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Introduction: In ruminants, protein sources that provide amino acids and nitrogen requirements of ruminants,
are among the most expensive parts of the diet (Hashem & Tayeb, 2023). Plant protein sources (such as soybean
meal, rapeseed meal, etc.), animal protein sources (such as meat meal and seafood), and non-protein nitrogen are
used to provide the protein requirements of ruminants. However, the shortage of protein sources has become a
global challenge, and the price of soybean meal—one of the primary standard protein sources—remains high,
driving up production costs. Therefore, identifying alternative protein sources to replace soybean meal in diets is
essential. NPN sources are a group of compounds that are not proteins but contain nitrogen in their structure and
include urea, ammonium salts, nitrates, alkaloids, asparagine, purine, choline, uric acid, amines, amides, amino acids
and nucleic acids. Urea is considered a practical NPN source due to its lower cost and contains 46% nitrogen, which
is equivalent to 287.5% crude protein. However, rapid breakdown of urea in the rumen and high release of ammonia
will increase the amount of nitrogen excreted in the urine and reduce livestock performance. One of the less studied
sources of slow-release urea is biuret. Biuret (carbamyl urea or alphanamides) with the chemical formula
NH2CONHCONH; is produced by the condensation of two urea molecules at high temperatures in the Bosh-Meiser
process, and can be used as a slow-release NPN source in ruminant nutrition. Biuret contains about 41% nitrogen
(256% crude protein) and is degraded by ruminal microorganisms at a slower rate than urea. Most studies conducted
on the use of NPN sources in ruminant nutrition has focused on animal health and performance, and very few
studies have been conducted on the effects of these sources on the carcass quality of fattening lambs. Therefore, the
aim of the present study was to investigate the effects of replacing different levels of biuret at the expense of urea on
growth performance, rumen microbial protein synthesis and meat quality characteristics in Afshari fattening male
lambs.

Materials and Methods: The experiment was conducted in a completely randomized design with 4
experimental treatments and 7 lambs in each experimental group (total 28 Afshari male lambs). The average age of
the animals was 135+15 days and their average live weight was 34+1.13 kg. The lambs were kept and raised in
individual pens from the first day of experiment. The animals were fed with experimental diets for 84 days, the first
14 days considered as adaptation period to the experimental diets and individual pens, and the remaining 70 days as
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the main period of the experiment. The experimental diets contained biuret at levels 0 (control treatment), 0.54, 1.08
and 1.61% on dry matter (DM) basis. Biuret production from urea was carried out by converting one urea molecule
into equimolar amounts of ammonia and cyanic acid at a temperature above the melting point of urea (145°C). The
cyanic acid produced from urea then reacts with other urea to form biuret. In general, two urea molecules are
converted into one biuret molecule and one ammonia molecule. In this study, the process of producing biuret from
urea was carried out at a temperature of 145°C for 3 hours without using catalyst.

Results and Discussion: The results showed that with increasing biuret level in the diet total weight gain,
average daily weight gain and micro protein production linearly increased (P<0.05), although the average final
weight and DM intake were not affected by the experimental diets (P>0.05). Blood urea nitrogen (BUN) increased
linearly as the level of biuret elevated in the diet (P<0.05). With increasing biuret level in the diet, meat crude
protein percentage tended to increase linearly (P=0.07), although the moisture, crude fat, and crude ash contents of
meat were not affected (P>0.05). With increasing dietary biuret level, meat pH tended to increase (P=0.08). Water
holding capacity, tendency to redness (a*) and brightness (L*) of meat increased linearly with increasing dietary
biuret levels (P<0.05), but meat shear force decreased linearly (P<0.05). Cooking weight loss was not affected by
the experimental diets (P>0.05). With increasing level of biuret color score and overall acceptance of raw and
cooked meat increased linearly (P<0.05). Concentrations of major essential amino acids in meat increased linearly
with increasing the level of biuret in the diet (P<0.05), while glutamine concentration decreased linearly (P<0.05).

Conclusion: The current study indicated that using biuret instead of urea up to 1.61% of the dietary DM
improved growth performance, microbial protein production and meat quality and sensory properties in fattening
lambs.

Keywords: Biuret, Fattening lamb, Meat amino acid profile, Meat quality, Organoleptic properties
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Ao W 5 St oole p)S ol )3 pudgilie LB (555 )1
VO ooy 0y5luiS & ddgle Cond SuS Jolio 0> pB pgp
5 (TMR) Lig Lo MolS' & g0y lao s 5 b5 5Lai 53 AD &
JUE IR T - FY SRS B Y TR
2331 3l oy 2 Shss Slowy o oy (2IST 5l i )
daon 23S o B 58T 0 055 Shgs e 5 18 pgleer
aS dolojl (olmo s Mild (owyiand jaed Ol 4 o,lgen by
NRC, ) S8 oSl lie clolnl Joo ool
WY+ nld) yiio pshu Lol cudjidy idgs 003 oilats (2007
S oole bl Cygw 2o > VEY 5 VoA o [OF (o)5] aoyd
o3 sbrde o (Sl il pola (5l e 2y
2 o)l g A5 CES Syge gl (395 Slsime bl
Dy o ploal (31,5 il 4o )d YFD) 05l gd alads | i (sled
VO (glod y3 0ygl ol lys b iolos] ol 55 edlatl 3590 & ygu

Celw Cogh 93

2 595001 5 oolaiwl e g el dw Sdody 31,5 il s
(Park et al., 2009) s_s g by o&uisly (5y5liS” ouSisld
LY Jsie 3 ctalegl slooyn (olbord oS5 5 (Sys P

ol 05

08> Sloysl Gain Clild g aud o Slas
s S oy lig) bpae ST talesl ol 0)90 b
o o oasg 3 STigh @95 jl S &5 Wb 405 g0 4
sdeg 93, aljgy SThgd ley (3L ol 68T )3 Wlows o )> i
izlejl 0)9> Lk ) .c8)S )13 bapls jlidl ) plusy (S)es
Laply o Kiw)S el V5l o 5 o odsg (23S T)es 51 L8
5 2l 0y SHBT 51,5 < o o 2l (g 5 $AD ()P
b e Jlg g 0)93 (o oy (039 LIPS lan £958 i
039 ORI S (055 maed b pld o ailig) ()59 (I3l (eSSLee
Gty A o (39) V) Galeil 5o s a4 (S 5kS” bl )
(S 9kS) (Brman Shygs U (255 i Jl p> 2 (2l38 Joas
Sl ol Casd 4 (g5 0993 b (pS0LS) iy LRl S &
2 5 oilal BY 5o, 3 (BUN) (53 sloygl o)35%8 clale (s
3 o celow (b g aw ((23ST)95 1 ) o s
Al 4388 Laply aen 5l 53 dgel uao odsg 23Sy
A ey U g b ooy 15 8 a e sladlgl )5 55 (sladiges
oMy (g5lwlin g 05,5 (6, fo S5 55 oliule)
Jlas slod ;3 Ve e yod b aidd VO St olKiinlojl 5> ndiges
lod 3 3JUT B odslin (clowdly 508 oty ko 5,5 ko 4y
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Table 1- Ingredients and chemical composition (% DM or as stated) of experimental diets

Slyss P2 (Siid 00le duoyd ) 003 50 &jou prlaww

> . Level of biuret in the diet (% DM)
Feed ingredients 0 054 108 161
piS o8 15.0 15.0 15.0 15.0
Wheat straw
205 yoals # 32.0 32.0 32.0 32.0
Barley grain, ground
esdiolel €3 32.0 32.0 32.0 32.0
Corn grain, ground
by dlbws 8.0 8.00 8.00 8.00
Soybean meal
PAS Loge 7.55 7.50 7.45 7.39
Wheat bran

> s )
byt 4.25 4.25 4.25 4.25
Premix
g 1.20 0.80 0.40 -
Urea
S - 0.54 1.08 1.61
Biuret
Chemical composition
Sl odle 90.0 90.0 90.0 90.0
Dry matter
S om_ 93.3 93.31 93.3 93.3
Organic matter
P Olon 14.4 14.4 14.4 14.4
Crude protein
S 53 0525 LB 2 oy 375 37.4 37.4 37.4
Rumen undegradable protein (%CP)
(S odiagd )3 Jolorall b 28.9 28.8 28.8 28.7
Neutral detergent fiber (NDF)
el 0355 )3 Joloeols b 192 19.1 19.1 19.0
Acid detergent fiber (ADF)
S5l olas 2.61 2.60 2.60 2.29
Ether extract
ol 0.74 0.73 0.73 0.73
Ca
I;“ 0.38 0.38 0.38 0.37
ﬁ)”” 2.30 2.30 2.30 2.30
;’5 4 0.23 0.23 0.23 0.23
2595 & Ojar 10 10 10 10
N/S
Metabolisable energy (<Sis sslo p,55LS 13 (6,515K0) padgilio LB (55, 2.67 2.66 2.66 2.66
Y0-+ (5t pyS Lhee Y0+ E cypelizy Ml 150y Vee e D3 ypelig el dly Be e e s A cpaliyg el doly Yo+ gl bglko iy pySolS yn

oieie p)S e VO oo a5 (oo YO (LS )5 (oo Vo 3d p5 (oo YO« + qopnadS )5 (o V¥ v v v cpguibin 25 (o YO o )5 (o YVO 55, )5 e
Al a1l p )5 oo Voo e 5 Sl S pats ©jgots mes oS oo VB2 ¢+ (Sl g0ty s p S i YO 40
1 The mineral and vitamin premix contained (1 kg premix): 25000 IU vitamin A, 5000 IU vitamin D3, 1000 IU vitamin E, 1250 mg
Mn, 375 mg Cu, 25 mg Se, 140000 mg Ca, 2500 mg P, 20 mg Co, 25 mg lodine, 25000 mg Mg, 25000 mg Na (NaCl), 25000 mg Na
(NaHCOs3), 1000 mg Antioxidant.
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Stable Micro Systems) aiwcdl ol jl osliul Ly
i G Oty ol (SlSe (la ygejl o ylenlSS) cdls
Do Sy piY g9y ySTus (Sabzi et al., 2024) i plodl
e glaymd Job jeom 2 d9ee i 2 ladiged (3
ey ipySokS B0 JUB L Il yijly (b 98 plomie sk
A 6 pSo5lnl dn )3 £ gl 43 ALBD 43 yie lu Ve

ady 9 pld Cudi oS i ol 9B (L5

by cdl g oS5, bl Pl CudsS o 2L Sl
oo 85 )8 o)) 3)9e (445 10) o el (slacneliy
33 ool Jigd )3 yia le VoxVexY/0 slal & cusgS lalab
099> b e i) 9 2wy gl 3 318 (Bl a2 WY+ gleo
S Ui 9 Bl S5 g ek Sl I sl g Sgan
DN g JsB DB Y g3 ¥ g s b F ( Jle ) Gygon
~ag05 T o el (958 3005 (sl ol (sl 0 LT (i
i)l olej Sl Blo jglaieds 5 €8)5 )8 lacundy )Ll 3 b
(Solgi et al., 2024) 1 pbx! Hloj S y> s
Lads gas cabsasdd dajas

L 0l 9 SThg Slouy 5 0y slotiges Sis o3lo 5
(AOAC, 1b (puns el YA Cdody 5315 Sl 4> 0 F+ (glod
DVV-00Y (slos Ly oSSl 058 13 pl 52uS ol50e .2005)
ST ool liee g b oy sl Cdn Sdeds g 31 Sl 45y
dsloeo pl5 1uSB (9 b 4] Wiges St oalo (g o B!
e s s iges pl B lpee JAOAC, 2005) o5
ise (AOAC, 2005) .8 & yg0 IS olSiund Laogs (35050
iy 5 el G (NDF) i asiagd > ol il
ity St o 5 gybie 5 St ladize (ADF) (5250
5 ooy 3 (AOAC, 2005) AOAC (sl sbs, lsly
A5 4wl (Van Soest et al., 1991) ) San

S lol 4550
9 9050 (g i BUN «Slye 5 8o sLaosls
Sl b B 5 el S s g (ol u‘“’?*"-’
(SAS, 2005) SAS ,l55ls s MIXED ayg) L sl Mol S
Lo caliste slalog )3 lis (1S5l 0 (g bl @ jos
i8S 15 dunlio 3)90 Joyd gy 6yl im0 gaw )3 (S5 (190

1- Warner—Bratzler shear force

usel slasaal a8 g 53 (raas
5 9 el sl Jdoyy e S el
P ceke Ve Gaody CubsS sladiged A plovl CubsS ()5 e
i Sl 55 el Jgo G L3S L s V- sl
Sl S p5g gimel LAl i oo +/0 L (oS b s 05
ALl bglste 4 058420 Ol pid ee Voo o 5l a9 20,5 bglske
aoee Laaiges g o3l joe yikd 3jbo 51 Jools Jydona
Caleg o g Bad o 53 0 o ) e g 00 SUiS 3 90
(15 yol 8L Hewlett-Packard) acel sl 4550 68w lowgs
{(Pérez-Palacios et al., 2015) x5,5 1,8 Ldos g 4355 3,90

Cudi oS (eabasd 55 518 ol 3 (ad

Testo 230) ,apH olKws jl edlawl b aiges PH 550
3,3 plosl Ve YA 0)lacs il o 3ylubl b illas (Lol
oo ol 1) o ¥0 )3 i 2 CbS igad p 5 gy 4S5 sba;
Wb 01> jgue padly AL Sl s g AD (e dld Sy Doty
b S0l oy 5 ol an 0 VY (glod )0 diges o PH 500
P ol oS e b ool e (Kim et al., 2013)
BTN I PUPE NS PPN RN
Ly ilo B35 aY g0 oy lalad ol s o3l iy plaels JISCal
Sl b cod (gladiunds dalad 50 (w50 ALK doldl jd 5 LS sl
42,8 gy Gdody (0)5 YVO+ (gldig ey 05 03D )8 LS
SabZi ) s (s o (6506 s 5 0 03l 5 Iniges s
e gl Slaglis lime (gpSojluil jgkatea; (et @l., 2024
M 6y sy glod o celw FA Gdedy cudsS 5l asuiie
Lanza et ) 453,5 oy dbgrye B9, slae (slaslyws Clals 4
VO clos b p)S Ol plos )3 4idd £+ Sody ndiges (al., 2003
Ol 23,5 (595 oMb S ) 9 848 Fub SIS (Bl a2
e 5ge gl (g Sl hoyd plgisa b 155 jg pRalS
(Hayes et al., 2011) .

