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LoDy (sleidgulie oialojl sl oy
Plasma metabolites Experimental diets P-value

Alfalfa 5% BP! 20%BP SEM treat time Treat x time
S5 10.0 10.0 10.0 10.0 0.002 0.002 0.002
Glucose (mg/dl)
o5 sl osgl gt 10.0 10.0 10.0 10.0 0002  0.002 0.002
BUN (%)?
3yl 5 giral b5 ylunod 10.0 10.0 10.0 10.0 0.002 0.002 0.002
AST (U/L)?
3yl giel YT 10.0 10.0 10.0 10.0 0.002 0.002 0.002
ALT (U/L)*
ool 4als L 55590 10.0 10.0 10.0 10.0 0002  0.002 0.002

LDL (mol/L)®

(P<0.05) sl 0 4> ixo BMS] (gl S jtiio ju& By s b sy po gl (1 Slo
Means within same row with different superscripts differ (P<0.05).
!By-Products were used instead of alfalfa in 5 and 10 % based on dry matter intake.
2Blood urea nitrogen
3Aspartate Aminotransferase
4Alanine Aminotransferase
SLow density lipoprotein
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Figure 1- Effects of different levels of by-productsin dietary on extent of gas production in vitro
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Tablel- Effect of different levels of biosynthesized AgNPs obtained by mediation of Phlomis cancellata
Bunge on gas production and fermentation parameters

b inlel (slalews

o pusio Experimental Treatments' SEM* P-value
Parameters S e ok s slod
Treatment 1 Treatment 2 Treatment 3
2055 (Slvamial)s
Fermentation Parameters
b (ml/200mgDM 55.90+2.66 54.23+0.82 53.73+£3.08 1.2 0.43

¢ (ml/hy 0.1029+0.0092 0.1012+0.0067  0.1000+0.0024  0.0033 0.82
x5 5 o (K25 oo 5 ol 2 )
Cumulative Gas Production (ml/200mg of DM)
12 37.55+1.41 37.51£1.07 37.15+1.24 0.43 1.01
24 46.59+1.87 45.03+1.50 44.7343.37 1.19 0.51
48 54.02+2.38 52.46+0.58 51.76£3.12 1.14 0.39
72 57.60+2.50 56.00+.0.94 55.28+2.83 1.20 0.40
96 58.02+3.06 56.59+1.07 55.914£2.78 1.23 0.48
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Lo Sileo 33kl (glas SEM T G5 W5 5 :C " ¢ ez BB s 158 g cudyls b
Treatment 1: basal diet, Treatment 2: basal diet + 125ug/ml AgNPs, Treatment 3: basal diet + 250pg/ml AgNPs. 2b:
The gas production from the fermentable fraction ml/200mgDM; 3c: Rate constant of gas production during incubation

(ml/h); * SEM: Standard Error of Mean.
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Figure 2- Effect of different levels of biosynthesized AgNPs obtained by mediation of Phlomis cancellata Bunge on
cumulative gas production trend
OPgy & 03 i 085 I3 gl £35S0 VYO Lol e b 02 IV o hsis 0y (D95 0LS 0lae I (dtanj gy &2 08 ik 05 )3 9 BB Al 0y 1) o
op 855 oskas I ) B9y 4 oAb i o) OIS gl p )T S0 VO Aol 4y by o) ¥ ot i i )3 b 02 A5 olS o jlas Sl gt
Treatment 1: basal diet, Treatment 2: basal diet + 125ug/ml AgNPs, Treatment 3: basal diet + 250pug/ml AgNPs.
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Table 2- Effect of different levels of biosynthesized AgNPs obtained by mediation of Phlomis cancellata Bunge on

dry and organic matter digestibility, metabolisable energy, short chain fatty acids, partitioning factor, microbial
biomass production and microbial biomass production efficiency

' inlefl sl less
sy Experimental Treatments SEML0 P-value
Parameters S ke 9 slag TV
Treatment 1 Treatment 2 Treatment 3

IVDMD? 72.55 72.10 67.03 1.96 0.12
IVOMD? 77.18 73.98 72.92 1.31 0.07
TIVOMD* 143.30 135.40 133.60 3.50 0.13
ME? 10.50 10.28 10.24 0.16 0.51
SCFA® 0.98 0.95 0.94 0.02 0.51
PF’ 2.57 2.39 2.29 0.07 0.11
MB? 116.85 108.80 104.52 3.84 0.11
MBE’ 81.50 80.34 78.56 1.76 0.51
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"Treatment 1: basal diet, Treatment 2: basal diet + 125ug/ml AgNPs, Treatment 3: basal diet + 250ug/ml AgNPs. 2IVDMD: in vitro
dry matter digestibility (%). 3IlVOMD: in vitro organic matter digestibility (%).*TIVOMD: true in vitro organic matter digestibility
(mg/gDM). SME: metabolizable energy (MJ/KgDM). °SCFA.: short chain fatty acids (mM/mgDM). "PF: portioning factor (mg/ml).
8MB: microbial biomass (mg/gDM). "MBE: microbial biomass efficiency (mg/mg). '* SEM: Standard Error of Mean.
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Table 3- Pearson correlation coefficients of dry matter digestibility, organic matter digestibility and partitioning
factor with cumulative gas production during different hours of in vitro incubation.

Lo o OgeligSSl slagle
Parameters Incubation Times
12 24 48 72 96
'S sl
Treatment 1
IVDMD? -0.932%* -0.946** -0.239 0.140 0.293
IVOMD? -0.946** -0.979** -0.366 -0.168 -0.009
PF* -0.857 -0.876 -0.603 -0.257 -0.500
Treatment 2
IVDMD -0.622 -0.620 -0.521 -0.507 -0.619
IVOMD -0.927* -0.924* -0.894* -0.881%* -0.925%*
PF -0.994** -0.995%* -0.983** -0.978** -0.996**
Treatment 3
IVDMD 0.326 0.540 0.343 0.427 0.625
IVOMD 0.211 0.516 0.334 0.256 0.027
PF -0.402 -0.519 -0.296 -0.384 -0.588

P<e/o) #* P < fon*

ojlhas | s gy 4 0l siiuw 0,8 l)d g3 p 59,0 VYD dBli] dy b oy 1Y Jlad s 0 365 oS 0jlac I ) gy 4 oddb i )85 D 66 181 b o 1) Jlas
o3l mancobls IVDMD ™ ¢ Lo 13 M 0y (1565 oS ojlac I ) ydoy 4 005 i 0,5 @l ¢l p,5g Ko YO+ adlis] 4 a1l op> ¥ e pid o 53 Mdw 0 (1565 olS
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* P<0.05; ** P<0.01

Treatment 1: basal diet, Treatment 2: basal diet + 125ug/ml AgNPs, Treatment 3: basal diet + 250pg/ml AgNPs. 2IVDMD: in vitro
dry matter digestibility (%); IVOMD: in vitro organic matter digestibility (%); “PF: portioning factor (mg/ml).
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Introduction The anaerobic microbial fermentative digestion of feedstuffs in the rumen is not efficient. The
gases are considered as waste products of rumen fermentation and also pollutants of the environment. Recent
studies indicated that some metal nanoparticles (NPs) were toxic to rumen microbial population and inhibit
methane production in anaerobic conditions. Plant extracts can be used to produce cost effective and eco-friendly
green nanoparticles. Phlomis cancellata Bunge with Persian names Gushbarre sefid has high medicinal value and
antibacterial properties and distributed dramatically in Khorasan, Mazandaran and Golestan. Hence, there is
potential of using bio-synthesized nanoparticles in ruminant nutrition. However, there is not enough information
regarding the effect of green nanoparticles on runminal condition. Therefore, the present investigation was carried
out to study the effect of green silver nanoparticles synthesized via Phlomis cancellata Bunge extract on rumen
fermentation in vitro.

Materials and methods Synthesis of sliver nanoparticles was prepared by adding of 1 ml of the aqueous
extract to 4.76 mM sliver nitrate solution (pH= 6.84) allowed to react at 77 °C for 24.79 min in the dark to minimize
the photo activation of silver nitrate. The color change of solution from yellow to brown after 3 min of incubation
is indicative of the bioreduction of Ag+ ions in the solution to Ag°. Effects of increasing the concentration of green
silver nanoparticles synthesized via Phlomis cancellata Bunge extract (0, 125 and 250 pg/ml) on rumen
fermentation were evaluated using in vitro gas production technique. Gas production volumes were recorded at 3,
6,9,12,24, 48, 72 and 96 h of incubation and then gas production kinetic was estimated. The obtained data from
gas production at 24 h after incubation were used for estimation of digestible dry and organic matter, metabolisable
energy, short chain fatty acids, partitioning factor, microbial biomass production and microbial biomass production
efficiency.

Results and Discussion The increasing level of green silver nanoparticles synthesized via Phlomis cancellata
Bunge extract did not significantly affect in vitro potential of gas production and gas production rate. For the
cumulative gas production, no significant difference was found among the treatments. The lowest and highest in
vitro potential of gas production, gas production rate and cumulative gas production was recorded for treatments
3 and 1, respectively. Silver nanoparticles exhibit unique bacteriostatic and bactericidal properties. At the atomic
level, silver has the ability to absorb oxygen and acts as an oxidation catalyst. Atomic oxygen absorbed on the
silver surface reacts with the thiol groups surrounding the surface of bacteria and viruses and removes hydrogen
atoms. The bacterium loses respiration ability by disruption of the so-called respiratory channel, which results in
bacterial death. The apparent in vitro dry matter digestibility and organic matter digestibility and true in vitro
organic matter digestibility, were not significantly affected by addition of green silver nanoparticles synthesized
via Phlomis cancellata Bunge extract. Addition of green silver nanoparticles synthesized via Phlomis cancellata
Bunge extract failed to affect metabolisable energy, short chain fatty acids, partitioning factor, microbial biomass
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production and microbial biomass production efficiency. However, the lack of significant effect of the synthesized
silver nanoparticles on the digestibility may be due to factors such as concentration, surface capacity, size, and
other properties of silver nanoparticles. For treatment 1, the cumulative gas production over 24 and 48 h was
negatively correlated apparent in vitro dry matter digestibility and organic matter digestibility. There was
significant negative correlation between apparent in vitro organic matter digestibility and partitioning factor with
cumulative gas production during hours of incubation for treatments 2. No significant correlation was found
between apparent in vitro dry matter digestibility and organic matter digestibility and partitioning factor with the
volume of cumulative gas produced during different incubation hours in for treatments 3.

Conclusion Supplementing of green silver nanoparticles synthesized via Phlomis cancellata Bunge extract
could modify the characteristics of gas production and fermentation parameters basal diet and reduce the side
effects of the anaerobic microbial fermentation. However, additional microbial studies with different level of green
silver nanoparticles are necessary to determine the mode of action. Additionally, further in vivo work is needed to
assess the effect of green silver nanoparticles inclusion on animal performance when cattle are fed ingredients
commonly used in beef feedlot or dairy diets.

Keywords: Diet, Gas production, Phlomis cancellata Bunge, Rumen, Silver nanoparticles.



Iranian Journal of Animal Science Research
Vol. 13, No. 4, Winter 2022, p. 489-498

it

olnl ool ple sleingsy 4 pid
FAI-FAA .0 IF+r i oF ojlaid Y aler

é}éb&ﬂjjjﬁ‘ g_,..:SJ}'ﬁd;‘.'me‘J.ﬁJ eLoJ.: Wﬁjﬁ&gﬁ,ﬁjle;&u!ﬂb

LSJL‘:"“

3

Tl e TS e Ao 63 S5 e S e T 6 t5 e SLo, L e s e
VWA F/YY 23l 53 g b

)>T olo 1 (ST Sgugy 5l oolitul )ul) N ole 9«6 70 & (82 )SBY (souyS L (w8 iy SLSy 1B p oo Lo
KA (N ol s pole (slautimgl o)t (6 slainn b SluS 5 g 598l Suna dlga S5 it

2>

Sz 5 Slasin )3 b SlS 5 g 55 S8 5 o il ST ole 3 oSS0 Sgrg ) o3litol 55 oy polaiody plo adllao

A5 ookl ole (G e 4y dgy (il BT ole )3 & YU @ Lol 055 4w gyl o)) iae u”]) YA Sl 3l jskaie opl 4 .0 plodl
SGypao ol ke 05 0ad > Sgmgn p)5 ) sga 0 atee =V (403,55 Bpae Sgmgn byive) als slogi 1 Jold bl ooy
S Gl 3 S 593 0 959y Olsl 0 i e g sl Sl e pslaieds D9 eSS (B nl 5 03liseld 90 Ssugy 03,
590 S 5 g Bl olo 13 (g Sisman 29381 & o oLt @l a5 Gl o slagsien ) e diged Sy 5 5] e
o LS quradlS o Staoy] Sl o1 dno polie cyizmed el Joine ilel 8T 2 80y 5 (gl (IS g cmesdl Jal
M85 515 Sgmgn (958 S CoB (lbne ysbr mamlS g sy el pgri ind (S (b (idge iKie st w32l
S oot 418,518 Sigg (958l 18T 0B (5 )bigne ysboss 35 2lazsl alal g tel dse (g G5V cinyr ol e b Sl 5
2 DS 5 59T Sane polis g ol LS5 ()b ime 8T il BT ol 13 unSgy Signgy 2958l o Cul ol ) (S s

RN IVAT A0S

skt 6 e joel (Same dlge (ot (claygiS (s LS 5 (eSS Siigmap 18wl go3lg

Re (Sl At g (ng8 slagbyy 54 p oM wre
Slge ioewlio 5 gotie cla)lSile 5 lasby) cll b ol oo
Srompl glassly o 1) plesily Gialidl ladalyy @i 5 d90
5y Slas 09 py g0 48 53938l dlgs I oolatwl 390 wl3 1y
(F8) Sy a4 (60900 sloms Nigd oo aeSD (029,50
Ag—s ol el (Fa55 gl Gire 4 08 ol S Sismgn
Slppesie 5 g Sl (g5l &S situd (gloksj (SbpunslS g S
(VYY) adl o edgm
Ol e & cul o Sy Shy ouieke
S s dgme g I oS 3 iglen lacgSee
b Sogn ol BMS 9 atsly 8L adlo 3L (e olie

doddo

Sloslawl pb sy 0 Lol conwlbw 81 gla Jlw )
ol obses gl il 0390 YU (sadgs o2jL b oy (sla JoSe

0,8 s )5 yois o8l (ol pole 095 )| wliid ) At gal i)

oy

eyl st o8l (ol pole 09)5 ely i (glySy adgel Liib-Y

Sl s

02y yhsis 3,8y oKl ¢ gold pole 09,5 Hbabiwl g dbiwl ¢ )luiily i ar Y

oy

(Email: Faribarezai38@yahoo.com t s 04y 5 — %)
Doi:10.22067/ijasr.2021.38244.0



Vfee QLmM“ 5 a)‘-o-of\'l Y ol Q‘)ﬂ‘ ‘sob .o,l: ‘SLQM' 93 Ay ¥a.

Slole SO o dy 5 B0 il U VY 05,5 90 4y b oo
oS 2g)S) L5 (1 ol o ylas 155, ool ol (slolows
392 3> SSgmgp p)5 ) 45 (2g)S =V (K2, Bpas Sismgyn
B3 oy p ogMe (0l VF) Gllej] o6 09,8 50 50,8 B e
Jo Ol e 053 1) Sisngn 25 ) Ll o il 4 oo
pAedsy &S Ab e ol Laine 4 S B2l jl g 038
i g J8 Lahs 0 05 glad Signg p jl oalital (levl;
Dy Gy gleal;

0391 8 45 39 (g 0 B (3 03kl g0 gy
Oi)leS o&iwd Liodgw (slpunsilS lg o dyguw A aS” Cunl xubs
o JoL5 oISy S ) 35 a4y 5 A2
(095 9598l g S cpgr pSbgdio g0 Sy JanlgSY
Ol M yo3e 5 g)LE g 93 (g8 o5 5l g Sy
g2 GUdSIl peaSSg . Malloy €8 58 colo Joarme

oy By ) £l disel S e ol Gleul 5l 4
Dhalojl 5laj U (wgmdiod s =YV (glod )3 g (glen oyl
591 53 Comagdl (JS (g o (6 S o3ll (sl 035 (650
ages j) yid e O ylaie cnl (sl 29 L 62T (slowdly L,
FY=F) pdatio OF ) (oo YV/O s a5y s )3 1y o]
o 4 4B Ve Sde a4 g 03,5 Bl ] 4 (Lwgmadiods >
Vo Odo dy g 00 ddlsl Sl duwol i lio +/0 Hlade s 03
LS| dguw 53 Sl yid doo +/0 dw dls o jd g 03 yloj adids
ol p e OT L ST als e 15 g 03 loj 4ida Ve g 038
903) p & ogs g alS ) b s g ol yd e 00 4 ]y
o BES L 5T s 5 3,5 Gogus s 5558 B 3l ojl]
o gl ool et GlaceS bawgi |y Jols g 03 Slo
g S5SNI S i 5 ool sl Saytegi® o)
alme 1S g0 31 el oyt 5l oolizl b odgnslS (e
(YR) 2445 0

Funke ) )5 oy 5l 551 (i o3 (s Soilasl (sl
5981 ame dlge (6 pSojluil cgn b oolisl (Lol i Lu (geber
S 093 ol prS 0 Jade ylaie cpl (sl g S 4 L
9950 Sis U ad o3 413 ] (153 gy sy b 4
0355 )l 423 g 03b )5 0,68 (19,0 5 03,8 ) |y oyl e
0luy woe i dn)d YA+ 4 oy id el g0 Glo 4 )
o yuuSE MalS b (6,lgS5 Lod ) 3 sl V¥ oo & Lo g
g Sid muan by 5l ealiel b colesyd el > b S5y g
(V7) siog8 ol g (ol Gl (5 plogiby Sl oSy 25k ]
335 by Ly (g S0l il (655 0jlul Sase Slge clale
A5 el (FY)

3 abges So Lapiae 5l lasly 5l am ool 595 5

oalatwl b alayly j5 80 loseis i d dboul (g yShe Cuoglie
Loyl 35yl (63,84 pacie U1y (b il (58 Slge Sl
09 Psko @S 5 o lp Jstee (ol Slapusls)
ol > Gl B 4eSl gl See qoplply Aiun 4eSd
& (i gl LNy LBAGS i > Slyed (gixe dlgo
Bkl aeSs clld (il gl (b o)l (8l Sl
ol b 1) s aeS e slySh s
oy S0 sl Al ey Syzme loisds S d bSisng
aws)S ,8a bglen I lu & Ml I iy 5 (el
dg 2)Shes (Il Caa aSSgmgn I oslital (V) Wediee
o K laeSd wlugwsST 2 i 9 Cedle Cundy
ol e b Wsdie cpuome Sugntl Gl ol
0)l92d 4 s> 3 YU Uy > 4 ()l (i 4 Lo S
Olge 2,Slas gy &S sl (glodgy—(glodre (g)loxe pali o]
(F5 5 YD) 39 salgs iS5k

Wwlo iy s ;0 oS 2)b Jlolyd Slie (53] KaweS yud
5148 llllas (Y+) 39 oo oolitul i) &Y gae sl g 0,8
ol o S5 5 45 Sk S 4 ) Sgmg e 00958l
S slagls 10 ldllas iy o A SUSlAGS oy p
ool sadplodl KawsS 13 4 Ll gy 5l (Sl ol plod]
03,5 UA)FS Ty e (22 9 Oeian s9e 9 b M 50 doe
SLaSangn (95381 )51 ) e 3 > inlial (VA) ol
5 G epan (BF 5 11 09) 3,08 ol o2 25
Cdlyd Sigmgn oty J U8 ain 93 5l 45 slagls 10 02
WU 5 llae 3900l (FY) Conl o )i 2509y 03,5
Ol |y 03 yd Lyl yud S 5 g 5 2 gy il
)ul_) 550y odudploul Oledllas 4Ll oyl 4y as g b L (FY) s 0
e 5 )5 3929 (IS e 39 SluS 5  Ssmg
b S 5 g MF 1 SSgmgn 98] Sl 0 s Codgiome
AlBan 931 pols adllae gyl (o)) (MadgS ofagds cdidusS
551 OS5 259y 32 Sl Boo 3l raSSgp Sisug 5l 02lit
sl 485 Djg0 (B3 gl ole y3 e g

