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Abstract

Objective

Oxidative and membrane damage reduce the fertility, motility, and quality of the sperm with
increasing age. Changes such as lowered phosphatidylcholine and increased phosphatidylserine
weaken the membrane structure and the health of the sperm. Supplementation with choline and
serine in the diet can increase the resistance of the sperm membrane to oxidative damage and
increase the fertility and health of aging roosters. The aim of this study was to investigate the
effect of these supplements on the expression of key genes related to fertility (StAR and PVRL3)
in the testicular tissue of aged roosters.

Materials and methods

This Study was conducted on 36 aged Ross 308 breeder cockerels for 10 weeks. Birds were
randomly assigned to six dietary treatments containing different levels of serine (0, 0.15, and
0.3%) and choline (0 and 470 mg/kg).Four cocks from each group were killed at the end of the
trial, and testicular tissue samples were collected and preserved in Freezer —80°C. The relative
expression of the StAR and PVRL3 genes was identified using real-time PCR and was compared
with the reference gene B-Actin after normalization.
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Results

The results showed that adding serine to the rooster diet decreased PVRL3 gene expression and
increased StAR gene expression, while choline increased the expression of both genes. The effect
of simultaneous addition of serine and choline on S?4R gene was dependent on the diet level and
a significant increase was observed in the combination of 0.3% serine with 470 mg/kg choline.
While the simultaneous addition of 0.15 and 0.3% serine with 470 mg/kg choline caused a
significant decrease in PVRL3 gene expression, indicating that choline could not prevent the
decrease in PVRL3 expression by serine, although the diet level-dependent interaction affected
the simultaneous regulation of steroidogenesis and spermatogenesis genes.

Conclusions

Dietary supplementation with choline (470 mg/kg) and serine (0.15% and 0.3% levels) may
facilitate improved fertility in older roosters. It appears that choline, by strengthening sperm
membrane structureand increasing mitochondrial energy, andserine, by synthesizing glutathione,
protect sperm from oxidative stress, leading to improved testicular function and improved
fertility.
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Introduction

Rapid global population growth, projected to exceed 9 billion by 2050 per UN reports, has
heightened demand for affordable, high-quality protein, shifting consumption toward white meat.
Commercial broilers, with fast growth, low production costs, favorable feed conversion, and high
nutritional value, serve as a key animal protein source. Low-fat, healthy chicken meat meets
evolving dietary needs, making broiler industry expansion vital for future food. Roosters play a
significant role in broiler breeding schemes despite composing only 10 % of the flock
since they provide half of the genetic load as well as fertility. Fertility declines with
rooster age mainly due to oxidative stress that injures sperm membrane lipids, reduces
membrane fluidity and function, hence negatively fertility. Aged roosters possess

phospholipid profile changes, e.g., reduced phosphatidylcholine and increased
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phosphatidylserine, impacting sperm quality and viability. Nutritional supplementation
with lipid sources and antioxidants may enhance the resistance of the sperm membrane
to oxidative stress and enhance fertility performance in aging roosters. Serine is involved
in glucose and protein metabolism and biosynthesis of key phospholipids
phosphatidylserine and sphingolipids required in cell membranes. Serine proteases are
involved in sperm migration and plasminogen activation, which are vital in maintaining
sperm growth and development. Its metabolism produces glycine, a glutathione
precursor, an antioxidant that protects against oxidative stress damage to sperm. Choline
is an essential micronutrient and a precursor for acetylcholine and phosphatidylcholine,
critical for the maintenance of membrane structure, signal transduction, and lipid
metabolism. Choline increases sperm mitochondrial ATP biosynthesis and epigenetically
regulates gene expression, improving quality, motility, and fertility of sperm. Deficiency
in choline leads to reduced sperm motility and reproductive disorder. Thus, choline and
serine complement each other in enhancing reproductive function, sperm health, and
fertility. PVRL3 and StAR genes have significantly contributed to male fertility. PVRL3
is involved in cell adhesion between Sertoli cells and sperm that is critical for normal
sperm maturation and function; loss or dysfunction leads to infertility. St4R encodes for
a protein that facilitates the transport of cholesterol into steroidogenic cell mitochondria-
initial step in the synthesis of sex hormones. Deficiency or failure of St4R renders steroid
hormone synthesis and fertility compromised. However, the aim of the present study was
to investigate the effect of serine and choline supplements on the expression of PVRL3
and StAR genes and improve the fertility of aged broiler roosters to compensate for the
decline in reproductive capacity due to age.
Materials and methods