Cai 98 Ky (5 ya80 5lunl

8% ldy) L* Jols ceidgS K5, & by sl pasls
Konica ) C.»._.wgi:) o> 4\1,\_«»94) (Lg'))j) b* 9 (‘_g)_a)ﬁ)
15 sy 5ol b aw b (o5 <ils CR 400 e Minolta
02l wl D90 (slrdiges pdaw oS Cusl S5 &y p3Y D ploul Liges
s il 93 394> )3 (oybab (el)ls JBlus Wb Gialesl ol (slp
.(Holman et al., 2015) ..l
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$9) ko JB T cculg yal el Wl s oyl 4 Coas 65
a9 e 35,5 dlgo y3l 0ylyn 0,100 Sis odle B puns
a8, Oygo (63b; Sladllas HBUGS leseis 5 )Slos (9, calize
e aie S laieds Cyan Gl 4y aaly Gladsd Lol cul
P sl ol s mli b slhe il o SKI iy pé
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Dl i O g l_s Lbo).g 0 y> u3)—<J°-<*° as sls uL.uJ ‘j
Byman & Lz e b Shyod Jad cupd g 0jg ol (ke
Varezardi et al., ) 59 Lo (olojl 09,5 93 ya o STe>
Yloinl oy 53 o gdaw Lisl3él L BUN clale | jials’ (2023
o b Bllas .Cawl 034 ‘_’j oS (flaeSs (sl izs F o Jdda
Oy calisre milio b (g)los (slroy 0y oS sladllas 4> s
L awlis )0 @ye L BUN clalé 0g odd JoSo ulig e
Varezardi et ) ol i 4o JB LinlS oysl b oddiay 5 09,5
0y9) b ytl33 b glaalllas ;5 oS sl s 5 oyl (al., 2023
g MY o[ v oo Jolis) u’“’b‘ sl e 0> u@)wi
Hashem & ) sl il BUN clale ((Sis odlo 1o )yd V/A
.(Tayeb, 2023
2 295 0sS9 4ljgy A (liee o5 Cunl oad )18
(PrSYY 5ilie) £y VASYY aiely jo B0is) oo i aess
Clildn py5 AV L aeSs )3 osdpaan JT osle p,SolS gl
4 S «(Rashmi et al., 2024) cwl poss JB (6550 Jg550
Rk o] ol gt 40 0dd ol C"L" b d.su:m O:{‘
B Scid odle (lise «09)500 (ugn Fi 2 e Jolo
by (955 0eBgn Jiw > Ogldl ol gl > S Cunl
sboog,S don |pj o)S dag S| Gras b (g |) oy
9y g il 8l sl SLass Slygd G an o dile)]
Yioinl o)) (ool ot b dulio )3 pgr g 21531 b (29,50
5 o 3 Shgel (il e g e Glojen iy
aeSd Lol gy a8 il 035 paapdl o slacsljing S
‘) cewslio gl g My g Jb}a] )l L odliil LS])J UBK wo)ﬁ
Glises ol il b gl p s ol b gilas ulazsly
039 3AF (hali8l e Jgmane 0yol L g i iyl o
odd (5)1}5 MiwgS > AreSUS (09)Sse (g Fw 9 (29,50
Guo et al., ) 5,55 islejl ,> .(Ghanbari et al., 2021) ¢l
09l L o JoSo 0y )3 (29,50 ()90 5904 (2022
P IY) sl ialidl oyl (ools Hlas b awslio )3 i ydiun]
OoamligSSl ¢ 5 g um\_n)i S e (V0 Jlhe

e Glao p oy 3 g (Jadpd g (Jad Sl ooy 6
5y9me ko sl Jie b oolitel (aslate) JUgS g5 ol
Dy ) dblro &yguody oolatwl
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A odlauwl
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2 Gglay Juddan RN 1038 0ol wl 0y 4>y jdtuan]
E95 oS bzmo Lyl (Shd joue Cus p (S 03le e
o (39 G 0y (pliond S 18 s (2ldE 0y
3595 Ol g luds Olds (Gume dlge dagyeling oy ()8
(Wei & Mo, 2012; Lima et al., 2023; <l 65 (sl

2950 (piay Fiw p e B olyl & Fan et al., 2024)
">)‘EL5"

B9 Ay s i atnl 09l Cilise wlie (ol (glao
Azizi et al., ) ai oysl (g9l Hlowi b dunlio p3 (g b (59,500
gy w0 Aag JB Gold 55 6,505 Gldllas (2019
0390 Lo dumlio )3 i yatual o5l L opr 3,57 JoSo b (29,50
Alipour et ) 59,5 9 (GUO et al., 2022) 5049y klyd )
gy Fiw > GLOMB b9 .Cawl 0 555 (al., 2020
o)l 3l =1yl b ool jl oS Sllllae polo g pols adlllan )3 (29,500

Table 2- The effect of experimental diets containing different levels of biuret instead of urea on growth performance, BUN and
rumen microbial protein synthesis in fattening lambs

(u_§w.> a.?Lo .Lo).\).o).:? ).3 o)9| d‘-’?‘.’ yyon a]a..u D)IJ.}lle L;Ua$ 4]43|) &y
Level of dietary biuret instead of urea (%DM) S Contrast
0 0.54 1.08 161 SEM ok b
Linear Quadratic
(e s ’“ ) ol o9 345 345 345 345 1.07 0.79 0.89
Initial body weight
( pr 5) 2l 039 49.01 495 50.5 51.8 1.15 0.12 0.78
Final body weight
(p55k5) s 12 S 145 15% 16.2% 17.8° 0.955 0.02 0.58
Total weight gain
(p5) 39 0is ol 207" 214 231% 2543 117 0.01 06
Average daily gain
e fad s 7.80° 762  7.20% 6.64° 0.433 0.02 0.52
Feed convertion ratio
(i9) 2 5) (Byae St osle 1614 1630 1663 1686 305 0.12 0.91
Dry matter intake
2 S ke) 05> slossl Bsr
(o> 8.81°  865° 847 8.37° 0.080 0.01 0.69
Blood urea nitrogen
Uss 2 £5) oasSee 033 9.40° 967  9.9o 10.22 0.111 0.01 0.92
Microbial nitrogen
2 2 £5) a9, i 58.6° 60.4"¢ 62.1% 63.8% 0.691 0.01 0.91

Microbial protein

P<e/+0) 2l o duoyd g o )3 45 gxe OMS] onimd i ndy yo 53 aldiop gy gl (sla Sl —
- Different letters in each row indicate significant difference between groups (P<0.05).

ol Bl oy 0 o (21331 b YT 5 Saliglt ¢ Jold
relSslS (690 b dizel sl Bl Jlia s (P</-0) Ly
plw cale (P<+/+0) cdly yialS o Oyam pdaw ]380 L
Sl Y it 55 ol (659 3 izl (sl
Emae § Clius 9 053] i o Ol Sl
I8 mtalojl (sLaoyr b Cod (55900 8 dinal (slatsl JS

(P>+1+0) cé,5

Cad oS sl sasacal S g0 9 (lsand cus 3
203l Sty ©ym ilie gl (5> (tilejl (sloo e ]
Loy diul) dhiae S aial (slotsl Jidgy 5 olosd oSy
g (slgie 0y o o (I8 Ll el ¥ Jga
Sl dlojl (slajlog (i 0 S pB B g o 02
L pls g liee 3z p0 (P>0/40) ol (L5 g2 JB
(P=1o¥) oy s iulial a bled oy 53 e pdaw iol58l
g ) mmg) Jolib g (55906 dinel (slmsal (Slgioma
e Ld el (slaspusl ggoome (s (geite 0lly cn Y
$2932 3 aizal (Slatnl g (53900 disel (slodsl JS ()95
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Table 3- Efect of experimental diets containing different levels of biuret instead of urea on chemical composition and amino acid
profile of the Longissimus muscle of fattening lambs

. (Sis a.?h» M).)).oﬂ? ).3 oygl oty O yom o sl ol by £
Caio Level of dietary biuret instead of urea (%DM)) oSl Contras
Parameter 0 054 108 161 SEM ok b2

Linear Quadratic

(55 03lo 12 )3) (ploorsd S 5
Chemical composition (% As fed)
sk 74.6 747 743 74.7 0.278 0.82 0.56
Moisture
PE o _ 19.5 20.03 19.98 20.3 0.221 0.07 0.62
Crude protein
i 3.47 3.04 3.31 3.07 0.229 0.39 0.69
Ether extract
Pl s 0.776 0.837 0.877 0.857 0.052 0.26 0.46
Crude ash
(Sezs 03lo daoyd) (659 p> dinal (slmtpusl
Essential amino acids (%DM)
Oslsz) 2.47° 257°  259°  260° 0.031 0.01 0.66
Isoleucine
o 3.84 381° 4017 402 0.032 0.01 0.39
Leucine
oY 3.47° 3450 347"  365° 0.023 0.01 0.56
Lysine
OoFPF 261 2.66 2.67 2.70 0.032 0.12 0.65
Threonine
odly 1.83° 1.78° 1.83° 2.012 0.035 0.01 0.45
Valine
osse 1.65° 181° 184  1.90° 0.029 0.01 0.45
Methionine
oVl 242 239 242 251 0.043 0.13 0.56
Phenylalanine
u’ N 1.87° 2.05% 2.108 2.072 0.035 0.01 0.54
Histidine
el el glorel J£ 8.14> 816° 843"  ge4l 0.152 0.02 0.43
Total branch chain amino acids
opxd sl sloseel 5 22.0° 225 929t 33 0.21 0.01 0.64
Total essential amino acid
(S o3le 0)3) (63930 o dinel (slsns
Non essntail amino acids (%DM)

5 Lol
“g”)u ’w_ 6.50 6.62 6.55 6.30 0.123 0.19 0.56
Aspartic acid
o 3.18° 3450 334 3770 0.053 0.01 0.34
Serine
Saaligt sl 8.36° 870"  9.76°  9.76° 0.255 0.01 0.25
Glutamic acid
Oeells 577 556 534  521¢ 0.112 0.01 0.45
Glutamine
oo 2.44 2.55 2.35 2.58 0.082 0.19 0.34

Proline
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WMS 3.50 3.46
Glycine

oY 2 b
Alanine 0 -

otis 241 2.34
Tyrosine

u*’))l - 3.63 3.59
Arginine

Cysteine

S 930 izl (larl JS 39.8 39.9

Total non essntail amino acids

351 3.63 0.068 0.13 0.18
2.43° 2.16° 0.057 0.01 0.34
2.37 2.38 0.056 0.26 0.67
3.69 3.65 0.062 0.19 0.40
0.76 0.82 0.026 0.21 0.18
40.1 40.3 0.361 0.25 0.73

(P<e/+0) 2l o duoyd i o )3 43 gre MB] onid i rdy yo 53 dldiopl gy gl sla Sl —
- Different letters in each row indicate significant difference between groups (P<0.05).

