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Introduction: The dry climate and water scarcity in most areas of lIran caused to serious restriction in
planting fodder. Therefore, it is very important to find new fodder sources to feed ruminants in order to reduce
the ration costs. One of the new sources of fodder that may have a favorable nutritional value are plants of the
Paulowniaceae family in China, East Asia and some parts of Iran. Several types of Paulownia are known in the
world. These plants are known for their high growth rate and intense photosynthesis, which are specific to Cs4
plants, and with wide leaves with a diameter of about 90 cm. The commercial production of Paulownia wood
generates a large quantity of leaves, which are typically used as natural fertilizers. At the age of about 6 to 8
years, the production leaf of each Paulownia tree reaches about 100 kg. When the leaves have a favorable
nutritional value, they can be used as fodder in feeding ruminants. In Iran, there has been no study on the
nutritional value of Paulownia leaves for use in animal feed. Therefore, the aim of this research was to
investigate the chemical composition of Paulownia leaves and the chemical composition, gas production
parameters, digestion and fermentation characteristics of the silages from the mixture of different levels of
Paulownia leaves (Tebjoo hybrid variety) and fodder corn in vitro.

Materials and Methods: The corn forage and Paulownia leaves (Tebjoo hybrid variety) were prepared. At
first, the chemical composition of corn forage and Paulownia leaf samples was determined based on the
conventional methods. Then, both forages were chopped into 2-4 cm sizes using a hand chopper for silage
preparation. Experimental treatments included silages containing different ratios of fodder corn and Paulownia
leaves (0:100, 75:25, 50:50, 25:75 and 0:100). The materials were compacted in the plastic containers and the
silage period lasted 60 days. Determining the chemical composition of fresh fodders and the nutritional value of
experimental silages including chemical composition, in vitro gas production and fermentation parameters,
digestibility and enzyme activity were carried out based on a completely random design.

Results and Discussion: Results indicated that dry matter (DM), organic matter (OM), crude protein (CP),
neutral detergent fiber (NDF), acid detergent fiber (ADF), ether extract (EE), lignin, non-fibrer carbohydrates
(NFC) and water soluble carbohydrates content of fresh Paulownia leaves were 266, 911, 173, 402, 201, 35.5,
86.4, 404 and 91.2 g/kg DM, respectively. The mentioned chemical composition in Paulownia silage were 273,
902, 164, 393, 191, 38.8, 74.5, 386 and 25.4 g/kg DM, respectively. With increasing the proportion of
Paulownia leaf in silage, DM, CP, lignin, EE, ammonia nitrogen concentration increased linearly (P<0.05).
However, OM, NDF and ADF decreased linearly (P<0.05). By increasing the ratio of Paulownia leaf to corn in
the silage, in vitro gas production (GP) in 24, 36 and 48 h, GP potential (coefficient b) and short-chain volatile
fatty acids concentration decreased linearly (P<0.05), although it linearly increased ammonia nitrogen
concentration and microbial protein synthesis (P<0.05). The carboxymethyl cellulase and filter paper degrading
activities decreased linearly with increasing the inclusion level of Paulownia leaf in silage (P<0.05). However,

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
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ruminal alpha-amylase and protease activity showed a linear increase (P<0.05).

Conclusion: The present study showed that the Paulownia leaf of Tebjoo hybrid variety has a favorable
nutritional value as a new forage source in animal nutrition. Also, the preparation of silages including different
ratio of Paulownia leaves and corn is recommended for animal feeding in the conditions of significant shortage
of protein resources in the country. Future research is warranted to investigate how Paulownia leaf affect
ruminant performance.

Keywords: Chemical composition, Corn forage, Digestibility, Fermentation parameters, Paulownia leaf,
Silage.
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O 5 005 p 4 glite jobdy Celw S (b ladiged A
§) oslil Uy PH g 0033,5 Jiiie (6 5SasS s 4y ol o)las
b o (ude—w Metrohm s’y 5 744 Ja ) , zopH

[(Faithfull, 2000)

Lads gas (oalsasedi 43523
ol 3w g adgle cladiges Tl (olond 4525 5l Gl
ol 39 4 ey cly gl g2 35 Ble am 3 Fe glod p L]
sl y 18 L SU ay se5me Oolowl 51 odlinl b s ¢ A5 SCiS
oo pls S (Sid odle line b Sl (g0 oo
2 s g 035 absle (cladigai > gyl o)l 5 pB gy ]
o5 (AOAC, 2002) (comusy ()bl (pezs] slaj3gy ol
OhbSen 5 Cowguiyy o9y by (S 9 ADF (l5e 23,8
NDF 50 s (glyr 293,85 duwle (VanSoest et al., 1991)
O gl o edlawl (Mertens, 2002) 335 y0 yos) jl badiges
Fibertec ) 5,0l B> jl adsses ADF 4 NDF )5
System M, Tecator, 1020 Hot Extraction, Flawil,
Mol LAl o 3 g codlguw oo 3l ookl 9 ¢ (Switzerland

gy bws d g0l WSC (glgiore b odliiw] <ylys &y polio
Byxe gl 53 ¢ alS sladiges jl ond zlyscinl Slysmg S
9>l plox ) gyl 9 0985 o9l Sl boliee) (49 5]
(e 3355 350 jaw = ol Koy S8 A o0l @) >

1- Water Soluble Carbohydrates
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1 03ls £ piui)sS e IVOMD dadlslas oyl 53 oS
o g p5 o Voo sl g5 (a8 5B (e (GAS
:CP (Menke and Steingass, 1988) :suwbsSl celw V¥
XA (Sis oolo pyS Voo 0 pyS Oygod pB pZigp ul)'v’
B 65,0 ME 5 (St odbe 5 Voo 13 55 &gy yunSls
bl ool plia
dole ¥ adolee &yt (MPS) (g Sie uBig oy Mg
:(Blummel et al., 1997) x5,5
MPS (mg/g DM) = mg ADS - (ml gas x 2.2 mg/ml)
¥ aoleo
v¥ )I o= Lgmelo 8 dl).\_moy.: :ADS ‘UT 2 as
VY 09awlisSSl 51 Ly (adgi 55wz Ml 08S «y0uunlisSSl sl
OIsrep (S PS5 e s 2 (oS gl Jole VY g sl
el 2235 0055 0y gladl Jiw sl Sl 3590 (e
Aol B doles jl odlatnl b oo olisS” iy sladawl clale
:(Getachew et al., 2002) ..

SCFA (mmol/200 mg DM) = 0.0222GP - 0.0042
O adlro

9 LgJ._:Jy =) ol_3‘9§ )l).é o> Lglm,\tml :SCFA ‘OT 2 «S
8l oo Ggebasil Celu V¥ (o )3 (gl 5 o :GP

aSal (o9 San S0 g paa (Lo T Cuallad (paaas
Vg Juto (S 928" Jols oS 9,800 sl 3T codled
5 Mol Ll (Sl 32l 4 jor culled Vsl ol 5950
Shy Gd an odna (laogSee (s )3 39290 LS9
Agarwal, ) Jlg, ST gy sl 1 (0425 s pglaer slacdy)
Y¥ )I U= s .}9) U)yo O"‘ LY )15 L)“’B) W) 0d) ‘)A&D(S (2000
2 slil Jhg sle) Jlg » lgioes Tl (g gabgsil el
Lol g 0455 out il B0 o XQ jod b g 4dds Ve ooty (o
Sial® w3 w3l 9 S W15 b LlE e 03,5 opglae
b Sguds ol 53 lind 3L )3 4 @lo slage 5 bglco 9 005
addy Ve Gaedy oS 5l 4> jlas sled ) YVereXg e
bolses Yslu Jute oaSe)S Culled et (gl ol Cadey
L 2l PH L) pYoe /) cland 3l pd e S Julis STy
= e 10 g 0as Blo aneSd wl by Lo <10 (FIA
245 039 (Lmmgw plpiedn) 1oyd S5 sl Jute (S 928
bl 1505 4SSl el S§ @deds o5 5l a0 YA glod
e Sy ol o Yok i S5 S0 3l (sl ST

1- Microbial Protein Synthesis

Obsebl Jsas cus (Marten and Barnes, 1980) 45,5 als
A8 il b a0y S wST (60 55 (gilan o Loty Sl )
Fo by b & 325 5 e 9 JB (sghae Gl g 0ad Slo
ale b gols) SO glysar 5 by aw Gl 35 B3P
s Lo Jbg 03 o 15 485 Jlai )3 (= gime ) g 4eSd
Ol 8505 435S0l 0] )S il do )0 YA glod b (gyloy 50 9 0l
F layley 5 Jbuzud guawlid ol lwgy Jbs o sy 5
)I u— u&w \Y’ 9 b‘; ‘VY ‘\‘:A ‘\”5’ A’\“ ‘\; ‘\Y ‘A ¢; ‘\c
ables 5155 g5 (sl ol s (sl oAb (65031 ¢y grnlysSIl
(Blummel et al., 2003) 13,5 oslazl )
P=b(l-e*) (V) dolo

© o) e (it adsi LS D oo 5 oS
blen 5 390 (o )3 (ko) 535 S e

S g oless p (glila S5 cda b B A5 ped (90l
723 leil Jlg ¥etigpm p0 1 sles ja il )55 cuda)
g s 2 50 Jg FY dLaos o SM Jbg aw oMoty ¢y
22055 g it (Sladomil )b (gl gy aw 2 5> Jug WA (S
«Sotd odle (glaeSd (s pdn B e yolateds (SS9
lao s pdsilio S0 (65,5] eass 5 T odle guin culls
(Sgel (et PH Jolid yrasS ladoinl 3 55 5 (odalo]]
o Pl Cdld 5 505 0beS 0y sl 9y (B i
Vercoe etal., ) bSOl el V¥ 1 o i syl aneslss
PH G 03,8 s Ly y o (g0 g 55 ol bl (2010
A BB (e Metrohm oS s 744 Jas) yopH dlusgas
e glod padda Ve Gaods Vorrg j90 U by s (slgixe
5 oslamen Jlog 2 Sl 0008 Sndn il oS ks 42y
GMA! j) Sz 03le (gl 6y y5olsS im0 Suid
W35 dwlome (5900bgSSl Sl g LI (g 9 sl (sl ptamg 059
B) bl g (sladsges ( SLigel (9 olise e
byl JLay 1% Sy IS sl i oo Ko U ey (52 ol
Ol o A (o)l pS5 018 lw a0 =Y glod o g0a i
b}l (g3 gl LB (65,0 5 I oole (5035 5)]55
Menke and ) as 035 (pes5 ¥ o ¥ sladsles ulol s pa
{(Steingass, 1988

IVOMD (g/kg OM) = 148.8 + 8.89 GAS + 4.50 CP +
651 XA ¥ Wolo

ME (MJ/kg DM) = 2.2 + 0.136GP + 0.0157CP +
0.00002859CP? Y dolee
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Jola sladas g gladgle &3 L gl S (oabaasds cus i
Lyl 3

g Sldole ©)> ol d S5 4 barpe @l ) Jgi 5o
5 g S o3lo (lgie al 00 @l 036 (clisll 5y
S lebsle 03 51 sty o g ssbes Linlh S 2 554 5
ADF s NDF (i osbo (glsies 45 ol Jb )5 ol (P<-/-0)
Sl Cody Ligly Sy 5l it (65 cme yobas gladgle )
39 il gl 93 WSC o NFC «(g il olas e o(P<+/+0)
sl (plord oS 5 4 bgrpe @ls & Jgi> > (P>+/+0)
) Sl € 5 Ll oS Glisen (slacnns (55l Lok
s odle Moy M 43 Ligh Sy o )81 b canl o
ssbotr (Sligal (95t ke 5 (gl ojlas S B gy
s NDF (T osle sy b 5 &y (P<e/+0) el igldl s
b LS (ad jgbody Ligh Sy a8 L ADF
siM_w pH s WSC NFC (4ly s [(P<:/-) sy oL
S8, 3 b 5 5 gl S il o o]
2 aS Sl oole lgime &S 3503 Glgie LU (P>4/40)
o35 ehgle 31 e (S 51 slebsle )3 Dl 5 Lighh 5 5l
Mo 2 53 ohord SLS 5 pls Glie (Y 9 ) Jgliz) 22 o]
3 S oole lime yialjhl gr 036 ddgle > T e 5 2eS
&gty Lngl Cogb) 51 (i gy S Ve oDl
S 5w g absle )3 pLS g liee ABL (25l
(V5 V Jshiz) 35 sladole )3 I it (s BB yoboar Lighh
T S glgiedn Lt S e g Jrily Sl oo ol &5
Se plgisdn 0659 48 (b 3 pegada wude ladgle
ol |y @il gylae QNS s il o )3 oiiSdgaone Jals
Sy p0 pb gy cdale gladgle > BOMS py ¢ pimon a2
o3le p)55-LS )3 £, 5 VEY 5 WY i) Lighy oad sl 5 0j6
o3le o> Cutin) L 3y90 Pl (g JBo Iyt (Sis
Ay i jglaiods 4SS Sligel g (ol (St
500 (S5 Slgs e cpl (Norton, 1998) sgs  og,8we sy ,iSlas
Ladl by andss o Lo 3w b Sy 1 onlisinl (slacy jo
L acalia 3 oolof] s 93 y2 pl (g CBIE (53,5 ghows
3 ddsasy Yiam) oyl & il il Sl byl o) adgle
Shigel 1 g Loy See el 3l )3 pls gy 3l ot
{(McDonald et al., 2011) 1ib 0

Ko K4 Pl i 55,50 2l oo S 5 00 Bl asa
S ety 35 3l 423 YA glod 1> & 039 (|tuges lgisa)
els e lad a b jolaiody (28,5 JI\E 0wl 350 el
) Vge o/ land 3l sl e Sy Jolis 25Ty gl il
p)S 10 g o Clo awsSd alypd Lo S (AL ply pH
a0 ¥ gled ) lyiamgw Glgieds) Y ojledd eily Bl Al
clageil den 13 .003,5 40sSl el K Stody 3,5 ko
Sl 5506 Jor oo 2 Lo 40 50931 b STy 55
clam 3l 51 SO edld ) e ol3] 3565 s CaBgio dul
Wb 0 J_QD:J' (Ml”er, 1959) )_lm 0”9) u.ol.wl » uyo)i dy90
Ul ol doly 6 aS (o8 ol wlol g el laclad
o5 )yl ey g3 el po )3 S5 o9 S o M5
b o gl )5 Al ol i STy bl byl yi
Slin By i e Ko Joli isSly b s 5350
245 39 (sl ko 9 5 oo VIB) 5535 2 Lo -1V 5 005
o 03,5 4560l Cel 3 dedy 0S5l 4 )0 YA gled
9 3 e Vo) sl Sl 5,55 093l b STy gl
A (e abogye b9y oll o (B9 9 0ad iBgte (1

(Lowry et al., 1951)

Sobol Julodi g 42 52
) ohouss S 5 4 bge slaodly sl g 4 iz
bl 5l ol iolofl slaiws g 0jb (clighh Sy g sldgle
» (SAS, 2005) <)Ll ibleys lawg g GLM a4, ;I eolaiuwl
o]l b sylel Jas 288 plonl skt SelS b o
Do pj Jde ©ypod
Yij: p+ Ti+ €ij
0l odd i b)s_f) G A €j g Ti M ‘Yij ‘OT 5 s
ol inlojl slbas 5l pll inlejl Hle col 3l o JS pSSbie
5 oSl (elaials win yg05T 5 ookl b ool Cowmsay ola p ko
LA duglie wb b o yd gy (g0 Gxe plaws (o
Slye eSS 5 255 ol lnesly b il 402
L u_u.uLo)T iMoo L;o.i)j Colled g pasd (sladsuinlyd ( gire
» (SAS, 2005) &bl N3dley lwg ¢ MIXED 4, jl soliwl
o]l 2 (sylel Jas 28,8 plonl okt el b o
Dg pj Jae ©ypod
Yijk: H+ Ti+ Runj + €ijk
PNy N 3)95) w).:d._» Cijk 9 Runj T M chjk %'j 5 s
o3l b ool cawddy Slao sla pSiko ol aivlojl (slas 3l
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Table 1- Chemical composition of fresh forage corn and Paulownia leaf (g/kg DM or as statsed)

abgle g5
el Forage type b eSle 3kl glas (g Iy gime Jlozs]
Parameter &yd Ligh S p SEM P-value
Corn  Paulownia leaf
S osle 234° 2662 4.82 <0.01
Dry matter
el 9367 911° 5.27 0.02
Organic matter
P o 81.4° 173 7.27 <0.01
Crude protein
S odgd ) Jgloeel LI a b 6
74 <0.01

Neutral detergent fiber 502 402
& 3ol 04940 4O J9l:>gob Ul a b

7.08 <0.01
Acid detergent fiber 325 201
o5 63.4° 86.42 2.85 <0.01
Lignin
Gl o)las 335 355 1.64 0.41
Ether extract
el f sy, S 319 301 6.65 0.11
Non-fiber carbohydrates
2! Jobs slacl g5 91.2 3.65 0.11

Water soluble carbohydrates

(P<e+0) smd o i Wyl oy 1y Jo ire glds Cady po 40 Syl uf gy
Different letters in each row indicate significant difference between groups (P<0.05).

Huang et al., ) 4,lSan 5 Slgn Loy oai (j5)135 polis
Jaie U ayliie Lol ((Sits o5lo o S5k 13 p,5 YOR) 59 (2022
9 O)lyil bwgi (Sid o3lo p)SolS )3 p)5 FYV) 0 (3)]35
Al-) 5,553 Limgiy ) 04 (Stewart et al., 2018) ol Lan
»pyS ¥ed Ligll S, NDF l; . (Sagheer et al., 2019
3 0 syl ol jl eSS als 518 SKis osle p)SelS
L acnlie )3 s (b (slyme (talS ol 0l 3o
Rezaei et al., ) cowl liize plw mlo b illes ol digle
1> Pslsigan 5 sl 4 & lsie |y ol S 5 (2009
il PH o Ll jdgy00m 5 g jast (e g S ol
Sy 0 w6 e (Rezagi et al., 2009) sl cons §Mw
2 el (Sl o 331 sladgle @3 3] iy Ll o 5 030
S il eolil o 3 di 5wl ansly Laie 5l ol e 5;)
oy JS ecbale 4 anl BaSlesels oy 5 Lig s b
3 Ll Sy s Gl b cmizpon 39a3 4295 bglske Lol
Az bl (e il yiTa (S chald oy

g0 0L s s

035 Sy b (g p lgiee sladllae ) @l (ul b Bl

A S s ool p SOl 53 )8 WY BISSg) Liglh w5
pLE piiay (sl «(6)500 Liagl ,o .(Stewart et al., 2018)
Al-) 35y Sis 03lo p S5 S 53 0,8 W Lglh S_is S
Lighy Sy plb 59y (slgixe < JS 5> .(Sagheer et al., 2019
Gl odds ili5 Siid oolo p)85LS" 40 p,5 TV VI alols jo
See liize guls )3 GBS de4 .(Descals et al., 2013)

bly s iy g cusls loj olS 18, wile  Jolse Jods cunl
9 cstbond GLeags 20)LS (lise g g9 S oo (oLl
9 NDF (slgi>s (Kaiser et al., 2004) aib $Muw apd <o o
)3 5 ka8 (k295 BB jebay Liglh Mo 5 056 S5 > ADF
grie o siots biglh oo Joudlhy rinsolis o 3, (slabsls
L oS NDF lade a5 cowl 00 asuie Ly ccunl (slddgle
ddJ (McDonald et al., 2011) 3 ls ywsSao o)y STy55 8 puno
BN o zs > Sygs Bpae o Lighh Sy b ke il pie

ol a3
3 i ol adlas > Ligle S 5w NDF (glgioee
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Table 2- Chemical composition (g/kg DM or as stated) of silages containing different proportion of forage corn (FC) and Paulownia

leaf (PL)
cio ()3 3 Liglly 5 ) (sl s
Parameter Proportions of corn and Paulownia in the silage (% of Contrast
: DM) >k (glas
o ki lagSike |
only 7525  50:50 2575  (Paulownia SEM ks kS
FC) only PL) Linear Quadratic
100:0 0:100
Drz Vn::tnter 242¢ 2520¢ 260%® 2672 2732 4.30 <0.01 0.65
y
g; b;:'c matter 9272 920%® 915b¢ 907 902¢ 4.97 <0.01 0.97
gani
Eljugf :)):otein 80.5¢ 1024 122° 144b 1642 3.56 <0.01 0.93
S okigd > Jpls U_ S 4872 465> 438° 4159 393¢ 4.24 <0.01 0.78
Neutral detergent fiber
odiygd 55 Joloal LI
Sl 3102 278° 253¢ 2234 191° 3.94 <0.01 0.74
Acid detergent fiber
LOA': 60.1¢ 63.9%¢ 66.30¢ 70.3% 74.52 2.38 <0.01 0.77
ignin
S5l oslac b b b b
Ether extract 33.4 35.1¢ 35.9¢ 37.2¢8 38.82 1.57 0.03 0.91
“”L‘“}l‘” e Slacling, 326 318 319 311 306 7.28 0.10 0.75
Non-fiber carbohydrates
ST Jolors ol ans S
Water soluble 22.9 235 24.4 25.3 25.4 1.19 0.11 0.81
carbohydrates
pH 3.96 3.99 411 4.26 4.29 0.157 0.15 0.89
Sbigel (39t
Ammonia-N (g/kg total 51.3° 54,23 54.8%  57.3% 59.12 1.59 0.02 0.46
N)

(P<o/40) smd so ol b ylass oy 1y Y dime glds Ciydy o jd S ydie pé By >
Different letters in each row indicate significant difference between groups (P<0.05).

WSC cbale yy 68l bolseo i j3 Ligh S aoe

03 oS5 kS 13 2,5 M) 055 Sy pls 1S (clgizes cuil
3 e (St oole p S5 S 55 2.8 W) bighh 3l 5 (S5
Sy 5 S Clile g YU gy &3 5w g o) ddsle
03l p,55LS 55 £,5 WO o WY i pa) (6,50 adlllas > Lipll
Sl 0 (5135 55 (Loigb o 9 Sid Sy > Suts
.(Huang et al., 2022)
syl oslas 5 (S Pl g p (St odle (glye (lHl
by e oM )3 ©)d dy s Ll Sy e RIS L
ool 0391 Ligll Sy 53 5o ke @S 5yt cldale Laay Yl
Yias| Liplh 5yt s Gal331 L Dl (5 (slyiome ialS

ool 155 51 oS g5 o ojL5 dbgle > WSC il gl

Ha s (Sis ole p S olS )3 p)S AV 5 VoY) 255 I3 sime
a5 S0y 3loml (gl dgle 93 b > WSC calé S suo,y o
o3 asude | j el 039 (B (135 gl (> gllas g sk

b 3905 gl |y ol g a8 adgle 3 WSC liue J8las a8 ol
Haigh and Parker, ) sl s odlo p)SekS 13 p,5 Ve dg0s
85 o inn oty WSC 3l 5395 shon | ot (1985
3 o sbgle Jgloue (sln5 15 s ] 6 ) o el
go sois Sl popadar brusl )l See bwgi 5l g wedS
9 3w PH (il Caa SlSY 455 g 0ad B pae SSY sl
oil3-8 (Nkosi and Mekuria, 2010) 5,5 s algs o slnb
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2 S35 LS i 2 gl (P /00) b))l 5 AU
cdale M Jdsas Ylan! dbg o amslisSSl sla o
5 sl 039 (talol (slofMes (65 o NDF ol (59
9 NDF pLs (g iile (LS 5 Gt ogSne ], S
Jd> (VanSoest, 1994) 51> 55 5 55 g b 1K) Logasie
b 3 53 Ligll S s G238 L S g oS’ 1503
25 4y Jodle e o9 1S b Gl

¥ dsda > o pda )l 5 e ladoninl b bgye b
15 slbsle @b 4l Luialh o5y s Ll b sl 005 1)
b ysbodr (29,5 gy i 5 (Sligel ()3g 8 Cale Mo
8 oz bl Clile w a (P<A/-0) b olas il
B 5l PH e cBly JalS flad jsbay o0 olisS
L coms Sois odle (laeSd (6 i)l g pdgilie
2 Lglh Sy s GBI L8 )S5 )15 plojl (slajdle
355 Iy (s rals e les (T eole 504y 365 e
(P=+1-A)

PH olie il Loiglk Sy 208 ADF 9 NDF (glgio Jdsay
35S S sl YIAFIY Cnlio aials p3 inloj] (slsMons
5 &y Cund U5 cou o (Faithfull, 2000) cusls ),8 Ggllas
ol oM o 29yl Hllal i 2 28,55 )15 L S
PH <3l 1l 53 pls B9 e Ol oy Ligh S
o Lol S o s Gl L e (L g5l caglie ol
ol 45 28l Gl Mo (Sligel 5950 cale (gladgle @)
Jres o 85 039 Lighh Sy 6l (0555 (Slyee bl Ve

sl 0ad Sligel 4 s yuess

B0 Gaduhyl 98 9 yedd sladaiul IS aal g3
Ol U el oad ooy L ¥ ol 50 &S (gysbOlen
slagle; 2 55 adg M 5> ladsle &) &y Ligh Sy s
oialS (dad jobody (B ) S5 ag Jewiliy 35 9 YA o V5 VY
YA slagle; 13 iy LS o iz (P<e/-0) 8L
25 (€ pd) S Mg £55 g (g S JS) welo VY- 547

Lish Sy g shadole b Gilisen (slacums (5ol (slajMow (00 15 g b |ytungwr p)S oo YO+ (lilas ynd o) aStslol 55 g (sladoninl 3 Y Jgun
Table 3- In vitro gas production parameters (ml/250 mg substrate or as stated) of silages containing different proportion of forage
corn (FC) and Paulownia leaf (PL)

()3 5 Liglly 9 ) (sl o

;:‘r;:lmeter Proportions of corn and Paulownia in the silage (% 5 bl (ol Contrast
of DM) loySiles
Control 100 C s s
(nly 7525  50:50 2575 (only SEM . ”‘.
FC) PL) Linear Quadratic
wele V7 55 "\‘J’J 31.2 323 326 34.2 345 2.05 0.21 0.95
Gas production at 16 h
el VY5 25 52.3°  481% 4580 434  405° 1.60 <0.01 0.68
Gas production at 24 h
welo 17 55 "\‘J’J 59.82 57.5% 56.3% 52.6% 49.5¢ 1.98 <0.01 0.58
Gas production at 36 h
welo TA 5 "\Jy 64.22 63.1% 61.12 58.12 55.8° 2.70 0.02 0.83
Gas production at 48 h
wele W 2y 649 638 616 60.8 58.8 221 0.09 0.87
Gas production at 72 h
welo A7 55 "\’:J’; 65.1 64.5 62.3 62.2 60.3 2.50 0.16 0.76
Gas production at 96 h
el VY- gadg 5 S
Total gas production 66.7 65.5 63.3 61.1 60.9 2.58 0.18 0.87
(120 h)
(b) 5 w5 Jiliy
Gas production 72.12 68.3% 67.5% 65.82 63.5° 211 0.02 0.87
potential
(€) 55 Wy ¢
Rate of gas production 0.033 0.032 0.031 0.030 0.030 0.002 0.22 0.55
(c; %/h)

(P<e0) s o i ajlass oy 1y Yo gine Cglds Candy yo 45 S jidie i By
Different letters in each row indicate significant difference between groups (P<0.05).



