50 2.50
Sand
odddpmle (olewd OluS 5
Calculated chemical composition
(r")s?lns )-’ d)llf,l,S) W}*L‘*" J—’L‘? 63)51 3000 3100 3200
Metabolizable energy (kcal/kg)
(23) B o9 23.0 21.50 19.50
Crude protein (%)
(252) ek 0.79 0.87 0.96
Calcium (%)
() 2 S s 0.395 0.435 0.48
Available phosphorus (%)
(%) o2 116 1.29 1.44
Lysine (%)
(%) oriseie 0.61 051 0.74
Methionine (%)
(4) Ot + et 0.91 0.99 108
Met + Cys (%)
(4) 055 0.78 0.88 0.97

Threonine (%)

.KWLJ9 el sty Al E Oebig ¢ adliop dolg e e

2 Provided per kilogram of diet: Vitamin A 12500 IU, vitamin D3 5000 IU, vitamin E 80 IU, vitamin K3 3.2 mg, vitamin B, 0.02 mg, thiamin 3.2 mg,
riboflavin 8.6 mg, niacin 62.5 mg, folic acid 2.2 mg, biotin 0.25 mg, pyridoxine 4.9 mg,, pantothenic acid 18.5 mg, antioxidant 2.5 mg, Zn 110 mg,

Mn 120 mg, Se 0.30 mg, I 1.25 mg, Cu 16 mg, Fe 20.2 mg.
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0)93 J=S5 53 (P < +/40) i o ime g 048 1y i 9
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Table 2- The effect of dietary root powder of the Ferula badrakema with and without sodium saccharin sweetener on the growth
performance of broiler chicks

(Goslosinlpss) Sy bypan Gosloxnlp8) o 039 oI5 S b oy
Feed intake (g/bird/day) Body Weight Gain (g/bird/day) Feed conversion ratio (9/g)
oo (op) V) TENFET AL N YR fee fey e oW P
) 0 39 39 39 39 39 39 39) 39 39 vy Al 39
Treatments (%) 1704 1124 2542d 142d 1-10d 1124 2542 142d  1-10d 5, 5, 1-
d d d 11- 25-  42d
24d 42d
PURWRNP U 0 20.90> 65.09 153.77 91.23> 19.21° 4548 73.16° 51.38° 1.09 143 215 177
SAC! 0.15 2150 66.55 159.33 94462 19.61* 46.46 76.64* 54,582 1.10 143 209 1.73
Sl jhee ollos
gET\/i s 0.19 1.09 1.55 0.63 0.12 0.54 1.34 0.32 0.01 0.03 0.03 0.01
P. value 0.03 0.35 0.02 0.01 0.02 0.21 0.01 <.0001 0.56 0.98 0.25 0.06
Sy ¥y,8 0 21.27 66.33 156.55 92.01 19.36 4590 71.82 52.14 1.10 145 219 1.78
FB2 0.75 21.05 65.66 155.62 92.92 19.45 46.18 74.59 53.44 1.08 142 210 1.72
15 21.29 6547 157.50 93.61 19.41 4583 75.97 53.36 1.10 143 208 1.75
;’;\;ﬁ Sore st 0.23 1.33 1.90 0.77 0.14 0.66 1.64 0.40 0.02 0.04 0.04 0.02
P. value 0.71 0.89 0.79 0.35 0.91 0.92 0.21 0.05 0.62 0.81 0.18 0.09
o
o gl :; Dlize
SAC ; B’J’ Interaction effects
0 0 21.29 65.30 157.00%* 92.822® 1932 4594 71.82 51.17° 1.10 143 2.20 1'51
0 0.75 20.73 6524 153.38% 90.75° 19.29 4551 7153 51.71° 1.07 144 215 1.215
0 15 2069 6473 15000 90.14> 1902 4498 7148 5125 109 144 211 17O
0.15 0 21.23 67.37 156.10% 93.02%® 1941 4585 71.82 53.11® 1.09 147 219 1.;5
0.15 0.75 21.37 65.69 157.85%* 93.27® 1961 46.86 77.64 55.162 1.10 140 2.05 l'Eg
0.15 15 2189 66.59 164.058 97.09% 19.80 46.67 80.46 55.482 1.11 142 2.04 1.215
;:J'\;A oo sllad 0.33 1.88 2.69 1.10 0.20 0.94 2.33 0.56 0.02 0.05 0.06 0.03
P. value 0.18 0.90 0.04 0.01 0.24 0.61 0.16 0.01 0.72 0.69 0.70 0.53
e
Contrast
2o V0 g < IVO LS )a¥5 8 slajles ply 3 2oy jho LS )aY5 )8 o
FBO vs FB0.75 and FB1.5
P. value 0.11 0.30 0.20 0.21 0.10 0.56 0.60 0.10 0.0006 0.57 0.20 0.35