W yig) 9 3190

LB (g )) MbusgS 315 e Mol g g o] 3 )b ()l
Sloj oajle S )3 3,5 0B 33 s yiagkS Yo > &ly (Jgd)
Cdpdy plool WAS widl VA YRS sloces V) o) 5l ojg YV
s 155 U gl o5 s lise () 315 e ol YA slaws
0 yu> ;i) l) llbw &Lu IRV W ul}bul.\).)y U""“‘J—l )>—| olo 3 e

Alossan das el 0 03,91 V Jods )3 oS alie 5 pluSs



FAY sl S ] BT ole 0 (enSSgn Sigmgy 5l eslizal 5

P9y L ot 51 ooy Sl e (slysiSTe g 5ol Sme olie slos > talejl 9, b g 15,5 (5glaen iulejl cov slayine

105 o3kl ) (bl Joe 1 33kt kS b LB 5 F (g0 o sLnyeiS 6, 03l 00,8 (6, eSS ogmbes dap> =YY

yi=ptTite o3l b yud Slasl abaks g Sols dlge ¢jgiSY copiig o o2y> Ao

Bocpl )53 5o ol jlad 4 Lgsyo ounlie iy 358 dlady 5> (oLedl el Funke gerber) jluulgzs™y ¢ ;5 YU olSiws )

Ol Cij g (aw 93 ) o el 1 51 T cCmor (650Le a5 plgl
Al o osilesdly 58] sloyeiS Jdosdy 155 jsbateds e3linuldyge (g bl )b

Ll o (oo S5 9 (Shss Slse =) Jg
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2 Each kg of supplement contains 185 g calcium, 20 g magnesium, 55 g sodium, 3 g zinc, 3 g iron, 2 g manganese, 0.28 g copper, 0.1
g cobalt, 0.1 g iodine, / There were 0 g of antioxidant, 0.001 g of selenium, 500,000 international units of vitamin A, 100,000
international units of vitamin D3 and 100 international units of vitamin E.
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Introduction The use of additives that improve the microbial function of the rumen seems to be essential.
Probiotics is a Latin word for life. Probiotics are living microorganisms that contain beneficial bacteria and
yeasts. The most important feature of probiotics is that while reducing the pathogenic germs in the
gastrointestinal tract and improving the feed conversion ratio in the animal, they do not have any residual tissue
and unlike antibiotics do not cause microbial resistance. Probiotics are now used not only as growth stimulants
but also to stimulate the immune system and prevent many diseases. The use of probiotics to improve function,
improve health, and change in rumen ecosystems are a good alternative to antibiotics. Sheep milk has a great
nutritional value used in cheese, yogurt, butter and other dairy products. Studies investigating the effect of
adding probiotics to sheep feed on milk production and composition are scarce, and most studies have been
conducted in dairy cows. Reports have shown contradictory results on the addition of probiotics to milk
production and compounds. Due to the limitation of the effect of probiotic supplementation on sheep milk
production and composition, especially Lori Bakhtiari sheep, the present study aimed to investigate the effect of
oral probiotics on the process of colostrum and milk compounds in the first month of lactation.

Materials and Methods The study was conducted in Chaharmahal va Bakhtiari province. For this purpose,
28 Lorri Bakhtiari ewes, first abdomen to the sixth abdomen were selected in the last month of pregnancy. All
ewes were fed a similar diet. The ewes were divided into two groups of 14 and received experimental treatments
for one month. Treatments included 1) control (the group that did not take probiotics) 2-the group who consumed

1 gram of probiotic per day. In the experimental group (14), in addition to the above diet, in the morning, 1 g of
probiotic was dissolved in 5 ml of water and fed to the ewes via syringe. The probiotic used in this study was
protexin. Colostrum samples were taken from each ewe after calving to measure colostrum factors. Albumin and

total protein concentrations were measured using Pars test kits and the photometric method. Globulin
concentration is calculated by subtracting albumin from total protein. Gerber method was used to measure the
percentage of colostrum fat. We need ash to measure colostrum minerals. To do this, pour 5 grams of colostrum

into the bush, then place the bushes in the oven to dry. The samples were kept at this temperature for 24 hours
until they were completely gray and turned white. Finally, the concentration of minerals was measured by atomic
absorption spectrophotometer using a dry digestion method. Phosphorus was measured by the yellow method.
Milk samples were taken from each ewe on the 14th day of lactation to measure milk factors such as fat, protein,
lactose, solids and milk freezing point. They were measured using a milk analyzer.

Results and Discussion The results showed that the addition of probiotics protexin had no significant effect
on body weight, colostrum factors including albumin, total protein, globulin and fat (P >0.05). The concentration
of colostrum minerals (arsenic, cadmium, cobalt, copper, iron, lead, magnesium, manganese, molybdenum,
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sodium, nickel, phosphorus, selenium, tin, zinc and calcium) was also not affected (P>0.05). So far, no studies
have been performed on the addition of probiotics protexin to colostrum factors and minerals. However, there
have been studies of the addition of probiotics to concentrations of albumin, total protein, and globulin and blood
minerals. Contradictory results have also been reported in this case. The addition of protexin probiotics at the
end of pregnancy on milk factors (fat, lactose, protein, solids and freezing point) in ewes was not significant (P
>0.05). Consistent with our study, commercial bacterial probiotic feeding in ewes had no significant effect on
the production and chemical composition of ewes. In other species of ruminants, the addition of bacterial
probiotics and yeast probiotic resulted in inconsistent results on milk composition. The results were inconsistent
due to differences in the amount and type of probiotic used, probiotic feeding method, type of ruminant, duration
of probiotic use, and conditions of the ruminant (lactation).

Conclusion Overall, the results showed that the addition of probiotics in the last month of pregnancy had no
significant effect on body weight, colostrum factors, colostrum mineral content and milk composition of Lori
Bakhtiari ewes. This indicates that the rations were normal and had no negative effect of probiotics in the last
month of gestation on ewes.

Keywords: Probiotics protein, Colostrum factors, Colostrum minerals, Milk compounds, Lorri Bakhtiari's
ewe.
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Table 1-Ingredients and chemical compositions of experimental diets (% DM)
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NE
; d Palm kernel percentage in diet

ce 0 B 10 15 20
gy

40 40 35 35 35

Alfalfa

lo s 0 5 10 15 20
Palm kernel

p5 ol 20 20 25 25 25
Wheat straw

o 26 20 23 14 10
Corn

P g 13 14 6 10 9
Wheat bran

pleb s 0.5 0.5 0.5 0.5 0.5
Salt

Vo LA .

sy dne JoS. 0.5 0.5 0.5 0.5 0.5
Mineral vitamin Supplement!

Chemical composition

(PSS [ S 5LS) (mmdlylio 555 2.39 2.39 2.45 2.50 2.53
ME (Kcal/kg)!

B 53

(82)3) pB 0x5592 153 15.56 1570 1510  15.25
CP (%)

(32,3) 3l o)l 52 6.5 6.7 6.9 6.12
EE (%)}

(82)3) o 0.8 0.8 0.9 0.9 0.9
Ca (%)

(h03) it 0.7 0.7 0.7 0.7 0.7
P (%)
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!One-kilogram vitamin and mineral premix included: vitamin A, 600000 IU; vitamin D, 200000
[U;vitamin E, 200 mg; Antioxidant, 2500 mg; Calcium, 195 g; Phosphorus, 80 gr; Magnesium, 21000
mg; Manganese, 2200 mg; Iron, 3000 mg; Copper, 300 mg; Zinc, 300 mg; Cobalt, 100 mg; lodide, 12

mg and Selenium, 1.1 mg
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Table 2- In vitro digestibility of diets containing different levels of palm kernel (%)!

Loy did duo b Cul)l8
Palm kernel (%) Digestibility

Dry matter NDF 2 ADF 3
0 75.232 50.352 45.65?
5 73.312 45.76° 38.78"
10 68.18" 40.68° 30.45¢
15 64.43°¢ 38.14¢< 26.56°
20 60.08 ¢ 35.44¢ 20.39¢
SEM 1.002 2.10 1.30
P-value 0.006 0.0001 0.007

(P<e/20) Byl s gxe BB (g)lal sl aliie s g (sl Slael gtw >

oy Sile 3Lkl (cllas :SEM

"Means in column with differing superscripts differ (P<0.05).

2NDF: Neutral detergent fiber
3 ADF: Acid detergent fiber
SEM: Standard error of means.
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Tabel 3- Feed intake, performance and digestibility of nutrients in sheeps fed with diets containing palm kernel!

Gio Slse i Ll 5 5 Sas Shgs b (32,3) b 4o
. L . Palm kernel (%)
Feed intake, performance and digestibility of nutrients 0 z 10 SEM2

P-value

(395 2 £5) siae oy B pas
Nutrient intake(g/day)

(»5) “lis) (Prae Shs 143520 14922 1627° 40.8  0.043
Feed intake (g)

Pree .J ke . 949.12° 950.10° 988.4° 48.42 0.006
Organic matter intake

wPrae s 149.398 150.612 152.699  3.010  0.065
Protein intake

w ol 304401% 276432 200.111¢ 1232 0.007
Excretion organic matter
e Suis odle

Excretion dry matter
o ofon 35.98¢ 51.78° 60.66°  2.130  0.017
Excretion protein

(10y3) s Ll

Digestibility(%)

il 93 )3 Jylowali S 40.101° 30420  25.125¢  1.50  0.0310
ADF

S oole
Dry matter

EL;")"S”J* 60.245° 59.917*# 50.545" 2.18 0.0290

IL\?*’SF”%&P el S 56.101° 53.412¢ 49.125° 1.50 0.0310

S ”L’. 65.66*° 60.78° 51.98¢ 20.31  0.0281
Organic matter

(+5) 250

Performance

did e 720 6.30 6.7° 0.87  0.0643
conversion ratio

o 0ds. 36.66¢ 38.25" 43,52 0.70 0.042
first weight

@LP‘; 0¥ 45.5¢ 50.3° 55.52 0.54 0.033
Final weight

(p5) 3o 3 IS 8.84° 12.05¢ 12 298 0.0180
Total weight gain (g)

(p55) 5> 035 el 176.8¢ 2410 2402 254 0.0575
Daily weight gain(g)

295.112% 235912  201.011¢  20.16  0.0010

69.101° 54.920° 49.220¢ 2.091 0.041

(P</0) 355l yls mo M) ()bl sl aliso e gy (ghyls dlacl sy p po°
o ySilie 315kl (gllas 7
"Means in rows with differing superscripts differ (P<0.05).
2SEM: Standard error of means.
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Table 4- Fermentation parameters and protozoa population (10 ®) in sheeps fed with diets containing palm kernel!
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"Means in rows with differing superscripts differ (P<0.05).

2SEM: Standard error of means.
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Table 5-The effect of palm kernel on blood parameters of Arabi sheeps (mg/dl)!

(Mu2y3) Lo 3 dtuuds

i ol
;19} i :::n;er Palm kernel (%)

ooap s 0 5 10 SEM? P-value
(& (3 2 5 ) 595
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Ul 2 2 p S ke) 0 sl Ol o5 4 1713 1102 0.03  0.0002
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(A (3 3 p5 Jes) Syl
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Cholesterol (mg/dl)
(5 (o3 2 p S ) owlS b
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"Means in rows with differing superscripts differ (P<0.05).

2SEM: Standard error of means.

2Blood urea nitrogen, *High density lipoprotein, “Low density lipoprotein.
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Table 6- Gas production parameters of soybean meal and wheat straw with rumen fluid of sheeps fed with diets containing palm

kernel!

S 25 sloessial g

(Mu2y3) Loy3 dtauds
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by dlois
Soybean meal

S doo Yor | 5 5 g el
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"Means in rows with differing superscripts differ (P<0.05).

2SEM: Standard error of means.

3Gas production potential,*Gas production rate, SPartitioning factor
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Introduction The palm date kernel is energetic by-product of animal nutrition classified as medium-quality
foods and crude protein content suitable for ruminants. The results of the studies indicate that there are large
amounts of nutritious fibers in the palm kernel which are very useful in nutrition. It is reported that the amount
of crude protein, NDF, ADF, cellulose; hemicellulose and lignin of palm kernel meal were expressed 4.9%,
21.1%, 40.7%, 43.3%, 26.4%, 6.4%, and 7.4%, respectively. Palm kernel contains all types of amino acids,
including isoleucine, leucine, methionine, threonine, valine and phenylalanine and also phenolic compounds,
flavonoids and carotenoids. Gross energy, crude fiber, carbohydrates and calcium of palm kernel were 4663
Kcal/Kg, 31.1, 77.2, 10.1 and 0.61%, respectively. The accessibility of amino acids in palm kernel is 65%. The
information on using of palm kernel in the ruminant diets is rare. Therefore, the aim of this study was to evaluate
the effect of palm kernel powder on performance, digestibility in Arabi sheep to reduce dietary prices and
optimal use of agricultural by-products.

Materials and methods In the first stage of experiment, the determination of proper level of the palm kernel,
the values of 0, 5, 10, 15 and 20% of date kernels in the diet were used and the best amount was determined by
in vitro digestion. In the second stage, 15 Arabi sheep with average weight 39+5 kg and 10 months of age were
used in the completely randomized design for 50 days period. The experimental treatments were included control

diet and diets containing 5 and 10% palm kernel (5 replicates for each treatment). Forage to concentrate
g p €p g

ratio was 60 to 40. Diets fed twice per day. The palm kernel was prepared from Dardan company and milled.
At the end of the experiment, nutrient intake, performance, digestibility, protozoa population, blood and
fermentation parameters of sheep were measured. Parameters of digestion and fermentation of livestock after
feeding with date kernels were also evaluated.

For measuring fermentation and digestibility, the animals fed with experimental diets by in vitro methods,
rumen fluid was collected from animals before the morning feeding. About 200 mg wheat straw incubated with
buffered rumen fluid under continuous CO; reflux in 100 ml vials for 2, 4, 6, 8, 10, 12, 16, 24, 48, 72 and 96 h,
at 39 °C. Cumulative gas production data were fitted to the exponential equation. Partitioning factor, microbial
biomass, actually degradable organic matter was calculated. Digestibility of dry matter the samples were
determined by using tilly and terry method. Data were subjected to analysis as a completely randomized design
using the General Linear Model (GLM) procedure of SAS.

Results and Discussion In the first stage, among the various levels of palm kernel, amount of 5 and 10% of
palm kernel had higher digestibility, respectively (P<0.05). Results of in vivo experiment has shown dry matter
intake was increased in treatments containing palm date kernel, but digestibility of organic matter, dry matter
and crude protein was decreased (P<0.05).The use of palm kernel increased the weight and improved feed
conversion ratio in 5 and 10% date kernel. The blood glucose concentration did not affect by experimental
treatments (P>0.05). The amount of BUN, creatinine, LDL and triglyceride significantly decreased by oak kernel
treatments, but amount of blood cholesterol and HDL in treatments containing 10% increased (P<0.05). Protozoa
population, rumen ammonia nitrogen and pH in diets containing palm kernel decreased as compared with that of
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the control diet (P<0.05).The potential and rate of gas production, microbial biomass efficiency and organic
matter digestibility of soybean meal with rumen fluid animals fed with experimental diets for control treatment,
and PF and microbial biomass for 10% palm date kernel significantly increased (P<0.05). Also the potential and
rate of gas production of wheat straw with rumen fluid animals fed with experimental diets, microbial biomass
and organic matter digestibility for control treatment, and PF and microbial biomass efficiency for 10% palm
kernel significantly increased (P<0.05). There were significant amounts of lignin and resistant starch in the seed,
phenolic compounds, volatile compounds and unsaturated fatty acids, flavonoids, carotenoids, and other
compounds in the palm kernel that can influence parameters of current study.

Conclusion According to the results of current study, due to the lack of negative effect on rumen
fermentation and blood parameters and improving of performance, palm kernel can be used up to 10% in the
Arabi sheep diet. Therefore, the use of palm kernels with the effect on the improving of livestock performance
and high source of fiber, energy and fatty acids is an acceptable alternative to sheep diets.

Key word: Digestibility, Blood parameters, Rumen fermentation, Palm kernel, Performance.
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Dry matter NDF NDF
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! Mean within the same column with different letters differ significantly (P<0.05).

2 Experimental diets incubated with rumen fluid of fattening lambs fed basic diet.
3 Basic diet was a standard diet of fattening lamb without Ziziphora clinopodioides (ZC).

SEM: Standard error of the means
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Table 2- Ammonia-N and pH of experimental diets containing Ziziphora clinopodioides incubated with anaerobic fungi isolated
from rumen fluid of fattening lambs fed with basal diet"

(382) opmolsSl o
Incubation time (day)

Jol P ool oSl
First Third Sixth Average
ol Stisel 035y Sbisel 035y Sisel 035y Sisel 035y
Tr)e atment’ pH NH;-N pH NH;-N pH NH;-N pH NH;-N
(mg/100 ml) (mg/100 ml) (mg/100 ml) (mg/100 ml)
¥ -
(0l 0x2) 2l3 6.30 12.68 6.40 12.68 6.30 13.77 6.33 13.04

Control (basal diet®)
S Loy /Y + oy

. 6.10 12.47 6.20
Basal diet +0.2% ZC

S oy [Tt aborr (g 12.76 6.20
Basal diet + 0.4% ZC

SEM 0.15 0.66 0.13
P-value 0.11 0.09 0.32

12.84 6.30 13.72 6.20 13.01

13.57 6.30 13.51 6.23 13.28
0.75 0.04 0.31 0.14 0.57
0.17 0.80 0.61 0.13 0.30

(P4 0) st I ime BB gl aliie pé By b slaySike giw po
MW UWL#‘ b oy Lo 4 d)‘j)ﬁ JLM){ S éﬁLe L& lenj L;meg Y

S d9§L§ 2815 d)‘j)ﬁ 3% J)L\Sb’w‘ Sop> s_fu Aﬁbﬁ o).,gv
by Sibe bkl clbs :SEM

! Mean within the same column with different letters differ significantly (P<0.05).
2 Experimental diets incubated with rumen fluid of fattening lambs fed basic diet.
3 Basic diet was a standard diet of fattening lamb without Ziziphora clinopodioides (ZC).

SEM: Standard error of the means
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Table 3- Digestibility of dry matter and NDF of experimental diets containing Ziziphora clinopodioides incubated with anaerobic
fungi isolated from rumen fluid of fattening lambs!

(382) CopmmlsSl o
Incubation time (day)

Jsl P poniia oSk
First Third Sixth Average
s Bl ol L 1 sl LI obe 13 sloeel L ol 13 sl LI
) N av . & v . & P . & v . &
Treatment? > g > 2gs > otg > 2ge
Dry NDF Dry NDF Dry NDF Dry NDF
matter matter matter matter
(b o) 22l
Control (basal ~ 36.82" 34.50° 48.80° 45.21b 53.52° 50.15 46.38" 43.29b
diet®)
/Y + QE 0 yu>
FFE do)p 38.40° 36.72* 54.03? 51.97 57.26 53.02° 49,907 47.24*
Basal diet +
0.2% ZC
/¥ + QE 0 yu>
SFE 2oy 39.08* 37.85* 54.57 52.06 57.84* 53.41° 50.50° 47.77*
Basal diet +
0.4% ZC
SEM 0.03 0.05 0.04 0.038 0.037 0.026 0.034 0.037
P-value 0.03 0.04 0.03 0.04 0.03 0.02 0.02 0.03

(P<e/+0) x5 gme BMiB] glyls aliie p g b clo ySiko 65 5
S gz b & By b glapSile (igiw 5o )
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.Y d;L{ 2815 d)‘j)ﬁ 3% J)L\Sl.';.w‘ (50> «_fu ‘dﬁbv o).,._'?v
b ySile 3ylikul clbs SEM

! Mean within the same column with different letters differ significantly (P<0.05).
2 Experimental diets incubated with rumen fluid of fattening lambs fed basic diet.
3 Basic diet was a standard diet of fattening lamb without Ziziphora clinopodioides (ZC).