VAV bl 5 ol 5w (S5 093 e (U puicin § paid Sl o9 ool S 55 (st (S 3 58
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039y Ligll Sy yiig plb gy clale Loy Ylazs] (Mo
3l 2ol o 055 Sl B )3 syt g (i 5 5
9 ile Adged 93 (T Sl Shy ik @l ol oMiS g
Pl asses ol ) Col (pSan o2 JgSgn ply 5o gl Cunglie
St oS 5 e JoB polds (olyls Ligh Sy asly ansls
P 09 SRS dsg) (35 3 b Cul (Sae oS ol
OBl s (29550 (19 4 Slogel Joa 3ok 5 eSS
o992 3b5 v pols adllas 3 Ll gd 4eSis lo o of clale
Yl Mo 53 Liglh S o G331 L pS (3559 (slee
3 Ble aneSd Slgiyn (WSl i) bawgs (g Sbj 425
JB 650l cwl sas Joid GluSy cie gl ads easd
S5 5 Ll s 4 o nlef] S5l gl
L 5l S adlbas oyl )0 ool Cowddy puddglio b (o5
5 pISU35 Ly (Sis o3lo oS5k 15 Jg5 50 Vo/A) ol Cowday

g (Ozelgam et al., 2012) Ko

g Ylazsl 255 oS oy slosnl g5 ials” o

3% oS sl 039 Liigll S gy iy 355 5 yieS NDF
it 1 Slge g e Ylainl oS Al gl Wi e pel o) oY
Sly=e (Shl> gl S lpj eblodd (950 (190 Mg o
(Sis o0lo p)SelS 13 p)5 ) Joib luS 5 clabas Mo LB
ol 00 00 )l Slllas p> S (Huang et al., 2022) o4
o 4205 3 g 4358 35 ol b y55he LSy S
(Makkar et al., 1995) 85 oo (5,500 (wiig s diate M5
T osle (6 is i sS G 3 i 03le £,y 45 M5 aSiy) o
o Joled elable @) elany Logll Sy 5,8 Liliél b oS
e bl Yl il Dl ey (Fli5 0l i halS
5200 2Vl (5 )5S Vgans &S 390 Ll S 2 5V LSl
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Table 4- Fermentation parameters and in vitro nutrient digestibility of silages containing different proportion of forage corn (FC) and
Paulownia leaf (PL)
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Table 5- Rumen activity of hydrolytic enzymes (U/h/ml or as stated) of silages containing different proportion of forage corn (FC)
and Paulownia leaf (PL)
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Introduction: Although minerals include a small part of the total cost of poultry feed, they perform special
functions in the body. Given that today's birds are primarily raised under stressful conditions (including high
production demands, environmental stress, heat, and exposure to various other stress factors), their nutrient
metabolism, including the absorption of minerals, has changed. This has led to decreased feed consumption,
reduced mineral absorption, and consequently, increased excretion of minerals. Minerals that serve as cofactors
for many enzymes are crucial; thus, to support proper functioning and enhance the immune system's response,
higher amounts of these nutrients are required in diets. Chromium (Cr) is a critical micronutrient for humans and
animals. It contributes to physiological and nutritional efficiency. Chromium increases glucose glycogenesis,
promotes glucose transport, and increases protein synthesis. Chromium is important in protein digestion and
reduction of lipid peroxidation and increased growth production. Chromium deficiency is associated with
reduced growth rate, and glucose, and protein metabolism. Under environmental, nutritional, and hormonal
stress, the benefits of chromium supplementation clearly demonstrated. Considering that with the increase in age
and egg size, the egg quality decreases, and also the function of the immune system decreases at the late phase of
egg production. Therefore, supplementation of layer hen diets with some nutrients at the end of the production
period can improve the egg quality and potentiate the humoral immune response. Thus, the subject of the current
study was to investigate the effects of dietary supplementation of chromium-methionine on egg laying
performance, egg quality traits at different storage times and temperatures, humoral immune response, and some
blood biochemical parameters of laying hens at late—phase of the egg production cycle.

Materials and Methods: A total of 120 Leghorn laying hens (Hy-line W36, 73 weeks- old) were assigned in
a completely randomized design with 6 dietary treatments, 5 replicates and 4 laying hens in each replicate for 6
weeks. The experimental treatments were 6 levels of chromium-methionine supplementation (0, 400, 800, 1200,
1600, and 2000 pg/kg of diet) of corn-soybean meal-based diet. The hens were housed in a 60 x 60 x 40 cm
cage. All hens were housed in an environmentally controlled house with temperature maintained at
approximately 25°C. The house had controlled ventilation and lighting (16L: 8D). All hens were supplied with
feed and water ad libitum. The hen-day egg production, egg weight, egg mass, feed intake, and feed conversion
ratio were recorded daily. The feed conversion ratio was expressed in kilograms of feed consumed per kilogram
of the egg mass. The effects of organic chromium supplementation of laying hens on egg quality traits were
evaluated every 2 weeks at 75, 77, and 79 weeks of age. The egg shape index was calculated by dividing egg
length to egg width. At the end of the experiment, to measure certain blood parameters, one bird from each
replicate was selected, and blood was drawn from the wing vein. After preparing the serum, the concentrations
of triglycerides, cholesterol, total protein, albumin, globulin, uric acid, alanine transaminase, aspartate

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
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transaminase, glucose, and malondialdehyde were measured using Pars Azmoon kits according to the
manufacturer's instructions.

Results and Discussion: Supplementing the diet with chromium-methionine had a significant effect on
laying performance (including feed intake, feed conversion ratio, and egg production) and egg quality traits
(such as eggshell weight, yolk color, yolk weight, albumen height, and Haugh unit). The results showed that
birds fed 2000 pg/kg chromium-methionine had the lowest feed intake and the best feed conversion ratio and
egg production percentage were observed with the addition of 1600 and 2000 g/kg organic chromium. By
suppressing stress factors, chromium can increase the ovulation rate and increase the percentage of egg
production. Addition of organic chromium except 2000 pg/kg improved albumen height and Haugh unit
compared to the control group. The interaction effect between egg storage time and storage temperature on the
yolk height and yolk percentage, albumen and yolk pH were significant. Carotenoids are responsible for the
color of the yolk and they are a part of the fat-soluble compounds, so any factor that can improve the digestion
and absorption of fats will probably lead to an increase in the color of the egg yolk. Haugh unit is a measure to
determine the quality of egg white, which determines the quality of the egg. The higher HU means better egg
quality (fresher, higher quality eggs have thicker whites). Blood serum cholesterol of chickens fed with 800
pa/kg of chromium-methionine decreased compared to the control group. The lowest serum concentration of
malondialdehyde was observed using 1600 and 2000 pg/kg organic chromium. Addition of 1600 ug/kg of
chromium-methionine increased total immunoglobulin production against sheep red blood cells. The effects of
dietary chromium supplementation on improving immune responses can be attributed to its antioxidant activity.
By enhancing antioxidant activity, chromium reduces the production of corticosterone, a potent suppressor of
immune system function. This reduction in corticosterone levels prevents the decrease in lymphocyte production
and proliferation, ultimately supporting the continued production of antibodies.

Conclusion: In total, dietary supplementation of 1600 pg/kg chromium-methionine can improve egg laying
performance including feed conversion ratio, egg production, and egg mass, as well as egg quality traits such as
egg shell weight and albumen height of laying hens at the late-phase of laying cycle. Supplementation of layer
diets with 1600 pg/kg organic chromium improved the humoral immune response at the late-phase of egg
production cycle by increasing the production of total immunoglobulin against sheep red blood cells.

Keywords: Humoral immunity, Egg quality, Chromium-methionine, Blood parameters, Laying hens
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- Glucose tolerance factor (GTF)
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Feed Ingredient (%) Chemical composition Unit
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58.45 2800
Yellow corn Metabolisable energy (kcal/kg)
(P 0590 20 ¥F) Liges dlbs 2352 P Oy 15.5 (%)
Soybean meal (44% CP) Crude protein
Sk 11.52 eelS 475 (%)
shell Calcium
Lo o) ooywd BB jaud

3.83 0.4 (%
Soybean oil Available phosphorus )
Slind lS (0 1.36 oslgte 0.44(%)
Dicalcium phosphate (DCP) Methionine
\gdne g g ualisg JoSa 05 gt (eigie 0.66(%)
Vitamin and mineral premix* Met+Cys
plb S 0.25 o 0.8 (%)
Common salt Lysine
Sodium bicarbonate Threonin
oozl s> 018 Obsin 0.23 (%)
DL-methionine Tryptophan
B 0.06
L-lysine
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1Vitamins and minerals provided per kg of diet: Vitamin A, 10000 IU; Vitamin Ds, 2500 IU, Vitamin E, 10 1U, Vitamin Ks, 10 mg, Vitamin By, 2.2
mg, Vitamin B,, 4 mg, Vitamin B3, 8 mg, Vitamin Bg, 2 mg, Vitamin By, 0.015 mg, folic acid 0.56 mg, choline chloride, 200 mg, manganese, 80 mg;
iron, 50 mg; zinc, 60 mg; copper, 12 mg; iodine, 1 mg; and sodium selenite, 0.3 mg.
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Torki ) o)) Ken g (S5 (P>+/+0) cuslys o ine p5l ¢ 0050
o pySaySaa Yoo 5l odliil 45 12,8 b )5S (et al., 2014
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Table 2- Effects of dietary supplementation of chromium-methionine on egg laying performance of layer hens at 73-79 weeks

Jolxio Oluoldo
Opgie —pg)S law *
as ©lan Chromium- methionine level (ug/kg) Orthogpnal
S @ comparisons
Performance traits 1 Sleo 35kl ol :
0 400 800 1200 1600 2000 O ' TS F9> 42
SEMl Linear Quadratic
Wig) Syss Gy
(397 €541p.5) 97.17% 9545b 9584 9549b 93.59° 91.54¢ 0.380 <0.00L  0.0048
Feed intake
(g/hen/day)
She J;,\,..w).o . 2.752 2.652 2.642 2.672 2.45b 2.37° 0.045 0.0001 0.087
Feed conversion ratio
(+25) b"wx_v‘ij?: 54.40° 55.23¢ 56.19 5571¢ 58.69% 59642 0.955 <0.0001 0.330
Egg production (%)
() aﬁ_pg“)b 65.40 65.48 64.92 65.07 65.86 65.96 0.434 0.269 0.176
Egg weight (g)
gy 35 Eren 039 3553 36.15° 36.43" 36.24° 38.64% 39.312 0.614 0.0001 0.132

Egg mass (g/d/bird)

(P < 0.05) sisb o (sl ine M (5l)> S oné By b sy o sonSile P
a.b Means in the same row with different superscripts are significantly different (P < 0.05).

Sltlo S5 53 g i (V i8sk aw I Eraes CuldS
S 3> G (Y Loy ;g i (=8 ys Slodis Ly posdl
JUisl s (7 Sl pogd] (gl Sl Jgtue &5 (ppmsgogsl
sl o) 53 (g3lger oAl B (b o pesd] S5 & lagysslS
Voo il yaS ol (29581 Ly 4S5, il plgion ol
NS5 slag e (2ld oy & iigsie —p9)S JoSe p)59,50e
02953 b o0 d9ake £ eSS s CundeS Mg 0)93 Blgl )
b dals b aunlie po 0dy; S5y (et s il 8l cuw pg)S
035 S5 3] Jsias 45 ndgisg,ls & ol § (P<+/-0)
oS ole pa i il oo (22 > Jobre GlS 5 gj i

G Slio 1y (gsie —pg S ilise gslaw Il @l

o ST Joda 53 0)95 J5 )3 B 655 g s (S5
5 03y) 5, oo i) T pg)S JaSo 4 3l oLt ol .l
gLyl (P<e/+0) ol 5,8 5l con ()l gime yoboas |y gla asly
F2 > Obgsie —pgyS pyS9)Sen Verr (3938 b & 10050 odsi
sbajlos b dn Cund |y 63 gne (28I (2138 0y p)SokS
Wer ghee Fov ol 09581 a8 Jbyd ol lis iolojl
elis)) Sl an oo 02 £ SkS 50 0> ST g S £ 59,5
A (Ogste —pg)S JoSe (yge) U5HS 09)5 b dwnlie )5 o
poyS il Jloin] punilSe a5 5,8 oLy (Hossain, 1998) e
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.(Karami et al., 2018) 45" . Hlosd 240 pdasio —pg S JoSo 39381 33,5 o la o> el
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Table 3- Effects of dietary supplementation of chromium-methionine on external egg quality traits of laying hens from 73 to 79
weeks of age

Jols (%) Erons S8 pa3ls (p)5) wtws 09 (1) aogy 2oy (o9 5]
F Egg shape index Shell weight  Shell percentage SEIP
actor (%) © (%) Shell thickness
(um)
(PS5 5hS )3 p)59,550) igsie —pg S
Chromium-methionine (ug/kg)

0 76.63 5.33¢ 8.51 0.39

400 77.22 5.54bc 8.74 0.39

800 76.35 5.47¢ 8.99 0.37

1200 77.65 5.58b¢ 9.02 0.38

1600 77.09 5.922 9.20 0.38

2000 77.21 6.052 9.50 0.36

(395) © eSS e

Storage period (d)

o} 76.83 5.35° 8.78 0.38

Fresh

7 77.28 5.60% 8.88 0.37

14 76.87 5.842 9.23 0.38

(°C) )l sl

0

‘Sltorage temperature (°C) 7713 561 8.92 0.38

25 76.86 5.70 9.10 0.38

S e o

P-value

Oisie —pa)S 0.813 0.022 0.242 0.215

CrMet

S8 0.570 0.020 0.264 0.603

Storage period

s sled 0.420 0.752 0.703 0.348

Storage temperature

SIS S X iy ~py)S 0.704 0.379 0.830 0439

CrMet x storage period

SIS (sled X Ldgn p3S 0.898 0.744 0.787 0.898

CrMet x storage temperature

S5 slod X 5yl e

Storage period x storage 0.338 0.260 0.955 0.307

Temperature

SIS slod X (5155 e X (yigite pg S

CrMetx storage period x storage 0.473 0.504 0.329 0.350

temperature

(P < 0.05) il (s loisine IS gy S ot By b g s sl P
a.b Means in the same column with different superscripts are significantly different (P < 0.05).
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Table 5- Effects of dietary supplementation of chromium-methionine on biochemical factors of blood serum of layer hen from 73 to
79 weeks of age

(P39S 13 £15955%0) (xgte —p)S

londyn o )gsé Chromium- methionine (ug/kg) G ine o

Biochemical factors 0 400 800 1200 1600 2000 L 3 S5leo 3,83kl oLzl P-value
SEM

N’MK <7 . 2680.4% 1562.8° 1844.4% 2790.8% 2010.6% 29172 10.755 0.0036

Triglyceride (mg/dl)

o ls 202.00* 175.60% 145.00° 194.80* 191.00*° 196.40% 1.992 0.0014

Cholesterol (mg/dl)

S oo . 5.12 5.80 5.54 5.80 5.52 5.58 0.349 0.539

Total protein (g/dl)

o) . 2.38 2.38 1.96 2.36 2.28 2.48 0.267 0.299

Albumin (g/dl)

‘}"J”K_ 2.73 3.42 3.58 3.44 3.24 3.10 0.336 0.244

Globulin

&?‘_’91'\"”_] 4.04 3.32 2.94 4.10 2.76 4.36 0.503 0.260

Uric acid (mg/dl)

el el N1 2140 2580 2840 2720  29.00  31.60 1.501 0.795

ALT!(U/L)

el igizal Sl 180.20 193.60 175.80 188.80  220.20  208.00 2.539 0.268

AST2 (U/L)

$95 223.80° 169.20° 131.80° 166.60° 161.60° 173.60° 2.096 <0.0001

Glucose (mg/dl)

22l 2 gl 4478 344% 371 310 284> 278 0.385 0.012

MDA?3 (U/L)

(P < 0.05) sl (s loisime IS (slyb S ot By b iad, o (slagSilee P
a.b Means in the same row with different superscripts are significantly different (P < 0.05).
! Alanine Aminotransferase
2 Aspartate Aminotransferase
3 Malondialdehyde

3ol S g (WYY) (it o s st —p9)S p S 9,500
(OIYY) Coigmsie =p9sS (19938] g 9 20l &) bgyye (g08 bl
A Oigie —pg)S Blie zolaw (13938 Sl uien D saalie
ale 00l g (IGM) M (o slS il 25 5 (oS 0y
Wl By 2 IgM S oy i 5 390 4 e SRBC 5 il
Lo aglio 3 (y8gsie —poyS p)Sg)Sun VFre g Verr Lyods

Jse98 el plenses fuly
s Gl 3 (gie —pgyS il Zohaw OISl s
Gl oad a3l & Jods 0 0ye0 IS 0 80650 slag po ol
o (Bt 0 4 (y5ste —pg)S (19938] 45 w3 o (LS gl
ol 2133,5 SRBC (5l ade 1 (oalo il a g ial3l
Ve 2958 L (19T) S ool il 25 iy (P<4/-0)
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Table 6- Effects of different levels of chromium-methionine on the response of the humoral immune system of laying hens during

the entire experimental period

(PS5LS 12 £5955%0) Owigsie —p9)S gaw

LBfllc;:f::n;;qu);t{;s Chromium- methionine (ug/kg) P-value
0 400 800 1200 1600 2000 SEM

i;T g5 g 5330 6009 566 6.83* 833 7.33 033  0.0001

Z(‘;‘Jyﬁywl 183 250 200 316 3.00 1.83 0.311 0.065

:\3 |\;|)J 995 5] 3007 450° 583 6.16° 7.33% 6.83% 0345  0.0001

(P < 0.05) sisly o gl sime B! gl S yitio e By s b ) o slapy,Sile &P
b Means in the same row with different superscripts are significantly different (P < 0.05).
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PrS9sSee Voo Oliseds (pgste —pg)S ) ealiul ggecne 5
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Introduction: Due to genetic selection, today's strains exhibit higher metabolic activity, resulting in
increased heat production and reduced heat resistance. This can negatively impact their immune system and
production performance (Havenstein et al. 1994).Thaxton et al. (1968) showed that high ambient temperature
can have a negative effect on the immune responses of broiler chickens. In recent years, in order to improve the
health of chicken meat consumers, the production of broiler chickens without the use of antibiotics has been
proposed, and the ban on the use of antibiotics has been issued by the European Union in 1999 (Youssef et al.,
2016). For this reason, today there is a tendency to use alternative sources. Algae and microalgae are of the
natural substances whose beneficial effects have received much attention in recent years. Spirulina platensis (SP)
is a filamentous blue-green microalgae (cyanobacteria) generally regarded as prebiotic and source of high quality
protein, minerals, essential fatty acids, essential amino acids, pigments and phenolic acids. Many studies have
shown that Spirulina has antioxidant, immunomodulatory, anti-inflammatory, antiviral, and antimicrobial
activity in various experimental animals (Hajati and Zaghari 2019).

Materials and Methods: A total of 360 one-day old male broiler chickens (Ross 308 strain) were allocated
to 6 treatments, 6 replicates and 10 birds each replicate in a completely randomized design. The experimental
treatments included different levels of Spirulina platensis microalgae powder: 0 (Control), 0.25, 0.50, 0.75, and
1.0 percent Spirulina platensis powder, and one treatment included Vitamin E at the level of 150 g/ton feed. The
basal diet was based on cornOsoybean meal and all the diets were isocaloric and isonitrogenous and used for 42
days in diets. During the experiment, the feed consumption and weight gain of the chickens were measured
weekly and the feed conversion ratio was calculated for each week and period.

On 42 d of experiment, 2 birds from each replicate were randomly selected, humoral immune response was
evaluated and then killed after weighing, carcass components and internal organs were weighed and their weight
was calculated as a percentage of live weight. In order to evaluate the humoral immune system, the antibody titer
produced against SRBC was measured using the hemagglutination method. In the end of experiment, the
microbial population of the cecum was counted. All the data were analyzed in the form of a completely random

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
Er any medium or format, as long as you give appropriate credit to the original author(s) and the source.
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design by SAS software and with the GLM procedure, and the comparison of means was done with Tukey's test.

Results and Discussion: Results showed that the use of different levels of SP had no significant effect on the
amount of feed intake during the whole period (P<0.05), but in finisher period, using %1 SP could improve body
weight gain and feed efficiency of the broilers compared to control group (P<0.05). Breast yield of the chickens
was affected by the level of dietary Spirulina, and it improved at the levels of 0.5, 0.75, and 1.0 percent SP usage
compared to control and vitamin E groups (P<0.01). The relative weight of abdominal fat decreased in the birds
fed with SP at the levels of 0.75 and 1.0 percent compared to control group (P<0.01). There was no difference
among total count, ceca Lactobacillus and E. Coli in the chickens of different experimental groups (P>0.05). The
response of humoral immune system was higher in all four levels of SP and also vitamin E compared to control
treatment. Chickens which consumed Spirulina at the level of 1 percent had the highest level of antibody titer.
Mustafa et al. (2021) by achieving a growth performance similar to the present research, stated that the effect of
SP on the intestinal microbial population, such as the increase of Lactobacillus and the decrease of Escherichia
coli, has improved the performance of the birds under heat stress conditions. According to the reports on the
effects of heat stress on digestive enzymes (Sahin et al., 2002) and the efforts of previous researchers to
overcome the adverse effects of heat stress on digestive enzymes by using phytogenic compounds (Khosravinia
et al., 2016), the researchers of the present study believe that the improvement of the mucous tissue and
intestinal immune system and perhaps the increase in the secretion of digestive enzymes are the most important
factors for improving the performance of birds in heat stress conditions.

Conclusion: Under heat stress condition, using 1 percent Spirulina platensis microalgae in broiler chickens’
diet could improve both humoral immune system and growth performance.

Keywords: Antibiotic, Antioxidant, Prebiotic effects, Small intestine, Weight gain
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Table 1- Ingredients and chemical composition of diets in starter period (0-10 days)

Wb dolre 0dd (h)led gla S w28 g (pSSke g 48,5 1,8
L Liolaesl 5l Juols (claodly candlo yp cans plos! 51 e ccoles 5
Nidlp s Lawgs iolas Wl b Sy (sl GLM s, 51 oslizsl
aeolio lym )5 515 o )bol a5 4355 3,90 (V/F) SAS
&t Esne g 3 S (S5 osesl 5 oeSibe o slis

2o, (%)
"ﬂ)’% Pl . el oz 0.25% Spirulina 0.5 % Spirulina  0.75% Spirulina 1% Spirulina
Feed ingredients Control diet
<) il
Corn grain
Ly b 53.00 53.05 53.11 53.16 53.21
Soybean meal
e 39.26 38.93 38.57 38.32 38.00
Spirulina
baw i 0 0.25 0.50 0.75 1
29 OF9)
Soybean oil
i oplS o 2.82 2.84 2.86 2.88 2.90
DCP
L 2.01 2.02 2.05 2.02 2.05
Oyster shell
Al K 1.27 1.27 1.27 1.27 1.27
Common salt
. 0.32 0.32 0.32 0.32 0.32
ot SlyyS
NaHCOs
. 0.1 0.1 0.1 0.1 0.1
ossse=Jls>
DL-methionine 0.30 0.30 0.30 0.29 0.28
Q)90 i =l ' ' ' ' '
L-lysine HCL
55—l 0.28 0.28 0.28 0.27 0.26
osgy —J
L-threonine 0.09 0.09 0.09 0.07 0.06
' saaling uSeois ' ' ' ' '
Vitamin premix: 0.25 0.25 0.25 0.25 0.25
' (e puSols : : : : .
Mineral premix!
g s 0.25 0.25 0.25 0.25 0.25
Coccidiostate
0.05 0.05 0.05 0.05 0.05
Sz
Total 100 100 100 100 100
Calculated chemical composition (%)
(p)55S 16 Y okS) pidgilie LB (5551
AME (kcal/kg)
_ 2950 2950 2950 2950 2950
(2253) pB (50
Crude protein (%) 21.9 21.9 21.9 21.9 21.9
(20 )3) S’ ' ' ' ' '
Calcium (%)
TR 1.05 1.05 1.05 1.05 1.05
(223) o3 i yiund
i 0,
Available phosphorus (%), 05 05 05 05 0.5

(42,3) 2
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Table 1 Continue

) Jgua aold!

Na (%)

. 0.17 0.17 0.17 0.17 0.17
(32)9) oeigte
Methionine (%)

. - 0.7 0.7 0.7 0.7 0.7
(30 3) Ot Oeigste

L S

Methlor?lne+cyste|ne (%) 105 105 105 105 105
(2253) 0234
Lysine (%)

- 1.36 1.36 1.36 1.36 1.36
(32)9) Oy
Threonine (%)

R 0.92 0.92 0.92 0.92 0.92
(32)9) lbgi
Tryptophan (%)
(o oS ¥l ST o3 58 gl o 0.30 0.30 0.30 0.30 0.30
Dietary anion cation balance 243 243 243 243 243

(meq/kg)

:Bropeeling o Ml o dlg Ve tEpelig o Mol o dnlg YO« i D, cpmelig o Madl o dnlgV e e dA raliyg o £ )50l a )3 el el Sdxe dlge g loiselig’
(sheor N0 1 B12elig )5 (oo +/0F 1 BOyaling p)S (o ¥ BB ey ) (koo A iB3yaling p)S (o ¥ i Bycpalivg )5 (oo VIV i Biipelig )5 (e VIV
e Slilgus o5 o) )5 e V5o £iSie Slilgus oS o 5+ ¢ 5y lidgus op 5 e D 58] op5 oo Yo v IS S )8 sor /N0 £ H2 el op 5

£ e /) ipgsibe 25 (e O

'Provided vitamins and minerals premix per kilogram of diet: vitamin A: 10000 IU; vitamin D,:2500 I1U; vitamin E: 10 1U; vitamin
B1: 2.2 mg; vitamin B,: 4 mg; vitamin Bs; 8 mg; vitamin B2:4 mg; vitamin B3: 8 mg; vitamin B6: 2mg; vitamin B9: 0.56 mg;

vitamin B12: 0.015 mg; vitamin H2: 0.15 mg; cholin chloride: 200 mg; Fe: 50 mg; Zn-sulfate: 60 mg; Mn-sulfate: 160 mg; lodine: 1
mg; Cu-sulfate: 5 mg; Selenium: 0.1 mg.

(5590 YOIY) 8y 0)93 )3 0y oloondd S g MBI =Y Jgu>
Table 2- Ingredients and chemical composition of diets in grower period (11-25 days)

(%) 1oy
"5"’% Pl . aal o 0.25% Spirulina 0.5 % Spirulina  0.75% Spirulina 1% Spirulina
Feed ingredients Control diet
s Al
Corn grain
Ly b 56.50 56.56 56.61 56.66 56.72
Soybean meal
e 35.42 35.10 33.77 34.45 34.13
Spirulina
L . 0 0.25 0.50 0.75 1
29 OS9)
Soybean oil )
i oS o 3.61 3.6 3.64 3.66 3.68
DCP
L 1.92 1.92 1.93 1.93 1.93
Oyster shell 1.22 1.22 1.22 1.22 1.22
plb o3 ’ ) ) ) :
Common salt
o 0.32 0.32 0.32 0.32 0.32
s SlyyS
NaHCOs
. 0.1 0.1 0.1 0.1 0.1
ossse=Jls
DL-methionine 0.24 0.24 0.24 0.24 0.24
Lyl gam sl =l ' ' ' ' '
L-lysine HCL
- 0.14 0.14 0.15 0.15 0.14
osgy =)
L-threonine
0.03 0.03 0.02 0.02 0.01

" elizg Sncs
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Table 2 Continue Y Joss dold!
Vitamin premix’ 0.25 0.25 0.25 0.25 0.25
"o S ' ' ' ' '
Mineral premix!
il S 0.25 0.25 0.25 0.25 0.25
Coccidiostate

0.05 0.05 0.05 0.05 0.05
I e
Total 100 100 100 100 100
Calculated chemical composition (%)
(PSS s JB4kS) pad o L5 (551

AME (kcal/kg)

o 3050 3050 3050 3050 3050
(32)9) P15 (190
Crude protein (%) 20.50 20.50 20.50 20.50 20.50
(423 oS’ ' ' ' ' '
Calcium (%) 1 1 1 1 1
(123) (o 3 BB yind

i 0,

Available phosphorus (%) 05 05 05 05 05
(229) s
Na (%)

L 0.17 0.17 0.17 0.17 0.17
(32)9) oeigte
Methionine (%)

. - 0.6 0.6 0.6 0.6 0.6
(209) Ot Gigete
Methionine+cysteine(%)

0.95 0.95 0.95 0.95 0.95

(225) 23
Lysine (%)

e 1.24 1.24 1.24 1.24 1.24
(30)3) O
Threonine (%)

- 0.83 0.83 0.83 0.83 0.83
(2253) gz 5
Tryptophan (%)
(4,5 51T ol 51 o) o S el e 0.30 0.30 0.30 0.30 0.30
Dietary anion cation balance 296 296 296 296 226

(meqg/kg)

Oy e lall o dnly Vot Epuolbyy (Mol o 35lg Y0+ + s Dig sl « all s dolgh v A ppraling tope p)SobS” 2 53 008 (sl uno Dlgo g ool

owlizg )5 e +/05 1 BOueling o5 (o ¥ BBaliyg )5 (o A s B3opseling 05 (io ¥+ Bopsaalisg 0.5 (oo VIV 2 Bgsoling o5 (o VIV Bs

w S e Ve 58 Slilgs 5 (e e g9y Mg p)F o 00 sl S (o Yoo S (5SS hiae N0 H2 ppeling )5 (liee/ Y0 :B12
25 e Y ipgibs p S (o 85 e Slilg )5 o)

!Provided vitamins and minerals premix per kilogram of diet: vitamin A: 10000 IU; vitamin D,:2500 IU; vitamin E: 10
IU; vitamin By: 2.2 mg; vitamin B,: 4 mg; vitamin Bs; 8 mg; vitamin B2:4 mg; vitamin B3: 8 mg; vitamin B6: 2mg;
vitamin B9: 0.56 mg; vitamin B12: 0.015 mg; vitamin H2: 0.15 mg; cholin chloride: 200 mg; Fe: 50 mg; Zn-sulfate: 60
mg; Mn-sulfate: 160 mg; lodine: 1 mg; Cu-sulfate: 5 mg; Selenium: 0.1 mg.

