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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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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



1Y 5l o oylod 0 alo ol ! (oold pole lesirgh a5 pis  YYY

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
Hip height on day 3 (cm)
(Rele) (55, ¥ m €5 8370  84.47 84.20 0.709 0.757
Hip height on day 21(cm)
(2e5L) 539 TR o €53 8432  86.25 85.66 0.606 0.111
Hip height on day 49(cm)
(el 535y ¥ e 25 2417 2362 2534 0.760 0.311
Hip width on day 3(cm)
(el oy V) e 2 2697  27.28 29.08 0.751 0.126
Hip width on day 21(cm)
L) siva .
("j‘” _)us 39 P b2 2933  30.35 30.65 0.603 0.291
Hip width on day 49(cm)
e L) 39V By £l 80.74  79.48 79.27 0.681 0.283
Withers height on day 3(cm)
(os5l) g, V1 olSgar ) 8261 8245 81.61 0.730 0.594
Withers height on day 21(cm)
(acle) (s, ¥ 55 £l 8448  84.05 83.93 1.007 0.922
Withers height on day 49(cm)
(ael) (S, ¥ o 150 8035  79.01 80.65 0.999 0.528
Heart girth on day 3(cm)
(arl) (S35, ¥ 4w 150 8223 8055 81.47 0.865 0.444
Heart girth on day 21(cm)
(saril) (S35, ¥4 atow 150 8379 8391 83.92 1.063 0.995
Heart girth on day 49(cm)
(el Fisy ¥ o Jbo 4781 46.32 4591 0.710 0.163
Body length on day 3(cm)
(ale) (S5, V) oo s 4906  47.96 47.95 0.591 0.341
Body length on day 21(cm)
(eele) (s, ¥R oo s 5098  49.28 49.15 0.595 0.076

Body length on day 49(cm)

! Standard error of mean
2 Probability value p=0.05

2 She 033l g adgl 9 Gl 0 o @ (22 JoSo (3959
il b mime L Glisee sbajlas )5 pliiles (laalluos
o35S ohLen g 03ljYs > 09Meas (Melendez et al., 2022)
5 il 53150 )0 (6y900 oy slosal JoSo (139381 &5 o S
St ol yo pliile ladlugS )3 (608 mb jl i 090
oy U o6 g 51 1 (4 (g 5 48) 3, Skes @] b pae
L &S (Jolazadeh et al., 2019) 8,5 )8 lal; 5l L8 olie
99 Jlain] oyl d5dg guen Liolojl cpl )3 ool Casey gulis

3kl (glls Sl
P=0/05 ;i s ine Jhois! pdau?

2 oy calivee mle b s o wd oo oL gladllas jo

#U ilafl slles o > bl W55 (59 » il 0,90
@l ;o ba, .(Petit and Berthiaume, 2006) »)lu (g,l> ize
039 ORIl 58T g Gy 31 8 5, 0F S5 s s
(Geary et al., 2002) sl Loyl 8,5 15 5l 59 9 dlogS
S8 claails L 435 45 55,8 ol ;55 s ¢l 1 ogdle
9 g 55 iy 2 s)bisine 86 lerlj 51 U8 5o, 05 G 01 )
«y—exen (ENcinias et al., 2001) s, byl 8,5 s 5l 550
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ibiine p5U (Gan (SLmoflil g (638 b 5l dm g 5 oy
&S (5,5 adlls e (Kadkhoday et al.,2017) cusls
o L)) Sl wdy asls s wlie o Sl s ol
e U (0 4o e S 5 (o 25 e 25F
Jdoan el (1 Saw 45 ¢(Mohtashami et al., 2022) cusly
JaSe s 5 €95 By e o ialejl sl sbg) > Colis
Slogad ballugs (4SS Copte g 0l S e (22
Ghasemi et al., ) aisb 43,55 1,8 35U coos lSiul us,

(2017

IS (8 5 do

ez gl mlie (13981 &S )5 o Gy (IS psb
AU gls STygs Bpas p l; sl ope > gludl  gludl e
ol ol S alojl (slojlod (izmen (Bl ke
U ol gladlog San sojlul g3 Slae ol 0
IS5 izu (gpole @l 3l a Sl an dn g b sl (g)b xe
2K bl eolal a8 5y duogi lgie JS 50 g Jldss
930 0)93 yod 3 o o L5 (g (slaglS JUisl o0
bl gls s osle Bpnms y b 9l e g5 sla el )b
Lyl oy (0 SLid oolo doyd iy oo U dgud oo dnogi 1
28 odlail £ Kl xio lgisdy 5,8 w51 il ]
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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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1- Small Ruminant Nutrition System (SRNS)
2- Total Mixed Ration (TMR)
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Table 1- Ingredients and chemical compositions of experimental ration