(P<+0) s s sine OS] glyls il o S e B> (g &S gy > b Sila 2
&b Means with different letters within a column are significantly different (P < 0.05).

1ISAC: Saccharin sodium; 2FB: Ferula badrakema
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= 68U maicw oyl odliul 3)90 pobaw (P < +/+0) cély

(P> +1+0) cuslss (1595 sladrgn 95 pyw cwogdl i

09> po slacid galis
e o)l (o 5 L LSl Y ada) oy (35581 S
P b sladzg G ppw olendon glacdplio p oy
ol Jgas ool 50 0 4l sl sl oad aoMS ¥ g
= e o)l g LSt Youd 39 polaw oy JS1U5 45 3
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Table 3- The effect of dietary root powder of the Ferula badrakema with and without sodium saccharin sweetener on the
edible carcass and internal organs (% of live body weight) in broilers on 42 days of age

Y

o jlos (%) ol ot s SogS 039, oS oS dbgme (> g, A . .
Treatments Levels Heart  Liver . Sma_ll Gizzard Abdominal fat  Thighs  Breast Edible

(%) intestine carcass
FUEWIRNIE 0 0.43 2.29 3.16 1.34 1.27 20.07 25.01 65.65
SAC! 0.15 0.40 2.30 3.25 1.35 1.34 20.28 25.26 65.60
é’?ﬁ S sl 002 008 009 0.04 0.09 038 051 0.71
P. value 0.17 0.98 0.49 0.87 0.57 0.71 0.73 0.96
LSyl Y8 0 0.41 2.18 3.24 1.35 1.33 19.95 26.09 66.06
FB? 0.75 0.41 2.29 3.24 1.41 1.20 19.95 24.57 65.25

15 0.42 241 3.15 1.27 1.39 20.63 24.74 65.57
é’?ﬁ S sl 002 009 011 0.05 0.11 047 062 0.87
P. value 0.92 0.25 0.79 0.20 0.44 0.50 0.18 0.80
e )8l LS8 blize ol 3l
SAC FB Interaction effects
0 0 0.41 2.11 3.16 1.38 1.42 20.13 25.22 65.40
0 0.75 0.45 2.32 3.30 1.44 1.02 20.04 24.46 65.93
0 15 0.43 2.45 3.03 1.18 1.37 20.05 25.35 65.61
0.15 0 0.41 2.25 3.31 1.32 1.25 19.77 26.97 66.71
0.15 0.75 0.37 2.26 3.18 1.36 1.37 19.85 24.68 64.57
0.15 1.5 0.41 2.37 3.27 1.35 1.41 21.21 24.14 65.52
(il Hlao cllas
§§.\L,f S 0.01 0.05 0.06 0.03 0.06 0.27 0.36 0.50
P. value 0.42 0.66 0.49 0.18 0.25 0.46 0.26 0.56

Contrast
Juoyd \/A}'/VQ lJ)u\JV9)5 dl.m)lo.:) );‘)_v » M}J)Mw)x\ji)_ﬁ )lo.:)
FBO vs FB0.75 and FB1.5

P. value 0.34 0.10 0.99 0.54 0.33 0.84 0.65 0.67

1ISAC: Saccharin sodium; 2FB: Ferula badrakema

VO g s ()l jho g ol sl Sgygba £ (P <
Lyt 65 Gl S LI L Yopd ada) g oy
YopdolsS asia) 239 9 madw )l (o sless 9 055 P
D9 g Py SpmeelS 65 Ol VL s a5
Py s (e p oS5 V)9 p39 5l o3lisl 5)90 ol
3)90 ol Ll P < /00) 392 3 gne (255 (sladagn (95
O3> Py s e 2 (§ L s s ) odlil
oo On SIS Orizpen (P> +/+0) il (155 (slacng>
> o ]+0) 393 )3 ine mades (p)Blu g LSl V8 gy s
LS Yapd olS ) pgy bliseo obaw (g Jis duylie (P