(5390 ¥Y-YF) Gl 0393 13 0302 (o S 5 g p 1 =Y Jou
Table 3- Ingredients and chemical composition of diets in finisher period (26-42 days)

(%) s

Shss e 0.25% Spirulina 0.5 % Spirulina ~ 0.75% Spirulina 1% Spirulina
Feed ingredients Control diet
@y Al
Corn grain
g oS 59.27 59.33 59.39 59.44 59.50
Soybean meal

32.60 32.27 31.95 31.63 31.30

Ly ysl
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Table 3 Continue Y Jgas dold!
Spirulina
L . 0 0.25 0.50 0.75 1
29 OF9)
Soybean oil
iS5 4.17 4.19 4.21 4.23 4.25
DCP
L 1.68 1.69 1.69 1.69 1.69
Oyster shell
ol S 111 111 111 111 111
Common salt
o 0.32 0.32 0.32 0.32 0.32
T
NaHCO3
- 0.1 0.1 0.1 0.1 0.1
ot Jls>
DL-methionine 0.23 0.23 0.22 0.22 0.21
L5908 cp5d =l ' ' ' ' '
L-lysine HCL
- 0 0 0 0 0
osgy =)
L-threonine 0.01 0.01 0 0 0
" eelng eSncs ' '
Vitamin premix: 0.25 0.25 0.25 0.25 0.25
QR 3 ' ' ' ' '
Mineral premix*
il S 0.25 0.25 0.25 0.25 0.25
Coccidiostate
0.05 0.05 0.05 0.05 0.05
8z
Total 100 100 100 100 100
Calculated chemical composition (%)
(P59 /5 I okS) padlio LB (5551

AME (kcal/kg)

A 3110 3110 3110 3110 3110
(30)9) P15 (39
Crude protein (%) 19.8 19.8 19.8 19.8 19.8
(40 )3) S’ ' ' ' ' '
Calcium (%)

O 0.9 0.9 0.9 0.9 0.9
(223) o yws B yiund
i 0,

Available phosphorus (%) 0.45 0.45 0.45 0.45 0.45
(1253) maces
Na (%)

. 0.17 0.17 0.17 0.17 0.17
(0 ) (gste
Methionine (%)

. - 0.53 0.53 0.53 0.53 0.53
(800) umgart igiite

e o

Methionine+Cysteine (%) 0.86 0.86 0.86 0.86 0.86
(32pd) 23
Lysine (%)

- 1.02 1.02 1.02 1.02 1.02
(30)3) g
Threonine (%)

L 0.74 0.74 0.74 0.74 0.74
(2 )) ologip 5
Tryptophan (%)
(oS ST Vo 1) o8 3555 el e 0.27 0.27 0.27 0.27 0.27
Dietary anion cation balance 214 214 214 214 214

(meq/kg)
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Provided vitamins and minerals premix per kilogram of diet: vitamin A: 10000 IU; vitamin D,:2500 IU; vitamin E: 10 1U; vitamin
B1: 2.2 mg; vitamin B,: 4 mg; vitamin Bs; 8 mg; vitamin B2:4 mg; vitamin B3: 8 mg; vitamin B6: 2mg; vitamin B9: 0.56 mg;
vitamin B12: 0.015 mg; vitamin H2: 0.15 mg; cholin chloride: 200 mg; Fe: 50 mg; Zn-sulfate: 60 mg; Mn-sulfate: 160 mg; lodine: 1

mg; Cu-sulfate: 5 mg; Selenium: 0.1 mg.
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Table 4- Effects of different levels of Spirulina platensis on growth performance of broiler chickens under heat stress

(o2 lps5) Shgs b ypae
Feed intake (g/bird)

(1od) Lyl o (Fjey VTV (Sioy VAN (Sie, ¥V-VR (S, ¥V
Spirulina level (%) 1-14 days 15-28 days 29-42 days 1-42 days
(1) al 485.8 1539.1 2100.1 4125.0
Control (0)
0.25 482.0 1505.7 2093.3 4078.0
0.5 4775 1515.9 2099.9 4093.3
0.75 477.0 1507.9 2083.1 4068.0
1 482.6 1534.5 2059.3 4076.4
VitE 486.1 1519.1 2076.8 4082.0
SEM 2.83 16.23 232 26.69
P-value 0.135 0.617 0.143 0.21
(035,0/p5) o s el
Weight gain (g/bird)
(1) ol 3185 0466  10345°  2296.6°
Control (0)
0.25 315.8 954.5 1079.5% 2349.8%
0.5 323.5 956.8 1073.9% 2354.28
0.75 323.8 957.0 1073.7% 235458
1 3313 962.1 1110.82 2404.02
VitE 330.6 947.1 1069.0% 2346.8%
SEM 7.6 8.28 14.7 17.95
P-value 0.494 0.161 0.041 0.045




V44 ... (Arthrospira platensis) et Loy ! Sols 3y cilises gl 13 (ol Ko g oolis

he has cops
Feed conversion ratio

(+) wls

1.52 1.62 2.03® 1.792
Control (0)
0.25 1.52 1.58 1.94% 1.74P
0.5 1.48 1.59 1.96% 1.74P
0.75 1.47 1.58 1.94% 1.73°
1 1.46 1.59 1.86° 1.70¢
VitE 1.47 1.60 1.94% 1.74°
SEM 0.021 0.019 0.033 0.009
P-value 0.202 0.548 0.013 0.011

(P<0.05)5,ls ()ls (imo coglis war b (g lol Hlas 51 5,1 bl g a8 (oolael (Slio ¢ ygiw p 3
In each column, mean of non-identical alphanumeric characters are statistically significant (P<0.05).

oS G5 oS (ibgS Sdngr )55 039 (29:5ee Cune 2 iy Ly ] iliin g glaus 3l -0 Jgaa
Table 5- Effects of different levels of Spirulina platensis on cecal microflora of broiler chickens under heat stress

L el s LS Caner (el S S5 51g) popleligiSY (i bl S St a5ly) ST
Spirulina level  Total bacterial count Lactobacillus E. Coli
(%) CFU/ml CFU/mI CFU/mI
(1) ol 7.35 7.24 7.18
Control (0)
0.25 7.29 7.28 7.20
0.5 7.29 7.51 7.20
0.75 7.28 7.38 7.16
1 7.28 7.28 7.13
VitE 7.27 7.30 7.18
SEM 0.029 0.094 0.039
P-value 0.387 0.49 0.770

(P<0.05)5,ls () zo cglis wir b (g lal plas 51 350> aslils gy oS golael Sl ¢ygiam oy
In each column, mean of non-identical alphanumeric characters are statistically significant (P<0.05).

(o % Odg ool ) 2o i o5 (23S sladngs asY Sluogas yr uendiM iy e/ Glien o 36 =1 Jgaa
Table 6- Effects of different levels of Spirulina platensis on carcass characteristics of broiler chickens under heat stress (Based on
relative body weight)

(vo) Ll 48Y o e a8 LISL e
Spirulina level (%) Carcass Thigh Breast Liver Pancreas Abdominal fat
() 2ot 6226 20.78 2403 2.11*  0.256° 1.702
Control (0)

0.25 62.42  21.87 2459® 198® (.235% 1.62%
0.5 63.79 2143 25942  1.84° 0.217° 1.47%
0.75 6366 21.12 2559* 1.75°  0.220° 1.36°
1 6431 2136 26.08® 1.75°  0.205° 1.39°
Vit E 6344 2165 2397° 1.80° 0.252% 1.45%
SEM 0.588 0.289 0.347 0.059 0.009 0.062
P-value 0.137 0.124 0.007 0.011 0.011 0.002

(P<0.05)5,l5 (> (dmo glds win b (g lol o 31 5,1 il g o a8 (colsel (uSilio ¢ ygim y2
In each column, mean of non-identical alphanumeric characters are statistically significant (P<0.05).
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Table 7- Effects of different levels of Spirulina platensis on antibody titer against SRBC of broiler chickens reared under heat stress

p9d S5 jl M
After the second injection

Jol 3p J 2
After the first injection

(323) b ppns] o
Spirulina level (%)

(1) elo 2.83¢ 1.33¢
Control (0)

0.25 3.83" 2500
0.5 3.83" 3.67
0.75 3.67° 4.00°
1 4.50° 3,922
Vit E 3.67° 3.67
SEM 0217 0.405
P-value 0.001 0.008

(P<0.05)5,ls ()l (ixe coglis wir b (g lal Jlas 51 35> aslils gy a5 (lsel (pSSlio ygim p 40
In each column, mean of non-identical alphanumeric characters are statistically significant (P<0.05).

(sixe gt Walid 09,5 &) Cud |y Loz g2 (459 (81 Attuslys
sixe 55U Condlgs B oeling o5 50 p,5 V0« 5 eolazl aimd (gl
dod (g Bl 4 sl 0y93 S )3 a1y Gl o)
09,5 S ) Sygs b o Sl Ly ] ol
S g VDL 0l auiw By diw 005l iy ialS sali
9 MBI ()l ime 39 gy AL 05, S A Cans Ly i/ Moy
a2gr o dbge oy (s (g Wyl GRIFEIL (ioxen
Ihoegn (shoul i Gl (ppiomen 8L (lalS (oS jsboas
Sz yobdn B (paling olpon & Ly e/ s jlozr 2 5
ldgpui ] S > S o x> 51wl 039 YU dalds & G

ity 1y epalyle cn 5L

e 4w I (Toyomizu et al., 2001) 4, e g 5509195

0jo) VN 5 (GbsS sladagr ) Ly o3 A5 ¥ jio
IS (il dbgore g S e B9 S pie g 138 il
(Park et al., l)lSan ¢ L 55,8 sialiie |y dip dorale g
059 45 By dous ol d adY Gl awyp b 35 2018)

b (952 9 (gma b oyg (IS (Jlob AS (o
8,85 8 Ly ol Sl Cilies ol 156 oo

S 55 ot
Cirlisen gl s ola)S i bl 5 )3 4 0 oS ames
Shss Spas p )b y86 E (elig 9 Ly Sila i)

o)d) g VD /B o dw bylyd ol 50 (Jg il 0)g0 JS

References

1.

Abdel-Moneim, A. M. E.; Shehata, A. M.; Selim, D. A.; El-Saadony, M. T.; Mesalam, N. M., & Saleh, A. A.
(2022). Spirulina platensis and biosynthesized selenium nanoparticles improve performance, antioxidant status,
humoral immunity and dietary and ileal microbial populations of heat-stressed broilers. Journal of Thermal
Biology, 104, 103195. https://doi.org/10.1016/j.jtherbio.2022.103195.

Altan, O. Z. G. E., Pabuccuoglu, A., Altan, A., Konyalioglu, S., & Bayraktar, H. (2003). Effect of heat stress on
oxidative stress, lipid peroxidation and some stress parameters in broilers. British Poultry Science, 44, 545-550.
https://doi.org/10.1080/00071660310001618334.

Al-Batshan, H. A., Al-Mufarrej, S. I., Al-Homaidan, A. A., & Qureshi, M. A. (2001). Enhancement of chicken
macrophage phagocytic function and nitrite production by dietary Spirulina platensis. Immunopharmacology and
Immunotoxicology, 23, 281-289. https://doi.org/10.1081/iph-100103866.

Ansari, M. S., Hajati, H., Gholizadeh, F., Soltani, N., Alavi, S. M. (2018). Effect of different levels of spirulina
platensis on growth performance, intestinal morphology, gut microflora, carcass characteristics and some blood
parameters in broiler chickens. Journal of Phycological Research, 2(2), 186-197.

Baojiang, G. (1994). Study on effect and mechanism of polysaccharides of Spirulina platensis on body immune
functions improvement. Book of Abstracts. In Second Asia Pacific Conference on Algal Biotechnology, 24, 25-27.
Belay, T., & Teeter, R. G. (1993). Broiler water balance and thermobalance during thermoneutral and high ambient
temperature exposure. Poultry Science, 72, 116-124. https://doi.org/10.3382/ps.0720116.

Hajati, H., & Zaghari, M. (2019). Spirulina platensis in poultry nutrition. Cambridge Scholars Publishing, 108-
129.

Hajati, H., & Zaghari, M. (2019). Effects of Spirulina platensis on growth performance, carcass characteristics, egg
traits and immunity response of Japanese quails. Iranian Journal of Applied Animal Science, 9, 347-357.

Hajati, H., Zaghari, M., & Oliveira, H. (2020). Arthrospira (spirulina) platensis can be considered as a probiotic


https://doi.org/10.1016/j.jtherbio.2022.103195.
https://doi.org/10.1080/00071660310001618334
https://doi.org/10.1081/iph-100103866
https://doi.org/10.3382/ps.0720116

Yed

... (Arthrospira platensis) uetidl Ly po! Sods 315 cilizke z gl 130 o], 50 g (oodii

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

alternative to reduce heat stress in laying Japanese quails. Brazilian Journal of Poultry Science, 22(1), 1-8.
https://doi.org/10.1590/1806-9061-2018-0977.

Havenstein, G. B., Ferket, P. R., Scheideler, S. E., & Larson, B. T. (1994). Growth, livability, and feed conversion
of 1957 vs 1991 broilers when fed “typical” 1957 and 1991 broiler diets. Poultry Science, 73, 1785-1794.
https://doi.org/10.3382/ps.0731785.

Kaoud, H. A. (2015). Effect of Spirulina platensis as a dietary supplement on broiler performance in comparison
with prebiotics. Scientific Journal of Applied Research, 1, 1-6.

Khosravinia, H. (2016). Mortality, production performance, water intake and organ weight of the heat stressed
broiler chicken given savory (Satureja khuzistanica) essential oils through drinking water. Journal of Applied
Animal Research, 44, 273-280. https://doi.org/10.1080/09712119.2015.1031781.

Lokapirnasari, W.P., Yulian, A.B., Legowoc, D., & Agustono. (2016). the effect of Spirulina as feed additive to
myocardial necrosis and leukocyte of chicken with avian influenza (HsN1) virus. Infection. Procedia Chemistry,
18(2016), 213-217. https://doi.org/10.1016/j.proche.2016.01.033.

Liu, G, Zhu, H., Ma, T., Yan, Z., Zhang, Y., Geng, Y., & Shi, Y. (2020). Effect of chronic cyclic heat stress on the
intestinal morphology, oxidative status and cecal bacterial communities in broilers. Journal of Thermal Biology,
91, 10261. https://doi: 10.1016/j.jtherbio.2020.102619.

Lobner, M., Walsted, A., Larsen, R., Bendtzen, K., & Nielsen, C. H. (2008). Enhancement of human adaptive
immune responses by administration of a high-molecular-weight polysaccharide extract from the cyanobacterium
Arthrospira platensis. Journal of Medicinal Food, 11, 2, 313-22. https://doi: 10.1089/jmf.2007.564.

Mirzaie, S., Zirak-Khattab, F., Hosseini, S. A., & Donyaei-Darian, H. (2018). Effects of dietary Spirulina on
antioxidant status, lipid profile, immune response and performance characteristics of broiler chickens reared under
high ambient temperature. Asian-Australas Journal Animal Science, 31, 556-563. https://doi:10.5713/ajas.17.0483.
Moustaf, E., Walaa, F., Alsanie, A., Nancy, N., Kamel, A., Alaqil, A., & Ahmed, O. (2021). Blue-green algae
(Spirulina platensis) alleviates the negative impact of heat stress on broiler production performance and redox
status. Animals, 11(1243), 1-13. https://d0i:10.3390/ani11051243.

Nanto-Hara, F., Kikusato, M., Ohwada, S., & Toyomizu, M. (2019). Heat stress directly affects intestinal integrity
in broiler chickens. The Journal of Poultry Science, 0190004. https://doi:10.2141/jpsa.0190004.

Olfati, A., Mojtahedin, A., Sadeghi, T., Akbari, M., & Martinez-Pastor, F.(2018). Comparison of growth
performance and immune responses of broiler chicks reared under heat stress, cold stress and thermoneutral
conditions. Spanish Journal of Agricultural Research, 16(2). https://doi.org/10.5424/sjar/2018162-12753.

Park, J. H., Lee, S. I, & Kim, I. H., (2018). Effect of dietary Spirulina platensis on the growth performance,
antioxidant enzyme activity, nutrient digestibility, cecal microflora, excreta noxious gas emission, and breast meat
quality of broiler chickens. Poultry Science, 0, 1-9. https://doi:10.3382/ps/pey093.

Qureshi, M. A., Garlich, J. D., & Kidd, M. T. (1996). Dietary spirulina platensis enhances humoral and cell
mediated immune functions in chickens. Immunopharmacology and Immunological, 18, 465-47.
https://doi.org/10.3109/08923979609052748.

Rawshon J.A.B.M., Rashedunnabi, A., Mahfujur, R., Anwar, H., & Siddiqul, I. (2015). Prebiotic competence of
Spirulina on the production performance of broiler chickens. Journal of Advanced Veterinary and Animal
Research, 2, 304-309. https://doi: 10.5455/javar.2015.b94.

Raju, M.V.L.N., Rama, R.S.V., Radhika, K., & Chawak, M.M. (2004). Effects of Spirulina platensis or
furazolidone on the performance and immune response of broiler chickens fed with aflatoxin contaminated diet.
Indian Journal of Animal Nutrition, 21, 40-44.

Sahin, K., Kucuk, O., Sahin, N., & Gursu, M. F. (2002). Optimal dietary concentration of vitamin E for alleviating
the effect of heat stress on performance, thyroid status, ACTH and some serum metabolite and mineral
concentrations in broilers. Veterinary Medicine, 110-116. https://doi.org/ 10.17221/5813-Vet Med.

Sugiharto, S., Yudiarti, T., Isroli, I., & Widiastuti, E. (2018). Effect of feeding duration of Spirulina platensis on
growth performance, haematological parameters, intestinal microbial population and carcass traits of broiler chicks.
South African Journal of Animal Science, 48, 98-107.http://dx.doi.org/10.4314/sajas.v48i1.12.

Tabler, T. W., Greene, E. S., Orlowski, S. K., Hiltz, J. Z., Anthony, N. B., & Dridi, S. (2020). Intestinal barrier
integrity in heat-stressed modern broilers and their ancestor wild jungle fowl. Frontiers in Veterinary Science, 7,
249. https://doi.org/ 10.3389/fvets.2020.00249

Thaxton, P., Sadler, C. R., & Glick, B. (1968). Immune response of chickens following heat exposure or injections
with ACTH. Poultry Science, 47, 264-266. https://doi.org/10.3382/ps.0470264.

Toyomizu M, Sato, Taroda H, Kato T & Akiba Y. (2001). Effects of dietary Spirulina on meat colour in muscle of
broiler chickens. British Poultry Science, 42, 197-202. https://doi.org/10.1080/00071660120048447.

Yusuf, Mohamed S., Marwa A. Hassan, Mohamed M. Abdel-Daim, Adel S. El Nabtiti, Ali Meawad Ahmed,
Sherief A. Moawed7, Ahmed Kamel El-Sayed8 & Hengmi Cui. (2016). Value added by Spirulina platensis in two
different diets on growth performance, gut microbiota, and meat quality of Japanese quails. Veterinary World,
EISSN: 2231-0916. https://doi.org/10.14202/vetworld.2016.1287-1293.


https://doi.org/10.1590/1806-9061-2018-0977
https://doi.org/10.3382/ps.0731785
https://doi.org/10.1080/09712119.2015.1031781
https://doi.org/10.1016/j.proche.2016.01.033
https://doi.org/10.1016/j.jtherbio.2020.102619
https://doi.org/10.1089/jmf.2007.564
https://doi.org/10.5713/ajas.17.0483
https://doi.org/10.3390%2Fani11051243
https://doi.org/10.5424/sjar/2018162-12753
https://doi.org/10.3382/ps/pey093
https://doi.org/10.3109/08923979609052748
https://dx.doi.org/10.5455/javar.2015.b94
https://doi.org/10.3389/fvets.2020.00249
https://doi.org/10.3382/ps.0470264
https://doi.org/10.1080/00071660120048447
https://doi.org/10.14202%2Fvetworld.2016.1287-1293

VFY Lol ¥ ooyleds NF ol oyl pl (018 pole gltun gl 4y pio YooY

30. Zeweil H.; Abaza, I. M.; Zahran, S. M.; Ahmed, M. H., Haiam M. Aboul _Ela & Asmaa, A. S. (2016). Effect of
Spirulina platensis as dietary supplement on some biological traits for chickens under heat stress condition. Asian
Journal of Biomedical and Pharmaceutical Sciences, 6, 2016, 08-12.



Iranian Journal of Animal Science Research

Homepage: http://ijasr.um.ac.ir s

Research Article
Vol. 16, No.2, 2024, p. 203-220

Determining the Bioavailability Percentage of Bone Ash Phosphorus Compared
to Monocalcium Phosphate and Its Effect on Performance, Bone Quality and
Phosphorus Digestibility in Broilers

Mohammad Sedghi ©*, Zahra Sarrami @ 2, Razieh Ghasemi © 2 and Mehdi Zanghae ©3

1 and 2- Associate Professor and M.Sc., Department of Animal Sciences, Faculty of Agriculture, Isfahan University of
Technology, Isfahan, Iran, respectively.

3- Phd Student., Department of Animal Sciences, Faculty of Agriculture, University of Mashhad, Mashhad, Iran.
*Corresponding Author's Email: mo.sedghi@iut.ac.ir

How to cite this article:

Received: 03-01-2023 Sedghi, M., Sarrami, Z., Ghasemi, R., & Zanghae, M. (2023). Determining the
Revised: 28-02-2023 bioavailability percentage of bone ash phosphorus compared to monocalcium phosphate and
Accepted: 01-03-2023 its effect on performance, bone quality and phosphorus digestibility in broilers. Iranian

Available Online: 01-03-2023 Journal of Animal Science Research, 16(2), 203-220. (In Persian with English Abstract).
http://doi.org/10.22067/ijasr.2023.83152.1156

Introduction: Phosphorus (P) and calcium (Ca) are macro-minerals for normal growth and development.
Phosphorus plays a vital role in muscle function, enzyme activity, lipid metabolism, bone mineralization,
maintaining osmotic and acid-base balance, energy metabolism, amino acid metabolism, and protein synthesis.
In addition, in layers, P is required to replace tissue metabolites such as nucleotides and phospholipids, maintain
skeletal integrity, and produce the egg. Also, Ca is essential for eggshell formation, coagulation, muscle, and
nerve function. Bone is a rich source of P and Ca, which can be converted into bone ash (BA) as an organic
source to supply P and Ca. Today, BA has been introduced as a suitable alternative for mineral sources of P and
Ca in the poultry industry. Barshan et al reported in 2019 that the use of BA compared to dicalcium phosphate
caused a significant increase in weight in broilers. The purpose of this study was to use bone ash as a dietary P
source and to investigate the P bioavailability in it compared to monocalcium phosphate (MCP) as a standard
source.

Materials and Methods: 350 one-day-old broilers were used in a completely randomized design with 7
treatments and 5 repetitions. The dietary treatments were: 1) basic diet containing 0.11% of available P; 2, 4, 3)
supplementing the basic diet with 0.05, 0.1, and 0.15% P from MCP source; 5, 6, 7) supplementing the basic diet
with 0.05, 0.1, and 0.15% P from BA source. All experimental diets contained 0.78% Ca. At the end of the
experiment, the P bioavailability in the BA was obtained based on the P consumed in relation to the daily weight
gain and tibia bone ash by the slope-ratio method. Also, the investigated parameters such as digestibility and
antibody titer against sheep red blood cells (SRBC) were analyzed in a factorial design.

Results and Discussion: The results showed that based on the weight gain in the grower (10 to 25 days) and
finisher (26 to 35 days) periods, the bioavailability of P in BA was 82.37% and 93.24%, respectively. Therefore,
it can be concluded that with the increase in the consumption time of BA, its P bioavailability has also increased
and it has been able to compensate for the lack of growth well and almost similar to monocalcium phosphate.
Also, based on the percentage of ash and P of tibia bone, the P bioavailability was 92.86% and 96.39%,
respectively.

The factorial analysis of digestibility results also showed that by increasing the level of P in diet and using
MCP, the percentage of dry matter digestibility increases significantly (P<0.05). Also, the percentage of P
digestibility increased numerically with the increase in diet P and the use of BA. Also, factorial analysis of the
data related to the production of antibody titer against sheep red blood cells, we observed that the only
significant difference in the main effects was for the total antibody titer and 1gG in the secondary response; So
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that the antibody titer produced in the secondary response was significantly higher in chickens fed with
monocalcium phosphate than in chickens fed with bone ash (P<0.05). The results of the bone quality test showed
that the shear and tensile stress for the tibia was significantly higher in chickens fed with 0.26% P (P<0.05); but
there was no significant difference between chickens fed with MCP and BA. An increase in tensile and shear
stress means that more force is required to break these bones, which indicates the greater strength of these bones.
Measuring the percentage of ash and phosphorus (P) in tibia bones showed that as the dietary phosphorus level
increased, the percentage of ash and phosphorus in the tibia also increased significantly (P<0.05). Additionally,
using monocalcium phosphate (MCP) in the diet resulted in a significant increase in tibia phosphorus (P<0.05);
however, there was no significant difference in the percentage of tibia bone ash. Given the limited availability
and high cost of phosphorus and calcium mineral resources, it is essential to find suitable alternatives. Bone ash
(BA) is a rich source of phosphorus and calcium, which can be used as an organic source to supply these
minerals in industrial poultry diets. Consistent with our results, Van Haren et al. reported that BA can
compensate for growth deficits in broiler chickens, similar to diets supplemented with dicalcium phosphate
(DCP) and MCP, compared to diets without a phosphorus source.

Conclusion: In general, according to the results, it can be concluded that the bioavailability of P in BA is 92
to 96% compared to MCP. This result shows the good ability of BA to replace mineral sources of P. Also, since
the absorbability of MCP is higher than dicalcium phosphate (DCP), it can be concluded that BA can have the
same efficiency as DCP and be introduced as a substitute in the poultry industry.