J5-Ss0 S plsisany omog) il o 53 5 1S (o0 Jos (Bign
roe Sl amale ) (g 5w (sl e 0203 JUiS
ol > (pwg clale (Kahraman et al., 2022) .5 o
Mae o gy bas gl 31 Conl (Sae SMae
Ladde ¢ piren (BUse & Reid, 1975) il arsb sl
P98 g s s aiel sladul s ) &S ol o
(Anthony et al., 2000) cwl MRNA dsx 5 g9 008 pulais
Iy raseale )3 oljl asiel slasl 5l oo e dgus pealsols
Bergstrom ) cul a5 diel a1 5 5lgly3 9 ams o JuSis
oo Mygiams 23] ooy SLiigal 5 SLabgls | 59595 jsboay
clle jials”(Lacey et al., 1990) 558 o st jhitiw ymolislS
Fm 1 el g 53 (159,85 pdgilie p o Cue I
ol ) ord Sl posigel g2 Bl )3 cege (A (rabgls
g oo 03l 05l jiiw (glp g ol JEie WS 4y g dLSl e
5L peliglS clale L2585 o le 4 (WU et al., 2024)
039 4D 1:9,..35,41 )l.s) J.Jy omaohﬁ.} go”‘ djb 0> FIRGN
0)9l JSum 41 39)9 St (alislS 4 s b @3 sl &5
oy i b oVl b clale bl Gols adlas 4> 05,5
ot 3l (SLogel oot bjom e Yozl opgl (ol
cdale ol 8l L as cowl ooy i aldlas 1y 5 ccasl 034
oY i (GBS e s 5158 elStes > (Slisal (59,0
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Table 4- Efect of experimental diets containing different levels of biuret instead of urea on Ph, cooking loss, Water holding capacity
and chilling loss of the Longissimus muscle of fattening lambs
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Shear force (N)
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- Different letters in each row indicate significant difference between groups (P<0.05).
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Table 5- Efect of experimental diets containing different levels of biuret instead of urea on the Longissimus muscle
color of fattening lambs
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- Different letters in each row indicate significant difference between groups (P<0.05).
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Table 6- Efect of experimental diets containing different levels of biuret instead of urea on sensory properties of the
Longissimus muscle of fattening lambs

(Sis 00lo luopd) 040 3 098] slrdy & yom pdaww dayly £
Cho Level of dietary biuret instead of urea (%DM) b :Sko 5 luiliwl glas Contrast
Parameter 0 0.54 1.08 161 SEM UI» ‘_;|a>)..c
Linear Quadratic
Pl CudsS
Raw meat
cél
: 4.23 4,52 4.60 4.67 0.163 0.32 0.29

Texture
2 4,73 4.37 4.67 4.46 0.220 0.62 0.71
Smell
Li5) c bc ab a

3.90 4.07 4.50 4.90 0.159 0.01 0.48
Color
S Sk 4.01¢ 4.17% 4.47° 4.932 0.119 0.01 0.24
General acceptance
Cooked meat
-8l
= 3.41° 3.70° 3.50% 4.77% 0.192 0.01 0.93
Texture
7 4.07° 4.37% 4.67 4,70 0.141 0.01 0.54
Smell
Li5) c b a a

3.03 3.73 4.30 4.47 0.161 0.01 0.17
Color
b 3.97°b 3.87° 4332 4578 0.105 0.01 0.16
Taste
S Sk 387° 403 407 437 0.101 001 052

General acceptance

(P<e/+0) 2l o duoyd g o )3 45 dxe WS onimd i 3y yo pd aldiop gy gl (sla Sl —
- Different letters in each row indicate significant difference between groups (P<0.05).
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Introduction: Many agricultural by-products are relatively high in fiber and are particularly suitable for feeding
ruminants. Fibrous by-products have a smaller particle size than most forages, but can have a higher energy value
than most forages, due to their high fermentable fiber content. The use of non-forage fiber sources can have a
significant effect on the protein components of the diet. Tomato pulp is a by-product of the paste industry, which,
depending on the processing method and characteristics of raw tomatoes, contains varying proportions of skin,
seeds, and small amounts of tomato flesh. In Iran, about 81,000 tons of wet tomato pulp are produced annually,
which can cause environmental pollution. The present study was conducted to investigate the effect of different
levels of tomato pomace powder (TPP) on ruminal fermentation parameters and growth performance of Holstein
calves.

Materials and Methods: This experiment was carried out using 30 Holstein calves (average weight: 39.7+0.2
kg) based on a completely-randomized design with 3 treatment groups including 10 individual pens per each dietary
treatment. Dietary treatments consisted of 1) pelleted starter (control group), 2) pelleted starter + 7.5% TPP, 3)
pelleted starter +15% TPP. Calves were fed 4 liters of colostrum in the first three days of life, 5 liters of milk twice
daily from 4 to 50 days of age, and 2.5 liters of milk once daily from 50 to 55 days of age. Milk replacer
consumption was stopped at 56 days of age in all calves. Calves had free access to water and starter feed from 3
days of age. Calves were kept in individual stalls on straw bedding, and bedding was changed and cleaned daily.
The health of the calves in the present study was continuously assessed daily for the occurrence of diarrhea,
pneumonia, and bloat. The possible effect of treatments on the health of calves was assessed daily for all calves in
terms of fecal scores. Rumen fluid was sampled using an esophageal tube and a vacuum pump about 3 hours after
morning feeding. Blood sampling was done with the help of vacuum tubes, at the ages of 35 and 70 days, from 6
calves in each treatment, 3 hours after morning feed. The obtained data were analyzed by SAS software and Mixed
procedure. A significant level of P<0.05 was considered.

Results and Discussion: The highest rumen pH after weaning was in the treatment containing 15% TPP, and
this treatment showed a significant difference compared to the control treatment (P = 0.009). The treatment
containing 15% tomato pomace had the highest and the control treatment the lowest rumen ammonia nitrogen
concentration (P=0.04). According to the results, the concentration of ammonia nitrogen at 70 days of age was
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affected by the treatments (P=0.05). It seems that the simultaneous consumption of tomato pulp and pellet diet
increases the flow of saliva to the rumen through more initial chewing and then earlier rumination, resulting in more
urea released through saliva, which caused an increase in rumen ammonia nitrogen.The treatment containing 15%
tomato pomace had the highest and the control treatment had the lowest number of lymphocytes among the
treatments (P < 0.05). In this study, the stool score of calves fed tomato pulp in the starter diet (higher fiber content)
was lower than that of the control group (low fiber content). It is likely that diets containing tomato pulp, due to
their high fiber content, influenced chewing activity, rumination, and salivation, thereby contributing to an increase
in rumen pH. In contrast, the reduction in pH observed with the pellet treatment may be attributed to the heat
generated during the pelleting process, which accelerates starch degradation in the rumen. This, in turn, leads to
faster and greater production of volatile fatty acids, accompanied by a reduced absorption rate of these acids.

Conclusion: The presence of tomato pulp in the pellet diet reduced non-nutritive behaviors and increased the
time spent on feeding actions such as rumination and eating. Regarding health indicators, tomato pulp consumption
led to an improvement in fecal score compared to the control treatment. Blood analyses performed in this study
showed that the 15% tomato pulp treatment had the lowest serum cholesterol and LDL levels. Given the high
lymphocyte count in the blood of calves consuming tomato pulp, lycopene and vitamin C in tomato pulp can have a
positive effect on the immune system of Holstein calves.

Keywords: Blood metabolites, Dairy calf, Rumen parameters, Tomato pomace
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Sl Al
Beet pulp 3.00
L)AJMA
Molasses
alus , 2.80
Calcium carbonate 1.40
b e
Sodium bicarbonate 2.00
(e JoSa
Mineral supplement
Taiaaby oS 1.00
Vitamin supplement

. 1.00
)Am
Yeast 0.20
Nutrients composition
iz ool 89.00
Dry matter
P ofon 20.50
Crude protein
Metabolizable Energy
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Neutral Detergent Fiber
el otz 3 Jglorals L 6.50
Acid Detergent Fiber '
st 5.80
Ash
Pt 0.40
p
el 0.72
Ca
T 2.98

Ether extract
‘;,JLS “«59) f)? Y. 9 RIZY NARIRY/ NV AYAIN SRV AN gAY 4 MA;)JAJ d3l> P;?L‘f o Siid odlo &J»L“")J )
b e o pd Vo Cpaiio g i (55 oyl o
ol B g DA by 508 (Moll o 31y 152 W g Y8 Y (gls i T
1Composition: 16.0 g/kg of Zn, 0.12 g/kg of Co, 4.0 g/kg of Cu, 0.15 g/kg of I, 0.8

g/kg of Fe, 10.0 g/kg of Mn, 0.08 g/kg of Se, and 20 g/kg monensin 10%..
21,300,000 1U/kg of vitamin A, 360,000 1U/kg of vitamin D, and 12,000 1U/kg of vitamin E,
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Table 2- Chemical composition of tomato pomace

Chemical composition

Siis oole do
% of DM
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Dry matter
Crude protein
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Ether extract
S5

Ash
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Neutral Detergent Fiber

96.00

23.36

16.80

4.20

51.64
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1- High-Density Lipoprotein (HDL)
2- Low-density lipoprotein (LDL)
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Table 3- Protein, ADF and NDF concentration in experimental diets
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Composition (% of DM) Control  Tomato pomace: 7.5%) Tomato pomace: 15%
ofon 20.50 20.80 21.10

Crude protein

S oz 53 Jlorels s 12.80 14.20 17.90
Neutral Detergent Fiber

Sl 09 > Jolonel 6.50 7.80 9.00

Acid Detergent Fiber
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Table 4- The effect of tomato pomace on the performance of Holstein dairy calves

b jlos
Treatments®
(ool Jals YAZIN 730 o slas Yool e o
Parameters Control 7.5% 15% SEM P-value?
) “’-J?', 39.56 39.84 39.90 1.60 0.97
(pSsks) 0% gy Initial
Body weight Weaning (s, s 70.97 72.48 75.09 2.12 0.16
k .
ko) @;L“‘ 82.57P 86.11% 89.202 2.23 0.02
Final
xSy 3 S
de et 0.551 0.564 0.606 0.03 0.06
s 035 43 Before weaning
(390 2 £5) After 5,5
S5 e jl
Average Gaily  weaning 0.824P 0.921% 1.0382 0.07 0.02
gain (g/day)  ropqy 4, s 0.607 0.636" 0.7012 0.02 0.005
Shygs B pao ‘;’? » 3 d ) 0.519P 0.572P 0.6542 0.03 <0.0001
Z 1 erore weanin
2 pSskS) il e g
(95 b 1.79 1.98 2.02 0.15 0.29
. After weaning
Starter intake oyso JS
(kg/day) 'Fétal 0.774¢ 0.854P 0.9222 0.03 <0.0001
o S J 2 1.08° 1.14° 123 0.03 <0.0001
SBrae Sis ol Before weaning
(o ppSsks)  SxSmd i 1.79 1.98 2.02 0.15 0.29
Dry matter After weaning
intake (kgfday) e, JS 1.22¢ 1.30 1372 0.03 <0.0001
Total
She et 25> S5 0.476 0.453 0.471 0.02 0.64
Feed efficiency  Total
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1 The treatments include: control group (pellet), control replaced with 7.5% tomato pulp, control replaced with 15% tomato

pulp

2 Different superscripts in each row indicate a significant different between treatments (P<0.05).
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Table 5- The effect of tomato pomace on ruminal fermentation parameters of Holstein dairy calves (mmol/L)

b Lo
Treatments
lodocinl B Jals AN YA Sl ollas ¥ 5 gre gl
Parameters Control 7.5% 15% SEM P-value?
4S5 pH 5.21 5,542 5,61 0.11 0.008
Rumen pH
e Sl el 7.040 8.374 9.48 0.89 0.05
Ruminal ammonia nltrogen
bl 38.05b 42 46% 4518 2.49 0.04
Acetate
Lo 4175 40.19 39.23 2.50 0.62
Propionate
g 2 Sl o 0.96 1.05 1.15 0.09 0.08
Acetate: propionate
et 18.672 11.36° 9.69 1.94 0.001
Butyrate
Syl 0.41 0.36 0.34 0.05 0.36
Isobutyrate
<l 4.20 3.92 3.80 1.14 0.96
Valerate
B sl J5 il 180.87 172.75 162.18 15.96 0.52

Total Volatile Fatty Acids
S50 oS Al 1o > VO L ol 0l a5 yhan g3 i s y> V/B L ol 350l aals () sald 09,8 1 Jolds cud pay alas’

Ll oo Moy g (6> sime o y3 (oalojl (olaylass o I3 cime OS] D9 g odimd Ui iy a3 C D @ gy
1 The treatments include: control group (pellet), control replaced with 7.5% tomato pulp, control replaced with 15%
tomato pulp
2 Different superscripts in each row indicate a significant different between treatments (P<0.05).
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Table 6- The effect of tomato pomace on fecal score of Holstein dairy calves

"o los
Treatment”

do yo 1nls AR 7\ o gllas Tl ne
Stage Control 7.5% 15% SEM P-value”

YRE
5 ) 1.422 1.080 1.26° 0.03 0.004
Before weaning

¢ i
8 e J 1.13 1.12 1.07 0.03 0.28

After weaning
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11: normal, 2: smooth to loose, 3: loose to watery, 4: watery, mucous, slightly bloody, 5: watery, mucous and bloody.
1 The treatments include: control group (pellet), control replaced with 7.5% tomato pulp, control replaced with 15% tomato pulp
2 Different superscripts in each row indicate a significant different between treatments (P<0.05).
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Table 7- The effect of tomato pomace on blood metabolites of Holstein dairy calves

Treatment?