Bl g LS Yy,8 Cliste zolaw (o (S5 I (pimen

S95 Joine (§ylal BLod dy (j8 p s ppogd] Gl s
o deS sladrgr (9 pyw JoydS clale (P> +/-0)
gobs (P < +/+0) Bl (ialS b Vb olS ady) 3 550
05 oy JsedS i 3 6586 s 02yl Sl ealitl 3,50
e B poen (P> ~/~&) codly b 9? L;Lzzm\_}?
O3 o JoredS i 2 b LSt Yapd 5 s 5L
A2 o b dege guls (P> +/00) cubly b5 slads g
= LS Ygpd g i )bl cilize pglaw (g 15 &S
+0) 392 3 sine (35S Slodrgr (55 e b peedlS 65 Ol
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(Feighner et al., 1987; ccwloa s s slaa ) cible
093 Py 5 S ygl dwl e 501381 ) Tannock et al., 1989
5 5l Glejl @l Lyl addlbs o 1665 sloaz g
2 09> 0yl Lwliel el &5 (Abdelaziz et al., 2011) Ko
cbale Gilel ol gubs 4 asg b oyl cillae wul ord yoge
3l ezl 3,90 o b CoB 1855 (sladrsz 5B pyw yhud
ol Jlesl Yo 5l (S a8 €85 )8 LSt Vi ady) o
8l alS Lie b slaSTy i 5> Sl duul 2929 Ll oo
S g€ 3o 3l dale 3 ot sl 5 sals T e

Bl gt 9 b LS V8 ady pogy cilise oo 556
Jol5 ade » (IGM 419G dgT) onis WJg (o3 5T Jbe o maduo
OONS B Jodo 53 Indaga (S5, ¥V 9 ¥ (s )3 thinS o8
SRBC 55! 40 guwb ol covdas gols 4 v g5 b .cowl o
Tolw o &) e glds S (S b 5T 4 IgM 419G
S slrdzg (o559) YO [y ) midw (p)blw (Brae
= Sia XY 0 e )bl zolaw 5l cpizen i odnlie
ade JS (ool 5l yu5 bl 395 > sxe IgM 419G (o3l 51 s
w2t oyl oMl )90 polaw wl cov  Sie, FY > SRBC
oy ialisl o] yam w40 Cuwi 1y SRBC ade | S o0l
JS ool e B Jodo p onds aoMs ol wlul p (P<:/0)
P Bras goaw ole 1 (S9, 7O (w0 > SRBC 4= 19G 4
S50 (P4 0) cudls 3 gime gl (SIS a5t VS 4y
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Po o3 M0 oo aS g psboty (P<e/+0) 13,5 )90 0)5
ddy) P9 o)) o gaw g (il L WD V8 4y,
D9 1gM 519G (oL 51 25 opyieS (gl LS Y,8

25U oS i g 0 peelS (55 e g pdS” sl Syl (e
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e 45" a0 L (Abdelaziz et al., 2011) LS
o oo (Shed 5 4 gl ) P JgpdS g % palS 5
Syl cdlbae ;b Giolel ol b aS wb o ol b ige
L i 31 Jodsdasy ccwl 1 San ialS” ol Jlois] oo e
8l G gl 5 b edgilie 2 () B L it o
o O P MpmelS 65 e (Rl S amd e (Lt s
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Table 5- The effect of dietary root powder of the Ferula badrakema with and without sodium saccharin sweetener on humoral
immune response (logz) in broiler chickens at 35 and 42 days

s O Sin ¥y
35 day 42 day

b )los () zokaw F bl G odpdlgml M olpglssial bl G el M pglSgial
Treatments Levels (%) IgT IgG IgM IgT IgG IgM
PR N 0 1.83 4.22 2.39 1.05P 2.17 111
SAC! 0.15 2.28 4.61 2.33 1.502 2.50 1.00
ke e sl 0.25 0.13 0.19 0.24 0.23 0.19
SEM
P. value 0.07 0.36 0.89 0.004 0.18 0.62
loS)s Yy 8 0 1.58b 3.420 1.83 1.25 1.91° 0.67°
FB? 0.75 2.17% 4,752 2.58 1.25 2.50% 1.00%