SEM: Standard error of the means
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Table 4- Digestibility of dry matter and NDF of experimental diets containing Ziziphora clinopodioides incubated with anaerobic
bacteria isolated from rumen fluid of fattening lambs!

(ceba) ooyl ol
Incubation time (h)

0-24 24-48 48-72 oSl
Average
s Sl bl P bl G Sl beboll S bl Gl
) - e . & EXN . & EXN . & el . &
Treatment? e k> odoge (SHS ol K 0l 9
Dry NDF Dry NDF Dry NDF Dry NDF
matter matter matter matter

(ko) als

Control (basal 42.57° 40.53° 50.64° 48.77° 56.65 51.85 49.95° 47.05°
diet®)

/Y + QE 0 yu>

SFE 2o 44,43 42,942 54.16° 52.80° 58.17° 54.040 52.25° 49.992
Basal diet +

0.2% ZC

/¥ + QE 0 yu>

SFE 2oy 45.86° 43642 54,200 52.920 58.70° 54.07° 52.95° 52.21°
Basal diet +

0.4% ZC

SEM 0.03 0.02 0.03 0.03 0.02 0.02 0.03 0.02
P-value 0.01 0.03 0.03 0.02 0.03 0.04 0.02 0.04

(P<e/+0) x5 gme MBI glyls alive g g b clo ySibo 65 5
S gz b & By b glapSile (5w 5o

WA UWL#‘ b oy b o 4iw d)‘j)ﬂ dhoﬁ eSS éﬁLe Las u““’l")] LSLM)-.*.? Y

B9 SIS 386 (g 0y 3, lkiol g0y Sl oy
Sl 3yl ot :SEM

! Mean within the same column with different letters differ significantly (P<0.05).
2 Experimental diets incubated with rumen fluid of fattening lambs fed basic diet.
3 Basic diet was a standard diet of fattening lamb without Ziziphora clinopodioides (ZC).

SEM: Standard error of the means
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Table 5- Ammonia-N and pH of experimental diets containing Ziziphora clinopodioides incubated with anaerobic bacteria isolated
from rumen fluid of fattening lambs!

(ceba) ooyl ol
Incubation time (h)

0-24 24-48 48-72 oSl
Average
Yo Lo Sbgel o395 Sigel 39 Sligel G955 Sigel oo
Trea;rnent2 pH NH;-N pH NH;-N pH NH3-N pH NH;-N
(mg/dl) (mg/dl) (mg/dl) (mg/dl)

("4l o) 20l

Control (basal diet®)
S Loy /Y + oy
Basal diet + 0.2% ZC
S doyd /¥ + b0y

6.20 12.02 6.30

6.10 11.57 6.20

6.10 12.72 6.10

Basal diet + 0.4% ZC
SEM 0.04 0.90 0.06
P-value 0.13 0.19 0.10

12.16 6.20 11.73 6.24 11.97

12.26 6.10 12.50 6.14 12.11

12.80 6.20 13.23 6.14 12.92

0.64 0.05 0.79 0.06 0.78
0.18 0.50 0.11 0.25 0.16
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! Mean within the same column with different letters differ significantly (P<0.05).
2 Experimental diets incubated with rumen fluid of fattening lambs fed basic diet.
3 Basic diet was a standard diet of fattening lamb without Ziziphora clinopodioides (ZC).

SEM: Standard error of the means
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Introduction The ruminants have a stomach with four separate compartments, in the two parts of which, rumen
and reticulum, because of the action of their bacteria, protozoa, and other populations such as anaerobic fungi, the
energy of plant cell wall are available to the host. The main products of fermentation include volatile fatty acids
(VFA) and microbial crude protein, which provide about 80 percent of the energy and 60 to 85 percent of the
animal protein requirements, respectively. Therefore, achieving the best efficiency of digestion and microbial
fermentation in rumen is very important. On the other hand, the production of methane, carbon dioxide, and
ammonia in the rumen causes a loss of energy and protein, an increase in greenhouse gases, and environmental
pollution. Therefore, nutritionists, by manipulating ruminal fermentation processes, are looking for ways to reduce
energy and protein loss in the form of methane and ammonia and to increase the efficiency of fermentation and
synthesis of microbial protein in rumen and increase fiber digestion. For this purpose, several additives such as
organic acids, yeasts, enzymes, buffers, and antibiotics have been used. In recent decades, medicinal plants have
attracted a lot of attention due to their ability as an alternative to growth stimulants and antibiotics in animal and
poultry nutrition. In this regard, the plants of the Lamiaceae (mints) family, which are considered as a medicinal
plant with high antimicrobial properties, have been considered. The perennial species of Ziziphora clinopodioides
belongs to this family, Lamiaceae. The Ziziphora clinopodioides is widespread in the north, center, northwest,
south, and northeast of Iran. Some of the most important active ingredients in this plant are Pulegone, Piperitenone,
Yomogi alcohol), DL-Menthol, Carvacrol, Piperitenone, y-Terpinene, and Carnoon. Since the activity of rumen
anaerobic fungi and bacteria is important in the digestion of feed and considering that there is no information about
the effect of adding this plant to the diet on the activity of bacteria and fungi isolated from the rumen, the latency
is very limited. Therefore, the aim of this study was to investigate the effect of using Ziziphora clinopodioides in
the diet of fattening lambs as a supplement, on digestion and fermentation activity of their rumen bacteria and
fungi.

Materials and Methods Iitially, the best amount of Ziziphora clinopodioides supplement in the diet was
determined by the two-steps digestion method. Therefore, six treatments containing zero (control), 0.2%, 0.4%,
0.6%, 0.8%, and 1% powdered Ziziphora clinopodioides plants were added to a standard diet of fattening lambs.
Then, based on the results, three treatments containing zero (control), 0.2%, and 0.4% were selected among them
to determine the effect of Ziziphora clinopodioides supplement on the activity of ruminal anaerobic fungi and
bacteria. The rumen fluid required for the two-steps digestion experiment and the specific culture medium of
bacteria and fungi were prepared from four male lambs fed a fattening lamb diet with similar ingredients and
compositions to the diet of in vitro section, through a stomach tube. Then, anaerobic bacteria and fungi were
isolated and purified from their ruminal fluid.

Results and Discussion Concentration of ammonia nitrogen and pH in the specific culture medium of rumen
fungi at the first, third, and sixth days of incubation and the average concentration of the whole period, and also at
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24, 48 and 72 hours after initiation of incubation of experimental diets with bacteria, were not affected by
experimental treatments. The in vitro digestibility of dry matter, neutral detergent fiber (NDF), and acid detergent
fiber (ADF) increased significantly (P<0.05), as an influence from the addition of Ziziphora clinopodioides
supplements to the diet of fattening lambs. The highest and lowest dry matter, NDF, and ADF digestibility was
observed in the control diet and diet containing 0.4% Ziziphora clinopodioides, respectively; and there was a
numerical and non-significant difference between diets containing Ziziphora clinopodioides. The digestibility of
dry matter and NDF of experimental diets by ruminal anaerobic fungi on the first, third, and sixth days of
incubation, and ruminal bacteria at 24, 48 and 72 hours after initiation of incubation, and the average of the whole
experimental period increased significantly under the influence of Ziziphora clinopodioides supplementation in
the diet of fattening lambs. There was no difference between diets containing Ziziphora clinopodioides in the
activity of anaerobic rumen fungi and bacteria in the digestion of diets. Increasing and improving the digestibility
of diet nutrients may be due to changes in the microbial population and improved digestion and fermentation
activity of them as a result of secondary compounds of Ziziphora clinopodioides. It has been suggested that some
secondary metabolites, such as phenolic compounds (also found in Ziziphora clinopodioides), selectively inhibit
the activity of amylolytic and proteolytic bacteria, without affecting other groups such as cellulolytic bacteria.
Therefore, this selective effect leads to the competitive elimination of some species in favor of other species,
therefore, the raw materials of the environment are provided for the activity of other species, perhaps this
mechanism is a factor in improving digestibility in diets containing Ziziphora clinopodioides. consistent with the
results of the present experiment, increasing the digestibility and fermentation of sugarcane top or diets have been
reported by adding Ziziphora clinopodioides to the diet of lambs or thistle (such as Ziziphora clinopodioides
containing tannins) in the diet of calves. The supplementation of the Trachyspermum plant (has thymol and, y-
Terpinene similar to Ziziphora clinopodioides) to diet also was increased the digestion and fermentation, which is
consistent with the present experiment.

Conclusion Overall, the use of Ziziphora clinopodioides supplement in the diet of fattening lambs improved
the digestive activity of anaerobic fungi and bacteria isolated from their rumen.

Keywords: Isolated bacteria, Isolated fungi, Specific culture medium, Two-steps digestion
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Table 1- Analyzed nutrient composition of feedstuff that used in basal diet formulation

ise g pus bgw dloxs’ Sy ks
Nutrient Wheat Soy meal Corn gluten meal
(6)1\591-.*5./?)591715) e BB (5, 3213 2230 3740
Metabolisable Energy (kcal/kg)

(ro59) P x5 11.37 44.47 53.86
Crude protein, %

(30 3) da b 025 0315 2.230 0.667
Digestible lysine, %

(o) a8 oripeie 0.156 0.547 1.119
Digestible methionine, %

(30 3) b8 e + Oigte 0.380 1.069 1911
Digestible methionine + cysteine, %

(A@a) @Jab e 0.277 1.444 1.460
Digestible threonine, %

(10 3) da b ooy 3 0.121 0.537 0215
Digestible tryptophan, %

(b0 ) min JB o)) 0.445 2.980 1.557

Digestible arginine, %
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Table 2 - Ingredients and nutrients composition of the basal diet!

Shss dge Percentage s dlga e
Ingredient )3 Nutrient Values
pus 63.83 (e B5kS [p Sk slwgedguw LB (55 2780
Wheat ME, kcal/kg
by oS 14.36 (323) £ 0255 15.81
Soybean meal CP %
203 g 3.50 (42) el 5.12
Corn gluten meal Ca %
LR ) 2.97 ("‘”)3) oo rd B jhud 0.43
Vegetable oil Available P %
prelS S 12.26 (22) g 0.19
CaCos; Na %
Dicalcium phosphate Digestible Met %
plb Sl 0.35 (10,3) pan B tuas + gt 0.60
Common salt Digestible Met + Cys %
YWL%J“S" L, 0.25 (-‘*.”)’) N‘“”J’b K3 0.73
Vitamin Premix Digestible Lys %
e e 0.25 (h23) wda JB o5 0.44
Mineral Premix Digestible Thr %
O 9o -Jle 0.14 (M)a) pean JB «)‘)“J ] P“"’J’b O Caaass 60
DL- Methionine Digestible Thr : digestible Lys %
LS9 o3 =)

0.23
L-Lysine Hcl
23 el 0.10
Corn starch

P SV g lh ol ¥ «IY Gao yolie 4 (Evonik Degussa GmbH, Hanau-Wolfgang, Germany) .gy-Jl JeSo b @) atwlis oKk b ab ops )3
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ke 0 LIS s te )5
S ke Ve oS o 1Y (portes i) posibes 105 o Al (5500 Sigu) 500 ip5 oo Y+ {is9) Sgw) (595 32,5 0 0B 1y 125 G900 SIS 1 5> (e JaST
5o YOI ol SMilgus) ol £ )5 o BT+ o SAidgus) (e
!The diets were provided in a way that a batch of basal diet (lowest digestible threonine concentration) was made and then divided
into 6 equal portions; the L- threonine (ME = 3570 kcal’kg, CP = 72.4, Threonine = 98%, Evonik Degussa GmbH, Hanau-Wolfgang,
Germany) was added at the rate of 0.00, 0.20, 0.4, 0.6, 0.8 and 1 g/kg to the top of each portion at the expense of filler (corn starch)
and mixed to provide six diets with 0.44, 0.46, 0.48, 0.50, 0.52 and 0.54% digestible threonine levels so as to form ratios of 60, 63,
69, 72 and 75% of dig Thr:dig Lys.
2Provided in kg of diet: vitamin A (all-trans-retinol), 8,800 IU; vitamin D3 (cholecalciferol), 3,300 IU; vitamin E (DL-a-tocopheryl
acetate), 18.5 IU; vitamin K3 (menadione), 2.2 mg; vitamin B1 (thiamin), 2.2 mg; vitamin B2 (riboflavin), 5.5 mg; vitamin B3
(niacin), 28.0 mg; vitamin B5 (pantothenic acid), 6.6 mg; vitamin B6 (pyridoxine), 3.5 mg; vitamin B9 (folic acid), 0.7 mg; vitamin
B12 (cyanocobalamin), 0.02 mg; vitamin H2 (biotin), 0.05 mg; antioxidant 1.0 mg.
3Provided (mg/kg of diet): Mn (manganese sulfate) 80.0, Fe (iron sulfate) 75.0, Zn (zinc sulfate) 64.0, Cu (copper sulfate) 6.0, Se
(Sodium Selenite) 0.3.
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Table 3- Effects of dietary dig Thr levels on performance of laying hens in the 2nd production-cycle.
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. . . . . Feed conversion

Dietary Dig Thr Thr/Lys Feed consumption, Egg production, Egg weight Egg mass, ratio

levels, (%) (g/b/d) (%) (g/ege) (g/b/d) y
(g/g)

(%)

0.44 60 107.38 75.83 64.86 49.20 2.195

0.46 63 109.03 79.77 65.39 52.15 2.093

0.48 66 107.06 80.82 65.50 52.94 2.025

0.50 69 105.16 78.10 64.89 50.68 2.077

0.52 71 106.13 77.67 65.99 51.26 2.071

0.54 75 109.03 76.88 66.85 51.40 2.122

SEM 1.688 1.051 0.396 0.811 0.038

(s oigne gl e s M6 355 gl & ool
Dietary digestible threonine levels response, P-Value

& 0.125 0.005 0.002 0.053 0.003

Linear

P 0.125 0.006 0.136 0.056 0.003

Quadratic
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cycle to daily digestible threonine consumption
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models
g L sl
Ja ol Ty \;’ P b e Al Y e aib 23Sk
Parameters/ Esti W‘AZ"’Z Th Lower Upper p- 4o dbais g Sy Aalae
Model stimated dig Thr confidence confidence Value  predicted Regression equation
requirernent limits, 5% limits, 5% value
&8 daoyd
Egg production, %
Y =78.69 - 0.5008(480.1 - X),
LBL 481 461 503 0.054 78.69 R2=0.73, MAE = 2.34
Y =78.69 - 0.0421 (483.8 - X)?,
QBL 484 461 507 0.062 78.69 R2=0.76, MAE = 2.35
Y =69.33 + 0.5829(X-470) -
QP 502 450 554 0.009 78.58 0.0092(X-470)%, R>= 0.81,
MAE =2.33
(pSToxi il i5,) &ligy M Eron>s
Egg mass, g/b/d
Y =52.87-0.7286(482.3 - X),
LBL 482 478 487 0.001 52.87 R2=0.80, MAE = 1.36
Y =52.89-0.0281 (488.1 - X)?,
QBL 488 477 500 0.001 52.89 R2=0.92, MAE = 1.38
Y =46.52 +0.3531(X-470) -
QP 505 447 563 0.010 52.75 0.005(X-470)%, R?=0.94, MAE
=1.54
Shes has ca s
Feed conversion ratio
Y =2.073 + 0.0051(499.2- X),
LBL 499 469 529 0.021 2.073 R2=0.77, MAE = 0.064
Y =2.075 + 0.0004 (504.7 - X)?,
QBL 504 479 528 0.011 2.075 R2=0.81, MAE = 0.063
Y =2.27 - 0.008(X-470) +
QP 517 440 594 0.020 2.08 0.0001(X-470)%, R>=0.87,

MAE =0.062

s slhao 538 Sk MAE § (0 eyt RZ t90 25 3 aliles QP £93 a5 3 4 as (QBL ¢ s 285 s LBL
LBL, Linear broken-line; QBL, Quadratic broken-line; QP, quadratic polynomial; R?, determind cofficent and MAE, mean of
absolotly error
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Introduction Modern layer strains have high genetic potential for egg production, and may produce eggs for
more than one laying cycle by inducing molting. Good egg production is obtained when adequate nutrition is
provided, one of the most important nutrients is protein, particularly limited nutritional essential amino acid.
Additionally, in layer flocks feed represents more than 70% of the cost of production. In this context, protein is
one of the most costly nutrients and therefore there is a benefit in reducing any excess protein in the feed by
making use of synthetic amino acids wherever feasible to reduce both the excess waste of nitrogen and the
production cost. Synthetic amino acids such as methionine, lysine and threonine are commonly used in the
poultry industry because those are limiting in diets based on cereal and soybean meal and are now readily
available at a competitive cost. The essential amino acid, threonine, is the third limiting amino acid. Most of the
previous research has been done on determining the amino acids requirements of laying hens in the first
production cycle, and information on laying hens requirements in the second production cycle is very limited. As
a result, the nutrient requirements of second-cycle hens are assumed to be similar to those observed in hens
during the first laying cycle in the strain booklet guide and or NRC, 1994. The objective of this study was to
determine the digestible Threonine (dig Thr) requirement of laying hen during the second production cycle fed
wheat-soy diet as measured by laying performance.

Materials and methods The birds that used for this experiment were selected from a flock that were molted
at the 80wk of age on a non-fasting feeding program according to the molting recommendation by Hy-line W36
laying hens guide and had 103wk age. Hens were selected according to body weight and egg production. The
pre-experimental period was two weeks for acclimatization. Basal diet were formulated according to the
guidelines in the Hy-Line W-36 Commercial Management Guide (2016) according to the average pre-
experimental period data; egg production less than of 80% and feed intake 98 g/b/d. Three hundred and eighty
four layers were distributed to the 6 increasing levels of dig Thr 0.44, 0.46, 0.48, 0.50, 0.52 and 0.54%, with
Thr-to-Lys ratio of 60, 63, 66, 69, 72 and 75%, respectively in a completely randomized design, with 8 replicates
and 8 birds per experimental unit. The experiment lasted from 105 to 116 weeks of ages. All hens were weighed
at the beginning and at the end of the experimental period. Birds were given artificial light (16L: 8D). Feed and
water were provided ad libitum. Egg production (number and weight) and mortality were recorded daily,
whereas feed consumption was measured every 4wks as feed disappearance. The daily intakes of Thr were
calculated by multiplying the concentration of each in the experimental diet by feed conception. Digestible
threonine requirement for optimal laying performance response parameters such as egg production (EP), egg
mass (EM) and feed conversion ratio (FCR) to the daily dig Thr consumption by using NLIN procedure, through
linear and quadratic broken-lines and quadratic polynomial regression fit models.

Results and discussion The increasing dig Thr levels showed linear effect on egg weight, and quadratic

1-Msc student, Department of Animal Science, Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad,
Iran.