The experiment was conducted on 36 mature Ross 308 broiler breeder roosters,
approximately 65 weeks old, for a period of 10 weeks. It utilized a totally randomized 2x3
factorial design with the following six treatments: 1) basal diet devoid of serine or choline
(control); 2) basal diet with 470 mg choline per kg feed without serine; 3) basal diet with 0.15 %
serine, without choline; 4) basal diet with 0.15 % serine, supplemented with 470 mg of choline;
5) basal diet with 0.3 % serine, and without choline; and 6) basal diet with 0.3 % serine,
supplemented with 470 mg of choline. Roosters were housed separately with ad libitum fresh
water and feed supply. Atthe end of the period, testicular tissue samples were carefully isolated
after the killing process and immediately stored at -80°C to prevent any molecular degradation or
changes in gene expression. Four replicates were considered for each treatment to ensure that the
results of the analyses were statistically valid and reliable. The total RNA was extracted from the
testis tissues, and the quantity and quality were ascertained using 2% agarose gel electrophoresis

and Nanodrop spectrophotometry (Thermo Scientific NanOdrOp. 2000 C. USA). Following
RNA integrity establishment, cDNA synthesis was performed. After confirming the specific
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amplificationof the genes, whichwas performed by a thermal cycler (Thermalcycler Mini model,
made in Germany), the relative expression of the St4R and PVRL3 genes was measured using
the Real-time-PCR technique usingthe Step One Plus Real-Time PCR System (made in the USA)
and specific primers. The Ct values generated were normalized to the reference gene (fS-actin),
and fold changes were calculated. Data was analyzed by SAS software (v 9.4) using the GLM
procedure. Finally, the means were compared using the LSD test.
Results

The quality and integrity of the RNA obtained were determined by the unambiguous
detection of 18 S and 28 S bands on the agarose gel. The purity and concentration of RNA were
assessed usinga Nanodrop, and absorbance ratios were within bounds, hence determ ining the
RNA to be of high quality and not contaminated. The results confirmed the success of extraction
and that samples were of correct quality to be used for downstream analysis. Furthermore, the
occurrence of single bands of approximately 160 base pairs for the SZ4R gene, 150 base pairs for
the PVRL3 gene, and 145 base pairs for the S-actin gene on gel electrophoresis validated the
experiment and proper amplification of the target fragments by PCR. Melting curve analyses of
Real-Time PCR showed single peaks at specific temperatures for the PVRL3, StAR, and f-actin
genes that represent high specificity and lack of contamination or nonspecific products and
thereby confirming reaction quality and gene expression. The research results showed that
supplementing the rooster feed with serine significantly diminished PVRL3 gene expression but
significantly increased StAR gene expression (P<0.05). The supplementation of choline also
resulted in a significant up-regulation of both the genes (P<0.05). Their combined
supplementation resulted in a significant up-regulation of the gene (P<0.05). Interestingly,
concomitant administration of 0.15 % and 0.3 % serine and 470 mg/kg choline resulted in a
significant suppression of PVRL3 gene expression (P<0.05), suggesting that choline was unable
to counteractthe suppression ofthe PVRL3 gene by serine. Supplementing the aminoacidsserine
and cholineto the dietof olderroosters canaffect fertility through several biological mechanisms.
These two substances differ in structure and function, but both play key roles in metabolism,
cellular structure, and reproductive system function.
Conclusions

Dietary supplementation with choline (level 470 mg/kg) and serine (levels 0.15 and 0.3%)
can facilitate improved fertility in older roosters. These compounds support testicular function,
maintain reproductive cell health, and improve sperm membrane stability, leading to better sperm
motility and output. Their inclusion in the feeding of aging roosters may enhance fertility
potential, improve reproductive performance, and ultimately lead to higher sperm quality and
reproductive success.
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2 The mineral supplement (per kilogram of diet) contained 120 mg manganese, 40 mg iron, 120 mg zinc, 16 mg copper,
2 mg iodine, and 0.3 mg selenium.