15 2.422 5.082 2.67 1.33 2.832 1.502
ke e sl 0.31 0.16 0.23 0.29 0.28 0.23
SEM
P. value 0.02 0.006 0.19 0.86 0.01 0.01
ke o Lo IRAEA Hize <
SAC FB Interaction effects
0 0 1.33P 2.83° 1.50 1.00 1.50° 0.50°
0 0.75 2.00% 4,50 2.50 1.00 2.00% 1.00%
0 15 2.17% 5.332 3.17 1.17 3.002 1.832
0.15 0 1.83%® 4.00® 2.17 1.50 2.33%® 0.83%
0.15 0.75 2.33%® 5.00% 2.67 1.50 2.50% 1.00%
0.15 15 2.662 4,83 2.17 1.50 2.672 1.17%
N 0.18 0.09 0.13 0.17 0.16 0.14
SEM
P. value 0.95 0.27 0.23 0.86 0.14 0.16

e g lio
Contrast
dopd VB g +IVO LS ¥ 9)8 clajlass ply ) oy shio laS)a Vg8 o
FBO vs FB0.75 and FB1.5

P. value 0.76 0.49 1.00 0.01 0.13 0.17

(P<L0) a3 ine BMS] (glyls il goi S e By gl 8 5t o 55 by Sile &P
&b Means with different letters within a column are significantly different (P < 0.05).

ISAC: Saccharin sodium; 2FB: Ferula badrakema

=5 -(Cook and Samman, 1996) wgds oo 0855 ds] e
By ol SIS gyl Ll 550 S 5 5 1 K00
o b g e Jate pesd] 4 W53 0 (153 3l ag ST
AJgi el o )0 g ol (el i )55 9o g ()
.(Div-Salaar et al., 2008) 15,5 o (63b 5]

P9 2 S92 SASga g Joib SluS 5 45 39500 (LS
oS ol a1 T b izmen g L Vg8 olS ay
Eg—eme Lyiuli3l s Ylazs) .l 005 o] i o985 ey
dub)ab Jel IgM 9 IgG ‘_ngu;.b_:?lfsw‘ ul)_,w 9 d)brj
&l 5 385992 ¢ J58 jl (8 lin S92 (590 oo
el Sl 1

ddyy pPgr Spas (S g pol adlae @l 4 w2 L
219G 5 ool 5l gazme Jals8l sl LSty YyudolS
Gillae ol (pl A3)5 (UbgS sldr g (93 5o )8 sl JglS
.(Acamovic and Brooker, 2005) cusl S'gp g zogelST aisl b
O-See il (alS sl il a5 65,8 ()15 laice
Sy dgate ) (g5 Sz gr Jlhgegn 5 Jshe szl cul
L s Syl ) (ot (i A1 o L]l
AcamoVvic ) susl sl Seae 1l 5y pales ply o BG,
.(and Brooker, 2005
S5 (g8 dlge (sol> ey VS olS Al & a9 L
el (WIVY g YAV cYOINY 5y 4) (s T el
Csl cgo 395 2Ly Sl oo Sl b Ol 5 ol o o
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Table 6- The effect of dietary root powder of the Ferula badrakema with and without sodium saccharin sweetener on the
economic indicators of the broiler chicks

P Shes g L i o - o ol sls
oz sy IS 98 3 ol el oL S So g sl S anze Wy (ol pa3ls
U9 &0) .
ooy (20) (b arss) (Jbyfazg2) 0335 0139 (Jbyfa>s2) (Jy) o355 9 S okS b))
Treatments (%) Income from . The cost of feed to European
Feed cost hick | Gross profit d Kil ducti
(Rials) chicken sales (Rials) produce one kilogram Production
(Rials) of live weight (Rials)  Efficiency Index
PO 0 641529° 922688° 281159 291347 267.57°
SAC! 0.15 692605° 9798462 287241 296534 297.13¢2
‘S";\;‘ Some sl 8532.37 7474.09 7897.83 2736.60 7.35
P. value <.0001 <.0001 0.59 0.19 0.008
R, 0 656202° 936178 279977 293983 269.28
o0 0.75 663218 960016 296798 289716 295.14
FB? 1.5 6817822 957606 275825 298121 282.63
g:"\;‘ Some sl 6033.30 9153.86 9672.82 3354.09 9.00
P. value 0.01 0.15 0.29 0.22 0.14
s s LS Y iz
SAC FB Interaction effects
0 0 640305° 918205 277900 292222 261.59
0 0.75 640869° 929041 288172 289066 270.37
0 1.5 643413° 920818 277405 292751 270.74
0.15 0 672098 954152 282054 295744 276.96
0.15 0.75 6855672 990991 305424 290366 319.91
0.15 15 7201512 994395 274244 303492 294.53
SEM 8532.37 12945.51 13679.44 4743.40 12.73
P. value 0.04 0.34 0.75 0.59 0.39
Contrast
2o M0 g < IVO LS )aYg8 slajless plp 3 80 jho LS )aY5 )8 jlas
FBO vs FB0.75 and FB1.5
P. value 0.88 0.51 0.67 0.77 0.45