2-Associate professor, Department of Animal Science, Faculty of Agriculture, Ferdowsi University of Mashhad,
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effect on egg production (EP), egg mass (EM), and feed conversion ratio (FCR). The EP and EM increased and
FCR improved linearly as dietary dig Thr levels increasing up to 0.48% (Thr-to-Lys ratio of 66%), and then EP
and EM decreased and FCR deteriorate. The dig Thr requirements for the optimization of laying performance
was depends on what parameter is taken into consideration for optimization and it is possible to compare models
by their R? and MAE. In this study, the model that provided the best fit was the quadratic polynomial regression
model for EP, EM and FCR. The predicted dig Thr requirements with quadratic polynomial regression model for
optimal EP, EM and FCR were 502, 505 and 517 mg/b/d, respectively. The dig Thr requirement to produce 1 g
of EM was 9.57 mg. The optimum values estimated for FCR was slightly higher compared to those estimated for
EP and EM.

Conclusion The outcomes of the present study showed that, in the wheat-soy based diet formulated for
second cycle of laying hen the threonine is a limited amino acid. The dig Thr requirements vary according on
what parameter is taken into consideration for optimization. The dig Thr requirement for optimized FCR is
higher than EP and EM. In the wheat-soy based diet formulated for second cycle of laying hen the level of
digestible Thr 0.48% (Thr-to-Lys ratio of 66%) were recommended.

Key worlds: Ideal protein, Performance, Regression equations, Second cycle of production, Threonine.
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Table 1- Nutrients analysis of Biochar
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Table 2- Diet formulation and calculated chemical composition of the basal ration (as fed).
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;ee)d zn ’M:e c;ise/:t %) starter diet growth diet finisher diet
s 0 (1-10 days) (11-24 days) (25-42 days)
&y 4 51.1 54.09 58.85
Corn
gwl‘;”?“‘ | 42.15 38.47 33.15
oybean mea
gi” u’fanf 59 238 35 438
oy oi
eSSl 1.44 1.33 1.23
Calcium carbonate
Slind el (52 152 1.32 1.13
Di calcium phosphate ' ’ '
Ei?f 03 03 03
ogte JI = 0.42 0.36 0.33
DL- Methionine
LIS gyn 3l =l
0.19 0.13 0.13
L- lysine hydrochloride
e g dizalig JoSo 0.50 0.50 0.50
Vitamin and mineral premix!
005 dpole olowd oSS
Calculated chemical composition
f\;“ Eﬁ(‘;ﬁ; L}‘L; &3y 3000 3100 3200
cal/ kg
PE oo 23 215 19.5
Crude protein (%)
poelS 0.96 0.87 0.79
Calcium (%)
MM
St % 0.17 0.16 0.16
02> JB jhud 0.48 0.43 0.39
Available phosphorous (%) ’ ' ’
O 0.74 0.64 0.59
Methionine (%)
f)‘J o 1.44 1.29 1.16
ysine (%
Ol (gt 1.08 0.99 0.91

cysteine (%)Methionine +
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'Vitamin and mineral premix supplied per kilogram of diet: vitamin A, 12000 IU; vitamin D3, 5000 IU; vitamin K3, 2.55 mg;
thiamin, 3 mg; riboflavin, 7.5 mg; vitamin B6 (pyridoxine), 4.5 mg; vitamin B12, 0.02 mg; niacin, 51 mg; folic acid, 1.5 mg;
biotin, 0.2 mg; pantothenic acid, 13.5 mg; choline chloride, 250; Mn, 120 mg (manganese sulphate); Cu, 16 mg (copper sulphate);
I, 1 mg (potassium iodate); Fe, 40 mg (ferrous sulphate); Zn, 100 mg (zinc sulphate).
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Table 3-The effect of different levels of Biochar on broiler chickens performance throughout the breeding period
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groups © (g/b/d) (g/b/d) conversion o ity factor
ratio (g/b/d) ’
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BT WL A
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1
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P-Values
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! SEM: Standard Error of Mean
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Table 4- The effect of experimental diets on Meat quality parameters'
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Jose dopNee 6.3  0.14 66.36 30.30 5.34e
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P-Values
b 0.033  0.537 0.111 0.962 0.027
Linear
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Table 5- The effect of experimental diets on Meat color and Bone Ash Broiler Chickens!

el sloleg @by b &; gl juse
Experimental groups L2* a’* b#* Bone Ash
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Control (Zero)
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eI 2oy b 27.442 40.56° 26.04° 38.57
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75% Biochar
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! Mean within the same row with different letters differ significantly (P<0.05).
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> SEM: Standard Error of Mean
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Table 6-The effect of experimental diets on cost of feed consumed per kg live weight over the whole period broiler chickens.

whilejl oo () 0455 033 Sy A5 Cuosd 105 oy Loy b Caosd Ciglis
Experimental Production price/kg of live birds ~ The difference in price per kilogram of rations with the control
groups (Rls) ration
el 32100 0
Control (Zero)
JE 2,270 32000 10
25% Biochar
eI o o- 31980 12
50 % Biochar
JE o va 31420 68
75% Biochar
s ey Voo 30990 111
100% Biochar
SEM! 561.84 1.352
S e 0.583 0.756
P-Values
o 0.417 0.630
Linear
P92 423

0.685 0.508
Quad

I SEM: Standard Error of Mean
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Introduction Chicken meat is one of the most important foods and its economic production is essential. In
industrial poultry farms, about 70 to 75 percent of production costs are related to feed costs. Therefore, one of the
most important goals of poultry nutrition researchers, along with improving the performance and characteristics
of poultry carcasses, is to reduce the cost of feed. In addition to edible materials, dietary feed includes feed
additives that improve feed conversion, maintain bird health and, consequently, reduce costs and earn the most
economic benefits. Any substance that can improve the health and safety of the digestive tract is of particular
importance in feeding poultry. The presence of minerals in animal feed is necessary for the animal’s metabolic
processes. In fact, they are catalyst for many enzymatic systems, and part of hundreds of molecules involved in
intermediary metabolism, hormone secretion, antibacterial effects, and immune defense systems; as a result, it
influences growth performance, meat quality and appetite of broiler chickens. Traditionally, according to various
feeding standards, minerals are supplemented in broiler diet in the form of inorganic salts, i.e.: carbonates, oxides,
or sulfates to provide the birds’ requirements.

Therefore, one of the ways to reduce the cost of feed rations is to replace useful and low-cost compounds with
mineral supplements. In recent decades, the use of feed additives in poultry diets has been considered to increase
their production. One of these additives is humic compounds. Humic compounds are a compelex of compounds
that are produced from the decomposition of organic matter, especially plants, soil and coal. Biochar is produced
by pyrolysis from various types of biomass in a low-to-no oxygenthermal process at temperatures ranging from
350 to 1,000°C. In addition to its use as a dietary supplement, the use of biochar in nutrition has been considered
as a dietary supplement in recent years. It improves nutrition and thus better digestion and absorption of nutrients
and limits the activity of toxins such as dioxin, glyphosate, mycotoxins and pesticides and reduces side effects on
the gastrointestinal tract. This experiment was carried out to study the effects of replacement different levels of
Biochar with the mineral supplement of diet on performance, meat quality, and bone ash in broiler chickens.

Materials and Methods This experiment was conducted with 250 male broiler chicks (Ross 308) in a
completely randomized design with five treatments, and five replicates (10 birds per replicate) for 42 days. The
treatments included: 1) control diet (without Biochar, contain mineral supplement), 2) control diet whit 25%
Biochar plus 75% mineral supplement, 3) control diet whit 50% Biochar plus 50% mineral supplement, 4) control
diet whit 75% Biochar plus 25% mineral supplement, 5) control diet whit 100% Biochar plus mineral supplement.
Birds and feeds were weighed at days 1, 21, and 42 on a cage basis. The body weight gain, body weight, feed
intake and feed conversion ratio were determined. The meat lipid oxidation was evaluated by thiobarbituric acid-
reactive substances assay described previously. The pH of meat was measured with a pH meter by homogenizing
5 g of sample with 25 ml of distilled. To estimate the water holding capacity, one g of the meat samples were put
in tissue paper inside a tube and centrifuged (for 4 min at 1500 g). Then meat samples were dried at 70°C for 24
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h. Cooking loss was determined via the difference between raw weight and cooked weight, and expressed as a
percentage of the original weight. The drip loss was determined as the percentage of weight loss of meat samples
under standardized conditions. Color values L* (lightness), a* (redness), and b* (yellowness) were determined with
a previously described digital imaging method. The hue angle (arc tangent of b*/a"), and chroma (saturation index)
V (a*2 + b*?) were also determined. The crude ash of bone samples was analyzed according to standardized
methods.

Results and Discussion In the whole period of experiment, the replacement of mineral supplements with
Biochar could not make a significant difference on body weight, feed intake, food conversion rate (FCR),
European Production Index, bone ash. Meat pH of birds fed 75% Biochar was higher than in all treatments and
dripping loss of 75% Biochar was significantly lower than other treatments but here are no significant difference
between other treatments. Brightness and yellowness were not affected by the experimental treatment, but the
redness index was higher in 75% and 50% Biochar than in other treatments. Therefore, Biochar can replace dietary
mineral supplements due to the presence of humic substances and the presence of mineral elements in its
composition. Also, due to the low price of Biochar, the use of this substance instead of dietary mineral
supplements, makes the use of minerals more desirable and reduces the cost of the diet of broilers. In the present
study, the use of Biochar and its substitution with dietary supplements, due to its mineral content and humic acid,
improved meat quality of broilers. Despite the lack of a significant difference between the price of a diet ration
and a diet containing Biochar, it seems that the use of Biochar can replace dietary minerals and reduce the economic
costs of the diet, which is an important issue in the poultry industry.

The lack of altered bone ash in broiler chickens fed Biochar containing humic acid in this experiment was
probably due to the adequate and balanced levels of calcium and phosphorus in the diet and therefore due to the
lack of effect of humic acid in Biochar . This result may be due to adequate supply of minerals in treatments
containing Biochar compared to control group treatment that has made no change in bone ash from control group.

Conclusion In conclusion, the use of Biochar at 75% level without affecting the performance, improved the
meat quality (meat pH, redness color index and dripping loss percentage) of broiler chickens.

Keywords: Drip loss, Economic index, Humic acid, Redness color index.
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Table 1- The arrangement of dietary treatments during starter (1-10 d), grower (11-24 d) and finisher (25-42 d) periods!
(38l & Copns 203) (o> P yaud g oS o 2alS” (e
Reduction in dietary calcium and available phosphorus levels (% of standard diet)

onjel ) sl

Starter Grower Finisher
0 0 0
0 15 0
0 15 10
0 15 20
0 15 30
0 30 0
0 30 10
0 30 20
0 30 30

(B) 35 dgn s o SolS V=YV G 0355 (159 L ¥ oA Ll dgus (gl 005 dpogs laliin] ol py i (cloo s
(8) lalin) & G oy 1B i 5 maelS 1015 ol > 315 5 45 395 > Slrlin) & Conn I8 02 s M s 5 sdS a5 fn Jgl 226"
a1y Lk 09

'Dietary treatments were formulated according to Aviagen 2014 recommendations with target live weight of 1.70 - 2.40 kg (5).

2 First and second digits show the percentage of dietary reduction of calcium and available phosphorus from the Ross 308
requirements (5) during grower and finisher periods, respectively.

Vbl 5 38) el ojn )3 aalejl (slao e (sdie slge i 5 S =Y Jgo
Table 2- Ingredients and nutrient composition of starter, grower and finisher diets!

V1) gl (539 WYY) ady (539, YO-¥7) Lk

(3) o sl ) - Grower (11-24 d) Finisher (25-42 d)
Ingredients (%) i (el o o) e b S o 2005 (e '

(1-10 d) Reduction in dietary calcium and available phosphorus levels (% of standard diet)

0 15 30 0 10 20 30

Oyd 49.20 52.56 52.56 52.56 57.79 57.79 57.79 57.79
Corn
(2o ¥F) Lguws dllous’ 41.56 37.78 37.78 37.78 32.29 32.29 32.29 32.29
Soybean meal
(CP, 44%)
L o9 4.53 5.41 5.41 5.41 5.97 5.97 5.97 5.97
Soybean oil
Slaad paanlS’ 63 1.93 1.71 1.33 0.94 1.54 1.31 1.07 0.84
DCP
Sal K 1.06 0.98 0.86 0.74 0.91 0.84 0.76 0.69
Limestone
¥ uwolng JoSo 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Vitamin premix?
¥ e dlge JoSo 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Mineral premix?
Sl s o 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12
Sodium
Bicarbonate
plab Ko 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29

Common salt
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Continuation of Table 2 Y Jgae aoldl
S5y 0.25 0.17 0.17 0.17 0.18 018 o1 018
L-Lysine

hydrochloride

Oesie— ]l 62 0.38 0.32 0.32 0.32 0.29 0.29 0.29 0.29
DL-methionine

osgy=Jl 0.11 0.08 0.08 0.08 0.06 0.06 0.06 0.06
L-Threonine

Loy £ S deS 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07
Choline

chloride, 60%

dwlo - - 0.50 1.01 - 0.30 0.61 0.91
Sand

(Mu0y3) 045 dpuwlns (g320 dlgo S 5
Calculated nutrient content (%)
el golie b6 (<5 51
(PSS 2 IS okS)
ME (Kcal/kg)
pb Cpiign 23 21.5 21.5 21.5 19.50 19.50 19.50 19.50
CP
oS’ 0.96 0.87 0.74 0.61 0.79 0.71 0.63 0.55
Calcium
o pawd BB jaud 0.48 0.44 0.37 0.30 0.40 0.36 0.32 0.28
Available
phosphorus
oo 1.44 1.29 1.29 1.29 1.16 1.16 1.16 1.16
Lysine
Ogsio 0.72 0.65 0.65 0.65 0.59 0.59 0.59 0.59
Methionine
s + (yigsio 1.08 0.99 0.99 0.99 0.91 0.91 0.91 091
Methionine +
Cystine
BRIy 0.97 0.88 0.88 0.88 0.78 0.78 0.78 0.78
Threonine
puw 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16
Sodium
oaolly 0.98 0.92 0.92 0.92 0.82 0.82 0.82 0.82
Potassium
& 0.27 0.26 0.26 0.26 0.26 0.26 0.26 0.26
Chlorine
O%ﬁ—uﬁsK A3 24397 231.38 231.17 230.95 207.29 207.16 207.03 20691

DCAD?

3000 3100 3100 3100 3200 3200 3200 3200

(B) 35 dlga b o Sk VV-VIF (B 035) (335 b YA oly dygs lie lalin] ol lid sl jleg)
ol tllallin 2l A B ysaliyg £ Mlallonn aoly 000+ DY cpaty g llalli 1515 Y70+ + A uolizg 2,8 o (30l 0302 51 p 5SS 12 1315 253050 (gidse Sl g rolizg JoSo ¥
oS 9 40 )5 oo /YO ((yim 1S uo VIV «Sg sl 19,5 Lo BY/O sl 40,5 o NIF 0y gMbguy s 40,5 Lo YTV pualis 9,5 oo + /oY B2 (yoliyg 1,5 o Y1V K
‘U’h] p)S oo VF o $p)S o VYD oy )5 ko g posd ()8 oo Vo (3850 40,8 Lo VN v (g9 4p)S e Y/o (UIJ.:-JI‘_{TJ] )5 ko o Sy Suolip S Juo ¥/a

%S u,:.ﬂ—u,:.ﬂf BRI =Y 6,8 Lo ARVAS

! Dietary treatments were formulated according to Aviagen 2014 recommendations with target live weight of 1.70 - 2.40 kg (5).
2Provided per kilogram of diet: Vitamin A 12500 IU, vitamin D3 5000 IU, vitamin E 80 IU, vitamin K3 3.2 mg, vitamin B12 0.02
mg, thiamin 3.2mg, riboflavin 8.6 mg, niacin 62.5 mg, folic acid 2.2 mg, biotin 0.25 mg, pyridoxine 4.9 mg, pantothenic acid 18.5
mg, antioxidant 2.5 mg, Zn 110 mg, Mn 120 mg, Se 0.30 mg, I 1.25 mg, Cu 16 mg, Fe 20.2 mg.
3 Dietary Cation -Anion difference.
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Table 6- Effects of reduction in dietary calcium and available phosphorus levels (%) on carcass characteristics of broilers at 24 d
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Reduction in dietary calcium and available phosphorus levels from Contrasts
d of age (% of standard diet) 11 to 24 bt Y 4>y
(dop3) 43Y (gl Linear  Quadratic
Carcass traits (%) 0 15 30 P-value SEM P-Value
asy 56.78 56.56 55.60 0.5722  0.820  0.3297 0.7168
Carcass
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Wing, Back and Neck
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Thigh
A 22.36 23.32 22.06 0.9303  0.609 0.7304 0.8874
Breast
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Abdominal fat
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Pancreas
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Table 7- Effects of reduction in dietary calcium and available phosphorus levels (%) on calcium, phosphorus and alkaline
phosphatase levels in serum on d 24 of age!

Counl Jdo

Contrasts

5380 MYV 0)93 )3 (o piand BB jind g prnlS o ialS” (e

(305 4 s A0)2)
Reduction in dietary calcium and available phosphorus
levels from 11 to 24d of age (% of standard diet)

s Y oaxy

Linear  Quadratic

S slbasiulp 0 15 P-value SEM P-Value
Blood factors

(pS kel s () oS 7.92 7.76 0.6989 0.263 0.4070  1.0000
Calcium (mg/dL)

(P 5 el yid (D) yausd 5.26 5.22 0.8173 0.135 0.5412  0.9057
Phosphorus (mg/dL)

Bland JSIT* (1l/ 12)) 11180° 139202 155502 0.0452 1096.78 0.0155 0.687

Alkaline phosphatase (U/L)
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! Means within the same row with no common superscript letter differ significantly (P < 0.05).
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Introduction: In recent years, increasing feed costs in broiler production encouraged nutritionists to reduce
feeding expenditure, along with maintaining optimal performance of broiler chickens and minimizing
environmental pollution. Phosphorus and calcium are two important minerals in the poultry diets, which is
necessary to accurately feeding these minerals in the poultry nutrition. Environmental contamination, as a result
of over-feeding of phosphorus by poultry, is a matter of concern, which has urged researchers to seek solutions
such as reducing dietary phosphorus concentrations without adversely affecting the growth performance. Also,
due to the interaction effect of phosphorus and calcium in the gastrointestinal tract, the ratio and balance between
these two elements is also important. It has been argued that broiler chicks, when fed by diets containing lower
levels of phosphorus and calcium, absorb these materials with higher efficacy and thus reduce their excretion from
the gastrointestinal tract. Yan et al. (2005) reported that feeding broiler chickens with diets containing reduced
levels of phosphorus and calcium during starter phase, and then using diets containing sufficient levels of
phosphorus and calcium, caused better utilization and bone mineralization. Birds respond to dietary phosphorus
and calcium content, by increasing the expression of mRNA encoding calcium and phosphorus transporters in the
small intestine.

More studies are needed to optimize the levels of phosphorus and calcium in the early stages of growth, as well
as fine-tuning the appropriate time period for decreasing them with the aim of designing nutritional strategies that
increase the utilization of phosphorus and improving the growth performance and mineralization of the bones.
Therefore, the aim of this study was to determine the effect of phosphorus and calcium restriction during grower
phase and its effect on growth performance, blood and bone parameters and adaptation response in broiler chicks.