(o)l cé s Thermaleycler Mini Jue) JSobs Jlo g oSiwd bowgs a5 oy aolaidl wiSs anb | w345 Jool>
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StepOne Plus Real-Time PCR System) 5w jl eslazwl L Real time PCR ziSly I aobl )5 4 pbol
sdgSee Y Master Mix SYBR Green july Suo WO Jobis yidg Suo Y0 a3 (S Tg 05 1] (1050l 598 cdlus
ExSo31l e daldl ) gy il o> o sty o AID 5 SICDNA 1)y o Y iy 5 ) sl Sl 51 o 5|
wCT Real time PCR STy bl 51 o 425,513 ¥ Jgia )l aoliy b olSusd ;3 biges by ol zskaws
pbl S5 S5 93 53 aised yn ely LESTs o 505 (giloley a3 e o 4 ums Real time PCR sy 51 ol
L (Pfaffl etal., 2002) ss, 5l odlital b oy 51 plaSm el s ol s jee 298 Lais (g, Sojlasl cds b cb 8

35 e 05 g sl Skl (oo Sl b jeuly 03]l b dbe el a (aBlg 035l L
Real time PCR SWSG (gl addlle (w4 03] 3590 s youly Olwogas o (Jlgi Condd .Y Jou>

Table 2. List of sequences and properties of primers used in this study for the Real-time
PCR technique

oW pwd S CC) it slod azkad Job s O eb
Accession Annealing Piece Sequence Gene
number temperature length (bp) q name

F: 5 ACGTCGCACTGGATITCGAGS g, o
X00182 60 145  R:5- AAAGATGGCTGGAAGAGGGC-3'

XM _ 01529835 F: 5- TTCAGCGAGATGGAGATGTCC-3'

6.3 60 160 R:5'- GGAACACCTTACCCACGTCC-3' StAR

F:5'- CATGTGGACCAGGCTGGATG-3'

XM _416630.5 60 150 R: 5'- GTCTTCTGATCACTCCTCTGACC-3' P 3

Real- time PCR ,iiS1g 4> s3] 3,90 (obod 455 ¥ Jous

Table 3. Temperature cycle used in Real-time PCR reaction

ob; (°C) > s pa dlasi Ja1yo
Time Temperature (°C) Number of cycles Steps
Primary Denaturation Step 1
15-30'S 95 Denaturation ;b <oyl 40 pgd dl> ye
308 60 Annealing o)y Jlas! Step 2
30S 72 Extension  lauws
10 S 55-59 (K885 ook ouo)) pow al> yo
Plotting the melting curve Step 3

Syl ime Jloin! maw b LSD (9031 bl puSilo dunslio 505 Jubxs GLM a5y 5 (¥ a5uis) SAS l58le 5 b laosls
D9 5 Sygods olisl 3y90 (gylol Jho .35 13! (0= 10.05) 2sy> 0
Vi =0+ G+ T+ (CT)y + eije
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ol .85 )18 a0l 390 erdlsiel RNA (Sl g coins 581 J5 o) RNA gl gend jl ol s )
o.kwcl/?wl LSLERNA A.J}.Ua.n u.»&.».{ oMJuqu &S Bad odnlie 288 9 18S ) RNA LY ]oy)n d99 9 CJ"IS
Ccuns b (68031l 585 jokay yiogibg Sl Cliagil olKiwd b oids gl g RNA ogls g clale ¢yl p ogMe .l
D baiges (Sogll pac 9 LRNA oYL o sximslis VA= Y/V o3g0 ;5 A260/A230 3 A260/A280 Cis
Ls\oLAb-I )-A.A&’ GL.: A wa)).) Dy (g dl.b:du‘.c)T dl).a Lmd.:w O LMLA 9 Cl)z.’lwl .\.u‘)s t.",u&_‘?’o DJ...AS.\...:L @L.s L)’l
ol o Sl b layyg cpl 3990 iSO puins 0 &S jglailon Ll oads 00l L [-actin 9 PVRL3 StAR O dw
.5 wb B-actin (145 bp) ¢ PVRL3 (150 bp) StAR (160 bp) , L/ 34

o0 Y 5,651 J5 9, 2 P-actin g PVRL3 . StAR g5 solad] pwisT guli ) JSWS
Figure 1. Results of specific amplification of SSAR, PVRL3 and -actin genes on 2 % agarose
gel