(P <10 diman Iy gxe M (il caiidl o5 S yide By (lyld 45 gt lﬁd)ﬁi}lﬁﬁa-b

&b Means with different letters within a column are significantly different (P < 0.05).

ISAC: Saccharin sodium; 2FB: Ferula badrakema
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Introduction: The quality and quantity of dietary protein are primary factor influencing growth and feed
costs. Seeds of faba bean (Vicia faba L), similarly as soybean meal, belong to high-protein feeds. The use of faba
beans in poultry feed is limited despite having a suitable chemical composition, the main reason of which is the
presence of anti-nutritional factors in this seed. Golestan Agricultural and Natural Resources Research and
Education Center has produced a zero-tannin faba bean seeds variety (Mahta cultivar) that does not have the
nutritional limiting factors of normal beans. The aim of this study was to investigate the effect of different levels
of zero-tannin faba bean seeds (Mahta cultivar) on growth performance, some immune and biochemical
parameters of blood, morphology and microbial population of small intestine and meat quality of broiler
chickens.

Materials and Methods: 320 of one-day-old Ross 308 broilers with 4 treatments were used in a completely
randomized design with 4 replications and 20 equal mixed birds of each sex in each replication for 42 days.
Experimental treatments included 1- control diet (without faba beans and based on corn-soybean meal) 2- diets
containing 10% zero-tannin faba bean 3- diets containing 20% zero-tannin faba bean and 4- diets containing
30% zero-tannin faba bean. Then, the growth performance of chickens, blood biochemical (triglyceride,
cholesterol, LDL, VLDL and HDL concentrations) and immune (heterophil and lymphocyte percentage)
indicators, intestinal jejunum morphological (villi length, villi width, crypt depth and thichness of muscle layer)
and ileum contents microbial population (lactobacillus and escherichia coli) parameters and meat quality (pH,
malondialdehyde, peroxide number and free fatty acids) of broiler chickens were measured and recorded.
Finally, the analysis of data was performed using GLM method by SAS software. The means were compared
using Tukey's multiple range tests.

Results and Discussion: The results showed growth performance (feed intake, weight gain and feed
conversion ratio) of the whole period (1 to 42 days) of birds fed with different levels of diets containing zero-
tannin faba bean (0, 10, 20 and 30%) was not significant. There was also no difference between the growth
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performance of birds fed diets containing zero-tannin faba bean compared to birds receiving the control diet
(without beans). A decreasing linear change in the weight gain of the whole period was observed with the
increase in the percentage of zero-tannin faba bean (P<0.05). So, the birds that were fed with the control diet
(without beans) and 10% zero-tannin faba bean had a better weight gain compared to other treatments, equal to
1738 and 1748 grams respectively, followed by the birds receiving the diet containing 20% zero-tannin faba
bean had weight equal to 1623 grams and finally, the birds fed with a diet containing 30% zero-tannin faba bean
had weight equal to 1574 grams (P<0.05). Some blood biochemical and immune parameters of broilers were not
affected by different levels of zero-tannin faba bean in the diet. However, the amount of changes in HDL, the
ratio of HDL to cholesterol, serum LDL and the percentage of heterophil, lymphocyte and the ratio of heterophil
to lymphocyte in the blood of broiler chickens fed with a diet containing 20% of zero-tannin faba bean is worthy
of consideration and requires further investigation and study (P>0.10). Also, morphological parameters of
intestinal jejunum were not affected by different levels of zero-tannin faba bean in the diet. However, citizenship
analysis showed linear changes in villi length, villi width and crypt depth of broiler intestines. The tendency to
increase villi length was observed in birds fed diets containing 10% zero-tannin faba bean compared to other
diets (P= 0.08). Villi width (P<0.05) and crypt depth (P=0.05) were lower in birds fed diets containing zero-
tannin faba bean compared to the control treatment (without faba beans). Microbial population of escherichia
coli and lactobacillus ileum contents were not affected by different levels of zero-tannin faba bean in the diet.
The use of different levels of zero-tannin faba bean improved meat quality by decreasing pH, malondialdehyde
concentration, peroxide and free fatty acids in broiler thighs (P<0.05).