Materials and Methods: A total of 648 one-day-old male broiler chicks of the Ross 308 strain were used in
this study. The chicks were randomly distributed into floor pens (1.2 m x 1m). During the starter period (1-10 d),
all birds were fed with a standard diet containing recommended nutrients of the Ross 308 strain. Then, the
experimental diets in the grower period (11-24 d) were included: 1) standard diet as control 2) diets with 15%
reduction in available phosphorus (aP) and calcium (Ca) and 3) diets with 30% reduction in aP and Ca. In this
period, the control treatment included 6 replicates of 12 chicks, and the other two treatments included 24 replicates
with 12 chicks each. On d 25 of age, each treatment group (except control) was divided into 4 treatment groups
including 0, 10, 20 and 30% reduction in aP and Ca levels for the finisher period diets; so that a total of 9 dietary
treatments with 6 replicates and 12 birds per pen were formed. Average body weight (BW), daily feed intake
(DFI), daily weight gain (DWG) and feed conversion ratio (FCR) were measured at the end of grower and finisher
periods. On day 24, one bird from each pen, weighing closest to the mean body weight was selected and
slaughtered, and the carcass parts, as well as internal organs were weighted and expressed relative to live body
weight. Blood samples were taken from wing vein of 5 chicks in each treatment on day 24 and serum Ca, Pi and
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ALP levels were analyzed. Percentage of ash, Ca, Pi and breaking strength of tibia, were measured at the ages of
24 and 42 days. Data were analyzed as a completely randomized design using the General Linear Model (GLM)
procedure in SAS software (SAS, 2009). Statistical significance of differences among treatments was assessed
using Duncan’s test when the F-test from the ANOVA was declared significant (P< 0.05). The probability level
between 0.05 and 0.1 was considered as a marginal trend toward significance. Linear and quadratic contrast was
also investigated in response to dietary calcium and phosphorus reduction at the end of each
experimental period (grower and finisher).

Results and Discussion: The results of this experiment showed that none of growth performance parameters
were affected by the treatments during the grower, finisher and the whole experimental period. The relative liver
weight was increased in a linear trend with dietary calcium and phosphorus reduction at 24 d of age. Similarly,
serum alkaline phosphatase level was linearly increased with decreasing of calcium and phosphorus reduction at
24 d of age. Tibia ash, calcium and phosphorus percentage were significantly affected by experimental treatments;
so that they were decreased in a linear trend when dietary calcium and phosphorus decreased at 24 and 42 d of
age. Tibia breaking strength was not significantly affected at 24 d of age; nevertheless, it had a trend to be
significant and was decreased in response to decreasing dietary calcium and phosphorus at 42 d of age. The
different response between growth performance and bone characteristics can be due to the fact that calcium and
phosphorus requirements are higher for maximum bone function than soft tissues growth. In fact, bone contains
99% and 80% of the body's calcium and phosphorus, respectively. Both act as the main component of
hydroxyapatite during the hardening of soft tissue in combination with the organic bone matrix to increase the
mechanical strength of bone.

Conclusion: The present study showed that reducing the percentage of dietary calcium and phosphorus, despite
their significant effect on the blood and bone characteristics of broilers chicken had no significant effect on broilers
growth performance. In general, available phosphorus and calcium can be reduced by 15% during the grower
period and up to 10% in the finisher period. However, further reduction in the percentage of calcium and
phosphorus of diet can lead to adverse effects on the measured traits.

Keywords: Alkaline phosphatase, Breaking strength, Feed intake, Tibia ash, Weight gain.
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Table 1- Feed ingredient and nutrient composition of experimental diet

JEETNEE S ¥ EN
o> 11 to 24 days

Siey TYLYD
25 to 42 days

DEB (mEq/kg) 175 250

325

175 250 325

O s
Threonine 100 110 100 110 100
level (%)

110 100 110 100 110 100 110

(Mo p3) sy S5 (glsal
Diet ingredient (%)

@)d

57.60 57.60 57.60 57.60 57.60

Corn

g Al
Soybean meal
S5 oS dbus
Corn gluten
meal

bgw gy
Soybean oil
Slond prnlSsige
Monocalcium
phosphate
oS Sl yS
Calcium
carbonate

28.56 2856  28.56 28.56  28.56

5.16

3.20 3.20 3.20

1.32 1.32 1.32

1.45 1.45 1.45 1.45 1.45

57.60 62.92 6292 6292 6292 62.92 62.92

28.56 2295 2295 2295 2295 2295 2295

5.21 5.21 5.21 5.21 5.21 5.21

3.20 3.80 3.80 3.80 3.80 3.80 3.80

1.32

1.45 1.34 1.34 1.34 1.34 1.34 1.34
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Continuation of Table 1 ) Jgas aold!
S
Saline

Sodium 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07

bicarbonate

prsliy Ol S
Potassium 0.00 000 0.0 010 088 088 0.00 000 019 019 095 095

bicarbonate

pssisel 3,18
Ammonium 038 038 000 000 000 0.00 028 028 000 000 000 0.00

Chloride

Ovsie ‘J_fsj . 0.22 0.22 0.22 0.22 0.22 0.22 0.20 0.20 0.20 0.20 0.20 0.20
DL-Methionine

Y-
)5g )00 0.36 0.36 0.36 0.36 0.36 0.36 0.37 0.37 0.37 0.37 0.37 0.37
L-Lysin.HCI

0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25

osgy=J . 0.16 0.25 0.16 0.25 0.16 0.25 0.14 0.23 0.14 0.23 0.14 0.23
L-Threonine

e JoSe

Mineral 025 025 025 025 025 025 025 025 025 025 025 025
premix!

T aelizg JaSe

Vitamin 025 025 025 025 025 025 025 025 025 025 025 025
premix?
Slasle d
Building sand
JB 5
el lie
Metabolizable 3100 3100 3100 3100 3100 3100 3200 3200 3200 3200 3200 3200

energy
(kcal/kg)

(32) P& 5

Crude protein 21.50 21.58 21.50 21.58 21.50 21.58 19.50 19.57 19.50 19.57 19.50 19.57
(%)

(253) e 0.87 0.87 0.87 0.87 0.87 0.87 0.79 0.79 0.79 0.79 0.79 0.79
Ca (%)

oeed BB jiud

(3252) 0.44 0.44 0.44 0.44 0.44 0.44 0.40 0.40 0.40 0.40 0.40 0.40
Available P

(%)
(303) pores
Sodium (%)

() WL”“ 0.80 0.80 0.82 0.82 1.12 1.12 0.74 0.74 0.83 0.83 1.11 1.11
Potassium (%)

0.77 0.68 1.05 0.96 0.27 0.18 0.79 0.70 0.88 0.79 0.12 0.03

0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16

(+29) )lf 0.53 0.53 0.28 0.28 0.28 0.28 0.46 0.46 0.27 0.27 0.25 0.25
Chloride (%)

s 5 Jobs
Y‘oﬂ'_’?

DEB3

wan JB oY
(42)2) 1.15 1.15 1.15 1.15 1.15 1.15 1.03 1.03 1.03 1.03 1.03 1.03
Digestible Lys

(%)

175 175 250 250 325 325 175 175 250 250 325 325
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Continuation of Table 1 ) Jgas aold!
e L6 0.87 0.87 0.87 0.87 0.87 0.87 0.80 0.80 0.80 0.80 0.80 0.80
Digestible
Met+Cys (%)
wan LB g
(22,2) 077 085 077 085 077 085 0.69 076 069 076 069 0.76
Digestible Thr
(%)

o }.,JU] polie
Analyzed
values*

(30 y3) s 0.155 0.156 0.160 0.165 0.167 0.165 0.157 0.158 0.160 0.162 0.165 0.168
AN + + + + + + + + + + + +
Sodium (%) 0.008 0.007 0.011 0.014 0.008 0.013 0.005 0.012 0.011 0.015 0.009 0.014
(10 y3) ol 0.821 0.819 0.843 0.850 1.100 1.080 0.755 0.761 0.860 0.863 1.085 1.075
s + + + + + + + + + + + +
Potassium (%) 0.017 0.011 0.022 0.019 0.025 0.028 0.016 0.026 0.033 0.022 0.026 0.031
(1o y3) SIS 0.501 0.514 0.272 0.268 0.265 0.260 0.445 0.442 0.261 0.255 0.240 0.236
) + + + + + + + + + + + +

Chloride (%) 0.019 0024 0.012 0016 0020 0.017 0.025 0021 0017 0014 0020 0.019
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DEB= (Na', mEq/kg + K', mEq/kg) — CL", mEq/kg {(DEB) s ;> ,55kS 13 Yl Sl o oy 0y oSl Joles ™
bl o b 3l Wges ¥y bgyye sluae Bliomal g Sibe’
'Supplied per kilogram of diet: manganese, 120 mg; zinc, 100 mg; iron, 40 mg; copper, 16 mg; iodine, 1 mg; selenium, 0.8 mg.
2Supplied per kilogram of diet:: vitamin A, 6,000 1U; vitamin D3, 800 IU; vitamin E, 83 mg; vitamin K3, 2.2 mg; vitamin B, 1.80
mg; vitamin B,, 6.6 mg; vitamin B3, 30 mg; D-calcium pantothenic acid, 10 mg; vitamin B, 3 mg; vitamin B9, 1 mg, vitamin B12,
6 mg and choline chloride.
SDEB = (Na+, mEq/kg + K+, mEq/kg) — CL—, mEq/kg
4Mean and standard deviation of 3 samples/diet
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Figure 1- Environmental temperature (°C) of the experimental house
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2- Cutaneous basophil hipersensitivity
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1- Hemagglutination inhibition
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Table 2- Effects of dietary electrolyte balance and threonine (Thr) levels on growth performance of broilers'

Lm).m‘)b oy L?"J5)"S” LJ')LV (o.k.:) M?’ M)')) L)“J95)J CJ““’ P-value
P ; . DEB (mEq/kg) Dietary Thr (%)
arameters 175 250 325 SEM 100 110 SEM DEB  Thr DEBxThr

(p5) o 0is
Body weight (g)
Ei}f; v 974.5 955.8 934.7 14.2 9449 965.1 11.59 0.162 0.228 0.977
Zi)?; w 2424 2377 2341 23.3 2360 2401 19.0 0.139 0.058 0.828
(G908 nlp3) o L9 lawsie
ADG (g/bird/d)
Sin YFLW b b

50.77* 49.27* 47.63 0.83 48.37 50.07 0.68 0.043 0.088 0.989
Days 11 to 24
39, ¥V B 80.54 78.98 78.13 0.89 78.63 79.79 0.72 0.171 0.268 0.772
Days 25 to 42
ESTAANAN b b

67.52*  65.98° 64.78 0.66 65.39 66.79 0.54 0.025 0.079 0.826
Days 11 to 42
(Gasfos e ) dlig) Shgs Spae (xXle
ADFI (g/bird/d)
ESIAAAN

77.85 77.40 76.92 1.27 76.94 77.83 1.03 0.874 0.547 0.504
Days 11 to 24
39, ¥V B 156.4 155.7 157.1 1.78 156.4 156.3 1.45 0.855 0.991 0.800
Days 25 to 42
S TN 122.0 121.4 122.0 0.85 121.6 122.0 0.70 0.857 0.686 0.539

Days 11 to 42

(p51p5) @& s oo

FCR (g/2)
SinYFLW
Days 11 to 24
Sinfrbve
Days 25 to 42
Sin ¥y
Days 11 to 42
3,Sles adli
Performance
index

&5 clis

Mortality rate (%)

1.54 1.57 1.62  0.036

1.94 1.97 2.01 0.019

1.81%  1.84¢2 1.89* 0.018

318.8°  298.7° 280.2° 6.46

3.18% 591  8.64% 1.05

1.59 1.56 0.029 0.282 0.424 0.753

1.99 1.96 0.016 0.062  0.200 0.412

1.86 1.83 0.015 0.025 0.153 0.678

2958  302.6 5.27 0.001 0.372 0.831

5.46 6.37 0.86 0.005 0.461 0.998

(P<o/-0) sisbo ,bs me igls S0l sy o yd i pé g gl glo: Sk

! Means within same row with different superscripts differ significantly (P<0.05)
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Table 3- Effects of dietary electrolyte balance and threonine (Thr) levels on blood biochemical parameters, antioxidant enzymes and

thyroid hormones in broiler chickens!

e S s 055 gl ealue
DEB (mEq/kg) Dietary Thr (%)

175 250 325 SEM 100 110 SEM DEB  Thr  DEBThr
0P oren
Blood biochemistry
$sks 2686 2653 2587  6.83 2652 2633  5.58 0.588 0.812  0.643
Glucose (mg/dL)
S yeelSisy 88.05 88.63 90.96 4.10 96.51* 81.91" 3.35 0.899 0.005  0.359
TG (mg/dL)
S Jgpius 1159 1161 1145 442 1156 1154  3.61 0.959 0.963  0.481
CHOL (mg/dL)
Ly il L (555 90 587 591 534 279 58.35 5578 2.8 0.287 0433 0366
HDL-C (mg/dL)
o S boSoned 3961 3931 4201 289 37.99 4323 236 0625 0130  0.984
LDL-C (mg/dL)
8 ofan 452 477 431 0229 443 464 0187 0382 0427 0980
Total protein (g/dL)
ool 282 286 259  0.166 279 272 0135 0470 0.739  0.466
Albumin (g/dL) ' ' ' ' ' ' ' ' ' '
el 170 192 172 0.251 164 1.92 0205 0807 0344 0758
Globulin (g/dL) ' ' ' ' ' ' ' ' ' '
S9! el b

739 7.4 721 0323 6.82° 7670 0264  0.854 0.033 0863
Uric acid (mg/dL)
Shunsl l la 3l
Antioxidant enzymes
Moy 5l 1407 1309 1315 549 1208 1389 448 0382 0.164  0.905
GSH-Px (U/mL)
SgondenS |y s 206.0° 199.9% 189.3>  4.38 193.1° 203.7*  3.58 0.039 0.048  0.998
SOD (w/mL)
M9 sloyge9n
Thyroid hormones
Oraghsy 228 225 211 0.080 2100 231°  0.065 0.296 0.040  0.905
T3 (ng/mL)
S 9343 690 669 690 0270 711 654 0219  0.827 0.091  0.856
T4 (ng/mL)

,(P<~/~b) bl g b e gy )SSly 3y yo 5 wlide e By (gl)b dh&i}lﬁ‘
! Means within same row with different superscripts differ significantly (P<0.05)



VEoo ybime ¥ oyloc IY ol ool ool pole Glesiimoly 4 pis  OVA

@5 ) oslSlengid G 4 gl )3 Jobo (el 5 bl ol ol Sl (o (5 202 0 ik 9 o (sl ol =€ g
PEEg
Table 4- Effects of dietary electrolyte balance and threonine (Thr) levels on immune organ weight. antibody response, and cell-
mediated immune response to phytohemagglutinin-P in broiler chickens'

alejl (sboyloss
— Experimental treatments Pvalue

o el 175 250 325
DEB (mEq/kg)
ORP ) gdaw
Dietary Thr 100 110 100 110 100 110 SEM DEB Thr DEBxThr
(%)
(0% 039 2o ) (sioal sloplail 5
Immune organ weight (% of BW)
o5 0.257° 0249 0.289*  0.313> 0.286>  0.383*  0.018 <0.001  0.022 0.031
Thymus
Jeb

0.085 0.098 0.097 0.111 0.089 0.117 0.007 0.107 0.002 0.482
Spleen
E“Mﬁb IR 0.156  0.157  0.18  0.170  0.181 0.163  0.013 0.280  0.320 0.735

ursa

JolS 95 (5lows ade (ol jle
Anti-NDV titers (HI, Log2)
A’J?‘ e . 2.20 2.00 2.00 2.40 2.20 3.80 0.363 0.138 0.082 0.186
Primary titer
asl e
Secondary 3.60 4.20 4.20 4.40 3.40 6.00 0.586 0.719 0.032 0.099
titer
Ssis Cadign )len ale 2 s
Anti-IB titers (ELISA, Log 10)
A’J?‘ ke . 3.76% 3.67¢ 3.75% 3.832 3.80° 3.932 0.039 0.003 0.316 0.036
Primary titer
asl e
Secondary 3.80 3.78 3.81 3.87 3.82 3.94 0.052 0.256 0.247 0.419
titer
(agsSee) b 03y Cungy calus
(um) CBH test
Guyp amcelo YF
24 h post 0.514 0.536 0.530 0.640 0.524 0.704 0.048 0.210 0.017 0.300
injection
Gy cslo YA
48 h post 0.350 0.366 0.394 0.404 0.428 0.476 0.044 0.127 0.503 0.900
injection

.(P<~/~b) bl oyl e gy Sl a3y 2 50 wlde e g (gl)b dhz&iﬂ.:n‘

! Means within same row with different superscripts differ significantly (P<0.05)
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Introduction Although there are different ways of reducing the adverse effects of heat stress, including
changing feeding methods and using various supplements in feed and drinking water, most of these methods are
associated with reduced performance. Changes in dietary electrolyte balance have been suggested as one of the
effective ways to reduce the adverse effects of heat stress in poultry. Although most studies found that amino acid
metabolism can both affect or be affected by the acid-base balance of the body, the relationship between the dietary
electrolyte balance and the dietary threonine concentration in broilers has not been well explained, especially under
high temperature condition. Therefore, the objective of this study was to evaluate the effects of different DEB and
threonine levels on growth performance, biochemical parameters, antioxidant status, thyroid hormones, and
immune response of broiler chickens reared under high environmental temperature conditions.

Materials and Methods A total of 600 one-day-old male broiler chickens (Ross 308) were used to investigate
the effect of different levels of threonine and dietary electrolyte balance (DEB) on performance, serum biochemical
parameters and antibody response under summer temperature condition. All birds received a common starter diet
in mash form and were raised conventionally up to 10 days of age, after which they were reared following a
completely randomized, 3 x 2 factorial design experiment with 5 replicate pens of 20 birds each. Treatments
consisted of two threonine levels (100 and 110 % of the commercially recommended levels) and 3 levels of DEB
(175, 250 and 325 mEq/kg of diet). The average minimum and maximum temperatures inside the poultry house
recorded from 11 to 42 days of age were 23.7 and 37.3 °C, respectively, with a relative humidity of 55 + 3.45%.
Average daily gain (ADG), average daily feed intake (ADFI) and feed conversion ratio (FCR) of birds were
determined during the grower (11 to 24 days) and finisher (25-42 days) periods, and also for the total experimental
period (11-42 days). Two birds per replicate pen were randomly selected to evaluate the cell-mediated immune

response to phytohaemagglutinin-P (PHA-P) on days 36 and 37. Blood samples (2 samples per replicate) were
collected for measuring antibody responses (days 28 and 35), and also for biochemical analysis (day 42).

Results The results showed that the low DEB group significantly increased ADG over 11 to 24 and 11 to 42
days, but reduced (P<0.05) feed conversion ratio and mortality rate over the entire experiment (11 to 42 days). An
increase in the superoxide dismutase activity was also associated with an increase in the DEB of the diet (P<0.05).
Increasing the threonine level in the diet decreased the blood triglyceride concentration, but elevated the values of
blood uric acid, thyroxin, and superoxide dismutase, as well as the toe web thickness 24 hours after PHA-P
injection (P < 0.05). The interactions between DEB and threonine levels were observed for relative thymus weight
and primary antibody titers against infectious bronchitis vaccine, indicating that the effects of threonine on these
traits were more marked in broiler chickens fed on the high DEB diets.