_ o aals YAYA )l::.o d\k& rd)bu;m a.]a.m
rded J*")I“‘”‘““ Control 15% SEM P-value?
Parameter (mg/dl) 35 70 70 s 20
Py Jaels 98.72 7516 8547 7083 8072  56.33 9.30 0.01
Cholesterol
sSSP 2500 19.00 1983  17.90 1620 1530 1.90 0.14
Triglyceride
b sl b (o555 5516 4966 56.83 5283 5966 5583 2.60 0.07
HDL3
E*Sli_f*’“"b b ool 37.20 2256 3420 1857 3381 1541 2.10 0.01
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1 The treatments include: control group (pellet), control replaced with 7.5% tomato pulp, control replaced with 15% tomato pulp
2 Different superscripts in each row indicate a significant different between treatments (P<0.05)
3 High Density Lipoprotein, Low Density Lipoprotein
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Introduction: Due to reduced rainfall and degradation of rangelands, some portion of ruminant feed is provided

by agricultural by-products such as cereal straws and sugarcane bagasse (SB). A key strategy for achieving
environmentally sustainable added value and providing animal feed is to convert agricultural by-products into
animal feed. Sugarcane is one of the most important economic crops worldwide and is mostly used as a raw material
in the sugar industry and it is produced in more than 100 countries around the world. Its biomass can be used as
animal feed in many countries more than any other forage. The SB is one of the fiberous residues that remain after
water extraction from the sugarcane stalk and can be used as a source of fodder for ruminants. However, it has been
reported that these by-products have low protein (less than 3% on DM basis), high cellulose (more than 40% on DM
basis), high hemicellulose (more than 35% on DM basis), high lignin (15% on DM basis), and low DM digestibility
(20-30%). Some livestock producers use unprocessed SB in ruminant nutrition, which is not accompanied by
desirable results on animal performance. Various methods including physical, chemical, and biological processing
are used to change the physical and chemical nature of SB to improve its digestibility and nutritive value. Therefore,
the current study aimed to investigate the effect of diets containing sugarcane bagasse (SB) treated with ammonia
(NHs) and sodium hydroxide (NaOH) for different times on chemical composition, ruminal fermentation parameters
and dry matter (DM) and organic matter (OM) digestibility by gas production method.

Materials and Methods: The SB samples were obtained from a sugarcane factory located in Khuzestan
province and treated with NH3 and NaOH for 30 or 45 days under anaerobic condition. Experimental diets were 1-
diet containing untreated SB stored for 30 days (Control-30), 2- diet containing treated SB with 5% NHs; and stored
for 30 days (NHs; 5%-30), 3- diet containing treated SB with 4% NH3 and 1% NaOH and stored for 30 days (NH3
4% + NaOH 1%-30), 4- diet containing treated SB with 3% NH; and 2% NaOH and stored for 30 days (NH3 3% +
NaOH 2%-30), 5- diet containing untreated SB stored for 45 days (Control-45), 6- diet containing treated SB with
5% NH3; and stored for 45 days (NHs; 5%-45), 7- diet containing treated SB with 4% NHs and 1% NaOH solution
stored for 45 days (NH3 4% + NaOH 1%-45) and 8- diet containing treated SB with 3% NH3 and 2% NaOH solution
stored for 45 days (NHz 3% + NaOH 2%-45). Experiment conducted by gas production (GP) technique based on
completely randomized design based on 2x4 factorial. The chemical composition of soybean (DM, OM, crude
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protein [CP], and neutral detergent fiber) treated with different methods was analyzed after processing.
Subsequently, in vitro ruminal fermentation parameters—including 24- and 96-hour gas production (GP),
partitioning factor, efficiency of microbial mass production, methane production, and DM and OM digestibility
were evaluated.

Results and Discussion: The results showed that treatment of SB with 5% NH3 or 4% NH3 and 1% NaOH and
stored for 45 days had higher OM content than others (P<0.05). The greatest crude protein (CP) content was
observed in SB treated with 5% NH3 and stored for 30 or 45 days (P<0.05). The lowest neutral detergent fiber
(NDF) content was observed in SB treated with 4% NH3; and 1% NaOH or 3% NH3 and 2% NaOH for 30 days
(P<0.05). The lowest 24 h gas production (GP) was observed for Control-30 and Control-45 (P<0.05). The 24 h GP
production of diets was increased with increasing NaOH for treating SB (P<0.05). Methane production, partitioning
factor and efficiency of microbial mass production did not influence by processing method, storage time and their
interaction (P>0.05). The greatest OM digestibility was observed for NHs 3%+ NaOH 2%-30 diet (P<0.05). The
greatest GP potential was observed for NH3; 3% + NaOH 2%-30 and NHz 3% + NaOH 2%-45 diets (P<0.05). The
lowest lag time was observed for NH3 3% + NaOH 2%-30and NH3; 3% + NaOH 2%-45 diets (P<0.05).

Conclusion: In general, according to these results, it seems that processing of SB with 3% NHs;and 2% NaOH
solution and storage for 30 days had better effect on its nutritive value.

Keywords: Ammonia, Ruminal fermentation parameters, Sodium hydroxide, Sugarcane bagasse
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Table 1- Feed ingredients of experimental diets containing bagasse processed by different methods at different times (% DM)
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Feed composition

o)
Methods

059, ¥0 ()58 oo
45 days processing time

0jor Ve asld oo
30 days processing time
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Method 4 Method 3 Method 2 Method 1 Method 4 Method 3  Method 2  Method 1
(St i) w8l
Bagasse (sugarcane 15 15 15 15 15 15 15 15
bagasse)
dodig S ddgle
1 1 1 1 1 1 1 1
Alfalfa hay 0 0 0 0 0 0 0 0
25 oS
5 5 5 5 5 5 5 5
Wheat straw
L o
ok oo 22 22 22 22 22 22 22 22
Oak acorn
Lo)> Alud )3%
8 8 8 8 8 8 8 8
Date kernel powder
epeh 5 5 5 5 5 5 5 5
Corn grain
)
me 5 5 5 5 5 5 5 5
Barley grain
Mo
o 3.8 3.9 3.8 3.8 3.8 3.9 3.8 3.8
Molasses
Lgw AluS
e 3 3 3 3 3 3 3 3
Soybean meal
A9 )%
. 7 7 7 7 7 7 7 7
Chicken powder
o))
2 1.1 1 1.1 1.1 1.1 1 1.1 1.1
Urea
&y yiels s
» s 1 1 1 1 1 1 1 1
Corn gluten meal
ol s 1 1 1 1 1 1 1 1
Fish meal
053 I 8 8 8 8 8 8 8 8
Olive pomace
pAS g
3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2
Wheat bran
DS e 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Sodium bicarbonate
Y alizg g (gne dlge JoSo
Mineral and vitamin 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
supplement!
e 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Salt

25 5 o p5 V4 i 5 O el )5 V5 B uoling 5 o Voo (D3 olizg Mallgr anly Voo e e A ualing (Mall i 3515 00 ciuoling 5 s g Jao 3] 2,558 0 53 =)
g JanS1l )5 o Fov g ot )5 o S ctn S koo Voo LS 25 ko Vot w59y 25 A e 5 s 0] £ A (iK0 £ 5 93 e
1- Each kilogram of mineral and vitamin supplement contains 500,000 IU vitamin A, 100,000 IU vitamin D3, 100 mg of vitamin E, 196 g of
calcium, 96 g of phosphorus, 19 g of magnesium, 46 g of sodium, 2 g of manganese, 3 g of iron, 3 g of copper, 3 g of zinc, 100 mg of cobalt, 100

mg of iodine, 1 mg of selenium, and 400 mg of antioxidants.
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1 Method 1- unprocessed bagasse, 2- bagasse processed with 5% ammonia solution, 3- bagasse processed with 4% ammonia solution and 1%
sodium hydroxide solution, and 4- bagasse processed with 3% ammonia solution and 2% sodium hydroxide solution.
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Introduction: The first three months of a calf’s life play a crucial role in determining its future health and
productivity. During this critical period, the physiological state of the animal includes the ability to absorb large
molecules, especially immunoglobulins, from the intestine, as well as a high susceptibility to gastrointestinal
infections and diarrhea. Moreover, the economic success of industrial dairy farms depends to a significant extent on
the proper rearing of replacement calves. In modern dairy farming systems, calves are usually separated from their
mothers immediately after birth and artificially fed whole milk or milk replacers. This separation deprives the calves
of the natural microflora of the mother’s saliva and other cows, slowing down the formation of beneficial microbial
communities and even creating an imbalance in the microbial flora of their digestive tract. On the other hand, if
appropriate nutritional and management strategies are not adopted at this critical stage of life, the growth, health and
production performance of calves will be negatively affected. Calves are at higher risk of mortality compared to
other livestock due to specific physiological characteristics such as a weak immune system and the gradual
transition of the digestive tract from processing milk to solids.

Materials and Methods: This study was conducted to compare the effect of feeding chelated and inorganic
forms of trace elements (cobalt, iodine, selenium, zinc, manganese, iron and copper) on performance, blood
parameters and skeletal growth indices of suckling Holstein calves. A total of 36 calves, aged 7+ 3 days with an
initial body weight of 36.2 + 3.8 kg, were randomly exposed to three treatments with 12 replicates per treatment in a
completely randomized design. Treatments included: 1- Control (without mineral supplementation), 2- Feeding with
two grams of chelated supplement per calf per day. 3- Feeding with two grams of mineral supplement per calf per
day. Calves were fed colostrum (10% of body weight) in the first three days of life and then from the fourth day to
60 days of age with four liters of milk twice a day (7 am and 7 pm). Water and starter feed were provided ad libitum.
In order to investigate performance factors, calves were weighed on days 0, 30, and 60 to assess changes in body
weight. Daily feed intake and refusals were recorded throughout the experiment. On day 60, fasting blood samples
were collected from the jugular vein of calves using heparinized venoject tubes prior to the morning feeding to
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analyze blood parameters. In addition, skeletal growth indices including interocular distance, wither height, and
body length were measured on the final day of the trial.

Results and Discussion: According to the results of the present study, supplementation with chelated minerals
significantly improved 30-day and 60-day body weight, overall weight gain, and average daily gain (ADG) during
both the first 30 days and the full pre-weaning period (P< 0.05). No significant differences were observed between
calves receiving chelated and inorganic mineral supplements regarding 30-day body weight and ADG during the
first 30 days. Supplementing calves' milk with chelate minerals increased total and daily dry matter intake, starter
intake, and feed conversion ratio (P<0.05). Calves receiving chelate supplements had greater interocular distance
compared to the other two groups (P<0.05). Also, the interocular distance, height at withers, and body length of
calves receiving chelate supplements were greater than those in the control group (P<0.05); however, this difference
was not significant with calves receiving inorganic supplements. No significant differences were observed in serum
iron and copper concentrations among the treatment groups. However, supplementation with trace minerals
increased serum concentrations of thyroid hormones triiodothyronine (T3) and thyroxine (T4) (P< 0.05). There was
no significant difference in T3 concentration between the control and mineral supplement groups, nor between the
mineral and chelated supplement groups. Similarly, T4 concentrations were comparable between calves receiving
inorganic and chelated supplements.

Conclusion: The results of this study demonstrated that supplementing the milk of suckling calves with chelated
minerals significantly improved their growth performance. Moreover, chelated mineral supplementation had a
significant positive effect on skeletal growth parameters and starter feed intake. It also led to increased serum
concentrations of zinc and thyroid hormones, including triiodothyronine (T3) and thyroxine (T4). Overall, the
findings suggest that incorporating chelated mineral supplements into the milk diet enhances performance traits,
skeletal growth, and measured parameters in suckling calves.