Conclusion: Finally, according to the present results, it seems that among the different levels of zero-tannin
faba bean (10, 20 and 30%) in the diet of broiler chickens, the level of 10% zero-tannin faba bean in terms of
broiler performance should be more appropriate and competitive with the control diet (without faba beans and
based on corn-soybean meal).

Keywords: Replacing soybean meal, Broiler chicken, Performance, Zero-tannin faba bean
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Introduction: Paratuberculosis, or Johne’s disease, is a chronic, granulomatous, gastrointestinal tract disease
of goat and other ruminants caused by the bacterium Mycobacterium avium ssp. paratuberculosis (MAP). The
clinical signs of disease in goat are pipestream diarrhea, weight loss, and edema due to hypoproteinemia caused
by protein-losing enteropathy. Knowledge concerning genetics of susceptibility to MAP infection can contribute
to disease control programs by facilitating genetic selection for a less susceptible population to reduce incidence
of infection in the future. The opportunity for genetic improvement in susceptibility to infection is evidenced by
estimates of heritability of MAP infection ranging from 0.03 to 0.28 (Kirkpatrick and Lett, 2018). Domestication
and selection has significantly changed the behavioral and phenotypic traits in modern domestic animals. The
selection of animals by humans left detectable signatures on the genome of modern goat. The identification of
these signals can help us to improve the genetic characteristics of economically important traits in goat. Over the
last decade, interest in detection of genes or genomic regions that are targeted by selection has been growing.
Identifying signatures of selection can provide valuable insights about the genes or genomic regions that are or
have been under selection pressure, which in turn leads to a better understanding of genotype-phenotype
relationships. The aim of this study was to identify the selection signatures using the unbiased Theta method
associated with resistance to Johne’s disease in two Italian goat breeds.

Materials and Methods: The work described here is a case—control association study using the Illumina
Caprine SNP50 BeadChip to unravel the genes involved in susceptibility of goats to Johne’s disease. Goats in
herds with a high occurrence of Johne's disease were classified as healthy or infected based on the level of serum
antibodies against MAP, and 331 animals were selected for the study. For the Siriana breed 174 samples (87
cases and 87 controls) were selected from 14 herds and for the Jonica breed 157 samples (77 cases and 80
controls) were selected from 10 herds. Cases were defined as animals serologically positive for MAP by ELISA
with a sample to positive ratio (S/P) higher than 0.7 and MAP negative animals had a S/P lower than 0.6.
Positive animals were tested twice with the ID Screen Paratuberculosis confirmation test. The 331 samples were
genotyped using the lllumina GoatSNP50 BeadChip. SNP missing 5% of data, with MAF of <1% and Hardy—
Weinberg equilibrium p-values <107 were removed. The genotyping efficiency for samples was also verified,
and samples with more than 5% missing data were removed. Grouping was done to infer selection signatures
based on Fsr statistic. Bioinformatics inquiries were conducted employing the Ensembl database (Cunningham
et al., 2022), specifically for caprine genes (assembly ARS1). The aim was to pinpoint potential candidate genes
that have either been previously reported in, or are situated within the genomic regions encompassing the peak of
absolute extreme FST values. In this context, regions corresponding to the top and bottom 0.01% of acquired
positive and negative FST scores were earmarked as areas undergoing selection. The identification of genes was
executed through the application of a 250 Kb window both upstream and downstream of each core SNP.