399 (¥ JSKS) cunl oad iS5 e VU Conolasd! saims lis Real-Time PCR juiSly ogd slo goxie
@Lu Jl ML\@ L;.p‘uz.o‘ ).\.C u\jya}u 9 )Nl)) )wl.) cé.)}ﬂ 39») XY J»Jl) cuaM ua.) LSL"‘) )0 Lfg" dLmdlB
B-actin o el W iSTy 035l (ol oMo Casl o ol sodls Lzl 5 LSy (oYl i 5 Cono saimd s

& s dpobro /A0 1 YL 5 dw o glp (R?) (Siwen copd 5 00 10)d AF 5 AY A0 sy & PVRL3 4 StAR
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Figure 2. Melting plots for p-actin, StAR, and PVRL3 genes

33 o 9] sl STAR o PVRL3 (slacyi ey p o Aol gl Ciliises clacdale (30 onims s ¥ Jgds

o 4 e IV g 1N s 93 (29381 &S (SIS 4 (P<O.05) s 5 93 2 oy 2 lsine 8T g S 0
@ prie uyporlV g 1O o 9 (9 BISIAR o sl &SI )3 sl 003 PVRL3 (o gl jhgme (225 & i
9 2 ot 2 Ssime U g S0 53 S 2938l ol pogMe (P0.05) sl b (5 el o ylasine Sl
sdalie PVRL3 9 SIAR (5 930 (o 53 )3 sme (il 0lsS o5k 3 p )5 o ¥V (993811 (P<0.05) sy o5
Oill 4 prie eS p SokS 1 p ) Jhe Ve olied 4y disal Sl dops +/Y g </ND lojen odlisl .(P<0.05) s
omed Canl 0391y (S9l> 0y 33 WeS jels Cute Pl sdiad L & (P<0.05) el 003 STAR 5 ol yb pxe
Ot 8l s 0302 42 35S 9981 -(P<0.05) sl o0y lo ixe PVRL3 ()5 ol 2 05 5 o 9981 Jelie 1
Sl 22)> /¥ 5 41N (9938l 2950 PVRL3 (5 (il &y prio oy & cpw o938] & Jb ) 3900 PVRL3
15 PVRL3 o5 ol Jloisime 0 s codsS p55kS 1 2,5k ¥V- L ol plaS” jo il jsboay (o aiie]
s s golts S 6ol ey Lawg PVRL3 55 s idlS 5] ol dtuslgs plsS yguis i oo it 48 (P<0.05)
b PVRL3 (o daw Lol cams o Gal3dl ) SEAR (o oS gysboas tcul olyan )5 93 55 Fglite (565l 2y B o &S
92k @IS (28 SIAR 15 a5 05 99 p oo )b ine Sl cargo oy 4 oS (2958l (blio )3 amd oo lalS
9 Ogywgies Wlo iz Sbge g & Cunl 2liade sl ly NS g (19)d 4 Jg il JUET Jgte |pj S (o0 i

3 eyl (5LdlT) (eipp el 53 ot L85 35 PVRL3 (j; .(Christenson & Strauss, 2000) 1S o aJgi |y 559yl

57




V€00 o)) e 5 (g9

Cul jigo by ol o )3 5 eyl ilodlil WLl 50 0F al ol e (el jebay WS e Wl (oanl; slaJoke

.(Adeldust et al., 2021)

PVRL3 o StAR (slagyj gl 52 (95 9 oo divel sl 556 L€ Jgo

Table 4. Effect of amino acids serine and choline on the expression of StAR and PVRL3
genes

PVRL3  StAR Main effect Lol ol Treatment .o

1432 1.212 0 Cpyo Aol deaol b 0y
0.64°> 1342 0.15 Basal diet +amino acid serine
0.53° 1.492 0.3