Keywords: Blood parameters, Calves, Minerals, Performance, Skeletal growth indices
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10.00 0.89
Alfalfa Dry matter (%)
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Barley seed Crude protein (%)
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Corn seed Crude fat (%)
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Wheat bran Acid detergent fiber (%)
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Soybean meal Neutral detergent fiber (%)
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Vitamin-mineral supplement Ash (%)
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1.00
Sodium bicarbonate
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L Vitamin and mineral premix provided per kilogram of ration: Vitamin: A IU 1000000, Vitamin 1U: D3 250000, Vitamin 1U: E 3000,
Magnesium 32000 mg. Manganese: 10,000 mg; Zinc: 10,000 mg; Copper: 300 mg; Selenium 100 mg; Calcium: 100 mg; Iron: 3000
mg; Cobalt 100 mg; Phosphorus 30000 mg; Monensin: 1500 mg; Antioxidant 100 mg.
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Table 2- Effect of micronutrient supplementation on the performance of Holstein suckling calves
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Case Jals e JoSo SIS JoSo SEM P-value

Control  Mineral supplement  Chelate supplement
(555 093 sl g 35.99 36.61 37.74 0.641 0.164
Initial body weight (kg)
(p5945) T35 ¥+ 039 44,025 47.30% 49.972 1.138 0.003
Weight on day 30 (kg)
(p55h5) Siss 7+ 039 66.59¢ 75.05b 81.09° 0.754 <0.0001
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Body weight changes (kg)
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1-30-day weight gain (kg)
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Total daily weight gain (kg)
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Total dry matter intake (kg)
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Daily starter intake (kg)
(Bran S odle 1.161° 1.255b 1.3788 0.007 <0.0001
Dry matter intake (kg)
She s o 1.340 1.5 1.210 0.011 <0.0001

Feed conversion ratio
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Different letters in each row indicate significant difference between groups (P<0.05).
Dry matter intake = starter + milk
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Table 3- Effect of adding micronutrient supplements on the concentration of mineral elements in suckling Holstein calves (g/ml)
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Case Jals e JoSo SIS JoSo SEM P-value
Control Mineral supplement Chelate supplement

&9 79.33° 92.25% 84.83% 3.638 0.044
Zinc

02! 211.25 235.91 257.66 13.783 0.072
Iron

o 75.83 89.60 89.60 4.277 0.065

Copper
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Different letters in each row indicate significant difference between groups (P<0.05).
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Table 4- Effect of micronutrient supplementation on thyroid hormones of suckling Holstein calves (g/dL)
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Case Experimental diets SEM P-value
ol e oS SIS JoSo
Control Mineral supplement Chelate supplement
e 141.91° 153.84% 174.912 8.283 0.026
Triiodothyronine
OIS 4.81° 6.06° 6.49° 0.271 0.0004
Tetraiodothyronine
(P<e/40) amd o LS |y lajloss oy 55 me glds Cind) p2 )d S il g >
Different letters in each row indicate significant difference between groups (P<0.05).
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Table 5- Effect of micronutrient supplementation on skeletal index of suckling Holstein calves (cm)
ialofl slmo
Cduo Experimental diets o 1 Sbe 3 skl bzl S xe o
Trait Sl S JoKo SAS JoSo SEM P-value
Control  Mineral supplement Chelate supplement

ViR 00 6.50 6.83 6.75 0.228 0.571
Muzzle width
i 52 Aot 15.08b 15.33b 16.837 0.421 0.012
Eyes interval
¢ls 9 ‘L_Lob 12.16° 14.25%® 14.412 0.624 0.027
Horns interval
bl§9.).> )‘ &LQJ)‘ b

g 92.66 96.912 99.912 0.933 <0.0001
Height of the seat
o Jb 112.66° 118.91% 122.412 2.176 0.011
Body length

(P<ele0) ams oo i 1y aylasd (p jI5 gime glds Cindy yo )3 S yidiio pué By >
Different letters in each row indicate significant difference between groups (P<0.05).
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Introduction: When forage amount and height decrease in the pastures, forage grazing becomes difficult for
sheep. Moreover, sheep do not like to graze dead forages and avoid grazing them unless they be forced for
supplying their required nutrients. In this conditions, the amount of dietary metabolizable energy decreases and it
will be a limiting factor for sheep growth and production. Conventional sheep grazing programs does not provide
enough and sustainable nutrients to achieve optimal growth and most of grazing animals experience malnutrition
periods and lack of supplying the required nutrients and thereafter they will start to reduce production and growth
rate. A pasture-based lamb rearing system can provide better growth rates when the animals were supplemented
with concentrate feeds to compensate the pasture deficiencies. Supplementation of concentrate feeds in addition to
free grazing in pastures has significantly improved sheep production and increased growth performance in lambs.
Identifying the genetic potential of Iranian sheep ecotypes and creating appropriate mixtures in integrated rearing
systems (combining pasture grazing and concentrate feeds) can lead to higher efficiency. Therefore, the aim of the
present study was to investigate the effect of different levels of concentrate on the growth performance of weaned
Moghani and Romanov-Moghani crossbreed lambs under grazing conditions.

Material and Methods: This study was conducted using 32 weaned Moghani and Romanov-Moghani cross-
bred lambs with an average weight of 24+7 kg in a completely randomized design with 4 treatments based on a 2x2
factorial experiment. The experiment was conducted in two stages over 8 months. The first stage was carried out for
3 months (feeding period) and the experimental treatments included 1) Moghani lambs without concentrate
supplement feeding, 2) Moghani lambs fed with 250 grams per day of concentrate supplement per lamb, 3)
Romanov-Moghani cross-breed lambs without concentrate supplement feeding and 4) Romanov-Moghani cross-
breed lambs fed with 250 grams per day of concentrate supplement per lamb. The second stage was carried out for 5
months and all experimental groups were deprived of receiving concentrate supplement (non-feeding period).
Lambs were weighed every two weeks and monthly for up to 3 months after the end of the feeding period to
determine weight gain and biometric parameters. A 25x25 cm wooden plots were used to measure pasture
phytomass production. Plants in the plots were cut from about one centimeter above the ground and collected in a
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bag. After air drying in the shadow, they were used to analyze and identify the type of plant species. To determine
diet digestibility, a fecal collection bag was used that was tied to the animal's rump for 2 consecutive days and done
for two occasions (days 45 and 90 of rearing). Blood samples were taken from the jugular vein after the lambs
returned from the pasture and 3 hours after hand-feeding the concentrate supplement, and analyzed for blood
metabolites including glucose, urea, total protein, albumin, cholesterol, and triglycerides by using commercial kits.

Results and Discussion: The results of the present study showed that feeding concentrate supplement improved
the growth status of lambs compared to the group without concentrate supplement, which had a significant effect in
the first month, the third month and the entire of feeding period, but genotype had no effect on growth performance.
The effect of adding concentrate supplement to the diet of lambs grazing on pasture was also effective during the
period without feeding, so that the effect of feeding had a significant effect on the growth of lambs in all months
without feeding. In addition, the effect of genotype had a significant effect in the fourth, fifth, seventh months and
for the entire of the without feeding period. Concentrate supplement feeding increased significantly the
concentration of blood urea and glucose. However, it had no significant effect on the concentrations of blood total
protein, triglyceride and cholesterol. The genotype factor had a significant effect on urea concentration. Among the
different biometric traits, the animal height showed a significant increase by the effect of feeding concentrate
supplement and the interaction effect of genotype by feeding. Chest circumference was affected by the interaction
effect of genotype on feeding. Supplemental feeding of concentrate had a significant effect on body length, chest
circumference, height and pin width during the period without feeding.

Conclusion: Based on the results obtained, daily feeding of 250 grams of concentrate supplement is
recommended when raising lambs in pasture grazing conditions. In addition, based on the results obtained, lambs of
Moghani breed performed better than Moghani-Romanov cross-bred lambs under pasture rearing systems.

Keywords: Blood parameters, Growth performance, Moghani lambs, Pasture grazing, Romanov-Moghani
crosses
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Table 1- Feed ingredients of concentrated supplements (% DM)

P
Barley

Lgo dlous

Soybean meal

&y

Corn

pAS g

Wheat bran

Ses

Salt

e JoSe

Mineral supplement
Aeliyg JoSo

Vitamin supplement
Glawd pundS” (63

Dicalcium phosphate

61.00

12.00

5.00

19.00

0.50

0.50

0.50

1.50
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Table 2-The gross energy and chemical composition of concentrate supplement and pasture forage

bk Slo 5l JaSo Ve dbgle Sy ¥ e ddgle a5 5
Parameter Concentrate supplement  Composition of pasture forage 1 ~ Composition of pasture forage 2
(P;?l‘s 2 LS)JKK") Pl& d))’l 231 _ _

Gross energy (Mcal/kg)

(o) S Lo 97.00 93.10 97.90

Dry matter (%DM)

(222 P> 02 15.90 4.83 401
Crude protein (%DM)

(222) P 02 2.60 1.90 1.95
Ether extract (%DM)

(1222) 55 o229 > Jylonal 18 24.20 63.12 62.6

NDF (%DM)

(129) sl 0425 3 Jolols 2 9.10 34.98 38.32
ADF (%DM)

(222) 25 7.20 8.25 8.15

Ash (%DM)

(22) el 0.80 0.41 0.45
Calcium (% DM)

(222) ot 0.60 0.22 0.26

Phosphorus (% DM)
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Table 3- The composition of plant species in the pasture 1 and 2

solS lass
Plant species

%

Y ojlod &ye
Pasture number 1

P95 wgeg
Bromus tecturum

oS K95 35 Lugle Cgpls pg il

33.00

20.00

Taeniantherum caput-medusa subsp.crinitum

P 05T
Agropyron elongatum
spise ygugi Sl
Sanguisorba minor
Possls sap pasasle
Marrubium parviflorum
yolw

Others

Y ojlad &y

Pasture number 2
9o bygug Sl
Sanguisorba minor

[ ly 455 psllent
Paspalum sp.poacea

s pS 895 05 bugdo ol oy piilits

16.00

7.00

4.00

20.00

32.00

19.00

16.00

Taeniantherum caput-medusa subsp.crinitum

ol jgl ogiilo
Dianthus orientalis
Others

7.00

26.00

Peripolliet ) ¥ 5 (Wang et al., 2009) V slaatsleo 5 o580
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OMD = 0.889 — 0.644 X exp((—0.5774 X fecal CP (g/kgOM)) + 100) (1) ysl..

OMD = 0.7236 — 0.3598 X exp((—0.9052 X fecal CP (g/kgOM)) = 100)
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Introduction: Whole milk is a highly digestible food for calves. Calves receive 10 to 12 percent of their body
weight in milk daily. Therefore, the lactation period is the foundation for the health and proper growth of calves.
Adequate growth in proportion to the genetic potential of the animal can reduce the age of puberty of calves and the
slaughter age of male calves. The high price of milk, long-term feeding of calves with milk or milk replacer is not
economically viable for the farmer, and the cost of a growing replacement heifer is still high. Advanced
management allows for earlier weaning, as it reduces the cost of raising replacement animals. Strong heifers with
proper growth after weaning can be introduced into the herd earlier (Naserian, 2005). Therefore, the rumen should
be activated as soon as possible and with appropriate feeding programs to allow for early weaning of calves. The
development of the digestive tract of suckling calves affects feed intake, digestion efficiency and resistance to
digestive disorders and consequently their growth and health, any method that enhances these processes is highly
desirable. In newborn calves in the first weeks of life, it is expected that most of the supplemented butyrate in a
protected form will pass through the rumen and abomasum and be delivered to the small intestine, where it has a
local effect on the intestinal epithelium. In general, the recommended level of butyrate supplementation in calf feed
is low or very low. The use of protected butyrate in starter at a level of 0.3% of dry matter is recommended because
it is sufficient to have a stimulating effect on the growth of the digestive tract and improve growth performance.
Therefore, the present study was conducted to investigate the effect of different levels of preserved sodium butyrate
on feed intake, growth performance, blood parameters, oxidative stress parameters, and skeletal traits in suckling
Holstein calves.

Materials and Methods: This experiment was conducted using 42 male calves with an average weight of 44 kg
in a completely randomized design with three treatments (including levels of 0, 0.25, and 0.5% preserved sodium
butyrate) and 14 replications in each treatment. Health and breeding management were applied according to
common standards. The duration of the experimental period was 70 days and was considered until weaning. The
performance of the calves was measured by weighing their body weight at the beginning of the period and weekly.
Feed and water were provided to the animals ad libitum, and the amount of feed and the remaining feed were
collected and weighed the next day. Finally, the dry matter intake was measured based on the amount of feed
consumed and the body weight gain obtained in different treatments. The measured traits included dry matter intake,

©2025 The author(s). This is an open access article distributed under Creative Commons
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average body weight gain, feed conversion ratio, blood parameters, oxidative stress parameters, and skeletal traits.

Result and Discussion: The effects of experimental treatments on dry matter intake, average body weight

gain, and average feed conversion ratio on body weight of suckling calves as performance indicators were not
significant. At 25 days of rearing, different levels of protected sodium butyrate supplementation had no
significant effect on total protein and cholesterol. However, significant effects were observed on albumin,
glucose, triglycerides, urea, and beta-hydroxybutyrate. The effect of different levels of protected sodium butyrate
supplementation on serum alanine aminotransferase enzyme was not significant on day 25 of the rearing period.
The effect of different levels of protected sodium butyrate supplementation on liver enzymes including aspartate
aminotransferase, antioxidant capacity and malondialdehyde was significant on day 25 of the rearing period. The
effect of different levels of protected sodium butyrate supplementation on aspartate aminotransferase, alanine
aminotransferase and serum antioxidant capacity was not significant on day 50 of the rearing period. The effect
of different levels of protected sodium butyrate supplementation on malondialdehyde, total protein, triglyceride
and urea was significant on day 50 of the rearing period. The effect of different levels of protected sodium
butyrate supplementation on body length and hip height in suckling calves was significant at the end of the
weaning period. Also, the effect of different levels of protected sodium butyrate supplementation on chest
circumference, withers height, pin width, and hip width in suckling calves at the end of the weaning period was
not significant.