Discussion The chickens suffer from respiratory alkalosis in heat stress, and thus an increase in sodium
bicarbonate or potassium bicarbonate, which leads to increased dietary DEB, exacerbates respiratory alkalosis.
Accordingly, the lowest growth performance in this experiment belonged to the high DEB group (325 mEq/kg
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diet), which was achieved by adding potassium bicarbonate from 0.88% in the growth diet to 0.95% in the final
diet. On the other hand, reducing dietary DEB value (with increasing the concentration of dietary chloride) has
been reported to reduce blood pH by reducing the concentration of bicarbonate in the blood, and even cause
metabolic acidosis, which could be a reason for improved growth performance of broilers that received the low
DEB diet. In the present study, the high DEB diet could improve immune response, but those values were higher
when birds were fed diets containing 110% threonine, as indicated by the interaction between DEB and threonine
level. The reason for this change in the immune response to an increase in dietary threonine levels with
modifications in acid-base balance is unknown. This may be linked to enhancing the production of ammonium in
the kidney due to increased amino acid concentration, which stimulates protein synthesis and inhibits protein
degradation of the tissues. This effect, in turn, may increase antibody synthesis by increasing threonine levels
under alkaline conditions. Another factor for the negative effect of the high-DEB diet on growth performance
could be the stimulation of the immune system. By stimulating the immune system, nutrients will be used to
produce immunoglobulins and hence growth will be retarded. Under the condition of this study, the addition of
threonine to the diet at 110% of the commercially recommended level increased the superoxide dismutase activity.
Similarly, increasing dietary levels of threonine from 85 to 125% of the NRC recommendation increased serum
glutathione peroxidase and superoxide dismutase activities in broilers. In addition, reducing the DEB increased
blood superoxide dismutase activity, which could be a reason for improved growth performance in the related-
groups under heat stress conditions.

Conclusion According to the results of this study, decreasing the DEB from 325 to 175 mEq/kg could have
beneficial impacts on growth performance and antioxidant status, while increasing dietary threonine from 100 to
110% of the strain recommendation had positive effects on the immune response and antioxidant status in heat-
stressed broiler chickens. In addition, using threonine at 110% of the commercially recommended level in a high
DEB diet could improve the immunity of broiler chickens under heat stress conditions.

Key words: Threonine, dietary electrolyte balance, broilers, performance, summer.
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Table 1- The ingredients and chemical composition of experimental diet in grower period (11-24 d)

S )3l St A5 il gl (59l (alojl (slao

(%) <l . . . .

. Experimental diet containing of different levels of grape pomace

0,

Ingredient (%) 0 3 3 9 R 15
2 59.07 55.90 51.51 47.83 43.67 38.39
Corn (%)
by oS 33.81 33.15 33.13 33.38 33.45 33.35
Soybean meal
O G oS 0.92 1.35 2.06 2.62 3.18 438
Corn gluten meal
o9 lis 0 3 6 9 12 15
Grape pomace
byw 0595 1.29 1.84 2.30 2.90 3.50 4.10

Soybean oil
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Continuation of Table 1 ) Jgaa aold!
plb s 0.25 0.25 0.26 0.26 0.26 0.26
Salt
Yoo

oy JoSa 0.25 0.25 0.25 0.25 0.25 0.25
Vitamin permix'

Yo

e JuSe 0.25 0.25 0.25 0.25 0.25 0.25
Mineral permix?

O P 0.10 0.10 0.10 0.10 0.10 0.10
Sodium bicarbonate

Sond ol =0 1.41 1.41 1.41 1.41 1.41 1.41
Dicalcium phosphate

ol S 1.10 1.05 1.00 0.95 0.95 0.78
Limestone

gl = 0.28 0.28 0.27 0.28 0.28 0.26
DL- Methionine

Alse o =J 0.24 0.24 0.24 0.24 0.24 0.24
L- Lysine hydrochloride

s 0.08 0.08 0.07 0.07 0.08 0.08
L- Threonine

B e b il 0.01 0.01 0.01 0.01 0.01 0.01
Phytase enzyme 5000

ale 0.94 0.84 1.14 0.45 0.37 1.14
sand

&= 100 100 100 100 100 100
Total

Chemical composition

(p5oksS fs)JK k) Lo g Cigw BB (655l 3000 3000 3000 3000 3000 3000
Metabolizable energy (Kcal/kg)

(033) el 0.90 0.90 0.90 0.90 0.90 0.90
Calcium (%)

(3053) ooyt BB siud 0.45 0.45 0.45 0.45 0.45 0.45
Available phosphorous (%)

(30)3) i BB s+l 0.87 0.87 0.87 0.87 0.87 0.87
Digestible methionine + cystine (%)

(20 wde JB 005 1.15 1.15 1.15 1.15 1.15 1.15
Digestible lysine (%)

(b)) wan JE origy 0.77 0.77 0.77 0.77 0.77 0.77
Digestible threonine

(3053) o8 3.64 437 5.11 5.84 6.57 7.27
Crude fiber (%)

(25 e Y+ Sl o355 0,5 o 1Y el S 505 oo VD (ol iy 55 o (1 y 25 2l et pSSS 52 33 il JaSe |

V0 e SKigisly Sl 15 oo VYD (Sdg8 sl 105 oo 10 s £ )5 oo o/ VP (oWl s f5 o £ (i gMogn ) 105 o T ool )5 ko ¥ obie

Pk YO JS S g )5 e

VYO (5 o5 o ¥ el 1.5 ko 5 o 5 ko Vo iy 5,5 o WY+ 5580 8 gm s 5 ol e 55 4 tne JuSo T

ke

!The vitamin premix supplied the following per kilogram of diet: retinyl acetate, 1.5 mg; cholecalciferol, 0.025 mg;

a-tocopheryl acetate, 20 mg; menadione, 2 mg; thiamine, 3 mg; riboflavin, 6 mg; cyanocobalamin, 0.016 mg; niacin,
15 mg; folic acid, 1.75 mg; pantothenic acid, 15 mg and choline chloride, 250 mg.

2 The mineral premix supplied the following per kilogram of diet: Mn, 120 mg; Zn, 100 mg; Cu, 16 mg; Se, 0.3 mg
and I, 1.25 mg.
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Table 2- The ingredients and chemical composition of experimental diet in first finisher period (25-39d)

A 580l St s el olaw (gol> U“,“’L"j 1LYV

(AR . . . ;

. Experimental diet containing of different levels of grape pomace
Ingredient (%) Op 3 c S 5 “frz pep iz
2 59.02 55.01 50.88 46.75 4231 37.54
Corn
by s 31.70 31.78 31.89 31.90 31.73 31.33
Soybean meal
€ G5 b 2.60 3.16 4.02 4.89 6.18 7.91
Corn gluten meal
o9 lis 0 3 6 9 12 15
Grape pomace
b 095 . 1.95 2.50 3.00 3.50 4.00 4.50
Soybean oil
sl = 6 0.25 0.25 0.24 0.24 0.22 0.22
DL- Methionine
Alse o =J 0.19 0.19 0.20 0.20 0.20 0.21
L- Lysine hydrochloride
odgss =) 0.04 0.04 0.04 0.04 0.04 0.04
L- Threonine
plb Sl 0.26 0.26 0.26 0.26 0.26 0.26
Salt
Yoo

e 0.25 0.25 0.25 0.25 0.25 0.25
Vitamin permix'

Yo

e JuSe 0.25 0.25 0.25 0.25 0.25 0.25
Mineral permix?

O P 0.10 0.10 0.10 0.10 0.10 0.10
Sodium bicarbonate

Sond ol 0 1.26 1.25 1.25 1.25 1.25 1.25
Dicalcium phosphate

<l 1.08 1.02 0.98 0.94 0.88 0.83
Limeston

Beve kb 5l 0.01 0.01 0.01 0.01 0.01 0.01
Phytase enzyme 5000

ke 1.04 0.93 0.63 0.42 0.32 0.30
Sand

&= 100 100 100 100 100 100
Total

Chemical composition

(p,55kS f"M 9hS) sl g 5w S 55 3060 3060 3060 3060 3060 3060
Metabolizable energy (Kcal/kg)

(0)3) e 0.85 0.85 0.85 0.85 0.85 0.85
Calcium (%)

(23] o> S ot 0.42 0.42 0.42 0.42 0.42 0.42
Available phosphorous (%)

(3053) i B s+ oigte. 0.80 0.80 0.80 0.80 0.80 0.80
Digestible methionine + cystine (%)

(03 wde JB 005 1.02 1.02 1.02 1.02 1.02 1.02
Digestible lysine (%)

(20) wde JB 0igs 0.68 0.68 0.68 0.68 0.68 0.68

Digestible threonine
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Continuation of Table 2 Y Jgas aoldl
(3053) o8 3.55 428 5.01 5.74 6.45 7.15
Crude fiber (%)

25 e Yo il 55 00 5 o -V idS 48 3.8 oo VB il iy 5,5 o b |y 25 el eyt p S5 2 3> ity oS
Syl el 10,5 (o VYD «Sgd sl t)5 oo VO el 105 (o +/ 415 oo VbsS e 1.5 (oo £ e 9Mogm fp )5 (oo ¥ e0omalss 10,5 (oo ¥ ce3ie
S ke YO )l g8 g p)5 e VO
VO g5 25 oo /Y ot 595 o VP cmn tp 5 o Voo atn) 1005 koo WY e 5300 10,8 g0 (el Iy 25 polie 0z )T kS 10 40 gme JoSe
ke
! The vitamin premix supplied the following per kilogram of diet: retinyl acetate, 1.5 mg; cholecalciferol, 0.025 mg;
a-tocopheryl acetate, 20 mg; menadione, 2 mg; thiamine, 3 mg; riboflavin, 6 mg; cyanocobalamin, 0.016 mg; niacin,
15 mg; folic acid, 1.75 mg; pantothenic acid, 15 mg and choline chloride, 250 mg.
2 The mineral premix supplied the following per kilogram of diet: Mn, 120 mg; Zn, 100 mg; Cu, 16 mg; Se, 0.3 mg
and I, 1.25 mg.

(Sin YABY) ps> bl 093 )3 (lejl sloosr (gdio slge 5 (SThs dlgo oS =V Jgotr
Table 3- The ingredients and chemical composition of experimental diet in second finisher period (40-49d)
A 580l St e el olaw (gol> U“,“’L"j 1LYV

() A3 ‘ Experimental diet containing of different levels of grape pomace
Ingredient (%)
0 3 6 12 15
9

=r 65.00 61.28 56.94 53.33 48.98 44.64
Corn

by s 2000 2949  30.12 28.89 2721 29.52
Soybean meal

€93 FolS oS 0.10 0.10 0.10 1.59 3.97 2.34
Corn gluten meal

D 0 3 6 9 12 15
Grape pomace

byw gy 2.00 2.46 3.24 3.60 430 5.00
Soybean oil

B 0.26 027 027 0.27 0.27 0.27
DL- Methionine

Ao = 0.20 0.20 0.19 0.22 0.22 0.22
L- Lysine hydrochloride

osgsy = 0.06 0.07 0.07 0.07 0.07 0.07
L- Threonine

plb S 0.26 0.26 0.26 0.26 0.26 0.27
Salt

AN "

omlys Jose 1 0.25 0.25 0.25 0.25 0.25 0.25
Vitamin permix

Yo

e Joe 0.25 0.25 0.25 0.25 0.25 0.25
Mineral permix?

O e , 0.10 0.10 0.10 0.10 0.10 0.10
Sudim bicarbunait

i lS =3 1.13 1.13 1.13 1.14 1.14 1.14
Dicalcium phosphate

LS oS , 1.04 0.99 0.94 0.88 0.83 0.78
Calcium Carbonait

e jlid 3] 0.01 0.01 0.01 0.01 0.01 0.01
Phytase enzyme 5000

ke 0.34 0.14 0.14 0.14 0.14 0.14
Sand

& 100 100 100 100 100 100

Total
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Continuation of Table3 ¥ Jgaa aold!
Chemical composition
(f’;flﬂsﬁ,d“’l*‘) S g S5 JB (555 3100 3100 3100 3100 3100 3100
Metabolizable energy (Kcal/kg)
(03) e 0.80 0.80 0.80 0.80 0.80 0.80
Calcium (%)
(32 3) > S it 0.40 0.40 0.40 0.40 0.40 0.40
Available phosphorous (%)
(103) el B8 s *igile 0.75 0.75  0.75 0.75 0.75  0.75
Digestible methionine + cystine (%)
(203) o JB o3 0.96 0.96 0.96 0.96 0.96 0.96
Digestible lysine (%)
(o) win JB oy 0.64 0.64 0.64 0.64 0.64 0.64
Digestible threonine
(209) 8 3.46 422 4.97 5.63 6.26 7.11
Crude fiber (%)

25 o ¥+ il 355 05,5 o 70 il 5 5 o V0 bl i) 5,5 o by 25 i o 1SS o > aabing Joo
sl 5,5 e WV S5 sl 5 e 18 il S b 48 Vg 1,5 o £ sy 25k ¥ a1, o ¥ gt

5k YO S IS 5 28 o 10 Sl

g psSke oY il 1,5 (o V5 (o 10,5 e Ve gyt S e WY+ 5300 10,5 oo el |y 2 ol ez p)SElS 0 3 gme oS

P)fg_fl':"“ VYO

! The vitamin premix supplied the following per kilogram of diet: retinyl acetate, 1.5 mg; cholecalciferol, 0.025
mg; a-tocopheryl acetate, 20 mg; menadione, 2 mg; thiamine, 3 mg; riboflavin, 6 mg; cyanocobalamin, 0.016
mg; niacin, 15 mg; folic acid, 1.75 mg; pantothenic acid, 15 mg and choline chloride, 250 mg.

2 The mineral premix supplied the following per kilogram of diet: Mn, 120 mg; Zn, 100 mg; Cu, 16 mg; Se, 0.3

mg and I, 1.25 mg.
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Table 4- Chemical composition of grape pomac in different parts (%)

3)le Y ols,ls Yols I

Yol s ¥ olS)ls Sl

SEM!
Items Part 1(n=5) 2(n=5) Part Part 3(n=5) Part 4(n=5) Mean
Sis oolo
92.95+1.22 92.34£1.06 93.54+1.45 92.14+£1.85 92.74 1.06
Dry matter
Ji odlo
. 94.31£1.77 95.12+1.68 94.81£1.26 94.26+1.35 94.62 1.51
Organic Matter
(R
P oman . 8.12+0.85 6.84+0.78 6.54+0.34 7.05+0.72 7.13 0.63
Crude Protein
P 2
4.54+0.15 4.71+£0.28 4.78+0.14 5.68+0.24 4.92 0.20
Ether extract
Pl usls
5.71£0.26 6.19+0.19 5.61+0.14 5.93+0.54 5.86 0.28
Ash
Pl b
28.13+0.43 26.73+£0.32 26.43+0.26 26.14+0.37 26.85 1.33
Crude fiber
@il gyle dlge
: 47.11+£1.36 48.7142.43 50.18+1.15 47.34+1.38 48.33 1.75
Nitrogen Free extract
S 0.57+0.05 0.59+0.03 0.61+0.09 0.56+0.02 0.58 0.04
Calsium
sl 0.25+0.03 0.26+0.01 0.27+0.07 0.29+0.02 0.26 0.03
Phosphorous
e . 0.47+0.02 0.49+0.04 0.51+0.06 0.39+0.03 0.46 0.03
Magnezioum
el . 1.21£0.11 1.1940.18 1.14+0.16 1.0940.12 1.16 0.14
Potasstum

I SEM: Standard error of means
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Table S- The energy content of grape pomace (Kcal/kg DM)

g g BB (55l

g g B (55l g g B (55l

g g B o550

ltems P 53 ol o sl gl sl o L qoal (s L
Gross energy O3l sl ors il O3l sl ors
AME! : TME? ’
AMEn? TMEn*

o9 i 3371.75 1527.63 1526.13 2223.58 2221.02

Grape pomace

oo 2l (sl 177.25 38.33 31.28 63.08 59.10

SEM?

! AME: apparent metabolizable energy,

2 AMEn: apparent metabolizable energy corrected for nitrogen,

3 AME: apparent metabolizable energy,

4 AMEn: apparent metabolizable energy corrected for nitrogen.

5 SEM: Standard error of means
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Table 6- Effect of different levels of grape pomace on broiler performance!

2551 B oo
Levels of grape pomace
Items 0 3 6 9 12 15 SEM?  P-Value

(PR Oi9 ol

Weight gain(gr)
(3 YE U V) a5 090 480.0° 480.8° 479.6° 463.0° 456.0° 454.6° 2.24 <0.01
Grower (11-24 d)
(%*5 i YAEYD) sl U 0392 819.22  757.0%® 7337 958ked 6175 602.44 17.34 <0.01
Finisher 1 (25-39 d)
(95?” FAET:) s bk g 1208.0  1211.6 1212.0 1115.4 1130.0 1126.2 13.25 0.13
Finisher 2 (40-49 d)
(s ﬁ, 61 e J 2507.28 24494  24253%  2311.3%  2203.5° 2183.2°  26.20 <0.01
Total priod (11-49 d)

(p5) Shs> B pas

Feed intake(g)
(sjsy TE BN 235 0090 7674 7425 7224 7970 8078 8417 1411 0.13
Grower (11-24 d)
(%*5{"’ YRETA) Jgl (Sl g 1228.6 12362 1227.8 1245.6 1236.2 1211.0 5.10 0.53
Finisher 1 (25-39 d)
(“.*5’:” FUF) e bhorg> 330 3040 22860 22514 220380 219500 13.62 <0.01
Finisher 2 (40-49 d)
(s ﬂ, bW o> JS 43332 43029 42362 42940 42478 42477 16.38 0.49
Total priod (11-49 d)
(57p5) Shes sy
Feed conversion ratio (gr:gr)

(s YF B 1Y) 2y 090 1. 60% 1.55° 1.51° 1.72 1.77% 1. 85 0.03 <0.01
Grower (11-24 d)
(%*5 I YRETA) Jol (Gl g 1.51° 1.64° 1.69° 1. 80% 2.01° 2.02 0.04 <0.01
Finisher 1 (25-39 d)
(s TAEF) o3 bk 093 1.95 1.92 1.89 1.95 1.95 1.96 0.02 0.93
Finisher 2 (40-49 d)
(s ﬂ, 61 e 1.73b 1.76 1.75° 1.86 1.932 1.95 0.02 <0.01
Total priod (11-49 d)

(P<o/-0) st s gme B3 3gpg ,S5Li5 o ya )3 alie i g s
ugi»l.:n J)IAJL:..;] dlb&“

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

2 SEM: Standard error of means
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Table 7- Effect of different levels of grape pomace on carcass charactristics of broiler chickens at 49 days of age!

JEEp
Levels of grape pomace
Items 0 3 6 9 12 15 SEM! P-Value

(0,9 45Y 68.90 67.18 67.56 67.52 67.74 68.77 0.24 0.18
Carcass (%)
(0,9) 4o 38.07 38.14 38.83 37.77 37.91 37.72 0.22 0.86
Breast (%)
(25) oy 2963  29.35 28.92 28.45 27.92 2757 0.28 0.32
Thigh (%)
(o) 28 d d b b

K 3.40 3.69¢ 3.93¢ 4.22 4.44* 4.64° 0.09 <0.01
Liver (%)
(h23) o5k 0370 039% 041> 043  045°  046° 0.0l 0.03

Pancras (%)

(bo) @SB dbgme a2 4010 305 4080

Abdominal fat (%)
(e 8lo) S287 039, Jobo

Length of small 174.7 175.9 175.1

intestine (cm)

(2 (5L poss o 37735 37.01°  37.14°

Length of ceca (cm)

3.92% 3.83%® 3.60° 0.04 0.05

176.2 176.4 176.8 0.42 0.83

38.30° 38.35° 39.68% 0.19 0.04

(P<o/+0) st s me B3] 399 ,S5LES o yb )3 aliio e g s

wiﬂ.:.n N )L\Jt..;l du°5 v

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

2 SEM: Standard error of means
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Table 8- Effect of different levels of grape pomace on blood biochemical parameters of broiler chickens (mg/dl)!