0.1 0.06 SEM

069> 1.15° 0 JsS p S skS w p S ke ¥V 44l opn
1.04 1.552 470 Basal diet +470 mg/kg choline

0.08 0.05 SEM

Interactions .Sy )l

I 0 (J55) & o>
Basal diet (control)
1.862 1420 470 0 S p)SokS o S o ¥V +al oy
Basal diet +470 mg/kg choline
051°¢ 1270 0 0.15 Oy o] deal Juoyd +/VO +ab oy
Basaldiet +0.15% amino acid serine
0.77 be 1.42°b 470 0.15 2 xS e TVt s el dal o +/VD +4L 0y

s p S ks
Basal diet +0.15% amino acid serine +470
mg/kg choline
057€¢ 1.18bC 0 0.3 Cpym Aol Aol Juo > /Y AL 0y
Basal diet + 0.3% amino acid serine
0.49 € 1.8 470 0.3 2 xS e TVo + Cp s el Sl o p> /Y AL oy

s p S ks
Basaldiet +0.3% amino acid serine + 470 mg/kg
choline
Aiiwn (00 =0.05) 20,50 gyl dxe gaw )3 by, Sile Hlo I sme cglis saimyylis (@, b, €) ciliseo g p®
*Different letters (a, b, c) indicate significant differences among means at a significance level of 5% (o =
0.05).

WS (oo 4l |y addllae pl @S g w85 )18y 90 K3 (plmgd )3 Sl & el (S g (oS lajiall

OF55 9 O B9l Sylesd 53 el (Slooss; g Lid Codls (S S p5 0 ig iy i ep el ke oS 0l (L5 ol
slyles b p sl (sl CoMlas g 0259y g i oyl CBLE (o8 jgboas 3gr SV Sl 09,5 &) S () dne s 5kt
Sylosi b p el (Sloossj 5 IS S P dopd (pizmen g oS 095 I 5V (g me jsbods iy JoSeo dops /Y ol