Conclusion: In general, these findings indicate that protected sodium butyrate not only affects energy
metabolism (through increased beta-hydroxybutyrate), but also plays a protective role in liver health by
improving blood parameters such as total protein and reducing oxidative stress (decreased MDA and increased
TAC). The use of protected sodium butyrate supplementation, particularly at the 0.5% level, can be
recommended as an effective strategy to enhance metabolic health and reduce oxidative damage in suckling
calves.

Keywords: Beta-hydroxybutyrate, Calves, Oxidative stress, Total antioxidant capacity
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Table 1- Feed ingredients and chemical composition of the basal experimental diet fed to Holstein suckling calves
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L Control treatment (basal diet): Starter diet without additives, 2 Basal diets containing 0.25% of protected sodium butyrate, 3 Basal diets containing
0.5% of feed protected sodium butyrate, *: Standard error of the mean, **: Significance level
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Table 3- Effect of different levels of protected sodium butyrate supplementation on blood metabolites of dairy calves at 25 and 50 d
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Treatment Control 0.25 % sodium 0.50 % sodium SEM* P-value**
butyrate butyrate
(e cswdlp)5) U oo
Total protein (g/dL)
ESITAL) 25 days 7.01 6.76 6.94 0.133 0.101
Sy 0 50 days 7.140 7.402 7.34% 0.112 0.050
(el S) eopd]
Albumin (g/dL)
ESTIAL 25 days 3.442 3.34° 3.442 0.043 0.054
SS9, 0 50 days 3.44 3.35 3.43 0.061 0.290
(e 1.5 o) 3595
Glucose (mg/dL)
ESITAL) 25 days 122.42 151.1@ 106.2° 6.271 0.021
SS9, 0 50 days 85.07 86.71 86.79 3.200 0.911
(g 15 e) J s
Cholesterol (mg/dL)
ESTALY 25 days 101.93 99.711 97.14 4.472 0.753
SS9y 0 50 days 103.57 102.29 99.57 5.830 0.880
(s 05 (o) e pelS (55
Triglycerides (mg/dL)
ESTALY 25 days 18.21° 17.93° 23.29° 1.745 0.045
SS9y 0 50 days 25.86° 35.002 30.93% 3.146 0.020
(MMOI/L) g o890l
BHBA(Mmol/L)
ESTTAL) 25 days 0.1112 0.097° 0.1142 0.006 0.042
SS9 b 50 days 0.11 0.12 0.13 0.011 0.082
[p)5 o) 0o Sloygl Lo
(e
BUN (mg/dL)
ESTTAL) 25 days 13.55 12.42 11.32 0.811 0.163
SS9y b 50 days 15.55 11.18 9.71 2.472 0.232
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1 Control treatment (basal diet): Starter diet without additives, ? Basal diets containing 0.25% of protected sodium butyrate, 3 Basal diets containing
0.5% of feed protected sodium butyrate, *: Standard error of the mean, **: Significance level
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Table 4- Effect of different levels of protected sodium butyrate supplementation on oxidative stress parameters of newborn calves at

25and 50d
inlojl slaog 5 Vaals YOl yhgr audw 2o yd +/YD Yl yigr mades Ao yd +/0+ oSl il gt (gl e e
Treatment Control  0.25 % sodium butyrate  0.50 % sodium butyrate SEMs P-valuess
Sl gizal S0l
AST(UIL)
SSi9y YO 25 days 51.14b 59.50? 57.072 3.53 0.021
SJjoy 0 50 days 68.79 69.86 61.29 5.85 0.535
)'l,é....;'l)sw’l ‘_&N'\
ALT (U/L)
Sis ¥ 25 days 13.29 13.79 12.93 1.19 0.884
59y b 50 days 18.14 19.00 15.57 1.75 0.163
g1 T
Antioxidant (mmol/L)
SSi9y YO 25 days 0.502 0.49° 0.542 0.23 0.032
SSi9y e 50 days 0.50 0.51 0.53 0.39 0.716
sl g gle
MDA(Nmol/L)
s YO 25 days 2.49° 2.21% 1.97° 0.20 0.040
S oy 0 50 days 2.07% 2.262 1.91b 0.16 0.043
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S pdaw (. Ske Hlro slas
L Control treatment (basal diet): Starter diet without additives, ? Basal diets containing 0.25% of protected sodium butyrate, 3 Basal diets containing
0.5% of feed protected sodium butyrate, *: Standard error of the mean, **: Significance level
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Table 5- The effect of different levels of protected sodium butyrate supplementation on the skeletal characteristics of dairy calves at
the end of the period (50 d)

b3l glses S ) dals (PPN AL VOl g e o5 0 /00 e 3l (gllas S)lisize o
Treatment Control 0.25 % sodium butyrate  0.50 % sodium butyrate SEM: P-valuesx
- Sl ¢
e 70.64b 76.572 70.00b 0.95 0.0001
Body length (cm)
- ”.L\.d .
(o ) 052 102.14 104.21 102.86 0.97 0.323
Chest girth (cm)
w2l [Pig]
(2 ) e 1) 99.79° 102.142 100.71% 0.76 0.050
Hip height (cm)
o l) o8 [Pl
(o ) oS iy 96.86 97.86 96.50 0.74 0.415
Wither height (cm)
oL .
(o ) o2 22 24.54 25.39 24.39 0.38 0.157
Hip width (cm)
Ly
o ) ot 252 29.25 30.07 29.61 0.29 0.158

Pin width (cm)
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L Control treatment (basal diet): Starter diet without additives, ? Basal diets containing 0.25% of protected sodium butyrate, * Basal diets containing
0.5% of feed protected sodium butyrate, *: Standard error of the mean, **: Significance level
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Introduction: Over the past 20 years, the poultry industry has expanded rapidly, with global chicken meat
production projected to reach 455 million tons by 2050. Nevertheless, this industry faces numerous challenges, with
the primary objective of optimizing production efficiency. One significant challenge is the selection of an
appropriate broiler strain. Among the prominent strains available in the Iranian market is the Arian strain.
Furthermore, due to increasing concerns regarding antimicrobial and antibiotic resistance, the use of commercial
probiotics to enhance poultry health and safety has become increasingly common. Therefore, this study aimed to
evaluate the effects of commercially available probiotics on growth performance indicators, blood parameters,
intestinal morphology, and the bacterial population of the digestive tract in Arian strain broilers from two breeder
farms in Dizbad, Babolsar.

Material and Methods: A total of 864 broiler chicks were used in a completely randomized design based on a
4x3 factorial arrangement, consisting of three types of chicks (Ross 308, Arian Dizbad, and Arian Babolsar) and
four dietary treatments: a control diet with no additive, Lactofeed (200 g/ton of feed from days 1-21, then 100 g/ton
until day 42), Primalac (900 g/ton in the starter phase, 450 g/ton in the grower phase, and 225 g/ton in the finisher
phase), and Biosel (600 g/1000 L of drinking water for the first three days) probiotics. Performance indicators,
including feed intake and weight gain, were measured at the end of each period, and the feed conversion ratio (FCR)
was calculated. At the end of the experiment, blood samples were collected from the birds to measure blood
parameters. To evaluate the microbial population and intestinal morphology, one bird from each replicate was
randomly slaughtered, and the required samples were collected and sent to the laboratory.

Result and Discussion: The results indicated that during days 1-42, Arian Babolsar chicks exhibited the highest
feed intake, which was significantly greater than Ross 308 but similar to Arian Dizbad. The probiotics Biosel and
Lactofeed increased feed intake compared to Primalac and the non-supplemented group (P < 0.05). No significant
differences were observed in daily weight gain between the Arian and Ross 308 strains. All probiotic-supplemented
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groups showed similar weight gains. The non-supplemented Ross 308 group had the lowest feed conversion ratio
(best performance) and demonstrated significant superiority over some Arian groups (with/without probiotics). The
use of Biosel probiotic increased blood albumin compared to the control group. The lowest concentrations of
cholesterol and low-density lipoprotein (LDL) were observed in the Primalac probiotic group compared to the
control and Lactofeed-treated groups. Lactofeed supplementation reduced plasma high-density lipoprotein (HDL)
levels compared to the control and Primalac groups (P < 0.05). Ross 308 birds fed an unsupplemented diet exhibited
higher serum alanine aminotransferase (ALT) levels than Arian Dizbad x Biosel and Arian Babolsar x Primalac
treatments (P < 0.05). The greatest villus height and jejunal absorptive surface area were observed in Ross 308 birds
fed a Primalac-supplemented diet (P < 0.05). The villus height-to-crypt depth ratio was higher in Arian Dizbad birds
receiving Primalac compared to those receiving Lactofeed and the non-supplemented Ross 308 group (P < 0.05).
The highest population of Lactobacillus was observed in Arian Dizbad birds fed Lactofeed, compared to
unsupplemented Arian Dizbad and Babolsar groups, as well as Arian Babolsar receiving Biosel (P < 0.05). No
significant interaction was found between strain and probiotic on coliform microbial counts (P > 0.05). Overall, this
study demonstrated that Biosel and Lactofeed supplementation increased feed intake, but no significant differences
in weight gain were observed among groups. Therefore, the Ross strain showed higher growth performance,
followed by the Babolsar strain with higher growth performance. The probiotic supplement Primalac also improved
blood indices and intestinal morphology.

Conclusion: Overall, this study demonstrated that Biosel and Lactofeed supplementation increased feed intake,
but no significant differences in weight gain were observed among groups. Therefore, the Ross strain showed higher
growth performance, followed by the Babolsar strain with higher growth performance. The probiotic supplement
Primalac also improved blood indices and intestinal morphology.

Keywords: Arian, Feed conversion ratio, Intestine morphology, Probiotic, Ross 308.
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1- Ethylenediamine tetra acetic acid
2- Aspartate transaminase
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Table 1- Ingredients and chemical composition of broiler diet in the starter, grower, and finisher phases (%).

Shgs el (S50 VVF) sl (5595 V0-YF) a3y (LS9, YO-YO) N SLL ((Sa, YY) Y SLL
Ingredients Starter (1-14) Grower (15-25)  Finisher 1 (25-35)  Finisher 2 (36-42)
= 55.25 62.64 64.59 66.54
Corn
by dloxs 39.99 31.78 28.85 26.29
Soybean meal
Lgw (9, _ 0.5 1.39 2.66 3.15
Soybean oil
peelS Sl S 1.01 0.95 0.1 0.1
Calcium carbonate
Sland el 02 1.91 1.82 171 173
Di-calcium phosphate
plb o 0.3 0.29 0.25 0.25
NaCl
oy Jsd 0.29 0.28 0.21 0.23
DL-Met 99%
2950 23l 0.05 0.16 0.07 0.15
L-Lys HCL 78%
irabey Jose 0.25 0.25 0.25 0.25
Vit-premix?
e JoSa 0.25 0.25 0.25 0.25
Min-permix?
el 0.1 0.1 0.1 0.1
Choline chloride

ol duwle (cdae dge pilieCalculated composition
(p55hT s JS5kS) sl 5 <5 5351 2870 3000 3100 3150
Metabolizable energy (kcal/kg)
() B o9 22.10 19.87 18 17
Crude protein (%)
(3259) 254 118 1.07 0.93 0.93
Lysine (%)
(3073) (bt igita 0.885 0.81 0.72 0.72
Methionine + cystine (%)
(30,2) ol 0.96 0.9 0.85 0.85
Calcium (%)
(3073) st 0.48 0.45 0.43 0.43

Phosphorus (%)
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Introduction: The feed restriction program is one of the main techniques in growth curve manipulation for
increasing production efficiency in broiler chicken. Quantities and qualitative feed restriction are procedures that can

be used to manipulate the feeding strategies of poultry in order to decrease growth and metabolic rate to some extent
and so alleviate the incidence of some metabolic diseases such as ascites, lameness, mortality, and sudden death
syndrome and so improving feed conversion and reducing feed cost. Also to produce a leaner bird and reduce the
unfavorable effects of fat on human health, and to reduce fat deposition in broiler carcasses using of feed restriction
programs can be profitable in broiler chickens production. This article surveys new findings in feed restriction of
broilers and evaluates the application of feed restriction methods to broiler chicken production. Arian broiler is one
of the meat strains that originated in Iran and considering that several decades have passed since the arrival of Arian
line in the Iran country, It is necessary to carry out Time nutritional experiments to more accurately meet the
requirement of them with regard to optimizing growth, FCR, carcass efficiency and increasing tissue by increasing
the density of nutrients such as AA. Therefore, the objective of this study was to investigate the effect of
commercial strain type and feeding methods on performance, intestinal morphological parameters, and immune
system of broiler chickens.