Keywords: Bioavailability, Bone ash, Bone quality, Digestibility, Phosphorus
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Table 1- Food ingredients and nutrients of experimental diets from 10 to 25 days (g/kg)

0y S ) Ve Yol Yol ¥ oles 0 jlos # e Vol
Diet composition T1 T2 T3 T4 T5 T6 T7
= 625.7 623.0 620.9 617.8 625.9 625.6 624.8
Corn (CP=7.6%)
by 326.5 327.0 327.0 328.0 326.0 326.0 326.5
Soybean meal (CP=43.0%)
by O%” 14.2 15 15.8 16.8 14.3 14.4 145
Soy oil
clyal St 0.0 0.0 0.0 0.0 3.1 6 9
Bone ash (P=17%, Ca=36%)
Sl el 5o 0.0 2.4 47 6.9 0.0 0.0 0.0
MCP (P=22%, Ca=17%)

- <oy 174 16.4 15.4 14.3 145 11.8 9.0
Limestone
Ormonsy 2.2 2.2 2.2 2.2 2.2 2.2 2.2
NaHCO3
plb o 2.2 2.2 2.2 2.2 2.2 2.2 2.2
Common salt
DL““”M_ i 2.8 2.8 2.8 2.8 2.8 2.8 2.8
DL-methionine
A 9m o3 2.0 20 2.0 2.0 20 20 2.0
L-lysine-HCI
Lodgs 1.0 1.0 1.0 1.0 1.0 1.0 1.0
L-threonine
e 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Choline chloride
\ o e

WL”’ Joss . 25 25 25 25 25 25 25
Vitamins premix
Y .

Efm oo i 25 25 25 25 25 25 2.5
Mineral premix 2

d.'ls'm blyo ).JLJ
Nutrient analysis

(PSS 2 5 JShS) puddilio J 55 2950 2950 2950 2950 2950 2950 2950
ME (kcal/kg)
(%) "“9’) 20.08 20.08 20.08 20.08 20.08 20.08 20.08
Crude protein (%)
() i S 005 1.07 107 107 107 107 1.07 107
Digestible lysine (%)
(/-) M JE u“w . 0.47 0.47 0.47 0.47 0.47 0.47 0.47
Digestible Methionine (%)
() i I Ot i 0.81 0.81 081 081 0.81 0.81 0.81
Digestible Met+Cys (%)
(F) i JB 095 072 0.72 072 072 0.72 0.72 0.72
Digestible threonine (%)
) - 0.78 0.78 0.78 0.78 0.78 0.78 0.78
Calcium (%)
() o5 501 JS s 0.25 0.30 035 0.40 0.31 0.36 0.41
Total phosphorus analyzed (%)
(2) s> JB i 0.11 0.16 0.21 0.26 0.16 0.21 0.26

Available phosphorus (%)

B2 yelig ¢3.2 Mg Bl yelig 3.2 MY Kipselg 80 U E yoliyg 5000 IU Dy ppreliyg 12000 1U - A fpoling 390 00> p)5kS 5o 13 15 polds a.x...fwb siwoling JoSo v
0.017 mg B12 yelyg 2.2 MY SJgdsul 0.22 MY 4590 4.3 MY BB yolisg 20 Mg BS5yielisg 65 MY (uwls 8.6 Mg
110 mg (s, ¢0.3 MY pouibe 120 MY j:5i0 20 MY 2l 1.25 MY 3y 16 MY o 39 010> p,55kS 2 55 05 polie 018 oli Sdne JoSo ™
Supplied per kg of diet: 12000 IU Vit A, 5000 IU Vit D3, 80 IU Vit E, 3.2mg Vit K, 3.2 mg Vit B1, 8.6 mg Vit 1 B2, 65 mg niacin, 20 mg

pantothenic acid, 4.3 mg Vit B6, 0.22 mg biotin, 2.2 mg folic acid and 0.017 mg VitB12.
2 Supplied per kg of diet: 16 mg copper, 1.25 mg iodine, 20 mg iron, 120 mg manganese, 0.3 mg selenium and 110 mg zinc.
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Table 2- Food ingredients and nutrients of experimental diets from 26 to 35 days (g/kg)

oy S Vsl Y oles Yol ¥l O les £ les Vols
Diet composition T1 T2 T3 T4 T5 T6 T7
&y
657.0 654.3 652.0 649.8 656.6 656.3 656.0

(CP=7.6%) Corn
L

> 288.2 288.6 288.8 289.1 288.4 288.4 2885
(CP= 43.0%) Soybean meal
by U‘ %) 21.3 22.2 23 23.7 214 215 21.6
Soy oil

Yool juusS
B e
(P=17%, Ca=36%) Bone ash 00 00 00 00 34 63 93
Olind S 9390

. 2. 4. 7.2 . . .

(P=22%, Ca=17%) MCP 00 6 o 00 00 00
“’““ls'; ebs 178 16.6 156 14.5 14.5 118 9.0
Limestone
e 22 22 22 22 22 22 22
NaHCO3
Pl Ko 22 22 22 22 22 22 22
Common salt
st DL 25 25 25 25 25 25 25
DL-methionine
4S50 05 1.9 1.9 19 1.9 1.9 1.9 1.9
L-lysine-HCI
osg L 09 09 09 0.9 0.9 09 09
L-threonine
o F’J’S . 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Choline chloride
\ . -

u“"l” Jose . 25 25 25 25 25 25 25
Vitamins premix *
Y .

e JoSa 25 25 25 25 25 25 25
Mineral premix 2

i Slgo LT
Nutrient analysis
PARS 2 SIS5S) iyl JB 551 3025 3025 3025 3025 3025 3025 3025
ME (Kcal/kg)
(%) o5 18.56 18.55 18.54 18.56 18.56 18.56 18.56
Crude protein (%)
(7) e B 003 L . 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Digestible lysine (%)

(F) i I ot 0.43 0.43 0.43 0.43 043 0.43 0.43
Digestible methionine (%)
(F) i B oot Orisite 0.75 0.75 0.75 0.75 0.75 0.75 0.75
Digestible met+cys (%)
(F) e JB 095 0.66 0.66 0.66 0.66 0.66 0.66 0.66
Digestible threonine (%)
) ”‘““ls-; 0.78 0.78 0.78 0.78 0.78 0.78 0.78
Calcium (%)
() o 561 JS st 0.25 0.30 0.35 0.40 031 0.36 0.41
Total phosphorus analyzed (%)
(4) s JB o 0.11 0.16 0.21 0.26 0.16 0.21 0.26

Available phosphorus (%)

BZU,AL@ 3.2 mg Blwl’.‘” 3.2 mg Kuwl..‘9 801U EJ.ALJ’ 5000 IU Dgix,ol;‘ﬁ 12000 IU Awbﬁ Dy 0> f)f}l..f 2 ).lblfzo c.&....\fwb wL)? JQSA v
0.017 mg B12 yelig 2.2 MY SJgdinsl €0.22 MY (4540 4.3 MY BB uoliyg 20 Mg B5pueliyg 65 MY oyl 8.6 Mg
110 mg (g9, ¢0.3 MY pouiks 120 MY j:50 20 MY 2l 1.25 MY 3y 16 MY o 392 010> £, skS s3> 305 polie 018 oli Sdne JoSo ¥
B2, 65 mg niacin, 20 mg B1, 8.6 mg Vit K, 3.2 mg Vit E, 3.2mg Vit D3, 80 IU Vit A, 5000 IU Vit Supplied per kg of diet: 12000 IU Vit

B6, 0.22 mg biotin, 2.2 mg folic acid and 0.017 mg VitB12. pantothenic acid, 4.3 mg Vit
2 Supplied per kg of diet: 16 mg copper, 1.25 mg iodine, 20 mg iron, 120 mg manganese, 0.3 mg selenium and 110 mg zinc.
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Table 3- Estimation of bone ash phosphorus (P) bioavailability based on average daily weight gain compared to consumed

phosphorus
b gl OgeyS ) sAblee O o (1) comss ol o5 55
P source Regression equation R-square Bioavailability (%)
lbnporlS 350 Y=0.0732 X+ 33.14 0.96 100
sy YO LY. MCP
10 to 25 days oyl s Y=0.0603X+ 33.94 0.92 82.37
Bone ash
land S gige Y=0.1199 X+ 37.04 0.90 100
59, YO L YS MCP
26 to 35 days Oyl uss Y=0.1118 X+ 37.19 0.91 93.24
Bone ash
bl gige Y=0.0994 X+ 34.46 0.94 100
LAY MCP
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Figure 1- Regression diagram of daily weight gain in relation to phosphorus consumed during the total experimental period
(10 to 35 days)
el ()5 o) 53y 03 (Bran shmd (i 035 (B yge o (p)5) alis) Gy SRl (ke om LIS (93905 yee
The vertical axis shows the average daily weight gain (g) and the horizontal axis shows the amount of phosphorus consumed
per day (mg).
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Table 4- The effect of the source and level of phosphorus (P) on the performance of Arian strain broilers (g)

o 10 to 25 days 26 10 35 days
P source P level
ADWG! ADFI2 FCR3 ADWG! ADFI2 FCR?
ﬁ:pi\is;hborus source 0.11 % 38.15¢  61.72¢  161° 4462¢ 7433 166
s , 0.16 % 40559 64390 159 abe 58209  93.06% 159
o el 5ige 0.21 % 4336 p5.25a8c  150d 63.19b%  102.03%  1.50
MCP 0.26 % 46122 68562  1.489 69.182  108.032  1.48
R 0.16 % 30.92% G443 161 55999  89.75¢ 168
057 ’;“5 0.21 % 4261°¢ 6582 154 bcd 60.04bd 9622t 154
Bone as 0.26 % 4442 6813 153 65.93% 103.22% 155
SL‘;' )L“"‘ <0.0001 <0.0001 <0.0001  <0.0001 <0.0001 0.203
-valu
oSl ;E’“:”' ol 0.398 0.852  0.015 1.343 1.493  0.029
Lol gl
Main effects
- 0.16 % 4023° 6441% 1602 57.09¢ 91.40°¢  1.60
;"I“'“’ "T’” 0.21 % 4299  6553b 152D 6162  99.13b 161
eve 0.26 % 4494 68352  152b 67.552  105.65° 1.56
Ejlw: e <0.0001  0.0002 <0.0001 <0.0001  <0.0001  0.099
-value
o "“M”é:g £ 43342 6607  1.52° 63522  101.052 1.59
S
P source 0'985‘1“' ’““I: “  a10° 6613  157¢ 60.65°  96.39°  1.59
one as
I;”‘“a’l' ’e*“" 0.0026  0.927  0.0009 0.0215 0.034 0971
-valu
Dl il 3l
4 Intractional
Jles] o
P-value

o o 0.129 0.828 0.276 0.923 0.885 0.909
Hd o X jaud g
P source x P level

St s i tailiyy (Bpme Shygs Silee T tailiy, g IR Sile !
A5 15 blize 3l Sle Slnlie ¢ ilite @l 1 390 jloline Judoey ¥
(P<0.05 55 caus) dited g )lol Llodd 51 Jolins gl (gl)ls ccglize gy by gy > Slasl @
! Average daily weight gain; ? average daily feed intake; 2 feed conversion ratio
4 Due to non-significance of interaction effects, mean comparisons of interaction effects were not reported.
abV/alue in each column with different letters has statistically significant differences (Tukey's test P<0.05).
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Table 5- The effect of the source and level of phosphorus (P) on the antibody titer produced against sheep red blood cells in broilers

(Log2)
aJgl gl 96 b
JENCIPI i o Primary response Secondary response
P source P level Js b s IgG IgM JS b 5 I9G IgM
Total antibody Total antibody
o e 0.11 % 2.20 1.00 1.20 3.40b 1.802 1.60
No phosphorus source
- , 0.16 % 3.20 120  2.00 6.00 @ 340% 260
Sl S gigo 0.21 % 3.40 160  1.80 6.222 360ab 260
Mcp 0.26 % 3.80 180  2.00 6.40 2 400% 240
R 0.16 % 2.60 140 120 4.00 @ 2.00° 2.00
il S’ 0.21% 3.20 160 260 5.40 @ 260% 280
Bone ash 0.26 % 4.00 2.00 2.00 5.80 @ 3.40% 2.40
Jla! e 0.371 0393 0.767 0.0041 0008 0518
P-value
0be 3] (sl 0.595 0329  0.489 0.568 0444 0437
SEM
Lol il
Main effects
- 0.16 % 2.90 130 160 5.00 2.70 2.30
;“TB J‘Tﬁ 0.21 % 3.30 1.60 1.70 5.80 3.10 2.40
eve 0.26 % 3.90 190  2.00 6.10 3.70 2.70
Jla! e 0.261 0261  0.862 0.165 0125  0.623
P-value
o Slinsd ool gige 3.49 153 193 6.20 3.362 253
JEMCR MCP
P source oyl s 3.26 1.66 1.60 5.06 " 2.66° 2.40
Bone ash
Jloz e 0.685 0.650  0.396 0.024 0016  0.703
P-value
Dlize cl gl
L Intractional

Jlezs) ke
P-value

o o 0.800 0.948 0.682 0.425 0.702 0.623
Hd o X jaud g
P source x P level

(P<0.05 S5 ) s gl Llod 51 Jlolies coglis (gl)ls acglisie Gy > by ygies o po olae) @
i )8 lize <l 1 S5k lunlie ¢ iliize <l 31 (g0 jolize Judoay
abV/alue in each column with different letters has statistically significant differences. (Tukey's test P<0.05).
! Due to non-significance of interaction effects, mean comparisons of interaction effects were not reported.
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Table 6- The effect of the source and level of phosphorus (P) on tibia bone quality in broilers

. . e Jsk ol 583 b olos & ¥gie oels N
S e yhud gl Dry Length 039 Diaphysis VC/:II Medullary Jlo)bgens (St 929)
Psource P level weight (mm) Weight diameter thickness canal Tibiotarsal ~ Robusticity

(mg) index (mm) (mm) diameter index index
(mm)
o 238
S 011%  1606¢ 6779  23.71¢ 5.93¢ 0.88° 5.05 14.86 5.75 @
No P
source

Sy, 016% 17729 703%  2517% 600 0.93 b 5.07 15.52 5.812
e 021%  2018°  713°  2828b  6.14 4 0.98 ® 5.16 15.98 5.64b
McP 026% 23322 7362  30.31% 6.352 1.032 5.32 16.24 5.63°
sl 016%  1706%  68.7%  24.80¢% 6.192 0.95 abe 5.34 15.34 5.75 @
e 021% 18409 706° 2605 6.352 0.95 @° 5.40 14.95 5762
J
B?]ne 026%  1960%  71.1b 2753  pogad 1.00 @ 5.28 15.92 5,68 @
asl
EJ‘*\*I‘;I'J:“ <0.0001 <0.0001 <0.0001  0.0012 0.0002 0.05 0.122 0.0007
;’*;’ML*‘ bl (sl 3205 0388  0.389 0.072 0.019 0.078 0.368 0.029

ol ol
Main effects
o 016%  1739°  695°  2498° 6.09° 0.94° 515 1543 5782
s 021% 1920 709>  27.16b 6.24 0.96° 5.28 15.46 570°
blovel  026%  2096% 7247  ©28.92 6312 1.012 5.30 16.08 5.66
I;J‘*\*/”;'J:’“ <0.0001 <0.0001  <0.0001 0.017 0.002 0.137 0.163 0.0007
S gig0
clh.s 2007 7172  27.92% 6.16 0.98 5.18 15.91 5.70

o MCP
yiod e e
P source "“ffb

cé';’*“‘ 18350  70.1b  26.13b 6.37 0.96 5.30 15.41 573
one
ash
Jlzs e
S <0.0001 <0.0001 <0.0001 0.074 0.402 0.057 0.107 0.141
Dlize cl gl
Intractional

5y,  016% 17729 703 2517 0 6.00 0.93 5.07 15.52 581°
e 021%  2018° 713 28.28 b 6.14 0.98 5.16 15.98 5.64b
MCP 026% 23322 736 30312 6.35 1.03 5.32 16.24 5.63°
S 016% 17069 68.7 24.80 4 6.19 0.95 5.34 15.34 5.75 @

021% 1840 706  26.05% 6.35 0.95 5.40 14.95 5762
J
Bc;]ne 026%  1960% 711  27.53bc 6.28 1.00 5.28 15.92 5.68
as
Jlza e
Pf","";‘i . 0.020 0081  0.019 0.118 0.327 0.178 0.476 0.015
b s X jd g

P source x P level

(P<0.05 S5 caus) diziads gylol Lo 5 jlolien iplis (slyls ccglisie g > b (ygias o p3 olae) 0
a\alue in each column with different letters has statistically significant differences. (Tukey's test P<0.05).
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Table 7- Effect of source and level of phosphorus on strength and tibia bone ash and phosphorus (P) in broilers

Jinsh o i e s A fed i (S yuS B (SCS)d b
) 2 2 . Tibia ash Tibia P
P source P level (N/mm?2)Shear stress ~ (N/mm2)Tensile stress (% of dry matter) (% of dry matter)
o e 0.11 % 13.03¢ 28.99 b 39.56 ¢ 259¢
No phosphorus source
e . 0.16 % 2279 % 49.642 41.77°¢ 3.11¢
Slind nlS gige 0.21% 25.00 % 52.80 2 46.89 3.78 ¢
MCP 0.26 % 27712 55.44 2 48192 4192
Jgiinl S 0.16 % 19.76 40.92 @ 41.86°¢ 2.94d
o7 0.21 % 25.04 @ 51.48 2 45250 3.68°¢
Bone ash 0.26 % 26.63 2 56.08 @ 47.65 % 4.04 2
Jlozol e <0.0001 <0.0001 <0.0001 <0.0001
P-value
0 3 il sl 1.61 3.397 0.651 0.072
SEM
ol 1
Main effects
o, 0.16 % 21270 45280 4181°¢ 3.02°¢
P 25 0.21 % 25,02 52.14 46,07 3.73b
P level 0.26 % 27172 55.75 2 47922 4112
Jlol e 0.006 0.023 <0.0001 <0.0001
P-value
o Sl el i 25.16 52.63 45.62 3.692
JERERH MCP
P source oyl S 23.81 49.49 44.92 3.55b
Bone ash
Jlo! e 0.328 0.296 0.171 0.027
P-value
Hize ol
1 Intractional

Jlazs! o
P.-v.alue . 0.663 0.404 0.364 0.861
Souud o X y0ud xio

P source x P level

(P<0.05 S5 coss) dimn g )lol Blod 51 lolins cglis (gl ) acgliza By b g yo 55 Slasl ®
A5 )15 blize il 58ke Sluslie ¢ ilite @l gl 398 oline Juloay
®\alue in each column with different letters has statistically significant differences. (Tukey's test P<0.05).
! Due to non-significance of interaction effects, mean comparisons of interaction effects were not reported.
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Table 8- Estimation of phosphorus (P) bioavailability in bone ash based on the percentage of tibia ash and phosphorus compared to
consumed phosphorus

S 2o Oy Sy dlre oS oy (30,3) (o (ol Bliis; 05)]
P source Regression equation R-square Bioavailability (%)
bl gige Y=0.0631 X+ 34.58 0.81 100
Sy yuuSls MCP
Tibia ash oyl S Y=0.0586X+ 35.18 0.84 92.86
Bone ash
‘ OlandpnlS 5350 Y=0.0111 X+ 1.794 0.92 100
DD i MCP
Tibia P oyl st Y=0.0107 X+ 1.786 0.92 96.39
Bone ash
50.000 55.000
Bone ash 0 % MCP
UTgMT,..wa . . ot e 50,000 Ola.d M..ny}o
45.000 g '.
[ o o . °
° . 45.000 ° o
°
40.000 .. .. __.--""t
: y = 0.0586x +35.186 40.000 %
° R?=0.8404 K4
°
35.000 35.000 “'=u'2531"+34'858
50.000 100.000  150.000  200.000  250.000 50.000 100.000 150.000 HTE178  250.000

By yhund & Capms (5> loptin] a8 10y gamn Sy g0 =T S
Figure 2- Regression diagram of percentage of tibia bone ash relative to consumed phosphorus

el (£33 (ko) 55 > (Bran hud oaimd L3 (] jgre g (S5 00lo S17) Sty SIS a0y eaim Ll (53905 5o
The vertical axis shows the percentage of tibia ash (% of dry matter) and the horizontal axis shows the phosphorus consumed per
day (mg).



YV ol pundS i g0 1 o gl S phud oob! 18 Cam § duo 30 cuati (3l y K2 g (Sowo

4.500

Bone ash
.. . . ®o ..
4 lg 55l ’..\.wa v
ao00  ©7 ¢.og
e
3.500 ._.-.
3.000 ‘
o‘ e :
2.500 '.
y=0.0107x+1.7866
R2=0.9226
2.000
55.000 105.000 155.000 205.000 255.000

4.500

MCP
e ) %o
sooo DU peedS” 9390 o
o
@
3.500 .
o .-
o0
3.000
e .. L]
-
2.500 '.
y=0.0111x+1.7949
R%=0.9265
2.000
55.000 105.000 155.000 205.000 255.000

hran yiud & Comd by sl jiud 10> (e S loge =Y S
Figure 3- Regression diagram of phosphorus percentage of tibia bone in relation to consumed phosphorus

ool (25 (o) 595 3 (Bpae b 01O (GBI e g (St odlo JITL) (D) yiud 80> oA (93905 jyme
The vertical axis shows the percentage of tibia phosphorus (% of dry matter) and the horizontal axis shows the phosphorus
consumed per day (mg).
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Table 9- Effect of source and level of phosphorus (P) on digestibility in broilers (%)

JrEp sind gl JETERINENSITE JERERERgENTE
P source P level Dry matter digestibility P digestibility
i e 2805 56.54 P 81.83
No phosphorus 0.11%
source

L. 0.16 % 65.64 2 83.22
And el gign 0.21% 67.42% 85.46
MCP 0.26 % 69.92¢ 86.03

. . 0.16 % 62.83 @ 84.70
olyal St 0.21% 65.57 85.71
Bone ash 0.26 % 66.01 2 86.30
Jlas! i 0.0026 0.483
P-value
orSole 3 sl clas 2.00 1.704
SEM

kol el
Main effects
. 0.16 % 64.23P 83.96
P 223 0.21% 66.49 85.58
P level 0.26 % 67.972 86.17
Jeis ! jlais 0.049 0.391
P-value
i S 550 67.66 84.90
i o MCP
P source Olozil yruSs 64.80 85.57
Bone ash
Jlazs! laie 0.023 0.621
P-value
Dl ol 3l
L Intractional

ez lain 0.774 0.912
P-value

S o X jhund gio
P source x P level
(P<0.05 S5 ) sttt (gylol Llod 51 jlaline coglis glyls acgliste g > b g o 53 lael ¥
5 yl5S blize <l Bl Sl lunlie ¢ ilize <l 31 (395 yloline Judoay
aV/alue in each column with different letters has statistically significant differences. (Tukey's test
P<0.05).
! Due to non-significance of interaction effects, mean comparisons of interaction effects were not
reported.
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Introduction: Antibiotics have been used for many years in animal production to treat infectious diseases
and as growth promoters. However, the misuse of antibiotics causes problems such as bacterial antibiotic
resistance. Also, the possible accumulation of antibiotic residues in livestock products is risky for consumers.
After the ban on the use of antibiotic growth promoters in 2006, there was a need to use substitutes in animal
feed to replace antibiotics. These alternatives include prebiotics, probiotics, phytobiotics and synbiotics.
Probiotics are live microorganisms that, when consumed in sufficient amounts, have beneficial effects on the
host by creating a microbial balance in the gut. The purpose of probiotics is to create a competition between the
species that are naturally present in the intestinal flora of broilers. The most important advantage of probiotics is
that they do not remain in animal products. Prebiotics are feed compounds that are not digested by the host when
consumed but can support beneficial bacteria. These compounds are short-chain carbohydrates such as non-
digestible oligosaccharides that cannot be digested by animal enzymes. Compounds containing prebiotics and
probiotics used in nutrition are called synbiotics. Phytobiotics include a wide range of plant-derived products
with bioactive compounds. Plant feed additives (PFAS) are widely effective in improving gut health, increasing
digestibility and thus growth performance. These bioactive compounds include secondary metabolites (phenolic
and flavonoid). In recent years, various marine organisms have been considered as valuable biological
compounds for livestock. Marine algae, due to a wide range of bioactive components such as flavonoid,
carotenoid, phenolic compounds, tocopherol, peptide and various sulfated and carboxylated polysaccharides
such as alginate and fucoidan with antibacterial, antifungal and antiviruses have beneficial effects on health.
Brown macroalgae such as Sargassum angustifolium have beneficial effects on health due to a wide range of
bioactive components such as fucoidan, fucose sulfate and polysaccharides. Also, this group of algae is a rich
source of sodium alginate oligosaccharides.

Materials and Methods: The present study was conducted in the form of a completely randomized design,

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
Er any medium or format, as long as you give appropriate credit to the original author(s) and the source.
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lasted for 42 days at the Ali Abad Kamin research farm of the Fars Agricultural and Natural Resources Research
and Education Center, Shiraz, Iran. A total of 240 Ross 308 broilers were distributed in five treatments, four
replications and 12 birds per replication. The dietary treatments included: 1 basal diet, without additives, 2 basal
diet + 0.05% Oxytetracycline, 3 basal diet + 0.2% brown algae Sargassum and treatments 4 and 5 the basal diet
was + 1% and 1.5% of synbiotics Limax, respectively. Ingredients and chemical composition of the ration are
presented in (Table 1). At the end of each period, chickens in each group were weighed and the average body
weight gain (g/b) in each period was calculated. Feed intake in each period was calculated and expressed as
g/b/d. Based on weight gain and feed intake in each period, the FCR values of each group were calculated. Tow
representative chickens from each group were selected for carcass analysis representing the average weight and
variability of each group. The data obtained on various parameters studied during this experimental trial were
analyzed statistically with SAS software.

Results and Discussion: The results showed that the treatments had no significant effect on the feed
conversion ratio of the birds. In the finisher period (25-42 days) and total period (1-42 days), oxytetracycline and
Limax 1% treatments had the highest and lowest average daily weight gain, respectively. There wasn't any
significant difference between average daily weight gain of the oxytetracycline treatment and other experimental
treatments. In the finisher period, the highest amount of feed intake was for the control treatment and the lowest
for the Limax 1% treatment (P<0.05). The highest value of production index was belonged to oxytetracycline
and Limax treatments was 1.5% (295 and 272, respectively). The highest abdominal fat percentage in the day 42
was related to Oxytetracycline treatment and the lowest was related to Limax treatment of 1.5% (P<0.05). The
highest villus width in the day 42 was belonged to Limax treatment of 1 and 1.5% and the lowest was belonged
to Oxytetracycline, control and Sargassum treatments (P<0.05). The treatments did not show a significant
difference in the feed conversion ratio. The highest value of production index was observed in oxytetracycline
and Limex 1.5% treatments (295.25 and 271.71, respectively).

Conclusion: The final result is that the two oxytetracycline and 1.5% of synbiotics Limax treatments shown
the highest average daily weight gain and the production index among the experimental treatments. Also, the
maximum width of villi and its absorption surface of villus was related to Limax treatment of 1.5%. Therefore,
despite the problems of using antibiotics in the diet of birds, Limax synbiotic supplement can be a suitable
substitute for oxytetracycline antibiotic.