(32,3 1) o9l (303 \F) (£50 355
(%) Shyss pMBI Urea (1 %) Poultry manure (12 %)
Ingredients (%) by o olowl ol Sy ol ey ol ol o Sy odd cdy
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
0.5 0.5 0.5 0.5 0.5 0.5 0.5
Salt
e 3 (sl JoSo 1 1 1 1 1 1 1
Vitamin and mineral premix *
(Sis oolo 3l o y3) (oleaws oS 5
Chemical composition (% of DM)
s S5 ke JB (51
(ded » $H815) o JE (555 2.58 2.55 2.55 2.55 2.57 2.57 2.57
Metabolisable Energy (Mcal/kg)
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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Ao s Sl 059yt it @lio Bpae 1L dlaily
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Cbale Gal58l o a8 039 (£ 50 3957 53 3L L SB35
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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).



YV Salianmd 030k le 9 92 40 (918 ol 51 o)y en 9 L8

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
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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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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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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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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*

(doyd V) o9 (Ao > VY) (£ 0 265 sl Jlazs!

'3)lge Urea (1 %) Poultry manure (12 %) ST S N
Item?! sals od obwl  ed S, el sadobul e, asel Sl P-

Control Ground Filled Pelleted Ground Filled Pelleted SEM Value
Ayl
pH 6.10¢ 6.17bcd 6.2330¢ 6.16% 6.2430¢ 6.262% 6.30? 0.234  0.0018
Sbgel oios
(3 3 3 eSS k)
'(A,\.,gg?-q)la nitrogen 11.31° 10.85° 10.38¢ 10.49b¢ 11.452 11.282 11.292 0.509 <0'f 00

el (P<e/00) Jlossl o )3 () ime W] (S5l sy ya )3 S jidhio b gy
The means within the same row with different letters indicate the significant difference (P < 0.05).
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(Kiran and Mutsvangwa, 2007; Davies et 53,5 o (29,540

.al., 2013)
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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.
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o1 o3l Lt (Li et al., 2019) 4 2565 (cladagy Slyss
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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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Cl bowdy Ly wdS (6,5 9 JS JgpndS clale (o)l bixe
2 Cawgad 4 by Cons ol (Gholami et al., 2020)
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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
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LS o JoSo 93 (pl &5 2Bl )3 5 38 gy |y (2o
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(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
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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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(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
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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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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)

\ -
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

o 3 (sdre J5 ¥ Jlai € Joo 0518 )0 (s J5 ¥ o o> (5 )3 (3l STy b elyen (clie J5 oV les (pgn Mo g oo ) 0 (die S50 e

P90

(P</+0) 32l o o ine glis glls windy po j3 alite pui By b cla Sk 20C

(o0 <P</V) Wl bleo s ime coglas (yzily 4 aindy p 3 dliie e gy b cla 5y Sile AB

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)

\ o

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

by gdie J5 ¥ Jlag (e 58 55 lie J5 7 Jlogs ten 055 53 03] Shgs L olyan (gdie J5 1Y o (e o g Jon o508 55 gdie 5 5) jlog
U239
(P<A140) sl oy gine glis syl ccindy o 55 Syt SiaoS By il clapSle PEC

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

s > (sl J5 ¥ Yo ton )8 3 sie J5 ¥ o tde> o) 50 (3l Shsd b olan g3k J5 1Y e (b9 s 5 o> 05,08 0 (sdie J5 1) o

“UP90
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

Mo > (st J5 ¥ Yo tJon )18 3 sl J5 ¥ e tde> o)l 50 (3l Shgd b olan (s3ke J5 1Y Jlaws (b9 Mo g o> 05,8 50 (sdke J5 1) o

UPI9R

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
$lad S ol Epan 59 onin) Ciltse Sygs £95 dw duylie
ladrs algl 435y (0l 0 9 Sy g9t Sy
Ui oy 4530 LS o (5)5 5 o dow 3 (S5

(Selim et al., 2021) | ,LSen 5 pulw sloazdly oluly

21 GleS ol g (sadoid clapliil god plinsg; 435
3 BBl (gl 5 515 53l Cod 0jg, VF slaazge
o 68 it Calbid Cui g (5 piB Ay Culs 38
03 pLIR35) Al Aol )3 (oy5 5 g S350 SR
cod gladzg ) Jlxb ddo jie 5 5350 sblj (g il
9 3855 Gl Pl ColSe ol () a7 el a8l plimagj 435
Oizen )y augil golad clapluil 2 B go slacuwsad 5l
Sidgigel las ) A anly slag) oo plUng; 435
odel Joo 4 aslllas ,5 .l ialjdl 059, VF ladsgs 1, Jb
owlng el > (Abbasi et al., 2016) ) Sen 5 wle bwg
ade o palsle Gl ceage (£ 19)0 ©)get Ks
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(2011