Materials and Methods: The experiment was conducted for 45 days using 600 broiler chicks in a 2 x 3 factorial
arrangement under a completely randomized design. The factors included two commercial strains (Arian and Ross
308) and three feeding methods (free access, intermittent feed restriction, and time feed restriction), with 6
treatments, 5 replicates and 20 birds per replicate. The diets of experimental included T1: Arian strain broilers with
free access to feed, T2: Arian strain broilers with intermittent access to feed, T3: Arian strain broilers with time feed

©2025 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
BT distribution and reproduction in any medium or format, as long as you give appropriate credit to
the original author(s) and the source.
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restriction method, T4: Ross 308 strain broilers with free access to feed, T5: Ross 308 strain broilers with
intermittent access to feed, T6: Ross 308 strain broilers with time feed restriction method. At 45 days of age, 6 bird
from each replicate were randomly selected, weighed, and killed). Feed intake of experimental units was calculated
from the fraction of feed consumed at the end of the period from the feed allocated at the beginning of the period,
based on chick days. At the end of 45 weeks, maturation parameters including body weight and length, neck length,
wing length, shank length and diameter were measured. To determine blood parameters, 12 birds were selected from
each dietary treatment (2 birds /pen), and blood samples of approximately 5 ml were obtained from the wing vein
after a 2-hour feeding withdrawal. At the end of the experiment (45 days of age), the weighed broilers were cut
using the cervical dislocation method and then plucked and eviscerated. The internal organs (heart, digestive tract,
and fat tissue) were also weighed and expressed as percentages of the slaughter weight of broiler. Immediately after
bird euthanasia, a 3-cm sample of the liver and middle portion of the jejunum (midpoint between the bile duct entry
and Meckel's diverticulum) was collected, opened longitudinally, washed with PBS, and fixed in 10% formaldehyde
and phosphate buffer 0.1 M with pH 7.3. The data obtained from the experiment were analyzed in the form of a
completely randomized design using SAS software version 9.4 (2024) with the general linear model (GLM)
procedure. The respective means were compared with Tukey's test at the probability level (P < 0.05).

Results and Discussion: The feed conversion ratio (FCR) of Arian strain broilers improved throughout the
entire period when using the free feeding method, compared to Ross 308 strain broilers under the intermittent feed
restriction method (P<0.05). Time feed restriction in Arian broilers led to an increased shank thickness, compared to
intermittent feed restriction in Arian broilers and free feeding in Ross 308 broilers (P<0.05). The villus height to
crypt depth ratio increased using the time-restricted feed method compared to the free access to feed method in Ross
308 strain broiler chickens (P<0.05).

Conclusion: Based on these findings, Arian strain with time feed restriction and Ross 308 strain with free
feeding showed the best weight performance. Overall, the time feed restriction method in Arian broiler chickens
improved body physical parameters, intestinal morphometry, and enhanced immune system (decreased heterophil to
lymphocyte ratio) and productive performance throughout the experimental period.

Keywords: Broiler, Feed access method, Feed restriction, Intestinal morphology, Physical parameters
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Table 1- The ingredient and nutrient composition of experimental diets

(32 3) oams JSits (s3] (5390 W B yio) (ke ((539) YF B Y) a3, (539, P L Y0) Sle (539, YO LYY) Ll
Ingredient composition (%) Starter (0 to 11 d) Grower (12 to 24 d) Grower (25 to 36 d) Finisher (37 to 45 d)
(o 203 VIT-) €23 35.21 3551 29.25 29.16
Corn (7.20 % protein)

(0ig 20> VF/OF) Ly dlons” 39.30 39.20 36.10 34.00
Soybean meal (44.54 % protein)

(Oig 20> VFIVV) o5 1950 20.00 28.00 2950
Wheat (16.37 % protein)

b 9, _ 1.55 1.45 3.00 3.70
Soybean oil

ossie I 0.24 0.20 0.18 0.16
DL-methionine

2508 il 0.04 0.13 0.11 0.12
L-lysine

osgid 0.02 0.04 0.03 0.04
L-threonine

it ol 03 1.74 1.45 1.28 1.30
Di-calcium phosphate

e 1.20 1.14 1.14 113
Oyster

S 0.26 0.21 0.17 0.18
Salt

Gt G 0.15 0.01 0.08 0.05
Sodium bicarbonate

Yo . .

ey g i mSan 0.60 0.50 0.50 0.50
Vitamin and Mineral permix*

o e 1L ods 0.17 0.14 0.14 0.14
Choline chloride 60 %

Y Ay &

milaeS 0.02 0.02 0.02 0.02
Grindazim?

& 100 100 100 100
Total

Toddbarwlxe (glosd CluS 5
Calculated chemical compositions®

(59 32 S hS) oy LB 535 2845 2898 2098 3053
Metabolizable energy? (kcal/kg)
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(222) P 32 23.30 20.61 19.60 18.82
Croud Protein (%)

(202) el 1.02 0.90 0.85 0.85
Calcium (%)

(102) oliic] LB 2 0.50 0.45 0.42 0.42
(%)Available phosphorus

(222 0259 1.15 1.00 0.92 0.88
Lysine (%)

(222) oo 0.61 0.53 0.48 0.45
Methionine (%)

(222) Oftart e 0.85 0.77 0.72 0.69
Methionine + cysteine (%)

(-22) o3 0.75 0.66 0.62 0.59
Threonine (%)

(223) (g2 0.17 0.15 0.18 0.16
Tryptophan (%)

(22) o) 1.26 1.26 1.04 1.14
Arginine (%)

(2222) ool 0.95 0.83 0.78 0.75
Valine (%)

(22) sl 0.89 0.75 0.71 0.68
Isoleucine (%)

(2253) 0.18 0.16 0.15 0.14
Na (%)

(22,3) S5 0.21 0.20 0.18 0.18
Cl (%)

(82,3) gl 1.05 0.91 0.87 0.83
K (%)

i BB o atalipl 4 diel ol s

Ratio of amino acids to digestible amino acid lysine

(o) 0239 4 oy ot 75 76 77 77
Valine to lysine ratio (%)

(Mf) RIAEY W+u~w u-w _ 74 76 78 28
Ratio of methionine + cysteine to lysine (%)

(1222) 023 & (903 v 65 66 67 67
Threonine to lysine ratio (%)

(3053) 023 4 OB 5 16 16 16 16
Tryptophan to lysine ratio (%)

(o) 0234 4 oSy} o 103 104 105 105
Arginine to lysine ratio (%)

(32)) 023 & gyl Canms 67 68 69 69
Isoleucine to lysine ratio (%)

Omeling £S5 010 B ey o) VID (y0ka) K3 uslivg 2,8 Y/0 B aling 25 ¥+ D3 ppseling (Jadligm 50y ¥Y o A ppnaling Jallo a5l A v s Jold oy oS0l iy 5 laepsoling 3o’
3o g 3 Sme dlgo lise B2 cslisg p)5 o YV B (sling )5 /% BT ppsling 5 o VO B ppaslisg 5 slar {55 wands=3) B (yeliyg 5 i pels) B (slisg 25 Y- B2
Pl 5 VY @y p SV o 5 o 59y p)5 A o0l 5 e (350 £)5 A0 2 ol 0y p Sl
(Danisco Animal Nutrition) va« -« gjlas,8 w3l "

A 6803l ()es) Sgl 8y y3 (NIR) s 308 9ole gmimiinds olKas b (STyos pMEl sndbwlns (olowd cluS 5 7
IU; vitamin E, 20 IU; vitamin Kz, 2.5 mg; * Vitamin and mineral premix supplied per kilogram of diet: vitamin A, 8000 IU; vitamin D3, 3300
D-calcium pantothenate, 8 mg; vitamin Be, 4 mg; Biotin, 0.1 mg; folic acid, 0.9 mg; vitamin Bi, ,thiamin, 2.5 mg; riboflavin, 5.5 mg; niacin, 30 mg
23 mg; choline 500 mg; manganese oxide 90 mg; ferrous sulfate 40 mg; zinc oxide 80 mg; copper sulfate, 0 mg; calcium iodate, 1.2 mg; sodium
selenite, 0.22 mg.

Grindazim enzyme 15000 (Danisco Animal Nutrition)

The calculated chemical compositions of feed items were measured with a near infrared spectrometer (NIR) at Ivanik Company (Tehran).
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Table 2- Feeding methods at different ages (day)

L)) (390 WV b yaeo) 0t
Starter (0 to 11 d)

Methods

(S35 Y B WY) a5, (S35, YO L VD) L
Grower (12 to 24 d) Finisher (25 to 45 d)

Yol 4 ol
Free access to feed!
TS Tygs glite Caudgdome
Intermittent feed restriction
TSThgs Sloj Cudgiome
Time feed restriction

Uinlejl 0y90 Jobo 53 > 4 3T paw yans

Free access to food during the experimental period

ol 3T gy
Free access to feed
ol 3T gy
Free access to feed

ol 5l Cung e el VA ol 3l Cuegye el VO

19 h deprived of feed 15 h deprived of feed
Cuog e el ol Caegyme colo oz
Six h deprived Four h deprived

598 )3 (el cslu

A5 el K g Cung e Ceelo du 0)9d o s 5 35 el 5 g Cang e Cecls Hlaz 093, =Caag e el VAT

ol 4001 ytod Jlgie celio Jlan (g 4385 Ceolo S5 g Canng e Ceol duw 0)9d gy =Cuog o Caclu 107
1 1 hour of black-out per day.
219 hours of deprivation = 4 periods of 4 h of deprivation and 1 h of feeding, and then 1 period of 3 h of deprivation and 1 hour of

feeding.

% 15 hours of deprivation = 5 periods of 3 h of deprivation and 1 hour of feeding, and then 4 h consecutive of free access to food.

loygd Syguods (ilojl Snly pa jd Iy Gums 0B (S0l
O S 5 ol slad sl s Gy e A (g Sl
050 £y yd oddbodld olaidl oy jloye0 (slel yd odid pas
LAl slass ialejl 0,93 Jobo p3 b duwloe dzgn 59, (sluop
et a5 5 4 e bl g 5 (i YO U oo )
oy i 1SS 5l ((S59) YO (bl )3 4 jslaie Shhgd s
oo Job Jold (Sjdlied lapasls cap (Bolal ©jg0n
49 oudgS l odlatl b sl Jlad 5 Jobo ¢ Jb Jobo (1,5 Jsbo
s Sy b (6803 (o e Vo= 0528 P150 o)
ol Sl g )5 g Bad a8 eSh Cundy o yo 3 Jgbo
U jlaie Se jl dols flgeds o0 Job oa 00uiS MolS” ¥ -A
b iy e Bl sy g St g9y (B 2Ll A
o8y o3 b s Juado 5l Jb Jobo [(Willemsen et al., 2008)
—0)b Jab glpean b lo Jobo b a8)S L )3 (els) U
B ) Sy pog Bllem )5 4 B Sl Jade I )bk
2 owoen (Fayeye et al., 2006) 15,5 s o Lo sy
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Table 3- The effects of two strains of Arian and Ross 308 broiler chickens and feed access methods on performance at total period (0 to 45
days of age)
e (v0y3) lils (p)5) o5 03 (p)5) "Brae Shss (p51p5)"Shss e s
Treatment Mortality (%) Live weight* (g) Food intake? (g) Feed conversion ratio® (g/g)

Qg
Strain

Xr)l‘an 14.73 2999 5925 1.98
YoA Lol

Ross 308

Silen 3kl ol
SEM

O & (o pd
Access to feed

*al5

Free*

Ay,m

Intermittent®
5.