Keywords: Broiler, Brown macroalga Sargassum, Intestinal morphology, Performance, Synbiotics
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Table 1- Diet formulation and calculated chemical composition of the basal ration (as fed)

(20,9) oy sz ol oy eIy S oy
Feed ingredient (%) Starter diet (1-10 days) Growth diet (11-24 days) Finisher diet (25-42 days)
<2 57.90 60.20 61.20
Corn

Lo 0, .
(0592 044 Ly oS 33.20 31.00 31.00
Soybean meal (CP %44)
(0x55; %60) &5 g8 3.90 3.00 1.50
Soybean meal (CP %60)
S olS (53 187 160 145
Di calcium phosphate
S 0.36 0.33 0.32
Salt
e Sl 0.11 0.11 0.11
Sodium bicarbonate
iy = 0.06 0 0
L-threonine
2 9 023 =) 0.30 0.18 0.06
L- lysine hydrochloride
oy = > 0.19 0.20 0.18
DL- methionine
bow 0E9) 0.40 1.80 263
Soy oil
el Sl 121 1.08 1.05
Calcium carbonate
A . .

e 5 ey JaSe , 0.50 0.50 0.50
Vitamin and mineral premix*
(%) Gl oliasd S 5
Calculated chemical composition
S5 g LB (53 2880 2093 3039
ME (kcal/kg)
PL o 22.35 20.90 19.96
Crude protein (%)

. 0.99 0.86 0.81
Calcium (%)
e J6 sl 0.48 0.43 0.40
Available phosphorous (%)
Ot ¥ Ofgte 1.02 0.90 0.82
Methionine + cysteine (%)
o 1.36 1.18 1.04
Lysine (%)
forck 0.19 0.18 0.17
Sodium (%)
(mEq/kg) o> u9~‘1 09»‘;& JDL"S 287 280 285
DCAB

f ol a5 g WY B aalg ¢ Mallip anly YY'« o ¢ g ytunndS” eS¢ Modl g g VYo v e A ol g 2305 0 u.al: Iy 5 pdlie Slygs o 59kS 1 1> Sdxo g wolig JoSo !
5 o B e o S350 S e T i 5 e S S el 10,5 e o s 5 e i el 5 s <1+ Bz by .5 e 59 Ky st
£35 e O eyl 49,5 Lo Ve s Slilis 105 o S ey 5 oo 1Y s i) psibes 55 e Voo <3St Slilges 5 Lo VYD (555 oS 5l 15 o AT+ i8S

.\)9{
Mineral premix supplied per kilogram of diet: A 11000, IU; D3, 2300 IU; E, 121 1U; K3, 2 mg; By, 0.02 mg; By, 4 mg; By, 4 mg; By, 1 * Vitamin and
mg; Biotin, 0.03 mg; Bg, 4 mg; Choline chloride, 840 mg; Ethoxyquin, 0.125 mg; Manganese sulphate, 100 mg; Se (Sodium Selenate), 0.2 mg; I, 1
mg; copper sulphate, 100 mg; Fe, 50 mg.
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Table 2- The effect of experimental treatments on feed intake and Body weight gain of broilers (g/b/d)

5l a8 b bz yguods (sloged (sbyd Sla b osds 4355 09,5 1
oy oy il (Reski et al., 2021) ub 5,155 sald og,S
23 250 SLS jo Cusgy sloadeiade 13l 5l AL g oo oS

Lo u‘g)‘u 51)? °‘\"’). 59 L)‘“"l)gl
T; - tment Feed intake Body weight gain

eaiments 1-10days 1124 days 25-42days  0-42 days 1-10days 11-24days 25-42 days 0-42 days
el 29.25 74.42 131.07°2 87.95°2 20.20 45.82 60.50 46.002
Control
OlSelel 51 . 30.02 77.25 125.32% 86.602 21.22 47.67 65.52 2 49.022
Oxytetracycline
powlile Sd>
Sargassum 29.20 76.52 124.22% 85.70® 20.30 47.40 59.87%® 46.30%
algae
e \ osled 29.65 73.65 113.02° 80.05° 20.47 44.45 54,50 ° 43.07°
Limax 1%
e V8 osled 30.80 79.83 117.67° 84.38® 21.48 48.43 58.80% 46.43%
Limax 1.5%
SEM! 0.394 0.799 1.696 0.896 0.289 0.519 0.951 0.532
P-value 0.689 0.168 0.035 0.091 0.546 0.162 0.035 0.045

(P</+0) sib o ylo gme AMB] ghyls oS ptiio e By > b dliel g yo 4>
Mean within the same row with different letters significantly (P<0.05).

W 0a3ls 5 Shd hiad cups p oiilefl glajlog b -V Joua

1 SEM: Standard Error of Mean

3ltisl glas 4.S5ke

Table 3- The effect of experimental treatments on feed conversion ratio and Production index

Treatments Feed conversion ratio P d" ” t."a}. d
1-10days  11-24days  25-42days  0-42 days roduction Index

el 1.44 1.62 2.18 1.82 254.23P

Control

oSy 81 141 1.62 1.92 1.70 295.252

Oxytetracycline

poolils Sib> 143 161 2.07 177 255.60"

Sargassum algae

.L-o)) VY oSled 1.45 1.65 2.07 1.78 247.34°

Limax 1%

222 B oSled 1.44 1.65 2.00 1.75 271.71%

Limax 1.5%

SEM? 0.011 0.009 0.038 0.017 4.702
P-value 0.8766 0.4544 0.2919 0.2726 0.0381

by o il 2865 slbang> (b § wgm plb o)

1 SEM: Standard Error of Mean

3l ellad Sl

S ime 5l piolojl (sla o (¥ Jgan) pols Limgss 5
Ao gy 93 (JB ABY) ABY S 5 i ()39 o)



Yya

e b gl le Sl g, g S gmiir (S Rl Ol ol g (Slgs

U9 (Sdigmgn sladeSe |)2j wad &) Shs wan cuhl
Cpmon Sl Gy 5l g )b 1y ()lS (sla 5T clled 331
SgSse lajee 039) Codlw Sgge el 03g) o (950
oy Sl eolaw] aie > ylia=e (Tayeri et al., 2018)
B slaplisl s (Sles G )3 ol 35 (slogd
Choi ) 433,55 sanlie Kiga 5l 5 Sl b o iis (claog,S
Tayeri etal., ) Y- A Jlo 3 o Ken 5 b Ll (et al., 2014
Jloi boad 435 (% Jlbo (slp S (o (159 (2018
O3S S il g aals slajles L dunlie )0 Siises
ol Gy b las e a1 5l (o Jlxbo o3l )3y 55,8
sladslw (35 JLsbd Jdsan ol (e (S loss
S T dlﬁww o_\uf&):o 4\5)...» dh’z’d&.}' Pl &,,DN)J.J)
ol (a0 b g 29500 (st s 3,Skos 1 b s o8 031,
calow g Jlob B laglow ;55 paiitne S o0 4o

(Tayeri et al., 2018) ail (191515 g5 g

Loog)S plow Ly dsliie )3 Sigmimw (55l sbroj o lis
Jorb (i o5 A5 0355 (]9 4 (o (g Mopd pogead s
Song et al., 2022; ) 1oy LS ()l sxe ©olas (!, SOl 5
5 45 Olao 350 40 pismed (Abdel-Wareth et al., 2019
s e (o S Jl 5 e ol 20p3) I slapld
2 (Ss8 039y ilises laidy (s Job g Jlxb )92
gl Wald 09,5 L dulie 1> Signgn JoSo 55l slooy>
Lol jo Lol (Agah et al., 2020) 15,5 sanlin (5,15 sze
s 3 sy s Jlasd 5l Giag b
393 YO (o 3 0l 9 Al dhide o (g o> (S il
M=z il 3-8l ¢ pizmen ((Abdel-Wareth et al., 2019) .
015 (1)9 & Camd g dlide (ol ()9 oyd 9 (JB ABY oy
s 09)5 b duglie )> Sgmgp JoSo L odd 435 glaog S )
asY Oluogad 55 Sles dau0 (Agah et al., 2020) wi 3,5
oAl e ol (1S (SSgngn slaJeSa I oslinal L

(e 0is 25 Ve o1p8) S39s T om0 3 1865 sl Y S5 1 otilof] sloless 5B —€ Jgi
Table 4- The effect of experimental treatments on carcass composition of broiler at 42 days (9/100 g of body weight)

Oph Y 505
i o Cudy S . ! osre B o9
ol * g ob * i RTeom a S Jlrds
Treatments Cgrcass Thigh Breast Neck Abdominal Gizard Liver Pancreas Bur_sa_ of Spleen
without and fat Fabriciuse
skin back
:ontrol 63.46 19.96 21.05 21.73 1.10® 1.47 1.89 0.275 0.228 0.115
Sl 5 oS
ﬁte;e:g/gcline 63.88 21.01 21.55 21.40 1.718 1.52 1.88 0.228 0.193 0.105
oyl Sl
Sargassum 65.69 21.80 21.37 21.24 1.45® 1.46 1.72 0.215 0.185 0.103
algae
t:;;x"';f 62.32 19.38 21.68 21.91 1.23% 1.70 1.78 0.233 0.190 0.085
0
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Table 5- The effect of experimental treatments on the ratio of intestinal length to live weight at the age of
42 days (cm/100 g of body weight)

o)los psikl Jsko ps35 Job P> Jobo
Treatments Length of ileum Length of jejunum Length of duodenum
o 3.70 3.47 143
Control
oSS 3.48 3.16 1.26
Oxytetracycline
Pl S 3.38 3.37 1.45
Sargassum algae
Jopd ) uSleyd

g1 4 141
Limax 1% 3 346
2o VA uSled

g7 . 1.
Limax 1.5% 3 363 35
SEM! 0.077 0.083 0.034
P-value 0.792 0.521 0.463

1 SEM: Standard Error of Mean
.))l.lit.»)] s wi)[m

Abd El-Hady et) sla Lis |y (o)l gxe glas LDL clale o
i Ly o] NS Sl (al., 2022; Dev et al., 2020
(oyels’ (o CBIE cloged Sl Ssnines OrlesSd
Iy 6yl smimo glis HDL Lol ols j2alS 1y &y ppndS 65 o LDL
El-Naga et al., Abdel-Wareth et al., 2019) slas L
S99 iy (clogad clb s .(2018; Omar et al., 2022,
lale s ssho Bl ol Gpman (s Slol 5 bl
EI-Naga et ) 455 & ulS (5,5 5 pb Jg 2l LDL HDL
[(al., 2018
039y p9335 bl (S o (iilejl sl e il
s ool 020l ¥ Jga 53 (S50, BV (s 13 (555 (sladns>
slyloss b Cov 1bsS sladege SasS 03g) peif 4ol
P 5 0P i S LS4y (P<-0) 85 )8 o]
9 VAFIYD e pan) doyd WD oV (uSled Sgm o gdaw 9
OASl 5 g1 a0l 13 533 (20 (2755 5 (509,50 Y VAV
Gm 6] Jols Slino o bl s osalin pguwlslu Suls 4

b oty e daw g p 05se 4 E)] Cund wn S Bes
855 )3 bayles

P S slaoialp :Sike p ialojl sl jles s

sl ol F Jgaz 3 (S5, ¥V (o 3 (135 oz (55
L o nod chpmalS 65 Jol (195 oy (s sladoxinl 3
P Josds 9 LDL (ol (JB b (ngn90) HDL Y S
el 8,55 1,5 ol glales b cov plaSa
AU e azme 5 (Si55 Jolse bawg o oy 2liasdon
ity 56 Sl e Jolge 51 (S STy 55 00 )8
(Dev et al., 2020) 3,5 JgyiulS 5 s Slus 5 Cgus
2 S 5 Ssmime jlosliiel 13 1) (Solite gols ) Kdngh
WS3)S )5 (GBS ey (9 pyw (S ladoxiul b
Ssle lroy 28 e clapinghy (ol p 455 yebay
S yde plie g9l (sloy o LDL jlide «Sgmipw JoSe
Clale (Sgmin plyisan (oolwlgSY g 8w lgige
o )15 b cov ]y 2855 gladase 8 ppw HDL 4 LDL
J—Se 1 odlaiwl ¢ o (Ashayerizadeh et al., 2009)
) sladzialp g )bine b Sisn Bl 5 (Sismgn
.(Jangjoo et al., 2021) slas Lis 2ieS sladsgs o5 poyuw
2 e Y yalS 55 g IS Jg plS ke 50> otmgy > L
S pie pdlde g i byl Sl> g9l o)
L duglie )> Sgmime lpedr poshlbsSY 5 )5 lssSlgige
ol Jb 5 oyl adly Ltldl HDL sl 5 tnlS 1als 05,8



YYV b gl Sl g 5o 9 Seigmacrmms (301 W51 ]y 502 5 (Slgd

(o 32 S i) o33 oo S Slacominl 3 51 By o oialof] slaless 3t =1 Jgu
Table 6- The effect of experimental treatments on some of blood serum lipid parameters (mg/dL)

b Lo L plS (65 Vb iy b g g Ol Al b (g 0000 pb Jo pds
Treatments Triglyceride  High density lipoprotein (HDL)  Low density lipoprotein (LDL)  Total cholesterol
el 46.25 50.25 21.00 103.75
Control
oSl S] . 52.25 50.25 21.75 109.57
Oxytetracycline
plSylo Sil>
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SEM! 4.07 2.35 1.21 5.54

P-value 0.699 0.511 0.097 0.805

1 SEM: Standard Error of Mean
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Table 7- The effect of experimental treatments on jejunum morphology
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Mean within the same row with different letters significantly (P<0.05).
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Introduction: Ascites syndrome, as a metabolic disorder, is one of the most non-infectious causes of death
in the old age of breeding in the poultry industry, which causes annual losses of over one hundred million dollars
and is an important economic concern. The growth rate of broiler and their high need for oxygen causes an
increase in pumping, followed by heart failure, and heart failure is often associated with other diseases. Due to
the relationship between the heart and the kidney, chronic heart failure leads to a decrease in filtered blood
volume and a decrease in kidney function, which over time causes permanent damage to the kidneys. Long non-
coding RNAs (IncRNAs) play crucial roles in various mechanisms related to cellular homeostasis and are
involved in a wide range of pathophysiological processes and the pathogenesis of many diseases, including
cardiovascular disorders, respiratory diseases, and kidney diseases. Preliminary studies in human samples show
that IncRNAs are strongly involved in the development and disease of the kidney. For this reason, INCRNAs
obtained from RNA-seq data of kidney tissue were investigated in relation to the occurrence of ascites.

Materials and Methods: Seven hundred one-day-old chicks from one of the paternal lines of a commercial
strain were kept under standard conditions until they were 21 days old. On the 21st day of the breeding period,
cold stress (24 degrees Celsius) began and continued until the age of 48 days. After applying cold stress, the
birds with ascites symptoms were grouped in the Ascites group and the rest in the Healthy group. On the 39th
day of the breeding period, 70 slaughtered birds and kidney tissue samples from each bird were immediately
transferred to the liquid nitrogen tank after separation. 16 ascites birds and 16 healthy birds were used for RNA
extraction. Total RNA extraction was done individually using trizol (YTzol) solution, and then an equal amount
of RNA from four tissue samples was combined and then cDNA was prepared from 4 ascites tissue samples and
4 healthy tissue samples. All small RNAs, such as rRNAs, tRNAs, etc., were removed by dt oligo beads, and
finally, all mMRNASs were used to prepare the library. Novagen company was used for sequencing using Illumine
hiseq 2500 technology and paired-end reads. Several software such as hisat2, cufflinks, stringtie, cuffmerge and
cuffdiff were used for mapping, aligning and analysis of gene expression differences. In order to extract coding
and non-coding genes, FEELnc software was used with default settings. Potential target genes of InNCRNAs were
investigated by searching for protein coding genes located within 100 kb upstream and downstream of each
IncRNA. In the following, a positive and negative correlation of 90% was obtained between two groups of
coding and non-coding genes based on the degree of expression change. In order to investigate the metabolic,
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structural and functional pathways of significant genes, the Enrichr database, which is connected with other
databases such as KEGG, was used.

Results and Discussion: In the current research, a total of eight samples produced 187640642 million paired
reads with a size of 150 nucleotides and after quality control, 185258819 uncontaminated reads were obtained.
The number of 1421 IncRNA transcripts related to 921 gene loci and 154 related target genes were identified in
the comparison between ascites and healthy birds. Then, this number of genes were identified (154 genes) in
order to check their functional characteristics using the Enrichr database, five functional pathways Glycine,
serine and  threonine  metabolism, Rapl signaling pathway, Sphingolipid  metabolism,
Phosphatidylinositolsignaling system, Mucin type O-glycan biosynthesis and related genes were significant. Out
of 13 significant INcRNAs in these biological pathways, 12 are located on the antisense direction and one is
located on the sense direction. In addition, 9 IncRNAs are exonic, 3 intronic and 1 in downstream position. These
pathways are activated as damage modifiers in hypoxic conditions caused by ascites and provide the required
energy and maintain kidney homeostasis in response to oxygen tension caused by ascites. On the other hand,
they act as cell survival, increase proliferation and anti-apoptosis, which on the one hand reduce kidney damage
and on the other hand make it function better, and in this way, reduce complications caused by ascites kidney
damage.

Conclusion: Therefore, by targeting the important pathways of biology obtained and the genes affecting
them for the prevention and treatment of ascites disease, it will provide a new insight for breeding.
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el g (Jolow Sl (aailejlw ) (ore (B 9 Bg-i
P 93 SHLSe (S [y WS o0 B Jsho (2 IS
2 o=l (3,5 pialS g (59 6ylnl Gl el
Sgg pic 45 ABd o sl Laodld g o (olewdly glis
L Syt slaals” 4 joxie S a3l wuiliiljo 4 p120ctn
PL20Ctn «ylpogdhe D9 o0 wsame (J5yeslS 5 (sllg) 3559890
P CS S5 5l Sl sl g ey o b sbel
(Marciano et al., 2011) cul L 3550 Jlo 59y sladls)

sLmoi 5,5 (LPAR?) (Suili g jliy ol (clnon 5,5
Sl pdial b oS titd G pSigy b ond s poliats]
iS5 3l (Sojeden (slaail b glyl b x,65 o Moo (LPA)
(Li et al., 2016) auS aba g |y 5las 5 wales o plon ¢ Jsho
S5l ol S oo 5 0l el (gla s 1 gk
bt Sy Ssiagl (23S 8 U L LPA
oy e liSlly (65l o)lme JUB gl s ghe (5)lore 5

5- Catenin Delta 1
6- Lysophosphatidic Acid Receptor 1

O Gl |y cawl (Lol Y 5l S (Nagano et al., 2019)
s WJs aalsdl 5 ool gilas] a5 51 8b ol el
g 5! u.._wT dl)b L;l_mdq? 9 3l s (ROS) O}‘fwfl JLas
P 9 G 5o 09 S Ei e ) (YL 5510
Nemati et al., ) 1ol o Liol33l ol 5 (wSoun Job ;5 ROS
Ui g WS ) gl (i S S gud puizmen (2017
9 4lS Cladl 4 ;o0 ROS > I i 0Jg5 51 (56 guslans]
DAO layy; ol Lils8l (Honda et al.,2019) 355 oo 9 b
oo G g S5 5l gl e el JBW, 3 PIPOX 4
Cledll 9 ROS il 8l conms 503 (59w 5l 9 (5551 0ol 955518
Pigad oo 4lS

CSF1 CDHL (sla i L olyon RAPL a5 JiSps ppuse
503 o ine 45 Cul (6,53 yewe LPAR2 3 CTNNDL
Lye slauiiyp odgls 5 S5 GTPase & (Rapl') Ras
U8 5 S iile Jsho (slod,Shos pye oS pulass (R@S
ol Jolo (slay g iS5 Cunlad o jalpo Y lasl 5 Saiius
S L oy ,Sin) dlawly b Joho (Siiame RAPL 25 JUSus
(Zhang et al., 2017) &5 o palas

i oyl S= gl S o s ) Y&).aablf—dl £DH1 ;
5 Pisdr90 alox 1 Suielil o (Sufelnd sloa]p ) oo
BaIZAC ) S (o L] wandlS 4y ity (Jghoo (St 9 035 2900
o] JLb ) el sl (o, et al., 2005
Ly opepmolS—el (Gao et al., 2018) a LS el ko js2 s3]
Shccwl oy o RAPL L Jolas jo 20 JUiSiw ] ppusno i
Copbd g (So,LSS 0 el s LS oy eolS= gl ol cund
Balzac et al., ) coul jopud g (BL cuwl pLn > JU !
oS-l gl o Ol ndi 095 e (55l (g)lre U
b e 4 S SeaSnl ol e yiiglg 1ol b el (Sone
o 3adl b lyo (el ise 48 55 o mals— el ol il
Uik gis sSlea L(Docherty et al., 2009) cél yil38l 48 b,
by 3l (86 (SLagyd hlew o e @lS= gl sl ol
(Ali etal., 2022) cdly i3l

Menke et al., ) oa_i Ly odsdeuwl (TEC) T 9,5 (L)

1- Ras-associated protein 1(Rap1)
2- E-cadherin

3- Colony Stimulating Factor 1
4- Tubular epithelial cell
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Ao JSii ) Jonjgul hasliwd (o JUSe—w e
JiKmw slasSge plow g (e laosins Jlil dagygeysn
Jgnjgl aslind (23S piw sodspS 4 wilyi e
glol g 1S S8 ]y sim Sloyply sl g 2gd Juate
el gl 5 isizg] el colodl alas 51 Jglo (slos Sla
oo ol 93 e sl (Zhang, 2021) wwS e ]S |,
ol Lilpsl 45 IMPA2 DGKA PLCD4 I i )le i
Slasls

03 b o Cosl o3l (DGK0) WIS Jg yuelS Jiosl 55
= lind Same 3w )3 oo GE g e (5,350 TDGKA
sl 40 (DGY) gyaalS Jool53 55,8l 5 o Js s
gl 3 DGKA oS el s )5 5yl (PA?) Kyaland
5 rpen 5 Ol pgagis ST A i (23S (il
e 0 Sl Jolpe plsisdy 45 olbailp aon Jslo
L glyy DGIPA coui 0S o &8 5 g o Slpudiny
2 9o w0l )3 w33l ol gy & Casl e Jolo jlusgen
13 et Ui DGK@ Lawgs 045 355 PA (Sl s (sla Jobus
oS Jls L DGKa .(Sakane et al., 2021) s,ls ;o] 51
(sRb (Flg )l Adu o0 dga |y (b (SLgyds PA (25 S
2 (PKC) € JLiS 8 ot 0 JLsb 51 3 (ONF)
o) L5 oS 53 g elS ol 3 15 Gl 8l s
63 Jide L2alS L1y PKC cylld DGK o4, o il 595 0
PHPKC ol e cled Wl o 5 425 il S puurlS oo
5958090 et L DOKL S’ (mnbo coalS pn Jo- b
S ) Camgds ool (8) Cuwd 5 xSole b g Camgdg
.(Hayashi et al., 2017) 5> y.a DN

Sos 45 1S o S |, (PLCS) WsCjlulgins PLCDA
Kunrath-) asly bLs,l )5 Jsks 51bed 5 555 (slaasy] b )5 coul
o=l e Jelw o glrons, S s’ oo (Lima et al., 2018
1, (PLAINS(4,5)P2") cliiud st ¥ i joial s asilid oo 5l
Slid 655 VD Jgjoul Jsho (905 Jpaze 93 9 Jdg)an
5 (Ca%") el 4l puoly bl 2133 s &S (INSP3Y)
C 5L (B 018 Jlsb lsieacs (DG) JgymnlS Jiwlisd
«Is" (Rebecchi and Pentyala, 2000) 1S 0 +Js5 (PKC)

3- Diacylglycerol Kinase Alpha

4- Diacylglycerol

5- Phosphatidic acid

6- Diabetic nephropathy

7- Phosphatidylinositol 4,5-bisphosphate
8- Inositol 1,4,5-trisphosphate

2K g 38 o O ] S 4 1) el sla ol
» olywss (Zhang et al., 2017) S o 5,06 1) K9 by
Cs ol 1y Sl (sl e LPARZ (il Jlsb 5 ol
(Reddy et al., 2021) 55 o 59 yud o 9 S50 015,5 pl
5 esly o (ogatas Lagl clacJplio 5 o doSia
iS5 0 b 518y s g 23S 3 9k
slodely lsican Joe L oladl 4 Jsho slagesly 5 2l

Liol (uled (Shoyds 9 o9l OYMBT Sy 5 3593k )3 (core
Solon 0 4S5 ol ye jI (S (Yokota et al., 2021) &S o
05 9 M oXih ol pand oo ans; pane ool 0ld I3 me Cnnol
ol Uil a8 el o] U L, CERS5 3 GBA2 (sLa
Slasly
Liol jongl g jaled e Joho 2y (Joho )18y @alals )3 (oae (185
C16-ceramide jiw p» o HUlg Jusan CERS5 aiS o
g e A8 )S 135 )3 nhe Sstalay el o lyisar Gl
P Bax us Jlsd gy pre S e S§ Aol ps dE NOVO i
CERS5 (Lus sl o 30m0 3l 58T b g oS st Lasly
Ol g a8l (oljl saome (Gl (ifanSTL g (S g Jlida 5
; Levy Jin et al., 2008) 1_il nreo g o0 jone] 4y &5
.(and Futerman, 2010

- L3S lS o5 25 o 35 1, ¥ iS5ty 3 GBAZ 5
ol puo 2595 9IS S oo o el 9 9IS 4 g 4o |y el
1348 ol (GSL) (i5)LS 51 dupedsSiiuslgSlS K, (GleCer)
s 3gs S5l gl 53, 5 sl (sl (gasdlysizw g
(> Sl 4 M len 3 el )5S ol ulS zolaw
2 9 orgsknd Al ol poinn )5 (St (IS (5 lon
oaalS a4 e GBA2 by b o il s 5 Sloe ials
Crllab o g o ol gl (1A 5 el s 2555 518
-0 Ol g il Mol ol 008 s Jolgs I S GBA2
sy b jeugl e & ¢l cul (Koo GBA2 oS aad
P 03S Ghyaaliyy Spe oMSENN S plgisdr & dalyu Ay
(Yokota et al., 2021) wib Lo ye sl Jsho

To—ogt 45 Cunl (badned dgane 5 (S0 Joijgnl fraslans
A o Jras 3asite 03 S sl S350 Sl lsies
Poe Jolge Ca?" LaPLCY G554, (Balla et al., 2009)

1- Glucosylceramidase Beta 2
2- Phosphoinositide-specific phospholipase C
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Sl 5 () yame =2 5o (Stotter et al., 2020) >o-5 o
iloads Hlo sxe GCNT44 C1GALTICL
CIGALTL (5 5l mice ol yamsl 5 398 YE =Y Lo o 3]
3 9058 o jiw |y U5 -0 o) wn Jli3be a8 ol oo 3l
03 Jo—aze COSMC 4, 595 cled ¢l CIGALTL (Jbspe
(525U Gl ol Jsse g olsicas CLGALTICL
S (Suzuki et al., 2022) 51> jls 555 JolS culed 5 (g,l00
Dy oo alS Oladl g plaiels by celb CIGALTICT &yl
Jdvass sLusl sLesl COSMC-knockout La )l p3 487 ola ysge
200 s 1y (gaudS 2 Sloe M da IS0 o) diwn ials
sla LS C2GnT3 (GCNT4) .(Suzuki et al., 2022)
(Wandall et al., 2021) s_S' o Jods Yaiuwd 4 |y Vaiun

Sy 4 Sl S b (PT7) Jler 551 slodly) (slaglo
oSl (odaxt0 (gla g eSS (gol> &S siiwa (BBMY) aile
J-5ee 595 olow 55 Gl g WS 0 S8 (gilingan Lo 4,
aS Jog0 BBM 13 59390 (oo ISI5-0 ((gladdllas > .50 0
@l e85 558 s g 455 3)90 0392 (55l 6ilew >
S yeime gylon 3)Slas M) 4 PT cYMs] o ol o )lis
—0 5= Ne (195958 ladSos 1 (gl 9 485 g0 S8
- S5-0 (YU et al., 2021) cuwl 015 0303 Camd ba ] SIS
H9l5 Ol 5 Cogpsy SISS 8o (S S, i 3 Lo
Jdov g 435 U J(Ravida et al., 2015) 5l phe jlows i
O Cowd 3l &S sl oud astiie Jgp0slS el ilid s (gl3n]
Slagbge o9 et sl i 4 xie bS5 -0
JolS—ulgdypogls 9 3559 (6)5gn WS —O 2908 4l
0S8 bl ol md o Ll ) cdy i b Cojuay
Amd oo Gl JgpealS liwgen 3 1) Lagluls -0 5l s
L @llges as conl odds asuie iz (SONQ et al. 2017)
oyo5I5 39,15l (5510051 Jlars COSMC-NUIl (slocsgosy
STOtter ) daus o (w355 S po ds yoio & Lo o alS byl g
J(etal., 2020
Lo slw dgAL 6a x5 <l Jsbo > CIGALTICL
Kiryluk et al.,) 54 oo oylo baayy glaals ¢ 4163 o&iws ¢ Sss
L COSMC olyan 45 )5yl 5Ly 55 YE Yo Ly (2017
(Li et al., 2007) 15,l5 IGAL Jy g 0mM 3558 5 ote
Silben ol o Shy 5l (S (GA-1gAL) jpsYE 136 TIgA
Copsigly oslS JS Sl o cul (NHIGA) 1GA g i

5- Molecular chaperone
6- Proximal tubule
7- Brush border membrane

Chyin Job 55 ol 5 3 CaZ jliwgen bis gly oge plul
Jsbo glaclé > oS (285 Ca¥ Sl (s5ulS” )lowy
sls u.._wT K ‘59,,\5 dl.aad)Lo.,g. ‘5)««3.). ceely Ca? )’l:w,@
5 S5lS oSl ol (CKD) &5 50 (6 )lows (AKI) alS
e Jlogjgil St (s 48 (sl (I/R) a0 Sy b
gaw (Il 9 e (b (ShgyBiasl 5 Cumgds (ADPKD)
S ol a5 S s | Sgnal cul (Sae C Jgjgti
gl St a5 g ER a5 ceb ER Ca?t b jliasl a8 SaS
d9bi s (JgpealS JbFlie sladsho )3 Souel 4 e 9 295
(Ning et al., 2021) &S o S CKD i piy & oS

Job 31, TV 3blidgige Syt sgibgen w3l AMPA2Y (5
Ohnishi ) 1S o o 48 Jbs sdomy codly) pods ol (slo
== gan 4 Cl oo 3l ¥ 5Blandgige Jgijoulome (et L., 2007
g o3l g igulse 9 A5 oo alijhuds |) Clindgige Joijoil
ok s, Slae )3 ol joue oyl (Linetal., 2019) &S’ o
- slind (olid ddgand Sl S5 jginkoee 1) ol oo
-9 @l 5| S L(Arai et al., 2007) cewl(P1V) Jg= ;0]
a8 Cowl (INSP3) wlawd (65 VKD Jo o0l ¢ Jsbo 13 o 50
9o SoS b culys 50 g 0ud lawdgio Job el 45 o INSP3
Ohnishi ) wg-5 oo Jgjghsee & i Viblhudgige Joujsisl
ol 9,0 pL3d 51Ca% gjludli] cel INSP3 (et al., 2013
oly % o ,( Linet al.,, 2019; Ohnishi et al., 2007) o
S ysboyLan (Ablimit et al., 2022) 345 oo pael jlisgan 5
ol b b g aiiS Jld 1) jaue] aiiles o CaZ (slaiygs b o)Ll
o Jojglsse 4 INSP3 o o ¥ Llawdgise Joujsik-ose
Slllls 351 330 Jsbo 5o oo 3 Jobo (399 el inlS
L 5 INSP3 zood cely cuwl San IMPAZ Lo o5 Sidly L
Ning et ) 39 oo jo00) Wl cel & 295 gt jonkgro inlS
(al., 2021

Sl doz 3 5l g S S B9 Qg joSl5—0
ol mulas o o IKI5-0 L (Bergstrom and Xia, 2013)
(s (23U 500] Sty dlox 5 (Sl o] 3
2 MBS as el sas ool Lis L(Wandall et al., 2021)

a8 5 Slae 3 ST el T pmnge 5 b badpe (ymedlejoSIS

1- Inositol Monophosphatase 2

2- Myo-inositol Monophosphatase 2
3- Phosphatidylinositol

4- Mucin type O-glycan biosynthesis
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Introduction: Genetic architecture of sheep reproduction is increasingly gaining scientific interest due to the
major impact on sheep production systems. The number of lambs per lambing is one of the m
ost important reproductive traits in sheep. Many studies have reported that genetic mechanisms play an
important role in the variation of litter size in sheep. Reproductive traits normally show low heritability and
therefore response to conventional selection methods is not satisfactory for these traits. Considering the genetic
information of the genetic variants underlying reproduction variability could efficiently increase the selection
efficacy. Genome-wide association studies (GWAS) have been used to identify associations between genotypes
and phenotypes as well as candidate genes for reproductive economically important traits. Statistical power in
GWAS is mostly affected by sample size. The low sample size is hence a main obstacle in GWAS. Combining
multiple data sets of different studies for joint (mega) GWAS provides an opportunity to increase the sample size
required for GWAS. This study was performed to identify genomic regions affecting litter size in different sheep
breeds using the mega-analysis of GWAS.