039y ubidicida,

09 L L) Joo )8 3 Sip gy sie J5 il 46
2 039y BLbcSn, s Sy » Ghian M 5 (0ill Sl
Ol P -0 e Joua) 395 o gne 0 YO (1395 sladzg>
Abou-Elnaga and Selim, ) paw  LSlgsl (glaadl b zls
Abou-Elnaga and Selim, ) gl o Kdlgl 5 by & ylae (2018
colo VY b colize lis glaess) b plindg; 4iis 51 (2018
3y S35 (sladz s 039) (5598 9050 5 903 2 |y jlE]
sl )l b))

Wi g oly aomale 035U ylosiwl ey alY 0jl cadY o33l
5 JLEy sladss oaiS bl )y glaog)S )3 48 5 b5 s 5
S dgl 4 (gany amld 09,8 5l it 3 LEl e 0
sla sl S e Jlb (Abousekken et al., 2017)
g5 @By et 3 (S Gpilay s slajyy (b (slojlgale
a3 4 S wlealy s e gy 0 Hlow 4 dorale JlST
1y digmw domle (49 5 00,5 S50 A domle )3 1) (glo)lgale
Sl wl azale w0y 9 Ay (Moore et al., 2005) aad o d4i0
S5 sloylgnlo sl oo 1S5 (59,5 )3 Lidas ¢ iinluy )93 5
s )Lw o (basal lamina) (cloas 4y &S Cuwl (glaiws
L Ml (Kuang et al., 2007) siiwd yatwe W puidg ;Suo
slodiws Gl g alac guey sl lojlsale slo Jobo iS5
» 9 (Kawano et al., 2008) o34 Sl azumlo ;3 Jslow
by 0)9 (b (GMde sl (e LRlPl) (B9l

(ND) JuslS 55 sosslows g g 4l 55l sogyisb sls p (393 o g (03T SThss o b L) Jo ) 13 Sz Jlgy sie J s b =Y Jgao
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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.

wali).) 09)5 ;bﬁM.Cdg 2l UL») |) Lg)bué;w uw])ﬁl oa)f u:l Joyd 23 CP d9l> 0 yu> b ol é\;..\:u og)f ‘LS)'” \\i Oy
Loy ¥ L olyer VV/AY MI/KG ME 4 05,3 20 CP gol> 0y Cap S Bos g yidar 5 slag o gl 51VY/FA MI/kg ME

MIKG 5 40,3 23 CP (sol> oy L 0 4455 09,5 3 9 oMo 2 55 pobl Loy gl g 392 5l3)95 2 395 an3jlyd 3 (g ieS
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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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3- Follicle stimulating hormone
4- Luteinizing hormone
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1- High-density lipoprotein cholesterol
2- Very low density lipoprotein
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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).
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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).
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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).
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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).



YAY Lo Sdes p Oblighs gy dilisie zabiw il oyl g 99 Bl

S 055 e po S5 ool Sl muswgige 1= Joda
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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1 Mineral premix provided per kilogram of diet: 65 mg Mn; 50 mg Fe; 8 mg Cu; 1.8 mg I; 0.30 mg Se; 0.20 mg Co; and 0.16 mg Mo.
2 Vitamin premix provided per kilogram of diet: 11,500 1U vitamin A; 2,100 IU cholecalciferol; 22 U vitamin E; 0.60 mg vitamin B12; 4.4
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1 mg biotin; 560 mg choline chloride; and 125 mg ethoxyquin.
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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 ( —)
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* 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;)
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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 -
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* 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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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

—=— Observed +— Richards

9 11 13 15 17 19 21 23 2§ 2
Time (week)

#— Observed a— Weibull

90

,,,,

-
20 o
5 3

25 27 29 31 33 35 3

1 305 7 9 11 13 15 17 19 21 23 25 27
Time (week)

29 31 33 35 37 3

—=—Observed —+— Lopez

90
80 e
o
70 '
. re ¥
60 e
50 e

40 ot

20 T

10 -

7 9 11 13 15 17 19 21 23 25

27 29 31 33 35 37 30
Time (week)

ilises glaaiin 13 Jong g gl o)y sl g obd nhe g (Bly 055 (235 (g polie —€ JSWO
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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