Results and Discussion: By applying a threshold at the 99.90 percentile of the obtained Theta (0) values, a
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total of 13 distinct genomic regions were identified in the Jonica breed. These regions were situated across
chromosomes 1, 5, 7 (in 2 regions), 8, 9 (in 2 regions), 11, 16, 17, 18, and 20 (in 2 regions). Similarly, in the
Siriana breed, genomic regions were pinpointed on chromosomes 3, 5 (in 2 regions), 10, 12, 16, 17, 18, 23, 24,
and 29. Further exploration through bioinformatics tools brought to light the overlap of these genomic regions
with genes associated with the immune system, disease resistance, bacterial infection resilience, response to
oxidative stress, and tumor suppression. The study population size is relatively modest, predominantly due to the
intricacy of procuring a substantial volume of blood samples from goats within commercial herds that have been
diagnosed with JD and are poised for culling. It's worth noting that JD diagnosis and culling procedures are not
infallible preventive measures. The gradual progression of the disease often leads to late-stage diagnosis,
allowing subclinical goats to intermittently excrete MAP in the environment. As the infection and disease
progress, the fecal shedding of MAP increases and contributes to its horizontal transmission. In combination
with genetic improvement (innate protection), vaccination (acquired protection) will support eradicating this
incurable disease.

Conclusions: To conclude, the findings of this study hold potential significance as they offer valuable
insights for identifying genomic regions and subsequently, the genes that influence Johne's disease in goats.
Nonetheless, additional research endeavors are essential to enhance and validate these outcomes. Utilizing a
more extensive sample size, incorporating whole-genome sequencing, and implementing high-density
genotyping are imperative steps to further refine and strengthen these findings.

Keywords: Immune system, Johne’s disease, Theta statistic, Signal selection
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Figure 1- Animals clustered on the basis of principal components analysis (PCA) using genotyping information animals
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Figure 1- Distribution of 10 windowed theta values for healthy and patient in Jonica breed of Johne’s disease
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The SNP position on different chromosomes shown on the X-axis, and theta values are plotted on the Y-axis. The values above the
line are in the 99.9 percentile of all Theta values.
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Table 1- Genomic regions containing selection signatures in resistant animals with Johne’s disease, and genes reported in these
genomic regions in Jonica breed

chromosome Genomic position (bp) Reported genes in the region
1 85422458:85922458 ue6, FXR1
5 43264473:43764473 BEST3, LRRC10, CCT2, FRS2
7 88434373:88934373 SLC22A4, IRF1, IL5, RAD5O0, IL13, 114
7 54412582:54912582 KIF3A, KIF4A
8 106466079:106966079 TLR4, PEX7, SLC35D3
9 42736335:43236335 IL20RA, IL22RA2
9 61948202:62448202 IL22RA2, IFNGR1
11 4221335:4721335 LIPT1, MITD1, MRPL30, LYG2, LYG1, TXNDC9, EIF5B, REV1
16 20765529:21265529 LYPLAL1
17 66587333:67087333 MND1, TMEM131L, TLR2, RNF175, SFRP2
QPCTL, FBX0O46, DMPK, FOXA3, IRF2BP1, MYPOP, CCDCé1,
18 54312264:54812264 PGLYRP1, IGFL1, PPP5C
20 38685759:39185759 PRLR, AGXT2
20 38757897:39257897 DNAJC21, BRIX1
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Table 2- Genomic regions containing selection signatures in resistant animals with Johne’s disease, and genes reported in
these genomic regions in Siriana breed

£3i9e5)S o)led (3l cudn) (o935 CusBye o555 4 ) 39250 lag

Number of chromosome Genomic position (bp) Reported genes in the region

3 88164235:88664235 LRIF1, DRAM?2, CEPT1, DENND2D, CHI3L2, CHIA
5 80466907:80966907 AMN1, DENND5B, KLHL42

5 76769745:77269745 REP15, PPFIBP1, SMCO2

10 31739033:32239033 -

12 67882523:68382523 RCBTB2, RB1, LPAR6

16 13346634:13846634 -

17 44288137:44788137 -

18 39462315:39962315 ZFHX3, U6

23 9537704:10037704 ATXNI1

24 58027182:58527182 MALTI1, ZNF532, GRP, RAX, CPLX4, LMAN1
19 25815212:26315212 SAA4, OR8D4, OR4D5, OR6T1, OR1051, OR10G6
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