Materials and Methods: Multi-population joint GWAS was performed using genotypic and phenotypic data
of three sheep breeds including native Zandi and two breed retrieved from the database. Quality control was
performed using the Plink software. The markers or individuals were removed from the further study based on
the following criteria: (1) unknown chromosomal or physical location, call rate <0.90, missing genotype
frequency >0.05, minor allele frequency (MAF) < 0.05, and a P value for Hardy—Weinberg equilibrium test less
than 10°6. Before analysis, imputation of missing genotypes for combined data set was implemented by LD-kNNi
method. Mega-analysis was performed using a mixed linear model in TASSEL software considering kinship and
population structure (top five components of principal component analysis (PCA)) as confounding effects. The
quantile—quantile (Q—Q) plot was visualized by plotting the distribution of obtained vs. expected log10 (P-value).
The association results along the genome and the significant SNPs were visualized in the Manhattan plot. To
account for multiple test problem and identify the genome-wide significance level, Bonferroni test was used
based on the number of independent SNPs obtained from pairwise linkage disequilibrium analysis. After GWAS
analysis, the 500 bp sequence upstream and downstream of the significant SNP was explored to identify the
adjacent candidate genes using ARS-UI_Ramb_v2.0 (Genome Data Viewer).

Results and Discussion: In the present study, we implemented a mega GWAS using three different sheep
breed data to identify the genetic mechanisms responsible for litter size in sheep. After quality control, 671
animals and 45167 SNP markers were kept for further analysis. The results of the mega-analysis identified nine
marker on chromosome on chromosomes 1 (two SNP), 2, 3 (two SNP), 10, 13 (two SNP), and 22. The quantile—
quantile plot that features the total distribution of the observed P-values (—log10 P-values) of quality passed
SNPs vs. the expected values, showed the effective control for confounding effects. Many of the significant
SNPs identified in this study were located in or very adjacent to known genes (DLG1, CLSTN2, INHBE, TCFL5,
and RBP4) that have been already reported for their contribution to fertility and pregnancy success. It has been
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International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
Er any medium or format, as long as you give appropriate credit to the original author(s) and the source.
http://doi.org/10.22067/ijasr.2023.83596.1164


https://ijasr.um.ac.ir/
https://orcid.org/0000-0001-7333-2098
mailto:H-mohammadi37@araku.ac.ir
http://doi.org/10.22067/ijasr.2023.83596.1164
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://doi.org/10.22067/ijasr.2023.83596.1164

VFY Lol ¥ ooyleds NF ol oyl (0ls pole gltun gl 4y pis YO«

reported that the RBP4 gene is expressed during the period of fast elongation of the pig blastocyst which is a
crucial period for the survival of the embryos. Also, it has been suggested that CLSTN2 has the main
contribution in uterine and conceptus physiology during the establishment of pregnancy and therefore can be
considered as a candidate gene for litter size. INHBE has an essential function during ovulation and pregnancy
through extracellular matrix (ECM) components degradation and therefore enabling cell migration and
angiogenesis.

Conclusion: Comparison of the results of this study with previous reports showed that the mega-analysis of
GWAS, compared to the meta-analysis already reported for GWAS results, had comparable power in identifying
genomic regions influencing litter size in sheep but identified fewer genomic regions than individual GWAS for
each breed. No previously reported major genes controlling litter size in sheep were identified using our mega
GWAS. The results of our research are suggested for further investigations in identifying causal genetic variants
or genomic regions underlying the litter size variation in sheep and can be used to understand the genetic
mechanism controlling this trait.

Keywords: Association analysis, Genomic region, Genetic Marker, Improving fertility, Mega-Analysis.
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Table 1- Description of the quality control steps in different studied breeds at the level of individuals
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Table 2- Summary of quality control steps for SNP markers used for GWAS analysis
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Figure 1- Q-Q plot of mega GWAS results for assessing quality of results
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Figure 2- Manhattan plot of mega GWAS results obtained from linear mixed model to identify genomic regions associated with

prolificacy in sheep with genome-wide significance level
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Introduction: Numerous studies have been conducted to compare the productivity of different silkworm
hybrids in Iran, primarily based on the evaluation of cocoon traits such as cocoon weight, cocoon shell weight,
cocoon shell percentage, and pupation rate. In the present study, aiming to obtain information on the quality
characteristics of silk thread in Iranian silkworm hybrids, 80 Iranian silkworm hybrids were examined for their
silk thread characteristics.

Materials and Methods: 72 of the new silkworm hybrids in addition to 8 current commercial hybrids were
evaluated for the six silk thread characteristics including yarn size (YS), yarn length (YL), yarn tensile strength
(YTS), elongation percentage (EP), yarn weight (YW) and raw silk percentage (RSP) based on dry weight. 200
good cocoons from each hybrid were sampled at the Iran Silk Research Center and sent to the Fiber Physics
Laboratory of the University of Guilan. After re-evaluating the individual cocoons based on form and size of
them, 3 repetitions of 21 cocoons (based on the capacity of the spinning machine) were spun and dried.
According to reciprocal crosses in this research, the data were analyzed using a completely randomized design
(CRD) with two sources of variation (40 hybrids and two types of crosses) by the GLM procedure of SAS
software version 4.9.

Results and Discussion: Mean comparison of the studied traits based on the combined reciprocal data (40
hybrids) showed that the highest average of the FS trait (73.3 deniers) was for the hybrid IRA3xIRAL0 and the
lowest average (58.2 deniers) for the commercial hybrid 153 x154. The highest YL trait (771.4 m) was for
hybrid IRAS5XIRA8 and the lowest (441.18 m) for the commercial hybrid IRA2xIRA3. The highest average of
the YTS (3.47 g/denier) was for commercial hybrid 104x103 and the lowest average (2.9 g/denier) was for
hybrid IRA2xIRA3. The highest average for the EP trait (17.6%) was reported for the commercial hybrid
154x151 and the lowest average (12.83) was related to the hybrid IRA2xIRA3. The highest average for YW
(5.59 grams) belonged to the IRA5xIRA8 hybrid and the lowest average (3.34 grams) belonged to the
IRA2xIRA3 hybrid. Also, for the RSP trait (the most critical trait of silk characteristics), The IRA5xIRA8
hybrid had the highest average (41.4%) and the IRA2xXIRA3 hybrid had the lowest average (25.86%).
IRA5xIRAS8 hybrid had superior performance than all commercial hybrids. The RSP of the IRA8xIRA9 hybrid
was 39.47%, which was superior to the three commercial hybrids. The hybrids that were excellent in at least
three of the six characteristics were: all commercial hybrids and three new hybrids including IRA5XIRAS,
IRA11xIRA12 and IRA8xIRA9. Analysis of the variance of the traits showed that the reciprocal-cross effect

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
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was not significant for the YS and YTS traits (P>0.05). Despite the close competition of new hybrids with
current commercial hybrids, many characteristics of commercial hybrids were significantly higher than new
hybrids. However, the new hybrids including IRA2xIRA9, IRA2xIRA1l, IRA3xIRA4, and IRA4XIRALL,
which have shown superiority in terms of cocoon traits, also performed favorably in terms of all yarn
characteristics. However, two hybrids were among the superior hybrids in terms of cocoon production and
cocoon traits, but the results of the present research showed that they are not superior in terms of yarn
characteristics and raw silk yield and productivity, including IRA2xIRA3 and IRA4xIRA7. The IRA2xIRA3
hybrid has an unfavorable performance in terms of weight, strength, and raw silk percentage and cannot provide
the interests of silk spinners.

Conclusion: In the final selection of new hybrids based on the performance of both cocoons and silk thread,
it is necessary to pay attention to the strength and weakness of the silk yarn obtained from the cocoons of each
hybrid. But it will not be the case that hybrids with better cocoon performance are necessarily among the best in
terms of all silk yarn traits or even some of them. For example, hybrids IRA2xIRA9, IRA2xIRA1L,
IRA3xIRA4, and IRA4xIRA11 had better cocoon performance, but they had a middle performance for yarn
characteristics. In other words, if they are not among the weaker group, they can be considered. Generally, it is
necessary to decide about new hybrids after rearing them in rural conditions and evaluating the produced
cocoons and yarns.

Keywords: Raw silk percentage, Yarn length, Superior silkworm hybrid, Tensile strength test,Yarn size
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Table 1- Names of Iranian silkworm hybrids in the present study

ez s le Wlg L asel

Hybrid with Chinese maternal parent

ws2li gyole Wlg b aiseo {
Hybrid with Japanese maternal parent

1 IRA2xIRA1
2 IRA4xIRAL
3 IRAG6XIRAL
4 IRA8xIRA1
5 IRA10xIRAL
6 IRA12xIRAL
7 IRA2xIRA3
8 IRA4xIRA3
9 IRA6XIRA3
10 IRA8xIRA3
11 IRA10xIRA3
12 IRA12xIRA3
13 IRA2xIRA5
14 IRA4xIRAS
15 IRA6XIRAS
16 IRA8xIRAS
17 IRA10xIRAS
18 IRA12xIRA5
19 IRA2xIRA7
20 IRA4XIRAT7
21 IRAGXIRA7
22 IRA8XIRA7
23 IRAL10xIRA7
24 IRA12xIRA7
25 IRA2xIRA9
26 IRA4xIRA9
27 IRA6XIRA9
28 IRA8XIRA9
29 IRA10xIRA9
30 IRA12xIRA9
31 IRA2xIRA11
32 IRA4xIRALL
33 IRA6XIRALL
34 IRA8xIRA11
35 IRA10xIRA11
36 IRA12xIRA11
37 154x151
38 154x153
39 104x103
40 32x31

IRA1XIRA2
IRALXIRA4
IRALXIRAG
IRA1xIRA8
IRA1XIRA10
IRA1XIRA12
IRA3XIRA2
IRA3XIRA4
IRA3XIRA6
IRA3xIRA8
IRA3XIRA10
IRA3%XIRA12
IRAS5XIRA2
IRASXIRA4
IRASXIRA6
IRA5xIRA8
IRASXIRA10
IRA5XIRA12
IRA7XIRA2
IRA7XIRA4
IRA7XIRAG
IRA7xIRA8
IRA7XIRA10
IRA7XIRA12
IRA9XIRA2
IRA9XIRA4
IRA9XIRA6
IRA9XIRA8
IRA9%IRA10
IRA9%XIRA12
IRA11xIRA2
IRAL1XIRA4
IRAL11XIRAG
IRA11xIRA8
IRA11xIRA10
IRA11xIRA12
151x154
153x154
103x104
31x32
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2- Yarn Size
3- Denier
4- Yarn Length
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1- Reciprocal effect
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1- Yarn Tensile Strength
2- Elongation Percentage
3- Yarn Weight

4- Raw Silk Percentage
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Table 2- Analysis of variance for the silk yarn characters in the studied silkworm hybrids

é; :{f’; ol

i 33l o

clao () & kb () & Jsb (5s5) (o) () & wis (2213) (233 22>
. % ) 0,
Traits YS (d) YL (m) YTS (g/d) EP (%) YW (g) RSP (%)
ul oo . 4?)3
S g’-”vc”" & F P F P F P F P F P F P
T d.f
:ii;focal 1 2.52 0.1146 510 0.0252 0.06 0.8132 442 00370 7.13 0.0083 6.93 0.0093
(53 g9) aaseel
Hybrids 78 11.25 <0.0001 8.18 <0.0001 4.07 <0.0001 3.37 <0.0001 5.89 <0.0001 5.77 <0.0001
(reciprocal)
El\"f()o;;’” 3.63 9.87 4.89 6.78 9.92 9.89
0
;’;" s 0.84 0.80 0.66 0.62 0.74 0.74

FS: Yarn Size, FL: Yarn Length, FTS: Yarn Tensile Strength, EP: Elongation Percentage, YW: Yarn Weight, RSP: Raw Silk
Percentage
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Table 3- Mean comparison of the silk yarn characters based on an average of the reciprocal data

_ LS plSol L
s () & i () & s ( N o e I o L e e
Hybrids YS (d) YL (m) e ’ YW (g) RSP (%)
YTS (g/d) EP (%)
1 IRALXIRAZ  71.550 ABC 505.73 UK 3.1367 ABCDEF 14.6100 °%F  4.0033 COFF 29,135 Fr6
2 IRALXIRA4 61.650 'K 64313 ABCDEFGH 3 7G5() ABCDEF 143467 BC0E 44517 coee - 34210
3 IRAIXIRAB 57050 563.80 FGHIKL 3.3950 ABC 15.1167 BOPE  4,1950 BCDEF 33 148 BCDEFG
4 IRAIXIRA8  65.700 DEFGHI 11 5] CDEFGHI 3.1050 BCDEF 142100 8c0e 44433 8c0er 34180
5 IRAILXIRAL0 7245048 519.10 HIKL 3.2567 ABCDEF 14.7533 BCDE 41583 BCDEF 32 75 CDEFG
6 IRALXIRAL2 68.400ABCDEFG 579 G5 EFGHIK 33367 ABCDE  15(0833BCDE 44067 BcoEF 53647
7 IRA2xIRA3  67.050 ABCDEFG 44118 2.975 FF 13.4683 € 3.4600 F 25.860 ©
8  IRA2xIRA5  71.1004BCD 52355 GHIKL 3.3417 ABCD 16.3433 A8 4.1233 BCOEF 31 9g() CDEFG
67.050 33.880
9 IRA2xIRAT o 563.36 FGHIKL 3.1617 ABCDEF 15.2450 BPE 42033 BCOEF 33569
10 IRA2xIRA9  68.580ABCDEFG 579 g7 EFGHIK 3.1483 ABCDEF 15,8717 ABCD 44967 BCOEF 32 643 CDEFG
11  IRA2xIRALl  66.150 CPEFGHI  5gg 05 FGHIKL 3.2300 ABCDEF 157150 ABCDE 41717 BCDEF 31 3gp DEFG
12 IRA3xIRA4 72.900 A 523.99 GHIKL 3.2400 ABCDEF 158217 ABCD 4 245( BCDEF 31 368 DEFG
13 IRA3xIRA6  69.300 ABCDEFG 558 57 FGHIKL 3.3567 ABCD 14.8200 BPE 42883 BCDEF 33 5 BCDEFG
14 IRA3XIRA8  T7155048C 4316 ABCDEFGH 3.1033 BCDEF 14.6983BCCE 51000 A8 36,772 ABCDE
15  IRA3xIRAL0 73.350 A 461.29 < 3.1450 ABCDEF 158333 ABCD 37633 EF 28.737 F6
16 IRA3XIRA12  70.200ABCDE 5,67 ABCDEFGH 3.1117 BCDEF 13.9200CPE 5086748 37.583 ABCD




VPe¥ Lol ¥ ooyloids I8 ol oyl (0l0 pole slipoly 4 pii YA

17 IRA4XIRA5S 61650 655,82 ABCDEF 3,0733 COEF 13685006 4.4g33Bc0er 34428
18 IRA4xIRA7 65700 EFCHU 4398 ABCDEFGH 2.9983 DEF 14.23678c0e 45800 3/ 605 Ascoer
19 IRA4XIRA9 64350 FCHU 17,51 BCDEFGHU 2.9350 F 15,4717 ABCDE 4 4183 BCDEF 3 718 CDEFG
20 IRA4xIRALL 7245048  5g552DEFGHIK  394g3ABcDEF  jgggggasc  ATLLT a3 pggmcoers
21 IRASXIRA6  66.150 CDEFGHIl 590 g4 DEFGHIK 3667 ABCDEF 140050 BCOE  4,3317 BCDEF 35243 ABCDEF
22 IRASXIRA8 62550 HIK 771.39 A 3.3783 ABC 143850 BCOE 55000 A 41.445 A
23 IRASXIRAL0  69.300 ABCDEFG  5gg6Q FGHIKL 3,0450 COEF 14,1500 BCoE 43733 Bc0er 34543
24 IRASXIRAL2  67.050 BCDEFGH  g52,67 ABCDEFGH 3 295Q ABCDEF 140583 BCDE  4,183ABC 3,765 ABCDE
25 IRAGXIRA7 57050 550.23 FGHIKL 32333 ABCDEF 143100 BCDE 4,550 BCDEF 33 953 BCDEFG
26 IRAGXIRA9 69750 ABCDEF 491,81 K 31867 ABCDEF 1309200 CPE  38133DEF 31317 DEFG
27 IRAGXIRALL  70.650ABCD 5978 GHUKL 3.3800 AEC 14,6400 BC0E  414g3 Bcoer 34390
28 IRA7XIRA8 65700 EFern 63954 3.0467 COEF 148983 6coe 46583 34097
20 IRATXIRAL0 65700 DEFGHI  5gg7QDEFGHI 31467 ABCDEF 15150 BCDE  43pggBover S50
30 IRA7xIRAL2  71100ABCD 60,04 DEFGHY 33217ABCOE 149867 BCDE 48033 ABCD 37,330 ABCD
31 IRASXIRA9  63900CH! 70824 ABCDE 32750 ABCDEF  [45117BCDE 5041748 39470 AEC
32 IRABXIRALL  70.200ABCDE 59729 DEFGHIK 32000 ABCDEF  14pgi7ecoe 48633 o5 500 ancoer
33 IRAOXIRALO  70.200ABCDE 27,6 BCOEFGHI 32300 ABCDEF 149367 ECDE  4g933ABC 37,902 ABCD
34 IRAOXIRAL2  69.300 ABCDEFG 1449 CDEFGHI 3.3583 ABCD 140083c0e 47350 o gng ancoE
35 IRALOXIRALL 69750 ABCDEF 56408 FGHUKL 32183 ABCDEF 143267 BCDE 43333 BCDEF 33 447 BCDEFG
36 IRALIXIRAL2  71550A8C  §37,05 BCOEFGH 3.3950 ABC 144800 BCOE 505178 37818 ABCD
37 151154 61.800 1K 716.78 ABCD 3.4033 ABC 176150~ 49367 A8C  37.615ABCD
38 153154 58.200 750.29 A8 3.4450 A8 15.7700 ABCOE 48167 ABCD 40,658 AB
39 31x32 62.100 1K 746.48 AEC 3.3867 AEC 153000 ABCOE 51450 AB  37.763 AECD
40 103x104 61.200 685,32 ABCDEF 3.4750 A 155767 Aecoe 46467 38.467 ABCD
ok 67.54 602.48 3.228 14.855 4501 34.589
Mean
o Sk o il gl

1.001 24.279 0.064 0.412 0.182 1.398
SEM
Ssire sl
e <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

D)5 RS b 4y sine Sl (g o 50 Ao By b (sl (:S0Le

Means with the same letter in each column are not significantly different.

FS: Yarn Size, FL: Yarn Length, FTS: Yarn Tensile Strength, EP: Elongation Percentage, YW: Yarn Weight, RSP: Raw Silk
Percentage
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Table 4- The numbers and value (in parenthesis) of 10 superior silkworm hybrids and 10 inferior silkworm hybrids for the examined

traits”
45y (e Gap I ) stans (oS os (o) ha e
Rank  YS() YL (m) W) EP (%) YW (g) RSP (%)
1 15(73.35) 22(771.39) 40(3.47) 37(17.61) 22(5.590)  22(41.445)
2 12(72.90)  38(750.29) 38(3.44) 8(16.34) 39(5.145)  38(40.658)
3 5(72.45)  39(746.48) 37(3.40) 20( 16.00) 14(5.100)  31(39.470)
4 20(72.45) 37(716.78) 3(3.39) 10(15.87) 16(5.087)  40( 38.467)
5 1(71.55)  31(708.24) 36(3.39) 15(15.83) 36(5.052)  33(37.902)
6  14(7155) 40(685.32) 39(3.39) 12(15.82) 31(5.042)  36(37.718)
7 36(7155) 17(655.82) 27(3.39) 38(15.77) 37(4.937)  39(37.763)
8 8(71.1)  24(652.67) 22(3.38) 11(15.71) 24(4.918)  37(37.615)
9 30(71.1) 16(652.67) 34(3.36) 40(15.58) 33(4.893)  16(37.583)
10 27(70.65) 18(643.98) 13(3.36) 19(15.47) 38(4.817)  30(37.330)
31 29(65.7)  25(559.23) 1(3.14) 18( 14.23) 3(4195)  19(32.718)
32 19(64.35) 13(558.57) 16(3.12) 4(14.21) 11(4.172) 5(34.180)
33 31(63.9) 27(529.78) 4(3.10) 23(14.15) 5(4.158)  10(32.643)
34 22(6255) 12(523.99) 14(3.10) 21(14.09) 25(4.155) 8(31.980)
35 39(62.1)  8(523.55) 17(3.07) 24(14.06) 27(4.148)  11(31.382)
36 37(61.8)  5(519.10) 28( 3.05) 34(14.01) 8(4.123)  12(31.368)
37 2(61.65)  1(505.73) 23(3.04) 16(13.92) 1(4.003)  26(31.317)
38 17(61.65) 26(491.81) 18(3.00) 26(13.92) 26(3.813) 1(29.135)
39 40(612)  15(461.29) 7(2.97) 17(13.65) 15(3.763)  15(28.737)
40  38(582)  7(441.18) 19(2.93) 7(13.47) 7(3.460) 7(25.860)

FS: Yarn Size, FL: Yarn Length, FTS: Yarn Tensile Strength, FEP: Elongation Percentage, YW: Yarn Weight, RSP: Raw Silk

Percentage
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Table 5- Mean comparison of the silk yarn characters in new and commercial Iranian silkworm hybrids

sl (o) @ kb (o) & Jsb (wdlp)S) ot plocial  (a03) Jsbo objlacys (p)5) & 0y (301) (23 2o
Hybrids YS (d) YL (m) YTS (g/d) EP (%) YW (9) RSP (%)
e St 68.320~  588.82° 32078 14738 4.461° 34178
New hybrid
() ol ren  gogone 724724 3.427A 16.08 A 4.886 A 38.62A
Commercial (old) hybrid
e 67.57 602.40 3.229 14.87 4.504 34.61
Mean
o onSbie 3)lslinl sl 0.33 7.04 0.014 0.087 0.046 0.355
SEM
. .4
Ls)llju; »e e <0.0001  <0.0001 <0.0001 <0.0001 <0.0062 <0.0001
valu

FS: Yarn Size, FL: Yarn Length, FTS: Yarn Tensile Strength, FEP: Yarn Elongation Percentage, YW: Yarn Weight, RSP: Raw Silk

Percentage
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Hybrid

IRA3*IRA10
IRA3*IRA4
IRA4*IRA11
IRAT1*IRA10
IRA11*IRA12
IRA3*IRA8
IRA1*IRA2
IRA7*IRA12
IRA2*IRAS
IRA6*IRA11
IRA9*IRA10
IRA8*IRA11
IRA3*IRA12
IRA10*IRA11
IRAG*IRA9
IRA9*IRA12
IRAS*IRA10
IRA3*IRA6
IRA2*IRA9
IRAT*IRA12
IRAS*IRA12
IRAG* IRA7
IRA2*IRA7
IRA2*IRA3
IRA1*IRA6
IRA5*IRA6
IRA2¥IRA11
IRA7*IRA10
IRA7*IRA8
IRA4* IRA7
IRA1*IRA8
IRA4*IRA9
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Figure 1- Sorted averages of YS in the 40 studied hybrids
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Figure 2- Sorted averages of YL in the 40 studied hybrids
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Figure 4- Sorted averages of EP trait in the 40 studied hybrids
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Figure 5- Sorted averages of YW in the 40 studied hybrids
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Figure 6- Sorted averages of RSP in the 40 studied hybrids
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Introduction: Sheep are the main source of wool and its fiber characteristics, such as diameter, length, and
color, which are determined by genetics and environmental factors, are key features in the economic value of
sheep wool. In sheep, white wool has the highest economic value due to its dyeability. Therefore, identifying the
mechanisms responsible for coat color determination is very important from an economic perspective.In general,
the coat color is determined based on the amounts and types of melanin produced and released by the
melanocytes in the skin tissue (Ito et al., 2000). The genetic basis and genes involved in coat color are well
understood in rodents, although many of these genes are incorporated in coat color regulation in other species;
including Sheep also have a common role. In Iran, the Lori Bakhtiari sheep is one of the most important breeds
of sheep in terms of the use of its wool in the textile and carpet industries. In his breed, the dominant coat of the
wool is white, although sometimes a percentage of dark brown and pale brown is also observed (Saadat Nouri,
M. & Siah Mansour, 1368). However, in this breed, some animals have black spots on their coat, which leads to
a decrease in wool guality. Since MC1R, ASIP, KLF4 and MITF genes play an important role in controlling and
determining coat color in mammals, the purpose of this study was to investigate the expression of these genes in
two phenotypes of white and black spots in the skin tissue of Lori Bakhtiari sheep.