XIS

Levels of grape pomace

Items 0 3 6 9 12 15 SEM? P-Value

ofn 5.12 5.36 5.27 5.58 5.53 531 1.69 0.67
Total protein
Seogl e 4.45 4.17 428 4.25 4.19 4.17 0.07 0.89
Uric acid
o 129.42 122.4° 120.4% 114.6% 109.8¢ 106.6¢ 1.66 <0.01
Cholesterol
Fk 219.4 217.4% 209.8% 208.6¢ 206.0¢ 196.4¢ 1.76 <0.01
Glucose
el 96.2° 82.20 76.0b¢ 70.6% 64.0¢ 63.24 2.44 <0.01
Triglyceride
Y ISl s 68.4° 64.5% 61.7%¢ 58.8bcd 53.7¢ 53.14 1.41 <0.01
HDL?
ot IS b oFignad 18.4° 18.4° 18.5° 17.8° 19.12° 19.8? 0.14 <0.01
LDL*
C" 8.252 8.232 7.9080 7.78% 7.830 7.79° 0.06 0.04

a
o 3.12 2.69 2.93 2.88 2.56 2.82 0.12 0.51
p

(P<o/-0) st s jime B3] 3939 55U Jaws jo )3 aliio e g,
US.J.:.A A)IAJlL.:l d'.b&“

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

2 SEM: Standard error of means
3HDL: High density lipoprotein
4LDL: Low density lipoprotein
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Introduction One of the most important challenges in poultry industry is supplying of feedstuff. The
international prices of this feedstuff have increased the costs of poultry production, and therefore, reduced
marketing margins. Additionally, due to the high amount of wastes from the agricultural sector and food industry,
proper management of these resources and identifying the nutritional value, makes it possible to produce cheap
and suitable ingredients for poultry which are not competitive with human food. Grapes (Vitis vinifera L.) are one
of the largest fruit crop in Iran with annual production of 2.5 million metric tons. Grape pomace (GP) is a by-
product of grape processing for ethanol, fruit juice and vinegar production and including stems, skins, seeds and
peels and these residues are about 20-25% of the weight of the original grape. Considerable production of this by-
product encourages animal nutritionists to study its nutritive value. It has shown that GP has about 8-13 % crude
protein (CP), 6.2-8.4 % ether extract (EE) and 22.3-36.8 % crude fiber (CF) and 2642.19 kcal/kg apparent
metabolizable energy (AME). Grape skins and seeds are rich sources of flavonoids. Studies have shown flavonoids
have the capacity to act as powerful antioxidants by scavenging free radicals and terminating oxidative reactions.
Also, phenolic component of grapes have shown inhibitory effect on bacteria. It was reported that inclusion of up
to 10% GP in diets did not adversely affect broiler chickens’ performance and improved their antioxidant and
immune responses.

Materials and Methods Two independent experiments were conducted to determine the nutritional value and
metabolizable energy of GP and study its effect on performance of broiler chicken. In the first experiment, AOAC
method (3) was used for determination of proximate analysis of GP. Forced feeding method was used for
determination of GP metabolizable energy. In the second experiment, a total of 450, one day old broiler chicks
(Ross -308 strain) were used in a completely randomized design with six treatments, five replicates and 15 birds
per replicate. Experimental treatments were the levels of 0 (control, basal diet, based on corn and soybean meal),
3,6,9, 12, and 15 % of GP included to basal diet. The diets were in mash form and formulated according to Ross
-308 strain recommendations. Feed and water were provided ad /ibitum during the experiment. All broilers fed
same diet in stater period (1-10 d of age) and turned to experimental diets from day 11. Feed intake (FI), body
weight gain (BWG) and feed conversion ratio (FCR) of birds in each pen was recorded weekly and calculated for
grower (11-24 d), finisher 1 (25-39 d), finisher 2 (40-49 d) and total periods (11-49 d) for each bird. On day 49,
one chick per replicate was slaughtered after 5 hours starvation and carcass characteristics were determined. At
the end of experiment (49 d), blood samples were collected from one bird per replicate to determine blood
biochemical characteristics.
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Results and Discussion The results of this experiment showed that the GP contains about 7.13% CP, 4.92 %
EE, 26.85 % CF and 5.86 % ash. Its gross energy and different terms of metabolizable energy such as AME,
AMEn, TME and TMEn were 3371.75, 2223.58, 2221.04, 1527.63 and 1526.13 kcal/kg DM respectively. In
biological part of experiment, and in total period, broiler BWG was decreased and FCR was increased when higher
levels of GP (12 and 15%) were added to their diets in comparison with control. It was reported that GP contains
high level of fiber and polymeric polyphenols as procyanidins could be bound and precipitated both dietary and
endogenous proteins, and negatively affected poultry performance. Also, it was reported that GP tannins have
adverse effects on nutrient utilization, and are toxic at high intake levels, due to their ability to bind proteins,
minerals and carbohydrates. Relative weight of abdominal fat was decreased when high level of (15 %) GP used
in broiler diet (P<0.05). The reduction in relative weight of thighs and abdominal fat, is probably due to reduced
digestion and absorption of nutrients. It was indicated that polyphenols (specially condensed tannin) are able to
inhibit a range of enzymes including o-amylase, a-glucosidase, lipase and trypsin activity, therefore the digestion
of charbohydrate, lipid and protein were adversely affected. Blood serum concentration of triglyceride, cholesterol
and HDL were decreased and LDL concentration was increased when GP levels were increased in broiler diets
(P<0.05). The mechanism by which dietary GP supplements affect the concentrations of plasma lipids is not fully
understood. However, it was showed that herbs and herbal products induce hypocholesterolemic effects by
reducing the activity of 3-hydroxy-3-methylglutaryl-CoA reductase, the rate limiting enzyme in cholesterol
synthesis.

Conclusion In conclusion, the results of the present experiment shows that the crude fiber content of grape
pomace is high and its crude protein content is low. Due to the high level of fiber content of grape pomace, its
metabolizable energy is relatively low (1527.63 kcal’kg DM). Inclusion of up to 9% grape pomace in broiler diets
had no negative effect on feed conversion ratio. Although, broiler performance, was depressed by dietary inclusion
in higher levels.

Keywords: Cholesterol, Crude protein, Grape pomace, Growth performance, Metabolizable energy.



Iranian Journal of Animal Science Research
Vol. 13, No. 4, Winter 2022, p. 601-614

i,

lnl ools pale leiargy 4yl
F1-8VF o AFee e F ojlad AT ul>

b e 555 S g Ol i 5 sl gl o Shes g Cdbojlae S )
S sl

B 4y 5 T 5 9dgs e il T Slgheol 5 oo ) Sho daus
YRR/ VYD 8l 5o b

\F"/'A/\fjﬁu\i'c{.)u

A_)I)_Ma) 9 ‘_s_.uo.Jl du&wb ‘.))_il‘o..c Pt cdbe D)Lm:— )_Jl IR R .wlﬁ )9 ‘ds.x@‘n I J ‘szl.e‘,mél d9J.) PP ‘éM
SNV ATINY Ol b ool (lacingsy S (slaf e 555 S

2>

(S3elsiut g (coal lus ks Erap3S LS 0Slos 1 (BME) g cllo o)las ilises o 29381 130 () S | ol aalllne

MoLS gk B )3 WS Y sl dygus 13855 §po dad FYY a5 cpglit ity 13,5 plosl Stim ¥5 b YA s 51 ,1iSa55 (slngyo 035
255 35 9 BME 50 /¥ 5 1Y oo b Jolis oalaf (sl et 05 oolil S5 0 55 s YF 5 LS55 5 lai ¥ |y ok
Ozt 5 (55 oIl (Saim FF 5 VA (o 93 )3 1000 CudsS 5 (Sitin g0 & Slgd b cupd g Slhgd Spae ly) &g
Sl Gtalof] 0y93 slagil )3 ad (g ySoibl I5Vs il g S5 (g9 (SRBC) (stiwssS 55 508 JpulS arle ol sl 25
oS Shgd Bpas gl Jdd cupd (ranSS 0355 5 (g idgi do)d o 3l (LS gl 85 8 () 590 PSS SRTgle8) 90 gtann
BME 015505 (glalog 15 (03] £l 5 sl 151g) £yanss ol Slis 5 dtugy plSontol acolsins 8,55 )5 ialoj] (sloylass il
1y 2l Ll BME soys /¥ 5 +/¥ 01l s sl less 55 SRBC e IgG 5 JS (oobl Ay il 3mg0 10L5 loss & sns
s 02 > BME (335581 48 0ls (Lt s cizre 28,55 )18 salogl (slaylos il cow 1395al 5 JulS s ugpeg adle (ol 5
opx 4 BME (35531 (JS' jobo &y .cudls (6)bgime 1 ) oo 9 530 0558 32 42 2 105 S ) o 4 Sy Jsb Cannd 950 Jobo 38!
S 9 50 Jobo 2133 9 SRBC ale (o0l sil 125 (I3l ey i slosad s dute 9 S Sl dm sl 303 it pol s Wlgi o

29 ,l18055 (sl pe SosS 039y ) S S Bes 4 jy Job

839y (&35t liKasS Eyo )Slos con o 0 lac ( aslpiuns 35S 5WBB]]g

9 Slyas il oolatul Doy yolaio a4y (glod S Cldllas oSk

599380 dlge clily oyl 53l osd plol o claan o el 5
3y5-0 045y DySlos g Codl (gl ad L dgy jokaie 4y (gdAxie
&S ol ol 539380 51 (S g cle (V) Cunl 428 )5 1,8 oolazul
Ol el 003 Byme e 5 pld STyss 5 oolinul cgs Tyl
5o Mg Sl b 4y aTp b e (sladils I Jpae
cle g g &l 3 a5 ol Slyus dsgesme Jolis Sille ail 3

(Email: mo.sedghi@iut.ac.ir
Doi:10.22067/ijasr.2021.38287.0

s 0dlung —%)

CYRLTY

(Olduo! yltuol sixio oSl (g5)9liS 0aSiily oy pale 0,5 Lokl =Y
Ol

oSy (g5 ygluiiS 0aSiily (gold pole 09,5 Wiyl i S 4...'>9ol ol =Y
'O‘)ﬁ‘ sOLQ(é..o‘ ‘QL@»&‘ o]

oldol (laol gmio o (g5y9liS 0aSisly (o> pole 09,5 luiily —Y
Ol

oSy (g5 ygluiiS 0aSiily (ol pole 05,8 )l cwliss)lS 4»991 Olil—¥
'O‘)ﬁ‘ ‘OLQ([L»‘ OLQ(&.»A‘ o]



Voo obimmo) F oyladd Y alr oyl sald pole slodungly 4t #0 Y

&Sy g 9> Cdlo ojluac 3938] WU Cod ogMedy Wb SUeS
L5 g el eedg) slajy i Coliu g 5 ooye b
L8l pialS a9 oy cdl J.#m.\ﬂdbdylp
oy 50 o> Clo ojliac jloslaiwl il o (gladllas oSU
Baa b yols Giagio Wl odds (5155 liKess slof ye
SLagely fyopss oS 3)Slos g2 o ojlas S gy
2 18a55 b e S IS5 gt ind
205 ety (2hb ol il e g Mg Sy e e

o yg; 9 2lge

Qg 3K § e axhad FYY dlas ) Gioles] ol clal ol
5o les ¥ dy &S Wi oolazwl (Suan YA po 0 WYF Y cla
ahd Fgglo (i o NAd mred JLST 2 3 0k VF 5 185
sobate &y 0l pe JSui5 1) 55 Sy yglne i Yoz p2 g Epe
5 ol Ginlal £5-3 51 J8) alegl slasoly (ilucslssy
9 A Loy dian S o (0 4 9> b ojliac (4038
9 ST (S YA g8 ) (ol pilesl a8 8 Erae5 09
2ol Mol 73l LB s atan YA so 4y Sian ¥F U b jlaws
S5 g Sald 0p() ol halojl slalogs b sy
5 TS Yt ayealY g Gl B izl i sy
P eSS ¥+ bl o (Y g 0y50 ol Ul jl oo <o ojlac
g o oyl iy 0190 sl b sl §) g o ojlae o
seemillele 0 y5lniS (g)log pb L gl b cle gy €858 bawgs
cinlo] (slmo s 4y g s lal islejl plowl cas b
wilo Slhgs g9y 2 9 bobre Ol sy w2 b g2 o 05lac
lord oS 0005 bl (053 4 (e g 05 (el 003
S Jgi2) 48 s (VF) AOACT (g bl 2 e o)lae
Folin— &) se alwg 4 j 9> ctlo 0)luae (J5id (lyime
Low S 5 yd 4l 4y oy (YY) A (5 ,.50 301 Ciocalteu
P Ve &ligy Bpan bl p (g0 dlse (¥ Joio) 03,5 iy
Y5 a¥ oLt dygus SIS 045 dpogs (sl olas 5 STyss

545 dgo W

S aSdh gai g Lasuls ‘5‘,51&49
239 uhyled dilig) ©)go 4 IS s Mg Glag peps
Cygmo d Jodd oy 9 Shsd Bpae (1Sle 35 S
ol | € y0o3S ()39 (pSlie A Ao g (g S 0jluil (Sian
5 dplon ST 0 )3 diljg) EraesS G g penS S

2- Association of official analytical chemists
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1- Maillard reaction products
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Table 1- Nutrient composition of malt extract (Dry matter)

s g SlS 5 gl
Nutrient Amount of compounds
(45 5151 5 )5 45 03 ol 555 1450
Calculated energy (kcal’kg)
oot 6.70
Crude protein (%)
P 22
.8
Ether extract (%) 0.80
-l 2.10
Ash (%)
b,
28/70
Moisture (%)
Bt o 1.50
Vitamin B (mg/100g)
B2 cneteg 5.21
Vitamin B, (mg/100g)
5 o 14.32
Vitamin Bs (mg/100g)
B el
4.

Vitamin Bs (mg/100g) %
el 722
Vitamin By (mg/100g)

‘A ‘ .
Mo o JS 350

Total phenol content (mg GAE/100 G)!

'milligram gallic acid per 100 gram (Gallic Acid Equivalents)
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1- Sheep red blood cells
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Table 2- Ingredients and composition of the experimental diets

(2o 3) Shyss p30 Sein ¥o—YA Scin ¥5-¥)
Ingredient (%) 28-40 weeks 41-46 weeks
53 59.50 62.85
Corn

by dlbws 24.80 22.25
Soybean Meal

by 0f9) 2.50 1.85
Soybean Oil

eSS . 10.30 10.30
Carbonate Calcium

Sliudpls 52 1.53 1.46
Dicalcium phosphate

plab Sos 0.40 0.40
Salt

Yo

e JoSo 035 035
Mineral premix!

Yoo

eelas JoSo 035 035
Vitamin premix?

g Jis 021 0.16
DL-Methionine

bl ool 0.05 0.01
L-lysine HCL

b o5 0.01 0.01
Phytase enzyme

4;\.& ) 0.005 0.005
Pigment

0 > Lg.x:..a .)‘5;:
Nutrient composition

resdie S 555 2850 2850
Metabolizable energy (kcal/kg)

PB ofon 16.15 15.25
Crude protein (%)

o 0.86 0.79
Lysine (%)

Osfgste 0.46 0.38
Methionine (%)

Offuptpdgle 0.74 0.67
Methionine+cysteine (%)

55 0.64 0.60
Threonine (%)

i 4.40 4.40
Calcium (%)

ooy BB jaub 0.49 0.45
Available phosphorous (%)

o 0.17 0.17
Sodium (%)

A Jsls 0.19 0.19

Minimum Chloride (%)
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e oSt 2T

! The Mineral premix supplied the following per kilogram of feed: Mn: 123 mg; Fe: 77 mg; Zn: 123 mg; Se: 0.42 mg; Cu: 7.7 mg;
Iodine: 2.38 mg.

2 The vitamin premix supplied the following per kilogram of feed: vitamin A: 12000 1U; vitamin D3: 4620 IU; vitamin E: 23 1U;
vitamin K3: 3 mg; vitamin B1: 2.38 mg; vitamin B2: 7.7 mg; Niacin: 39.2 mg; Pantothenic acid: 9.24 mg; Pyridoxine: 4.62 mg; Folic
acid: 0.84 mg; Cobalamin: 0.031 mg; Biotin: 0.08 mg; Choline: 154 mg; Antioxidant: 1.4 mg.
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Table 3- Effect of different levels of barley malt extract on feed intake and feed conversion ratio at different weeks of

production
"o Loy
(}5) R odkiy d‘)" 4 l’)f) "ﬂ”$ ‘—é)‘“" Treatment!
Feed intake (g/bird/d) . e e
ol eSS Y eSS ¥ SEM p-value
Control 2 kg/ton 4 kg/ton
Xids VT 95.72 95.22 94.85 0.98 0.93
29-37 weeks
iin F7YA 104.54 105.42 104.16 0.56 0.65
38-46 weeks
o 101.14 10132 100.05 0.59 0.88
Total period
Shgd has o
Feed conversion ratio
GXidn VT 1.85 1.79 1.79 0.023 0.42
29-37 weeks
i F7A 1.88 1.87 1.87 0.007 0.74
38-46 weeks
o 1.87 1.84 1.83 0.010 034
Total period

g o o)las 055 S5hS ¥ oljon s b o g2 o ol (553 p)S5LS ¥ oljon & il o> il Jlog!
!Control treatment, control treatment plus 2 kg/ton barley malt extract, control treatment plus 4 kg/ton barley malt extract.

S5 0951 3 Bylass :Sles dumglio (gl .05 plowl ((closnli 5 e ilon 5l o3l Uy el ) osd aus el iy
A5 0l 70 (g sie s > PY S5y yt 035 b (Sladiged (upes Nd (552015, Tl
B ()31 ()95 P95y S | oolita]
S tel Il

(YY) SAS 9.1 (gylal )58l oy Lausgs odel Cwdes (slamodly
ool Juloss 9 4550 3590 B3lat Mol )b LI ;> GLM 4y,
L ol s slagesly @ bgrye (sl 03 izer (285 )8
Gygao )y SOy pd sdalie s b 8obal Ml 7 )bl oolatul
12) S5 sladiges (o L9, 51 gl i g o 9 285

S Slas sla yisl )b
g o olas Ciliso zsha (99531 5T 4 bype gl
£ L5V g Sy s i s 5 Sigs e (5Sike
ol guls a8 @6S lod cCuwl odds (555 Y Jada > (Suan
- o 50 &S ud 0)9d S 10 g Clo ojliac 0g38] camd o
aS wxdlys (YA) SSLS pade (65081 5 (Blo dizpp cudls

Wliay is i3l comw (g5 jime yobo 4y 0y90 IS 13 o ol 1- Haematoxylin
2- Eosin
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Table 4- Effect of different levels of barley malt extract on egg production from 29 to 46 weeks

"yl
Treatment
i sl eSS Y eSS ¥ SEM p-value
Week Control 2 kg/ton 4 kg/ton
29 96.439 95.138 94.531 0.802 0.260
30 96.597 95.486 95.902 0.631 0.471
31 95.416 95.621 95.000 0.797 0.855
32 95.572 95.637 96.614 0.500 0.286
33 95.301 95.211 95.100 0.227 0.824
34 96.093 95.868 94.965 0.645 0.444
35 94.704 95.014 94.210 0.993 0.848
36 94.791 94.936 95.701 0.738 0.653
37 95.138 94.418 94.142 0.566 0.456
38 93.142 95.059 93.534 1.059 0.422
39 91.753 91.859 91.919 1.073 0.993
40 92.168 93.281 92.451 1.350 0.834
41 92.866 92.393 91.465 0.949 0.580
42 92.746 94.315 91.504 1.021 0.189
43 88.824 91.094 91.308 1.494 0.447
44 88.032 88.726 91.277 0.897 0.051
45 89.483 92.149 92.202 1.381 0.392
46 78.645 80.001 82.422 2.664 0.607

B o oylas (55 )0 ,S5kS ¥ olyen 4y 4l 0y o Cllo ojlas (5 )3 £)SokS ¥ oljed 4 il 0y calis )'.o.:j‘
!Control treatment, control treatment plus 2 kg/ton barley malt extract, control treatment plus 4 kg/ton barley malt extract.