TTnl:éﬁ 10510 3033 5921 1.95°

:5le 3, lll Bl
SEM

Do <l 3l
Interaction effects

14.25 3061 5960 1.95

15.22%® 3031 6046° 1.99°

17.75° 3026 5881° 1.94°

i )
e 14.49 2958° 6008 2.03
Arian X free

gT_vsLL:A X C)?.)i
Avrian X intermittent

18.84 2988 5895 1.97%

i x o) 10.87 3049% 5871 1.92%
Arian X time

ST YA Ll

Ross 308 x free

Gglie x YA Ll

Ross 308 x intermittent

15.94 3103° 6085 1.96™
16.67 3064% 5824 1.90¢

o . . l
wei X A ) 10.15 3017% 5971 1.98%
Ross 308 % time

g;’M‘“" bl Sl 50.71 283 63.2 0.018

Soboze Jlois! mdaw
P-value

s 0.841 0.011 0.500 0.051
Strain

O 4 (g > 0.047 0971 0.019 0.007
Access to feed

O 2 R g 0.824 0.014 0.353 0.001
Strain % access to feed

(P<e/+0) 35)ls yl ne OS] K0S b cygian o > glite Ggps b (slaySila *0C
Lsgio = has oy g0 joy s [ (p)5) eabosls ol o = (p)5) ol ol Bl Jlade = (B pme STyt T 10 o olasi ] (p)5) Galeil a2y 139 =(p.5) 055 s
b dw 0)93 Sy 5 435 Colo Sy 5 Cangome Sl oz )93 oz =Cumg e Sl 112 g il 2 5 (ool el S T(p)8) iy G (p5) e S
o 3T o ytd Jlgte el jlon (o 4035 el 5 g Canng o el duw 093 iy =Cung e el V07 4385 cel K g Cungyxe
abe Means with different superscripts within a column are different at (P<0.05).
! Live weight= weight of experimentunit (g) / number of bird days. 2 DFI= the amount of feed given week (g) - The amount of feed left at the
end of the week (g) / number of bird days. * FCR = food intake (g) / weight gain (g). * 1 hour of black-out per day. ® 19 hours of deprivation =
4 periods of 4 h of deprivation and 1 h of feeding, and then 1 period of 3 h of deprivation and 1 hour of feeding. ® 15 hours of deprivation = 5
periods of 3 h of deprivation and 1 hour of feeding, and then 4 h consecutive of free access to food.
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Table 4- The effects of two strains of Arian and Ross 308 broiler chickens and feed access methods on body physical parameters (45 day of age)

. .. o Slw) JU ke e

o (o) ot Job (o) 095 b (o) b glo o ince] b gloabis Lot Judie 0y () s
Treatment Body length (cm) Neck length (mm) Shank length (mm) Shank thickness (mm) 9 (cm)g 9 Ash (%) Ca (%)
Qg
Strain
w_‘ 57.23 103.66° 65.46" 11.30 14.67 46.31* 31.28°
Arian
YoA 57.08 105.51° 67.02° 11.16 14.82 42.13° 27.91°
Ross 308
OSln 2 llial Sl 0.176 0.480 0.287 0.065 0.108 0.901 0.561
SEM
O 4 (g yiwd
Access to feed
o
FAU . 56.99 102.91° 66.13 11.13 14.47° 45.76% 28.60
ree
o

wate ) 57.33 104.62% 65.99 11.12° 14.85% 48.36* 29.80
Intermittent®
5o,

L_fl"’ 57.14 106.22* 66.60 11.45° 14.92° 38.54° 30.38
Time®
0SSk 3 el Sl 0.210 0587 0343 0.076 0.121 1108 0.687
SEM
Dlize <l 3l
Interaction effects

W
e 57.00% 99.85° 65.11 11.49% 14.36 49.22 30.51
Avrian x free
(= L:.A.ﬂ ¥ T

oo 56.75% 106.02° 65.14 10.73 14.70 49.34 32.25
Avrian X intermittent
e o 57.93° 105.09% 66.12 11.69° 14.95 40.37 31.08
Arian X time

15T x YA ol
BT b 56.99* 105.97% 67.15 10.77° 1458 4231 26.69
Ross 308 x free
wolia X YA Lyl

oo x ¥ o 57.928 103.21% 66.84 11.51% 14.99 47.38 27.36
Ross 308 x intermittent

oy x YA ol
e X TR o 56.34° 107.35% 67.08 11.21% 14.90 36.71 29.68
Ross 308 x time
0sSSle 3l Bl 0.301 0.832 0.483 0.110 0.176 1.554 0.966
SEM
Sobze Jlois! mdaw

P-value
“5 0.552 0.006 <0.0001 0.099 0.276 0.003 <0.0001
Strain
o & g 0517 0.0004 0.432 0.002 0.021 <0.0001 0.187
Access to feed
OF & (gyied X g <0.0001 <0.0001 0525 <0.0001 0568 0.282 0.197

Strain x access to feed

(P<1+0) )15 s gime M) 30385 b gty 4> Sglito gy b (sl ySilo P

A 093 gy =Cung e el VO T 435 el 5 g Cung e Cacls dus 0)9d K g 4385 el (K g g o el Hlon )90 Hlen sy e el VAT g yailid o jd bgels cele K

feeding. ® 15 hours of deprivation = 5 periods of 3 h of deprivation and 1 hour of feeding, and then 4 h consecutive of free access to food.

oo 3T L yiod Jlgie el jlon w0335 el (G g Canng o el
abe Means with different superscripts within a column are different at (P<0.05).
1 1 hour of black-out per day. 2 19 hours of deprivation = 4 periods of 4 h of deprivation and 1 h of feeding, and then 1 period of 3 h of deprivation and 1 hour of
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Table 5- The effects of two strains of Arian and Ross 308 broiler chickens and feed access methods on carcass yield and relative weight of internal
organs (% of live weight) (45 day of age)

) o TA LIS,
Sles (30y) 4zY (1o) oy (2op) diw (o)) oy dbge a2 (10)3) B (309) (22,3) Jlrbo
Treatment Carcass (%) Thigh (%) Breast (%) Abdominal fat (%) Heart (%) 2 Spleen (%)

Pancreas (%)

A g
Strain
""“_‘ 63.07° 18.05° 23.64° 1.12 0.52 0.173 0.125°
Arian
A oh 68.07° 13.05° 24.77° 1.05 0.46 0.160 0.096°
Ross 308
Olie e Sl 0.065 0.049 0.098 0.081 0.029 0.006 0.002
SEM
O & (o pd

Access to feed

i3

65.56 15.85 24.20 1.13 0.47 0.166 0.102°
Free?
2 glize
s 65.70 15.41 24.17 0.94 0.48 0.162 0.115°
Intermittent®
Foa .
e 65.44 15.44 24.23 1.14 0.53 0.171 0.114°
Time®
0k 3 bl >0 0.710 0065 0112 0.084 0.033 0.008 0.003
SEM
Do <l 3l
Interaction effects
MR
] 63.15 18.45 23.55 1.01 0.50 0.169 0.097
Arian X free
bz X )l
e ) 63.03 17.88 23.62 0.97 0.47 0.172 0.147
Arian % intermittent
Loy x oyl
e X o 63.04 17.83 23.75 1.37 0.47 0.177 0.130
Arian X time
1] % ¥
YA 67.98 13.25 24.85 117 047 0.163 0.107
Ross 308 x free
glizo X YA ol
e oy 68.38 12.95 24.72 0.90 0.49 0.153 0.084
Ross 308 X intermittent
oy x YA |yl
X R o 67.85 13.05 24.73 1.08 0.50 0.163 0.098
Ross 308 X time
ke 3] >0 0.150 0085  0.160 122 0.019 0.012 0.005
SEM
Sbgze S| aw
P-value
et 0.001 0.001 0.001 0.815 0.180 0.180 0.001
Strain
O & (e 0.064 0.360 0.923 0.194 0.110 0.766 0.030
Access to feed
O 4 g fand X g0 0.100 0.085 0.590 0.319 0.340 0.852 0.075

Strain X% access to feed

(P<e10) 3515yl ne BB [K0aSs b eygian b 3 glite Ggys b (slaySila®PC
Celo 10T k5 celn S g Cung e el du )53 S5 g 435 el S g Cangyoe Ceelos Hlaz 093 5l =Cung e el VAT g ailii ya )3 Sgels el SO

o 4 3l 0 Jlsto oo oz s 4035 Sl S g Cupngome Canlis s 093 gy =Cag o
abe Means with different superscripts within a column are different at (P<0.05).
11 hour of black-out per day. 2 19 hours of deprivation = 4 periods of 4 h of deprivation and 1 h of feeding, and then 1 period of 3 h of deprivation
and 1 hour of feeding. ® 15 hours of deprivation = 5 periods of 3 h of deprivation and 1 hour of feeding, and then 4 h consecutive of free access to
food.
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Table 6- The effects of two strains of Arian and Ross 308 broiler chickens and feed access methods on intestinal morphology parameters (45 day of age)

(3R05,50) C)S oye

Slosd (s209,5) s Jsbo (3205,540) j Colbus ($09,540) )5 3o . S Bes ljn Jsb
Crypt width (um)

Treatment Villus height (um)  Villus thickness (um)  Crypt depth (um) R (um) K Villus:Crypt
Lo
Strain

]
o 1468 168.5 144.9 14.17 10.12°
Arian
A oh 1522 142.9 152.8 17.16 9.96°
Ross 308
ke 3] Sl 50.4 10.65 3.80 1.610 0.265
SEM
O & (o pd
Access to feed
o

! 1518 144.1 158.8¢ 16.40 9.56
Free*
o

Sl 1499 169.1 149,0% 17.04 10,06
Intermittent®
Foa .

e 1467 153.9 138.7° 13.55 10.58¢
Time®
0k 3 bl >0 61.7 12.98 4.70 1.976 0.321
SEM
iz )
Interaction effects

5% o)l
I on 1502 168.1 154.9 12.77 9.69%
Arian X free

S ot 1441 1721 139.6 17.94 10.32%
Arian X intermittent

flog X ()
e o 1459 165.4 140.2 11.80 10.41%
Arian X time

15 x YAyl
IR o 1533 120.1 162.7 16.14 9.42
Ross 308 x free
glizo X YA ol

e oy 1558 166.0 158.4 20.03 9.83*
Ross 308 X intermittent

oy x YA |yl
e X TR o 1475 1425 137.2 15.30 10.75°
Ross 308 X time
ke 3 lilil S0l 87.2 18.32 6.601 2.785 0.452
SEM
Sbgze S| paw

P-value
et 0.449 0.103 0.161 0.207 0.004
Strain
O & (e 0.841 0.407 0.024 0.140 0.012
Access to feed
OF & (goyfd X 90 0.825 0527 0.285 0.967 0.042

Strain X% access to feed

(P<e/+0) 35l I3 sine BT 10055 b eygins yo 53 Sglite By by (sl Silie 0

o =Cung e Ceel V0 T 435 el 5 g Cang e Cacls dus 0y9d 5 g 4385 el (o g Cang e caebos Hloa 093 5l =Cung e el VAT g yailud o jd gl cele

ol @ 0lT yid Jlgie el Hlag (ypm 40385 sl S g Canngyoe sl du 093

abe Means with different superscripts within a column are different at (P<0.05).
1 1 hour of black-out per day. 2 19 hours of deprivation = 4 periods of 4 h of deprivation and 1 h of feeding, and then 1 period of 3 h of deprivation and 1
hour of feeding. * 15 hours of deprivation = 5 periods of 3 h of deprivation and 1 hour of feeding, and then 4 h consecutive of free access to food.
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Table 7- The effects of two strains of Arian and Ross 308 broiler chickens and feed access methods on cellular immune system (45 day of age)

A _ A _ R . Ao yd) Cumogdd [ Ludg yx

Jos (15 o s ol (LS ot o8 S (o) e (s ) () S ‘({j;*“’
Treatment White blood cell (ul /106) Red blood cell (ul /10%) Heterophile (%) Lymphocyte (%) %) 0
A9
Strain
ol 27160 2.52 27.4° 70.22 0.390
Arian
TeA oy 26399 248 287 68.9° 0.417
Ross 308
OSle 3kl Bl ol 0.9 0.310 4.47 4.47 0.321
SEM
O & (o pd
Access to feed
o

! 27993 245 20,3 68.0° 0.433°
Free*
o

woke . 26086 253 27.8° 70.42 0.398%
Intermittent®
5o,

&f“’e 26260 2.52 27.2b 70.3° 0.391°
Time
ke 3 ] o] 05 0.187 2.63 258 0.198
SEM
Jlaze gl
Interaction effects

5% o]
X o 28317 2.40 29.2 68.0 0.441
freexArian
L= L;-«d * T

e ol 26181 2.66 26.5 715 0.376
intermittent<Arian

Loy X oyl
e o 26983 2.50 26.5 71.0 0.377
timexArian

55 x YAyl
TR 27670 250 29.3 68.0 0.426
free X Ross 308
glizo X YA ol
e TR o 25992 2.39 29.0 69.3 0.420
intermittent X Ross 308

oy x YAyl
e XA 25537 255 27.8 69.5 0.404
time X Ross 308
0SSk 3Ll >0 8.1 12.465 5.32 1.98 8.435
SEM
Sbgze Jlois! paw

P-value
et 0.308 0.724 0.016 0.012 0.116
Strain
O & (e 0.080 0.794 0.009 <0.0001 0.013
Access to feed
OF & ey X g 0.780 0.327 0.208 0.157 0.128

access to feedxStrain

(P<1+0) 515 s gime M) 30085 b gty 55 Coglitie By b (sl ySilio P
A 093 gy =Cung e el VO T 435 el S g Cang e Caclos dus 0y9d 5 g 435 el o g Cang e casbor Hloa 093 5l =Cung e el VAT g jailud o yd gl cele
ool @l o yiwd Jlgte sl oz (s 435 Cuslos o g Cung e sl
abe Means with different superscripts within a column are different at (P<0.05).

11 hour of black-out per day. 2 19 hours of deprivation = 4 periods of 4 h of deprivation and 1 h of feeding, and then 1 period of 3 h of deprivation and 1 hour of
feeding. ® 15 hours of deprivation = 5 periods of 3 h of deprivation and 1 hour of feeding, and then 4 h consecutive of free access to food.
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