Materials and Methods: Skin samples were obtained from both white and dark parts of 14 white-coated
sheep with black spots and total RNA was extracted. The quality and quantity of extracted RNAs were evaluated
by agarose gel electrophoresis and spectrophotometer. Extracted RNA samples were exposed to DNasel enzyme
digestion to remove the possible contamination of genomic DNA. Also, the quality of synthesized cDNA was
evaluated using 1% agarose gel. In this research, in order to amplify a fragment of the studied genes, using the
mRNA sequence of these genes in the GenBank database, appropriate primers were designed by Primer3plus
software. To evaluate the relative expression of the target genes, B-actin and GAPDH genes were used as
reference genes to normalize the data. Finally, BestKeeper and REST 2009 V2.0.13 software were used for the
analysis of gene expression data.

Results and Discussion: Based on the descriptive results of Ct values, MC1R and MITF genes revealed
minimum and maximum expression stability among the target genes in skin samples with standard deviations of
1.34 and 3.62, respectively. In addition, the reference genes (B-actin and GAPDH) showed the highest stability
among all the studied genes. No significant differences were observed in mMRNA levels of MC1R, ASIP, KLF4,
and MITF genes in the spotted skin tissue compared to the white part of the skin (p>0.05). However, the
expression of the ASIP gene was more than 2 times in the spotted part compared to the white skin, but this
difference was not significant (p=0.21). In addition, the MC1R gene showed minimum expression differences in
black spots and white parts of the skin tissue. In addition, the MITF and MC1R genes showed the highest and

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
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lowest levels of expression in skin samples of Lori Bakhtiari breed sheep with average Ct of 25.86 and 30.42,
respectively. However, among all the studied genes, the lowest mMRNA level was observed for the GAPDH gene
with an average Ct of 35.96.

Conclusion: Mammalian coat color results from various factors such as the degree and distribution of
melanin pigment and the interaction between genotype and environment (B. Li et al., 2018). In addition,
melanogenesis is a complex process that includes melanocyte growth, melanosome formation, melanin
synthesis, melanin transport, and melanosome release (Ito & Wakamatsu, 2011). According to the conducted
studies, a large number of genes are involved in the mechanism of coat color determination, but two genes,
MCI1R and ASIP, play an essential role in the regulation and control of coat color (Searle, 1968). In our study,
no significant difference was observed in the expression of MC1R, ASIP, KFL4, and MITF genes in the spotted
compared to the white part of the skin tissue in Lori Bakhtiari sheep. These results showed that the development
of skin spots is not under the control of the studied genes in Lori Bakhtiari sheep, and genes or other factors can
play roles in the creation of dark spots in this breed.

Keywords: Black spot, Coat color, Gene expression, Sheep
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F: 5’- CAATCGGACAGGGCCCCAGTGC -3’
MCIR R: 5’- TGAGGGCCAGGAAGAGGTTGAAGT -3’ 82 NM_001282528.1
ASIP F:. 5 ’-GATTTCCCTTCTGTCTCTATCGTGG-E’) 110 NM_001134303.1
R: 5’-TTCTTCATCGGAGCCTTTCTCTTG-3
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F: 5’-ATGGACGATACCCTTTCTCCTGTTG-3’
MITF R: 5’-GCTCATACTGCTCCTTCGGCT-3’ 9 IN208147.1
. F: 5’- CAATGTGGCCGAGGACTTTGAC-3’
p-actin R: 5’- CTTAGAGAGAAGGAGGGTGGCTTT-3’ 125 NM_001009784.3
GAPDH F:. 5 - AGGAGCACGAGAGGAAGAGAGAG-3 ’ % NM_001190390.1
R: 5’- GATGGAAATGTATGGAGGTCGGGAG-3
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Table 2- Descriptive statistics of Ct values for the studied genes

MCIR ASIP KLF4 MITF B-actin GAPDH
:\'l*‘ 28 28 28 28 28 28
[CY bl oL 3035 27.76 2880 2552 2981  35.92
Geo Mean [Ct]
R 3042 27.85 2897 2586 29.82  35.96
Ar Mean [Ct]
[C_t] Jil> 2466 2007 2232 1913 2718  32.17
Min [Ct]
[Cq 1o 32.06 3095 3482 3099 3101  39.63
Max [Ct]
[+ ClJ o Sl 134 152 261 362 067 1.29
Std dev [+ Ct]
0, .
[% Cl 255 2 441 547 9.02 1400 224 3.59
CV [% Ct]
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Introduction: Farm animals face different types of abiotic stresses due to many management activities.
Stress has adverse consequences on the animal's health and welfare. Laparoscopic artificial insemination (LAI)
in sheep is also one of the mini surgery activities that associated with the use of sedatives, catching and fettering
the animal, the insertion of instruments into the abdomen, and manipulation of the reproductive tract. All these
actions are stressful and may impact stress axis, hematological and biochemical alterations, antioxidant status
and fertility outcome. The administration of acepromazine combined with a multivitamin and amino acids
complex may be a useful strategy for reducing stress in sheep undergoing laparoscopic Al.

Materials and Methods: In this experiment, 50 non-pregnant Afshar breed ewes, aged 3-4 years, with
almost the same body weight and score, were used. The estrous cycle of the ewes was synchronized by
flurogestone acetate loaded sponges and eCG hormone. At the time of sponge removal, the ewes were divided
into two groups (n = 25). All of the ewes, 54 h after sponge removal, were exposed to stress caused by LAI. In
the first group (treatment), with sponge removal, each ewe was received 10 ml of the Multiaminoject
intramuscularly. Also, 20 min before LAI, in addition to Multiaminoject, each animal also received 0.0834 mg
aspromazine (i.v) per kg of body weight. At the same time, the ewes of the second group were injected with
physiological saline and were considered as control. Changes in plasma cortisol concentration and its kinetics
were measured from zero (20 min before LAI) to 180 min after through serial blood sampling. Changes of
hematological and biochemical parameters of jugular vein blood were evaluated 20 min before and 40 min after
LAI. The plasma antioxidant status was measured at the times of sponge removal, LAl and 3 days after LAI. The
pregnancy rate was recorded by ultrasound at 45 days.

Results and Discussion: Laparoscopic artificial insemination (Al) induced a stress response in the ewes,
evidenced by a significant increase in cortisol concentration 20 minutes after the procedure compared to baseline
levels (P< 0.05). In this study, the injection of acepromazine combined with a multivitamin and amino acid
complex did not inhibit cortisol secretion during laparoscopic surgery, leading to the rejection of the research
“hypothesis. The reason for this discrepancy is related to the type of sedative used to reduce or eliminate pain

during surgery. It has been reported that plasma cortisol response is reduced by ketoprofen and completely
removed by detomidine. As a result, after LAI, the number of white blood cells and the plasma concentration of
malodaldehyde increased and the hematocrit, hemoglobin and total antioxidant capacity decreased (P< 0.05), but
the concentration of plasma proteins did not change (P> 0.05). Acute stressors cause a transient increase in the
number of blood cells in the blood circulation. The cause of this phenomenon is the contraction of the spleen due
to the stimulation of catecholamines. In addition, with the increase in cortisol secretion, blood cells are released
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from the bone marrow into the bloodstream. In a study, the use of supplements containing various vitamins and
minerals, one week before and one week after laparoscopic surgery, improved the antioxidant status of patients
after surgery and the level of plasma malodaldehyde decreased significantly. The reason for not seeing a

significant effect on antioxidant parameters in this research may be the type of supplement containing
antioxidants and the time of its use before and after surgery. Injection of aspromazine combined with
Multiaminoject increased plasma proteins and decreased the level of aspartate aminotransferase enzyme (P<
0.05). Stress, depending on its intensity and type, can cause tissue damage and the release of liver enzymes into
the blood. Research has shown that transportation stress in pigs leads to increased plasma concentrations of
aspartate aminotransferase and creatine kinase. Previous studies have reported the protective effects of vitamin
and amino acid supplements in preventing liver damage. The decrease in enzyme concentration after laparoscopy
in the treatment receiving aspromazine and multi amino acids may be related to its protective effects. The results
of the study showed that there was no significant difference in fertility outcomes between the two groups (P<
0.05). The pregnancy rate for the acepromazine and Multiaminoject-treated group was 50%, while the pregnancy
rate for the control group was 45%. This result is probably caused by the lack of interference or partial
interference of aspromazine with uterine contractions around ovulation and conception.

Conclusion: The authors concluded that acepromazine combined with a multivitamin and amino acids
complex, did not have a significant effect on fertility outcome, blood hematological and biochemical alterations
and the oxidative stress generated by laparoscopic Al in ewes, but the severity of tissue damage reduce and
plasma globulin concentration increase in response to acepromazine combined with a multivitamin and amino
acids complex injection. It is important to note that this is just one study and that more research would be needed
to confirm these findings.

Keywords: Acepromazine, Antioxidant status, Cortisol, Multiaminoject, Stress



Ol (015 pole sleid gy 4 i

Homepage: http://ijasr.um.ac.ir —
A

YAV=Y+Y . 5o OF ¥ Okl oF o)led N F wl

(oodd g5 035L p ael sladeul 5 ulu g Do oS 5 ol e pibeg el Ga,y S
P04 P 5 pdli 51 30 g5IAST 25 5 095 alerdan 9 (S5 P S Ol i
.)J.é.w; Jé &j&ﬂ‘)‘iy

id,@ L;t; W A“Jmk& jﬁ)‘b A YA‘jﬁ' 6-\.«?‘ JA[? ‘\»:5:-)‘5| C‘j UAL.&
VEOY/CFNR 3L 55 G b
VR VY S5

LEVCCS

G5l sl aSe umon 355 o odlitel G5 5 sl JalS 4 S (sl glasjo Sllgs 5> Ysane &5 sl isupll g5l Sy cjlog ool
5190 53 e Slallas 1yles SaS i siio Sl LEmlS 4 (g IS ool ) glos pogdle 45155 e 30 dizel (slodgsl g Wopsalisg lsi 1 ousS 5
2 sSmslbY oy (ssian il ol plSin o Wl G5 3l GlS  dizel slosul 5 oling (Fge oS 5 olyamay (plog sl S 5 3l o0lit
- Hge) el sl 5 Lol 51 (S5 55> )5 JoSo Sy ooy cjlagysl 325 51 s oz 0l J) 8 (nlpliy 2,15 3529 AikeosS
oy oLoty 290 awsS 3 (sSwllY (hoyan egian gl Jl U s5linST (I 5 (55 alesdon § (SeSdplen Dl ¢ liedds o)l (€S sl
ECG (jg0y9m g lil (ygimngld (cols gl bauwg YIO-F 3505 5 0505 5 p,SohS OVIVAED/YY 055 59 ( Jloo ¥=F pos b HLidl o5 o] e e
b 5,5 BCG (el sy e e pls ol 2 4y gl (gl gy )3 b 00l 113 e (3l 13 59, VF oy il gliate cl (gl 2545 (o jon
b5 )15 sSalbY gyt s gl G b o8 il il 3l g ol OF 5 s gl YD 09,8 53 & el (silog)l pISin Lo sie
Gp () cSasiel Hse JoSo 2l e Vo il Sl pn p9> 09,5 lastoe & 03 G5 Gelseid o L (0L2) Jgl 09,5 sloive
Bl 55 (5)H31) 0355 (g p)SIS s slilas lagasl S o/ AVF (S gl (ge yosMe (2sSllY Sl 5 kB3 Y+ (g b cosimen
tleonbgn 5 (S glon Clydd b (6 xS0l ol 5l aw 4883 WA B (o gSwlibY plosl 5l J8 4dd> Ve 5l o] SettsS g Loy Jgjuiss clale s )8
3 oy 4B Yo Jg55,68 Cale b (s (S, Y0 )3 el Glie g i)l (2D 053 3 Sl Sl am g S8 Leadly a1 5T Cang
5 Ohel3l Loy apdlli el Cali 5 (S5 tui slaolS Sl (555505 sl late .l Gl Gl & Cund )b tne gbar (asSullY
S5 Lol bS5 8 Jlas il o ttal lien 2,55 puuis Loy (sl g clile ol cdly il IS Sl l ols5 5 sl gon o S ilen
Shgir osimas il plSin ESagiusl g (55 JaSo olyamas cpilog el (30,55 ¢S sboar > GhalS 1 syl sinel bl 5T 5 (2al33l Lewsdly
b gl gtaal ol 2331 louodly il (20l L bl )05 (gSlbY Sl Gy (a1 1 Cnig 29000 5 590k 205 2 6 isSulbY
S o sl ) o (el ol LoDy opdlS clale (I3 L 5 (el ) (Bl ]

S8 5l g (S ginal Hgo (J9385)55 i o jlog el 155 LB 1g

Il b (e sl ) ()l bl (glas)jo SUlg> dosdle
slaoly (el i iun dslge Swwjus sla il calize

Yardimci et al., ) cul olge o) g cooMs Cundg yr gllasls

bl 5 Ly )l ol IS as gol Lzl bkl (o jay =¥ 5 ¥ ¥ o
S g 55 Jalse Cunle & i & (15 4 g fusly (2013 TS SR BT AT OB R e T

ol olien diws e gy oSy ¢(5ygliS 0aSuiily (ol pole 0,5
(Email: a.farahavar@basu.ac.ir :Jstume s g —)
http://doi.org/10.22067/ijasr.2023.83304.1158



http://ijasr.um.ac.ir/
https://doi.org/10.22067/ijasr.2023.83304.1158
https://doi.org/10.22067/ijasr.2023.83304.1158
https://doi.org/10.22067/ijasr.2023.83304.1158
https://doi.org/10.22067/ijasr.2023.83304.1158
https://doi.org/10.22067/ijasr.2023.83304.1158
https://doi.org/10.22067/ijasr.2023.83304.1158
https://doi.org/10.22067/ijasr.2023.83304.1158

VFe¥ lamsl ¥ o los 05wl oyl ! (ol0 pole leimgly 4 i Y40

A5 S s o 5 e S5 0l g ol S bl
olyois pjlogpuw] 295 iE 590 ) Lol (Danyer et al., 2021)
Oyt ¢S ygme el 2 el (glaseal 5 lagyaling el L
4ot g Sl Bl Canidy (sS aberdsn § Sijdslen
ole Slaitne (gSwhbY hgye (= giae gdli Sl e 590k
Oilogyel 31955 Simaty ol 4nd b bl 3l d2g (S
JSaly SOl (San dial (gladl 5 lapsling glgil b oo
bl (98w )bY Cod laiiwsS 3 ii (EalS gl dde
o bolyen cpjlogypl 3205 (g cadlllas ol | Bum ey
(CSr el Tgs) il slosgul 5 Wooppoling g5l o)l JoSto
lordon 9 Sflglean i (A5 jome Zusl p LAL plin

91 59l o 5 S|l Cundy (5

W g, g dlge

Gl gas L;‘}L.ua.ALai K) ‘;dlfl.o‘,i Tk

Lo Lt ol taal e (oo ol oy Sltondsi yef Juab o
Job o aliie Supio g lasis byly &y 5 olswl Y/o-F
ai] il jl b gjlulojen sl s oSS Livlejl
9590 V¥ ety (sl (slysn) Sl gz gld p)S (o £o 4y
S o 55 (sl (slyasn) €CG el 3215 B
Sl e el OF Lo e dod .90 ooliiw! guiw!
@ il Gilog)b P Jol 09,5 53 8,5 )18 (o guae il
5 dizel Sl b ()b8 JoSo S5l il e Ve plos 2
e Sgohs (ol )y glagy «Segial (ge) (slizg
(25— lbY I B adda Ve sy pionen S B0y
L)”)L°9)"—“°‘ f’)ju—l“" o[« AY¥ c;,\_<¢-9.wo| U‘J9‘° u\SL»)J ﬁb9M.c
2 lilan (Slag, Pasteur e8 ;s «¥lo (pjlog pawl i)
o plojer n)S ©Blyy (SHE ©ygoh 085) (g £S5k
A5 3 els plaisdr s B2y GHdnid pw pod 09,5 S e
oS it o o (slatpol diasl g ooy (oS 5 05 B S
abgrye (silug)ls &S b )15 eluly S gial Hge )5
ol oad o0y Hlis VY e o

255l LY Gl g 4 (o8 gias il aladl
Sleele YA sty b e don Ll oSl LY sl 51 L8
C55 55y ymt Gt o s A pgy e Slys 5 O
9 il @dge (Sgiedns I ey g e (JN)5) 2sSlLY
ol iy & S35 g (2S5 LS )l 3 )5 by ¢l

= ol o395 g g (515 Slamil 4 4l oyly (K
|y oSl ol gl 5o Eblgas 5 A5 guunly Syt sl a o
5 il B g oy Cunidg 5l 6 yite 53 b A5 o wal
Loy yidie (2350 slm ) sicelie ()9 5 )1 Ll
(i pls (Grandin, 2021) puled palyd yScuas b aes
l38l 9 (sladg el gSid g g o S50 250903 s
(ST 5l g8 ¢ ion] Caxdg 3y )] ey 4 Wb o
(Arfuso ol (S5glgilen 5 (alondon (sladoxinld 5 5yl

;Damién and Ungerfeld, 2011; Laher, 2014; et al., 2022
ohLSen 5 gwgd)l .Onder et al., 2023; Priskas et al., 2022)

el BawsS o ux> by a5 b Lis (Arfuso et al., 2022)
o dslS 0500 0 5B cloyBiyy SRl g ool clale ials
(Damian and Ungerfeld, 2011) 418,551 g -liogs .39 oo
Cosly )gWLaly sl alewgay 6 )Sp sl @98 55 & 2ol oL
Ol S5 )3 s ((ygywgind (LS «Jojsiyes cale iul3él
Vgl D9800 95 (alewdan 9 9 (Siglgilen slaadinl)d g IS
2 MawsS j3 aS aaby Lis (Onder et al., 2023) S 4
i J51 5wy 0055 35 gy o sine gl oty
Csl pa) alad I o5 oS bl (30 e gl 5
25 o Sl Bl lgs (ials g s JgiyeS clale (il
Sllges (S5 290 sl 2L ) S e grae s

b a8z gl Jods hssS 5 o 3,8 (Jbo ol b
gl )l (St (3L Jelgs 0 b9y Cadbge | ccunl 2940
E5imas gl an S (LAT) (gsSulllbY (hgyan (sgiae
gl g5 5 ed il dlex Sl el (5 gl (s gpa
5 U &S 305 30 s B oo g <(LONE, 2022) 515 YL
Aol hwsS )9 sl 3 gy nl Sl ool 4y prenas
g (25wbbY gyt (egian il )5 )5 gl 3)90
Sgie pilis hg) 2l 2,008 1y adly (Bl AS KidS (4l
slaylpl ol ), 8 “);‘:Jqplj slagyls 5l oslaiwl (ylg s 3,8
olols o8 (IS s 5 aSb dbogme 31 3 ogSal LY
Wb wgS ;b Ay Ay LD pdew L(Stafford et al., 2006) ¢!
il s socadle 5 Soupll CoiS @il (eSS ©)lee
weyie byl iy (Small et al., 2021) a_il wglaie 1lgs o
slarl ol Lo oSo b by sl dagisopl | 1 ool
gloal 5 (=2b ogllals &l 551 yls gl lagaalisg 5 il
- Ali and Al-Ali et al., 2006 54, » 4oy i Cilia
C9sld S oy jlog el .Qarawi, 2002; Danyer et al., 2021)
LS ay S8 elyy S iuely 13 Vgame o5 cawl isupl,)
ol sl JoSo 5 o odliiwl cllges 0 i 5 ol les]
§ ccles 4 35 e 5 atel glasanl g ol glgl 51 Sy



YAV L aiel glasmsl 5 oomoling (W0 oS 5 ol pods (57 3log ol G033 1 o1y 50 9 55T 259

C_')l“ ,J._.)..); “'.y)ttwk.g{d.:\ ,~..).b9 . e .«...
9 95whbY el (S 59y of i 9 oS 32 (35 e
S oo aids gy 3l S o] gl

L oy sbagls 003)8 5L CO2 5 gy (0S5 dbgons
ek @ 5hB b a2 yio 3) (Sl )LY QoS I eslia
5 Cgy (Lol Aesculap) 5, 55 gie 4 Jato (lall il
5 4 5 0yl (23Sl il Sy gy (e 52 Shoe <10

(351> o35 dy 558 (B 3S olol) S gel go 2l oy S 3 -Y Jga
Table 1- The composition of each milliliter of multiaminoject (according to the report
of the drug manufacturing company)

Ay el asly V0 sl o3 S ke YD
Vitamin A 15000 1U D-panthenol 25 mg
D3 (yolig Mol aslg Y. - KWL P ske O
Vitamin D3 7500 1U Nicotinamide 50 mg

E oeelizs Pk Ve SIggl P35 9:5e N0+
Vitamin E 20 mg Folic Acid 150 pg
B1 oelug pSke Ve OFom £S5 955 Y0
Vitamin B 10 mg Biotin 125 ug
B2 el pS ke D 215 oulsS S ke VIO
Vitamin B2 5mg Choline chloride 12.5mg
Be (esling Pk Y (a5 9 053] gt ) izl (slasons PS5 sk Y
Vitamin Bs 3mg Amino acids (lysine, methionine, arginine and glycine) 12 mg
B12 (elu P 9Sen Fe

Vitamin B1. 60 pg

Ol ol g bgy ilwg)l <8 ps )
1- Rooyan Darou Pharmaceutical Co. Tehran, Iran

@l slapshy J3b a4 g oy Ju )8 5l oSl )bY 1
Fo ¥ Ve slaple p Jupw log uKgs g A8 Colin
082 0,5 pbul oSwl)LY 5l o adds YA 9 V0. AY. A
5 s 5 455 KoEDTA (sl celoaly) 5 4y oy 181 lo
J3)s5 <l (Sojluil Gloj U g lawsdy (bl 5 oy yil
by Jo3u9ys8 clalé .l ()05 8l )5 (ol 423 =Y+ 5208 5
CS okijlow &8 5 Jaallygiand Billas 5 (0B IR g)a
rsSoil LB e Jilis 1 g8l (Lauis Jlo)
o Ulomies 0139 Slpdd gy o g <15 UG/ Jo5565 (o
chale b clale Jold J305)58 gl Slaogas g 10y ¥/0
) ol 5 ol ©ae Job il @ o i (e Sy
a2l gl SHe plgisan aBB VA B e A0 e e

0y duwlone 493 Colie duwloee (Bo)ds J9i)sS

083 brandigns 9 (S355d55lea ladaiul B g S il
P aids Ve csigdglon glawdwld oLl sl
Syl 55 4590 (sSwllY I ey a8 ¥ g osSullY
ole; U g ssleer KaEDTA (g5l slaady) 5 4 gbg
b 6yl oL il dapd gy sled jo ezl B (6550 5l]
clale g oy Seled do)d (it w g j0)8 sla Jo S Dla s

i o0l 4yl MolS iS5 51 Sl b il gl
Sonle a5 Vo —)Lidl gob S oad I3l o)l e I il 4l
o=l 90 edlaiwl D)9 0 gad b odldiwl Dgs by L3l 4 M -l
oS il WA el s ilojl £, 51 I8 olo 93 ¢ty
Gl ol 2sS p5 3 (awily Cova €8 1b (3dsSe)) g
31 e 5 plol Legian 5l 5 odlisl b (g8 p ol gy 03
Sid b gl oS 5:8) b o Slodde (2bj)l I g 003
sHallioy dnlg Be e g 10 055 03,5 o> iy 9 (DNADIOteCh)
»» 5> (DNADiotech) (ypuologsy jisl 5950 B+ g cbew o
Ogshee Vo0 il (i ol (g cale 5 (58 e
sbod ) el (Lo 3 048 (3:3) (o 9 Yo p2 )3 p el
Fierro et) us plool guali Aol 5 (6 )lueSS 315 ol a3 Yo
[(al., 2011

olas 9 fasly (3l
o JoiengS Gl Sluogad 5 (i Hee Gl oy p Gl
g M (Bolad jsbdn e (ol iy 09)5 2 5l oSl LY
plool 5l o8 adds Ve Lol s ool jl3 (golyasl sla WS g0
oo 9 43 gl 10y5 Bk Sl g S ke VB (sl bY
Laies b bl (2 giae il ploxl gl (2sSwllY (22



VFet lamsl ¥ oylos 05wl oyl ! (olo pole leimgly 4 i YAY

542375 SAS I3 81 )5 SaSay 5 Freq ayg) 5 e S 0]
$5Sg ) (i G e S Jlaza] oy 00,8 Jibos
Cpae dl).g (W) d)'l.wbq dl.mu;l‘.,.,o w] L;l.moab ‘L_JL)”) L;l.m
28,55 )18 oolital 350 (g)lel 5T ) Loy o550 StiS
O3 g0l 5l oalisl b gy eiged slagle; Sile oy S
Cpiored A duwlie (P<+/+0) doyd gy 5l e sl Jlasl b

W0,5 oolatw] jlows 50 (e duwlie 4l t- Student an)‘] 5!

ol 9 by

adda Vel bl Jojuiye S cbale wlpes 4 by @l
o) JSTE 5 ol 1 ace 4is WA U5 sSul LY plsdl 5l L8
cdale ol oad ool LS Y Jada pd Lawwdly Jg3u5)e8 SiiS
ploul caily (gl mize @olas aylawd (o Lawwdly Jg505595 aly
Lnsion cslowsdl J3365,58 Cale (ljél esly oSl Jos
10lie 5Kl LY Sl oy 4853 Vo g3 S o5 s oty
o Sl ) pobod Gloj cnl 3 Jgjwiss calé g 20)8
(P<++0) 54 5L il clale

G5 5 <655 )8 Jlasi b ov Sy 3 Jgpess clalé
2 JosssS Bl 6yl cSagil o elanss oy
Ol JoiysS cbale Silie (oone a5l Ll sl Sy
Tly loj e gy dald 09,5 (gla e Iy 0l Hlaws sl
2F5bbY 5l e 4833 VWA 9 Qe (oo o ol (pizmen
HLSen 5 3,98kl gl b donss ol ot sl baylags e
as a5l ol Lagl sl Sy o (Stafford et al., 2006)
i3l sl sSlLY pll 5 S S 55, Atk 5 ko
ilog sl Sl odlisul 9 23,5 o LoDy Jo3sgS o a2 JB
o=l s awlide fizmen led Hlae |y J93seS by Slg oo
o cos S olagls > &S s ooy i laalllae j> yimgh
(G gy J| J ilog el B il )15 B 5 oo
b o5 aald 09,5 (clagls 4 i | JpiiysS lowdly clile
Brearley et al., ) sl jials (s 03,5 bl yd (s5550 58 o puo
D99y (Soae e il (gl Ma S (ojlwedl ] (1990
Slyss 5o 31 ol silps e Jud 31 S8l Jols (gl kY
0005 e g 418,5 « 0eSwlyLY I L8 celw YA JBlus Stedy
o5=b Al gy ()5 Elg (oSwhbY €55 g, plae
—ell (o) g (0SS dbgore 4 COZ 58 53,55 )59 bawgs
Ol ded Gl gy g Jie aJgr olSusd (48l jelaieds L3Iy sl
Sisyhny Eyiae gl pLSin a5 sLill agilly mlis cleludl
o5 gt g 5e (p0nd JLsd sl (a5 i _gSsl Y