(P=-1-YF) 45 385 s 4 o 5 gy IS

LY o) Glabojl g9 (b 1o g2 cllo ojlas (3938 iz o
Bl §yonSS Ay oyd (S9) 3 (58U N5 gn ((Sin

O Sl padld Sl g pan 55 Ay plSoril 5 Cules

- o Gl L lgiee ool nl 5 005 sanlite §yep50

s elaoylss Lol oS 5 565 sl bl s lSslSP

Eoo A5 diuugy plsatial g culiid
Pl 5 s 1 g o oyliac 13U 4 by ye gl
ol 0 0l LS 0 Jads o (Sian 7 U YA o 5l diwgy
o oylas (5 )3 p)ShS ¥ (139531 95 o0 0mliin oS S lon
2 2l Hled 4 Cowd diwg Cwlbus Hb sxe iuli8l Cow o
Cyles fuizmen (P<+/eV) 5 Suan FF U YA s jloyed IS
St Eel e o ojlias (5 )3 p)SkS ¥ oV Lol JuSeo
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Table 5- Effect of different levels of barley malt extract on egg shell quality'

"o Loy

Ere 7o B o Treziltment — SEM p-value
Egg shell quality Jals ol SelsS Y olpSelsS ¥

Control 2 kg/ton 4 kg/ton
(acks) 005 digy e 0.372° 0.398° 0.382:0 0.43 <0.0001
Egg shell thickness (mm)
(kg/om?®) gyeps s, pliocial 2.767 2.875 2.962 0.59 0.0076
Egg shell strength (kg/cm?)?
B oz, L2y 11.53 11.52 11.71 0.71 0.62

Egg shell (%)

3l (P<e/+0) 3 inn B3] s obel Llod el gl 5l Ky o 5 Coglise g > b la oy SiLs)

5> o ojlas (5 )3 p)SolS ¥ olped 4y il oy (g cdlo ojlac 5 13 £, SLSY olpen 4 )l o walis )l.o.:.?“
"Mean with different superscript letters in each effect are statistically significant (p<0.05).
2Control treatment, control treatment plus 2 kg/ton barley malt extract, control treatment plus 4 kg/ton barley malt extract

Skilogram per square centimeter.

e (BB A Slio g cllo olas Gilises olau JI-T Jgd
Table 6- Effect of different levels of barley malt extract on internal quality characteristics of eggs?

o Lo
Treatment?
— SlesHsY eSS ¥ SEM p-value
Control 2 kg/ton 4 kg/ton

s = b oald 76.02° 81.32¢ 80.27b 1.48 0.012
Hu index

(o) 05 €65 17.725b 18.600° 18.387% 0.227 0.01
yolk height (mm)

0345 5

22529 13.62° 13.08° 13.33% 0.16 0.026
yolk color

3l (P<e/+0) f3 inn B3] el gylel Llod lmlil 5l Sy o o Coslisie g > b la oy SiLs)

o o ojlas (5 ;3 p,SolS ¥ olpad 4 4l oy o <o ojlas (5 40 p)5 S Y olyen 4 by 0y il )lo.:JY
"Mean with different superscript letters in each effect are statistically significant (p<0.05).
2Control treatment, control treatment plus 2 kg/ton barley malt extract, control treatment plus 4 kg/ton barley malt

extract
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Table 7- Effect of different levels of barley malt extract on antibody titers against SRBC!

"o los
Treatment”
SRBC? . o @
sals e SAS Y oI ¥ SEM p-value
Control 2 kg/ton 4 kg/ton
(log2) SRBC e (oob &l 5
antibody titers against SRBC 1.42b 1.70° 157 0.059 0.045
(log2)
(log2) IgG e 0.68° 1.23° 1.03° 0.087 0.007
Jol 0593 IgG concentration (logy)*
Primary (log2) IgM cLuié 0.74 0.47 0.56 0060 0052
IgA concentration (logy)’
(log2) SRBC e (oob &l 5
antibody titers against SRBC 1.62 1.77 1.62 0.056 0.24
(logo)
(log:) [gG cdale 1.14 1.11 0.83 0.060 0.094
£93 09 IgG concentration (logy)*
Secondary (log2) IgM cLuié 0.47 0.65 0.79 0078 0.085

IgA concentration (logy)’

23l o (P<e/+0) f3 inn B3] el (gylof Llod el il 5l Sy o o Coglisie g > b oy SiLs)

o o ojlas (5 3 p,5lS F olpad 4 b oy o <o ojlac (5 )0 p,5 S Y olyen 4y by 0y wald )lo.:JY
"Mean with different superscript letters in each effect are statistically significant (p<0.05).
2Control treatment, control treatment plus 2 kg/ton barley malt extract, control treatment plus 4 kg/ton barley malt extract

3Sheep Red Blood Cell

4 Immunoglobulin G (mercaptoethanol-resistant anti-SRBC antibodies)

5 Immunoglobulin M (mercaptoethanol-sensitive anti-SRBC antibodies)
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Table 8- Effect of different levels of barley malt extract on antibody titers against NDV? and AI®

Tla Lo
Treatment*
aald eSS eSS T SEM p-value
Control 2 kg/ton 4 kg/ton
] ia YO 3.23 3.29 322 0.038 0.36
(log 2) JulSgs ale (o2b sl 5 35 week
Antibody titers against NDV (logy) o ¥Y 30 314 319 0,03 0.2
42week
) : (iaa 1O 2.80° 2.66° 2,540 0.041 0.001
(log 2) 13V giil aule (ool T 25 35 week
Antibody titers against Al (log) o ¥Y 247 554 550 0.033 0.568
42week

3l e (P<e/+0) f3 inn B3] el gylel Llod jmlil 5l Sy o o Coslisie g > b laySiLs)

@ e ojlac 05, p SIS ¥ elon 4 4l oy g2 Sl o)l 5 )3 £ TS ¥ ol 4 4l oy calds o
"Mean with different superscript letters in each effect are statistically significant (p<0.05).

2 Newcastle disease virus
3 Avian influenza

4 Control treatment, control treatment plus 2 kg/ton barley malt extract, control treatment plus 4 kg/ton barley malt extract
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1- Villus height

2- Villus height:crypt depth ratio
3- Villi width

4- Crypt depth
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Table 9- Effect of different levels of barley malt extract on morphology of jejunum'

P
Treatments?
b GleSASY e SRS T SEM  P-value
control 2 kg/ton 4 kg/ton

ndib 687.83>  713.83° 741.83° 10.867  0.0001
Villi height (pm)
n o2 137.167 139333 131.167 2.344 0.07
Villi width (um)
S Goe 112167 112333 114.150 6.22 0.64
Crypt depth (pm)
S Gos & jn s o 6.150° 7.417° 8.330° 0.150 0.0001
VH:CD?
hoale 4Y 13 177.667°  150.333>  137.833¢ 13.44 0.0001
Muscular layer (um)
pral Y 3 37.5000  42.000°  43.667° 3.61 0.0006
Epithelial layer (um)
i ol 0.352 0.296 0.385 0.0054  0.0906

Villi surface area (mm?)

a2l o (P<e/-8) I ime ST el (g el Blood 51l 3l Sy o 53 oglizie g o by sla e Siks)
g cloo)las 055 p S5LS ¥ oljon b o g o ojlas (553 £ S5LS ¥ olon 4 a0y wals Jlog
"Mean with different superscript letters in each effect are statistically significant (p<0.05).
2Control treatment, control treatment plus 2 kg/ton barley malt extract, control treatment plus 4 kg/ton
barley malt extract
3villus height:crypt depth ratio
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Introduction: Several studies have been performed in order to improve feed utilization and reduce the feed
costs. For this purpose, various additives have been used to improve the health and production performance of
poultry. Barley malt extract is one of the additives that has recently been introduced for using in domestic animal

feeds. Barley malt extract is produced from barley grains through a process called the malting. Malting is the
process of cereal grains germination that have been dried. The germination starts by soaking

barley grains in water. The malting process make changes in barley, which involves the alteration and
degradation of phenolic compounds and the production of Maillard reaction products, which have a significant
effect on the antioxidant content of malt. Malt is known as a natural source of antioxidants, B vitamins and
minerals such as iron, zinc, calcium, magnesium and phosphorus. Malt extract is available in both powder and
liquid forms, the liquid form of that is thick syrup and has been used extensively for several applications, such as
brewing, baking, food flavoring or as an appetizer. The results of previous study showed that adding malt extract
to the broiler diet can improve performance of broiler as well as villus width and villi surface area. However,
based on our literature review there is no data available to evaluate the effect of adding barley malt extract on the
performance of laying hens. Therefore, the aim of this study is to evaluate the effects of adding different levels
of barley malt extract to the diet on performance, egg quality, immune response and intestinal morphology of
laying hens during 29 to 46 weeks of age.

Materials and Methods: In this study, 432 Hyline W36 laying hens were used in a completely randomized
design with three treatments and six replicates of 24 birds each, for 18 weeks. The experimental treatments
included 0, 0.2 and 0.4% barley malt extract levels. Feed intake, feed conversion ratio, egg production, egg mass,
egg weight, shell thickness and strength, shell weight and internal quality CHARACTERISTICS of eggs were
evaluated during the experiment. In addition, antibody titers against sheep red blood cells (SRBC), Newcastle
and influenza viruses were measured two times at specific intervals after the respective vaccinations. At the end
of the experimental period after slaughter, 2-cm segment was separated from the jejunal region anterior to
Meckel’s diverticulum. Tissue samples were evaluated for the villus height, villus width, crypt depth, villus
height:crypt depth ratio (VH:CD), villus surface area, muscular layer and epithelial layer.

Results and Discussion: The results showed that although percentage of egg production, egg weight and egg
mass were not affected by the experimental treatments, but adding malt extract numerically showed better egg
production persistency at the end of experimental period. Also feed conversion ratio and feed intake in the laying
hens at 28 to 46 weeks of age (peak production and post-peak) were not affected by the experimental treatments.
Egg shell thickness (P<0.001), haugh unit(HU) index and yolk height (P<0.01) were affected by experimental
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treatments, briefly treatments supplemented with malt extract showed higher egg quality for mentioned criteria
as compared to the control group. Furthermore the treatments supplemented with barley malt extract numerically
increased eggshell strength (P=0.076). Total antibody concentration against SRBC and Immunoglobulin G (IgG)
increased in the treatments supplemented with 0.2 and 0.4% barley malt extract during the primary period (p <
0.05). Antibody productions were not affected against the Newcastle viruses. In the first period of the
experimental treatment antibody production were affected against influenza viruses; briefly, the highest antibody
production was related to those birds that fed with the control diet. In addition, the results show that
supplementation of barley malt extract in the diet can increase the villi height, villi height to crypt depth ratio
and villi surface area. Villus width, crypt depth and muscular and epithelial layer were not influenced by adding
barley malt extract to the laying hen diet.

Conclusion: The results of this study showed that adding barley malt extract to the diet of laying hen may
improve egg quality and antibodies production against SRBC. Furthermore, barley malt extract may increase the
villus height, villus height: crypt depth ratio and villi surface area, and consequently improve the digestive
capacity of laying hens.

Keywords: Barley malt extract, Inmune system, Intestinal Histology, Laying hens, Performance
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Figure 1- Secondary structure for Let-7 microRNA sequence of silkworm in dot-bracket symbols with a minimum free energy of -

46/30 kcal/mol
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Figure 2- Secondary structure for Let-7 silkworm microRNA sequence

b Sy e dloye 3 g (0 £9pd I RNA ) (Sualiydge
sl 03> dcgasme 32 )b 5l ol sy leMbl y  ive 0aiS (b
@liil slo (g5 aSial 3190 13 (6365 el sl (shie 5 e
13 ols RNA ) a5 s (oode b (Sig 5l 4l acgomne
oo iy b ol i Ol (3l Bl e e 4y el
(s )baxl b 4 RNA 55 05 Gl sl owile (6 5650L

63530 sl o psN S5 ol 3 88 sl )3 b (650l 1 it
o> 1y (639y9 (sl 03l &S @b S m g (0 031> bjgal
3l ol degamo Ygane (BF) S o CuBlSS Sl 3y50 (295 sl
3 dlass MFE (s (laie a) 38 S 0iisS (yuand (sl oyl
25 LRNA ) 5 63909 Olyie @ (008 5 Bl Jobo darigllS
o3b (du Ul (29 4l S92y L M (295 RNA 3,
ol g o 031> bjgal (6399 bawgs oKyl wunl s il
935S ool bl Wl yeble 65,8l &Sl ol aGls oyl Lol

Oadile (5 1800 sla Juo
Sesloygiilon lalllas 5 b 4y 5l (gilows » dle 52530
s S Lawg &S ola odly g38ljg, ol g o odlitl
4 5l b osd el cuwl oad dbgl (yyde (JoSUse awlidh G
Olej 3l g 298 elual 383 (o Gl 9 (o3 il b oS
s (V) Cons doe ;500w sla by b o] 4 ol
Ordle (635 slo g 3l elid Cany glo awdy I gpladien
(5585 i «Spog3§ lo (gl 03 I leMbl gl el 4y
S 5,65l oolitul b s RNA 5 (asais )0 uile (6530
198 Bl o Falise (iiled  eolial (i olotie (S iy
Sygo 4 gl RNA 35 aseiio Jg S bl aSol s sl
o> yigel g cawlie wilgd oyl 4o > .l o5 Sl e
Gl Sy b Jsle (JI 6l 25 b adle 50L



VEoo lime ¥ oylod IY ol )yl ool pole Glestimgfs as i P

b oba pbsl Gl S e ablite (omlisl ) ey
A Al odlatwl § Clsas]

L Jso (2955

@ L ey «Spiad Gr gle 02N (295 @
2 Gl g oSy cpronal gl ddyy ¢ Bolas dalS Lol S
RO PSWR I TN

52 bt o Gl (sla by sleoygly jolie 4 g b
(i Seimd g iay o &S €8S donl g o b RNA
iblS LS (68 menal CE 3 @Y M gy Cavgald]
MCC s cpyidin b &Y sz gy Jho gy 9 (Bolas
2 ey K ol a (F JS3) 3 ot ik e

Dyl (o0

9 Cuie sld diged 1 (639)5 (sla 0dld) Al atily 1) b diges oy
lole o ytage (VF) &8 gy i 1) oy 88T us)d 4y g (e
bl s el b Sy bl )8 o b lis como oS
9 g Pl (YF 1) 5355 b &b (S ¢ o diged 0,5
pose plsms S il (680l Wl o g oo el sl
Gy abline ouw Hloel ab eolitul ablite v lael 4
(TA) ool s 5 oLzl 111 35 slallas ] 6,5k
acgacme yjdr o 02l jl iges Sy oy Jold gblie (et )lisl
dcgacme) dsgerne pj o 3 oS g s plxil g absiye gl
290 dsgaze 2 b g 4 b jlisl 5 (S0k b bl
oasbe sbdo)d 4 ol e ]y diged (gla dcgerme .Canl 90jl
(5350 dcgaze (3 dgmae sld Wiged jlas Ve Jle loie )
Ol ol S5 08 el (s degazme g 085le (Bl o yd Ve
il St sl dises ghly Wi b ooy degesre oyl &S ol

el 25 Sl i 810 RNA 35 oy Gl sl Jao 361 -3 Jga
Table 1- Analysis of different models for silkworm precursor microRNAs
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1. Receiver Operating Characteristic curve.
2. Precision-Recall curve.
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Figure 3- Percentage of G + C nucleotides in some of silkworm microRNA sequences
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Figure 4- Comparison of false positive rates in a variety of training algorithms
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Introduction MicroRNAs (miRNAs) constitute a large family of non-protein-coding small RNA (ncRNA)
molecules and have important roles in the regulation of both plant and animal developmental procedures.
Generally, sequences of miRNA demonstrate high sequence conservation across animals and are produced from
the primary stem-loop structure in the nucleus, which is an important feature of miRNAs. MiRNAs are one of the
most important regulatory factors involved in post-transcriptional levels of gene expression that contribute to the
modulation of a large number of physiological processes such as development, metabolism and disease occurrence.
To date, A few studies related to miRNAs of the economically important silkworm, Bombyx mori, have been
carried out, focusing on detection, expression study, and prediction of function. Machine learning approaches are
crucial for prediction success. These methods can solve classification problem.

Materials and Method Although hundreds of miRNAs have been detected in different animals, a lot of them
are still unknown. Then, finding of novel miRNA genes is an essential step for understanding miRNA intervened
post transcriptional regulation processes. It appears that biological methods to recognize miRNA genes might be
inadequate in their capacity to identify uncommon miRNAs and are further limited to the tissues surveyed and the
developmental phase of the animal under experiment. These restrictions have led to the development of new
computational methods attempting to detect potential miRNAs. Experimentally verified miRNA sequences in
miRBase release 22.0 were extracted for inclusion in the positive data set. In the miRBase, the reported secondary
structures were predicted by a collection of RNA folding software packages. Consequently, in this study for
uniformity, all miRNA secondary structures analyzed using RNAfold packages. The major step for machine
learning approaches is the selection of a suitable negative dataset. It is important for a well-trained classifier. If
the sequences are too artificial, e.g. completely random sequences, then there is a risk that the classifiers will not
be well trained to differentiate between different categories of real biological sequences. Conversely, if the
negative dataset is too similar to the positive dataset, the classifiers will be unable to find a way to adequately
differentiate between these two data sets. We investigated several different types of negative sequences and finally
selected negative sequences which made the best distinction with positive data set. The positive training dataset
for our classifier development composed of known silkworm pre miRNAs, while the negative training dataset
composed of other ncRNA sequences. Our feature set composed of various features and selecting the most
discriminative set of features would increase the performance, efficiency and comprehensibility of a classifier
method by reducing its complexity.

Results and Discussion Secondary structural patterns of pre miRNA used in this study such as the
intramolecular base pairing of pre miRNA is an important beneficial feature for miRNAs classification. The
selective powers of the two different classes of miRNAs secondary structural conformation (dot-bracket notation)
were analyzed. Secondary structural feature of miRNA such as Minimum Free Energy, Watson-crick base pairing
(AU, GC), Wobble base pairing (G-U) and unpaired bases (A, G, C, U) is analyzed by different algorithms. Here
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we could successfully solve classification problem by developing an effective classification system using machine
learning techniques. Our approach includes introducing more representative datasets, extracting new effective
biological features, and comprehensive evaluating of classification performance through these methods via cross-
validation. Performance of different algorithms was measured by the total number of true negatives (IN), true
positives (TP), false positives (FP), false negatives (FN), and accuracy (ACC). In order to evaluate the efficiency
of various methods developed in this study, various parameters like F-measure, Matthews correlation coefficient
(MCC), accuracy (ACC) and, ROC area were calculated. Performance measurement of various models tested with
data from miRBase in release 22 in ten-fold cross validation. Multilayer Perceptron model could predict pre
miRNAs from non-coding sequences that can be important for detecting the true pre miRNAs in genomic
sequences. Consequently a new method on miRNA prediction model could be favorable to understand the
characteristics miRNA associated with miRNA biogenesis.

Conclusion Research on miRNA represents important progress in the study of ncRNAs and may provide
further information on understanding of RNA regulation networks. Practical research on silkworm microRNAs
has shown that microRNAs can have significant effects on the underlying mechanisms of silkworm growth
processes. In addition to the research that has been done so far, it provides the basis for advances in improving our
understanding of RNA regulatory networks and the molecular mechanisms involved in gene expression patterns
during different stages of silkworm life. Due to insufficient computational research in the field of silkworm
microRNAs, further research on the microRNAs of this species represents an important advance in the study of
noncoding RNAs, which can provide further information on the activity of noncoding RNAs. Machine learning
algorithms will help the researcher discover the uncover miRNA that many researchers were not able to explore.

Key words: Computational Methods, MicroRNA, Regulatory Factors, Silkworm.
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