Slogi] 5LS s o825 Loy MCH 4 MCV «yuslS san
byl el b g pSoslul ()5 Sysmex-KX21IN) (s5olgilon
Voo oSalbY jl 8 adda Ve 53 (abesdon sladodiulb
g (903 4 gy Spplw (b g0 (SwlLY I ey adS
SeSan g pglae anliold w5 o)l Sl as g5l
(488> VO oty VWere g ya 8 Ly ¢y 0l5 OSK) gty il
d)_;c}l,\_ﬂ ole; Lol as L;L»»M; A0,8 las> ‘_‘j L;lm»)'b
P9y bawdly Sl Clale b (6)leS -V )8 50 badoninl
@ Oegdl 090 S yag oy JS B9 8 plen I — (o 5]
Sb)ll @il cdld g 00,5 J959,S porm Smiegd (g,
IFCC o5 43_409) L)“’?) L)“’l Al).) )'l‘é " J‘))?MT
(oltalol pote 5 sl (ord (loll s (igenl)8)
SS9 (o=l o) o9l by €8 8 slaceS vy 4

W (6 38031001 o g2 g Sl ol&wd

Lacsdy aaanll 53 (o adle g JS (Slases] 0T ) 95 (5 yaS0 jladl
LoDy sl (53 ppglle clale 5 S Slas 5T ol oo
Fopm adBo ¥ g L8 adds Ve il ilug)ls olej
o (6503l (oSl s oy dw (piman 5 (sSwl LY
@ ok )95 laglej 3 gy Syale (B g0 yglate (nl ol
olos U 0as 4 slowdly 5 pglean o)le gl g J31o
5l Gy A (G ARSS A 55 3 ladosil b (Sl
ohey laadly IS a1 3l ol (Sojlil ok 5l o]
-8 o9lle clale 4 (Hsieh and Rajashekaraiah, 2021)
L osan juisly wluS 5 aclale o)l 5ok 5l lawdl aalll

A cpess (De Leon and Borges, 2020) sl S gi0,be0

P PP gV P

)I oslawl L ds&w‘)by EJ.L) )l U™ )9 ¥o L(buw.o WT
FolSe V1B (pS LS g a jome (B gl gl ol
WA 0D asls (oSS dlee g4 (k! SONOSite)

& bl U7
50T hoyan JieinsS gl Cliosad & by slaosls
Ol an bgye slaealy 5 ol MlS ko B 3 5 il
ooty gl (63 opglis e ale daruodly S sl
2 Jossres cble 5 Sidglon 5 (Splote (sLnaiul
S 0l Ly dolas Mol gyl B 53 Jbpr (slo s nSSgs
429y 9 (V¥ (1359) SAS I8l p 5 SeSay loj 3 043 LSS sl
5 ookl b (59, ¥0 55 (siwol Moy i oo 9 4350 GLM



YAY L aiel glasl 5 moling (W0 oS 5 ol podds (57 3l0g ol G035 1 o1y 500 9 55T 259

g9 4 ALl ede g ol glite o b Jo3 )68 Gl
LSe35 (plal 23 Ly il (el oslisl 350 i5upl)]
by J935)95" Gy &8 Coml 00 (B)135 sl bgpyo (2>
29y (> bawgi g Wb o SRR (39 g8 5l odlatul plin

[(Stafford et al., 2006) 35,5 oo 28, Jol5

250
i 3 200
b R |
338
j 35 150
= 3.5
3 189
" 3
a
o -
o € 100
§

50

0 50

LY podl Gl 4235 e Ol

5 9355 by el 4o 4 25500 (HPA) Jbyol-jdgpn
o G5 rgim cnl 3 a3 JB1 4 eV S &l
 J5555085 e Candlss cnlag sl (isuply] ol yonay &S gial
DiRod ol dns 0y el g wled Jlee (asSllbY (Al e
S g i e alS il glaytsupl)] il 0 )5

=@=Control sl

== ACM Sl o g oailag

100 150 200

Time (min) after lanarosconv

S giel (Ao JoSo o)+ s o a1 il Slogyl S (Sasivel (Hge g nilogpel) ACM Jlags 03,5 505 S35lsu5sd o Lo il
36 (S5J30) 0855 039 p55kS s (il 4 Cslog el 5 oo [ AVY (28 gtiol (oo pogMle (ggSbLY 51 L5 aiB5 Yo o> 10 imad A5 G0 ()
sl 015 (5 503151 (gl Y plosl ) axy 4853 VAS) +VA- b ((gSal kY plosl ) 6 i3 Y+) o (o ol )3 Lowsdly Jo3iss Clald s 5 2l
L Control: received only saline. ACM group: with sponge removal, each ewe was received 10 ml of the Multiaminoject (IM). Also,
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Changes in plasma cortisol concentrations were measured from zero (20 min before LAI) to 180 min after.
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Figure 1- Changes of plasma cortisol concentration of ewes after performing laparoscopic artificial insemination (LAI) and the effect
of Acepromazine combined with a commercial supplement contained multi-vitamins and amino acids (Multi Aminoject).
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Table 2- Plasma cortisol kinetic (ng/L) to perform laparoscopic artificial insemination (LAI) and the effect of administration of
Acepromazine combined with multivitamin and amino acids (Multiaminoject) on response parameters in Afshar ewes?!
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1-Different letters in each column indicate significant difference between groups (P<0.05).
2- AUC is area under curve for cortisol which is calculated for the time period 0 to 90 and 0 to 180 and considered as integrated
cortisol response.3-ACM: Acepromazine combined with Multi-Aminoject
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Arfuso et ) 35 guned (yuiig Olallas (baaidly b o oSl )bY
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Ballou et al., ) 555 o (S5 Mt slo JolS dlaws yio]58l
oy Sllos 5l de 4283 VY 50 by jie > MCH.(2013
ol oSy gl b gued )5 Gl 5l B L ol stae glis
Oy By oS Laly olis (Al et al, 2006) o)) Sen 5 Jeo
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Table 3- Laparoscopic Al associated stress and the pretreatment effect of Acepromazine combined with multivitamin and amino
acids (Multiaminoject) on hematologic parameters alterations in Afshar ewes.!

bl

WBCx(108 pl)? RBCx(10° pl)? Hct (%)* Hb (g/dl)5* MCYV (fl)® MCH (Pg)’

Trentments (10° ) (10°u) (%) (/) (f) (Pg)

dals

Control 8.70 9.64 31.90 10.38 34.09 11.12

cSagial (Hga g cpjlagye]

ACM?8 8.46 9.75 32.63 10.86 34.99 11.48

SEM 0.563 0.452 1.075 0.375 1.791 0.638

Time

sisSwllY 5l S a8 v

20 min before 8.04 9.80 34.13 11.58 39.40 13.10

laparoscopy

s295wh)bY 5l ey 428> ¥ e

40 min after laparoscopy 9.50 10.11 29.89 9.55 29.71 9.47

SEM 0.480 0.573 1.162 0.341 1.801 0.595

P-value

Treat 0.8703 0.8554 0.7331 0.6650 0.8967 0.8952

Time 0.0467 0.7021 0.0121 0.0003 0.0005 0.0001
Treatxtime 0.2740 0.4313 0.4928 0.4597 0.9765 0.7981

(P<140) ams o L5 )loss w1y I ime coglis ygim pv 5D S yiiio b By
s ) o Slan HOEF (055 12)5So 12 53 3l s ) s 308 oS dlass RBC-Y (08 58 12 9 3l s ) (555 o (sla J5ilS ol WBC-Y
) 3o SadsdlS 3 nglSsen Lawsio jlaie MCH -V (j2)siad s 1) o8 sloJ3elS bawogio o2 IMCV =5 (1) 3 13 £ s ) o8 mslSgen clale (HD-0 (a0
S giel (Hgo olyondy log sl ACM A 555 o
1-Different letters in each column indicate significant difference between groups (P<0.05).
2-WBC: white blood cells (cells number per micro liter of blood), 3-RBC: red blood cells (cells number per micro liter of blood), 4-
Hct: Hematocrit, 5- Hb: hemoglobin concentration, 6- MCV: mean corpuscular volume (femtolitter), 7- MCH: mean corpuscular
hemoglobin (picogram), 8-ACM: Acepromazine combined with Multi-Aminoject.
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Iiime (oylel a5l o] b cdale ay o Lol (sla sy
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o Ll el ShweS 1 E ey 51 oslizul 48 wioly Lss
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oacd odly s & Jgdn 5]kl pgrsel byl w3l olewsdl
S iine 4 Gl)S o3 X Jlags e 1 gy cul 53 el
B 8> Ve Ll el @byl clale (P = +/+55) cusly
3 e 4By B Ll sl cSogial ge ol yandy 5 5kog el
2 e sboas il gl Sl clale ggSulbY
5 =S S ginal g ol pemds pjlog ol oaiScdl s jlos
LS 1S el cdale Lal3 8 (P< +/+0) 35 aals
Lo 53 jlyadl 5 gisal VT g 5ha il Sgiel )]
uL)L-w] p.:)_j ] Lg..\df 9 u_Jﬁ L;mei o..\».tb.)ul_w;
Oyl dgmg Sl M g A o B SMac 3 5l pauil gl
Han et ) cowl 35 0t o6 &M )3 odos yobods w3l ol Ll
Sysiline GBS 53 4 w5 ooy L gladdllas 5 .(al., 1995
olgisan W5 e mil ol am o oLt 4 39550 Sl ] gial
ol (Han et al., 1995) 5,5 )|, 8 oolawl )50 (o5 s ld
5 BL Lol Giluley g conl col ol g9 g @05 4 a

CSaginal (Do oamay oilog ol slog Simgfy ol
Ol ol ol 5 8b cos |y G dde sl JpS Sl
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Ballou et al., ) &5’ oo jlee |y (595 St (sbo JsulS dlaws 501581
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5 o Sylan inlS 5 Lawdly 35518 a3l el 15V lals i)
ol 5 (Ali et al., 2006) o Kan 5 Ll 55 0 S san
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Ll co Selen ds)d > (o, (Parker et al,, 2004)
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4o a2gl s MCV (g Sgen g co Soilen o)d ¢ S5 A
A ged Gl (1S (il 8l (Siedgiled lpss g 1,38
sl polie & s Olyuss 0 g2 cely plR 1> slag S
39— ©yg—o)d oy yogMe (Arfuso et al., 2022) s, §
O aen cilale 5 ey Soilan do ) (las 13 amwlilyiumd
4 il Oldlbe )3 (Sojdplon Clyss oplpl b oo Wil
oilail o 3 o g o lulyd g (S5 ol (5 g9
5l b Loy 35615 50 i odaliio ioljdl .l lagye
Sl Sl ) o J335555 3 VSIS g5 il
335 e 055 S 9IS JliSl g 335855 5IS S 4 e o
(Arfuso et al., 2022)
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Szl d s gy meling g el ol ool JoSo S el cpjlogyl Jlasi 51 g (LAI) (sSl)lY (hgyar (stme gudli | (5 15 -€ Jguar
YyLasl olp bS5 lewdly olosdon

Table 4- Laparoscopic Al associated stress and the pretreatment effect of Acepromazine combined with multivitamin and amino
acids (Multi Aminoject) on alterations of biochemical parameters in Afshar ewes?.

oo 95 & oo oues e el Sl

Treatment Glucose Total protein Albumin Globulin (U/L)? AST
(mg/dl) (g/di) (g/di) (g/dl)

Jals

Control 87.16 8.05° 1.66° 6.42° 89.32

Szl (Hgo 5 cjlog el

ACM3 91.29 9.252 1.872 7.382 74.43

SEM 6.086 0.248 0.058 0.198 6.261

(ob;) Time

wstsSwhbY 5l B aads v

20 min before laparoscopy 72.89 8.59 1.73 6.86 81.38

s295wh)bY 5l ey 428> ¥+

40 min after laparoscopy 106.85 8.80 1.80 7.01 82.37

SEM 4.483 0.261 0.054 0.208 7.222

P-value

Treat 0.6239 0.0005 0.0053 0.0005 0.1422

Time 0.0001 0.5971 0.4170 0.5971 0.9231

Treatx TIME 0.2621 0.5170 0.2971 0.5170 0.0660

(P<e1+0) 3o 0 5l W )loss oy 1) S ime o9l ygim o )3 S e e g o)
iy y 15ly s ) sl giel biylwl oo 31 cdlad AST-Y
cSsgiunl (Fgo ol yandy (pjlog yul ACM-Y
1-Different letters in each column indicate significant difference between groups (P<0.05).
2-AST: aspartate aminotransferase activity (unit/ litter)
3-ACM: Acepromazine combined with Multi-Aminoject

oY ol Bl ueling g disel (slasl (g5l JoSa S5 olyones (jlagypmd Yo iy 51 5 (LA (g8l bY (g, (2gian il | o3l 15 -0 Jgao

DSl 5l ey 9 S5 (AST) 3l sgice]
Table 5- Laparoscopic Al associated stress and the pretreatment effect of Acepromazine combined with multivitamin and amino
acids (Multi Aminoject) on plasma aspartateaminotransferase activity before and after LAl in Afshar ewes?.

o )los bl ) S adds v 295olbY 5l adds ¥
Treatments 20 min before laparoscopy 20 min after laparoscopy
el 79.40 99.25°
Control
Sagiael (3o g cilog el b
37 .
ACM? 83.3 65.50
SEM 10.21 7.452
P- value 0.8009 0.0096

(P< o 1-0) am3 o (s Wyl oy 1y Sl stme Coglis g0 5 53 S jiie i By
C,&>9~w1 u‘J9‘° al).o.mdg u;)l,og):u" ACM-v
1-Different letters in each column indicate significant difference between groups (P<0.05).
2-ACM: Acepromazine combined with Multi-Aminoject
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Table 6- Laparoscopic Al associated stress and the pretreatment effect of Acepromazine combined with multivitamin and amino
acids (Multiaminoject) on antioxidant status in before and after Al in Afshar ewes

JS sl 5l g sl (g5 gllo
ol b (distee 2 V505,800 o 1) (ke 2 )Y 509)5u0 o )
Parameters Total antioxidant capacity Malondialdehyde

(umol/ml) (umol/ml)

b las
Treatments
Sald
Control 241.43 1.41
S gisel g cjlog el
ACM? 253.15 1.35
SEM 8.025 0.062
(ol Time
il 3l 25 oloj
Day of sponge withdrawal 228.49° 1.29°
Sl LY I 8 i ds ¥
20 min before laparoscopy 272.852 1.26°
s295wh)bY 5l ey 428> ¥+
40 min after laparoscopy 256.61% 1.38%
bl s g, ¥
3 days after laparoscopy 233.02° 1.642
YSEM 10.95 0.085
P-value
Treat 0.3064 0.4921
Time 0.0265 0.0016
Treat x time 0.9553 0.2122

(P<e/+0) 3o 0 5l W )loss oy 1) Jo ime o9l ygim o )3 S e e g o)
C,Sow] u‘J9‘° ol)Amd.g w)'l»”fu—‘ :ACM—V
ool Sl 3)lkl (las :SEM -y
1-Different letters in each column indicate significant difference between groups (P<0.05).
2-ACM: Acepromazine combined with Multi-Aminoject.
3- SEM: standard error of means.

Vel £ reling g izl sladiad (g5l JoSo S olamay cpilog sl o St 51 g (LAD) (ggSblbY (boyes (ot gl jl 36 5 -Y Jgo
Table 7- Laparoscopic Al associated stress and the pretreatment effect of Acepromazine combined with multivitamin and amino
acids complex (Multi Aminoject) on pregnancy rate

550 Control .ACMl . Povalue
Item Aol 8o giel (oo 5 (ileg sl

X E_m.b L;Lmu'('.ﬁ.o sy

Number of inseminated ewes 20 20 )
5395 FO (i )3 oyl (sl yine dluss )
Number of pregnant ewes on d-45 9 10

559 ¥O 3 il 20>

Percentage of pregnancy on d-45 45.00 50.00 0.7515

C,&>9~w1 Y al).o.mdg u;)l,og):u" ACM -y
1-ACM: Acepromazine combined with Multi Aminoject.
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Introduction®: Sperm cryopreservation is a highly effective technique utilized in reproductive procedures,

particularly in artificial insemination, as it enables the transfer of superior genes to the subsequent generation of
animals. However, the exposure of sperm cells to low temperatures during the freezing process can have
detrimental effects on their integrity, morphology, and viability (Gangwar et al., 2020). To counteract these
negative impacts, cryoprotectants are added to the sperm extender. The primary purpose of incorporating
cryoprotectants is to fulfill the energy requirements of the sperm, shield them from the adverse consequences of
temperature fluctuations, mitigate the physical and chemical stresses associated with cooling, freezing, and
thawing, and create an environment conducive to enhancing sperm survival (Barbas and Mascarenhas, 2009). In
recent years, plant-based extenders have emerged as a viable alternative to animal-based extenders for semen
preservation in various species. Coconut milk, in particular, has garnered attention due to its rich composition of
fatty acids (including polyunsaturated fatty acids), amino acids, sugars, antioxidants, vitamins, and minerals.
These components not only provide essential nutrients for maintaining cell function but also serve as a suitable
medium for sperm extension and culture (dos Reis et al., 2023; Vasconcelos et al., 2009; Yong et al., 2009).
Consequently, this research aims to explore the impact of coconut milk on the quality of ram sperm following
cryopreservation.

Materials and Methods: Twice a week, semen samples were obtained from five Lori-Bakhtiari rams using
an artificial vagina. The collected semen from these five rams was then combined and divided into six different
treatments. These treatments consisted of five variations with varying levels of coconut milk (5%, 10%, 15%,
20%, and 25%) and one treatment with egg yolk (15%). Various parameters such as sperm velocity, membrane
integrity and activity, morphology, lipid peroxidation rate, and sperm DNA fragmentation were assessed both
before and after the process of cryopreservation. The obtained data was subsequently analyzed using the SAS
statistical software.

Results and Discussion: Prior to cryopreservation, the results indicated that, with the exception of the BCF
parameter, there were no disparities in the various aspects of sperm Kkinetics, viability, functionality, and
morphology. However, a notable decline in sperm motility parameters was observed after thawing across all
treatments. This detrimental impact following the freezing process was more pronounced (P<0.05) when using
the extender containing coconut milk compared to the extender containing egg yolk. Consequently, in terms of
other motility parameters, the egg yolk treatment exhibited significantly higher values (P<0.05) than the other
treatments, except for VCL (94.36+10.41%) and BCF (5.83+0.70 Hz). The findings of Wojtusik et al. (2018)
were consistent with the results obtained in this study. It was observed that using coconut water and coconut
milk as substitutes for egg yolk in rhinoceros sperm extenders led to a decrease in both sperm motility and
viability. Similarly, the use of powdered coconut water as an extender for cryopreservation of cat sperm resulted
in a significant reduction in sperm movement quality compared to a tris extender (de Sousa Barbosa et al. 2020).

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
Er any medium or format, as long as you give appropriate credit to the original author(s) and the source.
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Furthermore, when comparing different alternatives to egg yolk in the extender of rhinoceros sperm, such as soy
lecithin (1 and 2%), coconut water (20%), and coconut milk (20%), it was found that the extenders containing
coconut milk or water led to a loss of sperm mobility and viability. However, the extenders containing soy
lecithin showed more promise as substitutes for egg yolk, as they maintained sperm viability, morphology, and
acrosome integrity better than coconut milk and water (Wojtusik et al., 2018). In contrast to the findings of this
investigation, the utilization of extenders comprising powdered coconut water for the cryopreservation of sperm
in various animal species, including dogs, boars, horses, goats, and fish, resulted in well-preserved sperm
morphological and motility parameters following the freeze-thaw process. Furthermore, studies have
demonstrated that freezing goat sperm with coconut milk, bull sperm with coconut oil, and equine and boar
sperm with coconut water led to enhanced sperm viability and quality compared to control groups. The
ineffectiveness of the extender may be attributed to the presence of salts and ions, such as calcium, potassium,
and sodium, in coconut water, which could potentially interact with the channel proteins of the sperm cell plasma
membrane. It is important to note that the precise mechanism by which coconut products in the extender
maintain sperm characteristics remains unknown. Previous research by Toniolli et al. (1996) suggested that
coconut water may serve as a protective agent for sperm due to its content of 3-indoleacetic acid. Furthermore,
the replacement of glycerol with dimethylformamide in the boar sperm extender resulted in better preservation of
sperm quality after the freezing and thawing process compared to other treatments (Silva et al. 2015). This
suggests that each ingredient present in an extender could have a significant impact on enhancing extender
efficiency. It is worth noting that coconut milk contains high levels of polyunsaturated fatty acids, which can
make sperm more vulnerable to oxidative stress (dos Reis et al., 2023; Vasconcelos et al., 2009). However, no
significant differences were observed in the lipid peroxidation indicator and the DNA fragmentation index
among the various extenders used in this study. This could indicate that the extenders had similar antioxidant
properties. The variations in the reported findings may be attributed to differences in the combinations and
quantities of products used in the extenders, the type of base extender employed, variations in semen
combinations and the sensitivity of sperm in different animal species, or discrepancies in the coconut
combinations utilized (dos Reis et al., 2023).

Conclusion: This research suggests that substituting egg yolk with coconut milk entirely in a ram sperm
extender does not mitigate the negative consequences of cryopreservation. Additional investigations are
necessary to determine the specific composition of the extender incorporating coconut-based ingredients for the
cryopreservation of ram sperm.

Keywords: Coconut, Extender, Freezing, Ram, Spermatozoa
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1- Hypo Osmotic Swelling Test
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Table 1- Comparison of sperm motility parameters before cryopreservation
Sl
Yol b Treatment
Parameter! BESAN ISy LSBT0 KSLTN. BRSYA 03,5 /N0
Coc-25 Coc-20 Coc-15 Coc-10 Coc-5 Yolk

o5 0t ki do ) 46.12+6.89 48.91+6.89 60.04+7.71 54.28+7.71 44.01+6.89 57.29+6.89
PM (%)
}}i/l“(’;;; e 72.83+9.01 74.08+8.98 81.46+9.90 77.84+9.97 67.70+9.12 78.79+8.90

0
iz o9 bt dop
Lin (%) 49.04+10.13 47.35+8.27 48.65+10.13 49.78+8.27 41.27+8.27 52.27+8.27

s s ) Gy 95.58+24.29 99.17+19.83 117.13+24.29 104.89+19.83 89.84+19.83 92.19+19.83

VSL (um/s)
;?RU](Z/’;M ol 78.50+14.80 76.73+12.09 86.70+14.80 83.47+10.47 67.94+12.09 89.11+10.47

0
T e 3 S 104.02+28.79 103.81+23.51 137.18+28.79 121.01+2.36 104.35+23.51 94.77+20.36
VCL (um/s)
s 3 53kn 97.87+24.75 96.92+20.21 116.71+24.75 106.23+17.50 94.64+20.21 83.02+17.50
VAP (um/s)
2 i 4.36+1.14 4.43+.93 5.58+1.14 5.08+0.81 4.56%0.93 4.59+0.81
ALH (um)
/I;C‘;bz: “)’b); o 3.80+0.78 % 3.07+0.64° 3.34+0.78° 4,1+0.55%® 3.65+0.64 % 5.66+0.552
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o lpd ooy ol :BCF godd (b yuue (wl) STR o (8 y5 (ol ALH
(P<e140) ol 039y o ime cliio e s (gl ol Sl Cglis cidy 4o )
The yolk is egg-yolk, and Coc-5, Coc-10, Coc-15, Coc-20, and Coc-25 are values of 5, 10, 15, 20, and 25 percent coconut milk in the
extender, respectively.
ITM: Total motility, PM: Progressive motility, LIN: Linearity, VCL: Curvilinear velocity, VSL: Straight linear velocity, ALH: The
amplitude of lateral head displacement, STR: Straightness, VAP: Average path velocity, and BCF: Beat cross frequency.
In every row, the difference between the means with dissimilar letters was significant (P < 0.05).
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Table 2- Values viability, functionality, and morphology of sperm before cryopreservation
Sl
Aol b Treatment
Parameter RS IS, SS67 N0 KSLTN. BRI 03,5 /N0
Coc-25 Coc-20 Coc-15 Coc-10 Coc-5 Yolk
“_55 Pl 222 93.64+2.19 92.86+2.19 92.14+2.19 89.07+2.19 92.96+2.19 93.86+2.19
Live sperm (%)
Jub dlw-‘ byl 2oy 86.39+1.51 82.12+1.51 85.88+1.51 84.94+1.51 83.05£1.51 83.82+1.79
Functional sperm (%)
i el 222 89.76x1.53 88.93+1.40 87.87+1.53 87.75+1.40 91.69+1.40 89.63+1.40

Normal sperm (%)

sl 03338 333 53 S,b 0y 2o yd3 YO 5 Vo VD Ve iy jlde s ia :C0OC-25 4 COC-20 C0C-15 «LL0C-10 COC-5 if yopss 03,5 :YOIK
The yolk is egg-yolk, and Coc-5, Coc-10, Coc-15, Coc-20, and Coc-25 are values of 5, 10, 15, 20, and 25 percent coconut milk in the
extender, respectively.
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Table 3- Comparison of motility parameters of sperm post-freezing-thawing process

lows
sl b Treatment
Parameter SIS Yo BAVAR BBV SIS RS 03,j /N0
Coc-25 Coc-20 Coc-15 Coc-10 Coc-5 Yolk
g0t el o)) 9.37+1.72° 9.76+1.55b 7.04+1.60" 9.74+1.66" 10.20+41.55>  21.84+1.722
PM (%)
*T}'SVI Lf(:/“; s 202143.01° 214042715  16.72+2.80°  20.14+2.90b  22.60+2.71°  36.19+3.012
0
LL’%L-“'?WO)’* s oy 6.61+1.22° 6.98+1.13" 4.94+1.220 6.65+1.27° 7.08+1.10" 14.35+1.32°
In (%

st oo )3 o 47.69+47.60°  50.06+7.08°  36.19+7.60°  48.83+7.91°  56.67+6.85"  80.48+8.26°
VSL (um/s)
28 o s el 11.09+41.81°  11.56+1.69° 8.90+1.81° 10.86+1.89°  12.16+1.63°  22.47+1.972
STR (%)
S it )3 S 70.5749.58 76.66+8.92 64.3749.58 67.89+9.97 85.80+8.63 94.36+10.41
VCL (pum/s)
s 3 Sy Ko 49.2247.23b 52044673  30.95+7.23b  48.0847.52>  57.75+651%®  76.57+7.86%
VAP (um/s)
w2 b 5.0640.69%  5.43+0.65% 4.62+0.69" 4.67+0.72" 5.96+0.63% 6.95+0.752
ALH (um)
’B””sz‘lj L)f"‘ oot 452+0.71 4.3240.58 4.5140.80 5.06+0.99 5.54+0.69 5.83+0.70
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The yolk is egg-yolk, and Coc-5, Coc-10, Coc-15, Coc-20, and Coc-25 are values of 5, 10, 15, 20, and 25 percent coconut milk in the
extender, respectively.
ITM: Total motility, PM: Progressive motility, LIN: Linearity, VCL: Curvilinear velocity, VSL: Straight linear velocity, ALH: The
amplitude of lateral head displacement, STR: Straightness, VAP: Average path velocity, and BCF: Beat cross frequency.
In every row, the difference between the means with dissimilar letters was significant (P < 0.05).
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ails b (Del Valle et al., 2013) slas 5 ), 8 eolicul
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P9 g9 p el 0I5 (3:3) )3 £S5 03)5 sl (e (0l
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2 xS 03)5 L (403 Vo) S )b ojed g (303 V1) S0
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Table 4- Values viability, functionality, and morphology of frozen-thawed sperm

N
docil b Treatment
Parameter RS VAN SSLLY. BRI/ BEAR JS670 03,5 /N0
Coc-25 Coc-20 Coc-15 Coc-10 Coc-5 Yolk

05} p yaawl o)

Live sperm (%)

Jlb sli b sl do o
Functional sperm
(%)

Sbxie oyl doyd
Normal sperm (%)

37.63+2.97° 41.11+2.77°

25.5742.81° 28.27+2.55°

82.87+2.73  76.56+2.75

79.64+2.58

45214277 41.21+2.77° 3957+2.77° 61.60+2.77°

30.38+2.60° 29.10+2.57° 30.49+2.61° 55.42+4.05°2

78.84+2.58  80.42+2.58  82.89+2.73
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The yolk is egg-yolk and Coc-5, Coc-10, Coc-15, Coc-20, and Coc-25 are values of 5, 10, 15, 20, and 25 percent
coconut milk in the extender, respectively.
In every row, the difference between the means with dissimilar letters was significant (P < 0.05).
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