i 8 S 5 o 56 09,5 4 o IS JaSo oSS 3 0.5 o TV slpa (o oy ¥ 5 4110 g
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31 S )bine ysbar iy dopd IV 5 21N (gols slayless )d Jbrial wlidcsn) b slap sl doyd el )38
S g ol pS ke TVe g g 20pd oIV (ols &5 b sdaliie (Glars 13 5 pyed Clale (i g ald 0g)S
o 5l skl a8l (Uis i (S 3ai @l sl p iyl Mg Rl g B9l peusl 2 SleS 5 cpl e Sl odiad L5
e S5 8 53 500k GRIBl g oyl e S0t cge (2l 0y )3 S JoSo g e L atslid anlllas 590
A Slren jodo ;3 cpdiy Slalllas glaaidl b psls jimgh zols (Alizadeh et al, 2025) s9i o 2565 jole slaals
o 0 F Kol ¥ Kol G sladen cos walals 5o5b 1 (gladss Cunsdg deup &S b olis (Feng et al, 2015)
olyon Figlo el w]8 g 5 (Jandy slaigeye s GRIB SIAR o MRNA cl (231 b g slags
5 Q10 3l don 5l lans) ] Conols gl (glandss SluS 5 5l oalitl & w58 (IS s (pizran ol
Salari) 3si e b g aci swbidcdl sl asls s o SIAR o5 ol boiize Lialitl cage F Kol G (clasud
il oo glinS T ol a5 0aly i g pwgind Fiuw (oS ooy K5LE (ggy oy sy p 0wl pogMe (et al, 2021
b St Cnl posibe oo b jlag i oS (Jo )3 5800 g b adn )3 STAR 5 MRNA 5 (555 oo )bsine
3ol loasdl ol g gema s (Xiongetal, 2025) uS o bis |, Jroddg b 5 Sles g 03,5 osSan (550 Hgbds
SIAR s 559059 5l (534S G ol el B2jb ety gl 35 J2al 5 (Sdglie Cundg 290 45 08 oo
a5l 5 posedd oS 3ot STAR o Lial3l b 45 omlt ) s gyl sl 5 Lais 3 (lodisS ppuend i
ox 4 055 9 Orp Sdialipd (P9l sl gusn (23S 3o e lagpgS 3yl gy )3 endednlis
38es g 5ts b s jlosle 53 cpl a3 436 coui ) (9l (R pusille iz Gk I Sl oo (e Slaeg >
ol s cilises sl gy ol -5l Ml (i el s 3 )Sos 5 Jobo )l Lo udilie )3 93 0 Lol aSlaz
Yang & Vousden,) s)bs cullad figeio jiuw 9 40,5 pudgplio pomo 53 oy g il 13 <80 pogMe ppw
s ogmodiio ol Jupes oyb 5l cuS 5 opl sy oo s &0 .(Pan et al., 2020; Holecek etal., 2022;2016
@ Jopds Jusl (Lol saSglas plpear STAR (f a8 SeS SHAR () abex 5l g ple wdas & Sl
Fasge e 33 dl> po oy FONISd9dxe g (S (lgisd &S (Gl WS (oo Joo ddn dnlin ol slags) S g
D98 o0 (g fwgind W Cughl carge SIAR 0)f plo Gl -l oad A LS (g usgind dlax jlesadgial sl igey g0
Gub SN SR ol o0 Vb e Gog > )3 ol Gl p sl S g Esby 53555l ol Al (sl &5 (g ungins
Oy 303 GRIE (600 (i Caled 53 5 355 prie p el CdeS S0t 5 (il Sl B Cogl 4 WIg o a0 B
Nl sled 4 pyud oo glid Sl are i &5 3l S8 e Jaslind oS calo )3 0k ssba;
sl 5l 503, KaS pyl clie (g pipilanil 5 (Ko LSy s 4y oy bilins (Kotwicka et al., 2011)
oy owomed (Esfahani etal., 2013) wS' o cdabbee o ol 51 56 slacw 50 g gl gl ade oyl
S Syl Sl Jlroadg SliSw 5 Jobo 3 Slos wilals 1348 3,15 (185 o g Cpgredliyshud sl B 5
Sl cblis 5 (6531 3y b by (Sdplio (slojpuns gl g p el GLie plSorial § CuiS 350 Bosb 1 oy
DiazRuizetal.,2024;) a2 0 =1&5)] cpune slowg s 33 1y (6)9)b domats ;3 g o p oyl Sloo i) g S o5 (il ccly
& g 95Ul s a5 a3l s ol 4 Sl e oS 5 opl Sl 5T cus b (Santiago-Moreno et al., 2019
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ol b ol adlas cloasl (Zhou et al., 2017) x5 o s i) i sl Loyt LilS b o 1) gsto
2l ol s PVRL3 (5 olo (ials o STAR 5 oo (il Coge oy B pane o (lis Tpi o)y Sleen b puns Ko
a8 sl ST 5T g8y g (o35 (Splio (sl pane a5y g p ol (clie Ceoglin g ks Lo Doy 008 uSaio Kilg 0
305 PVRL3 (jj (g ghaws Sopeiio (58 csliop ) g2 50 (0 0B 00 D51y yune Slog > ool ol
Sl 3> BT y90 53 gy o0 JSas oadd il () ul Gl 2 oy ST 2 (e laddlae (ST Al 4 g b
Pdete slrog)S 53 HBjlel Cliis e Cunl (Ko il Jolaiel b 5l Gl g ol 4l g 40 S S (Sglie
Jub sl ol (Son (e By QIS (rizman D93 PVRLS 1) ol 05y sl &5 335 byt s DNA ()
2 e 86 JS 3 38 PVRL3 (55 e Jee ol rittano e b paiane yohar 45 355 e 3555 (slop3lSe o
PS> Slagy 455 5 Wb Gue Slagugs Jshe Candg g Sdplie P 593 4 (Siww PVRLI 0j ol il
5 SIAR (slapyj (e (1B 55 0l L S duny o 5 1 305 ol 35 (el il J5U5e 9 (bondign
2 oxmd ke (slmog S Sluging Oyt 3 olsS sl (ilag S il gt 5 Si il b Bob j) Baee PVRLS

P18 53 Bogien 3 DNA - (gudlie Coge wl5 o Jute (sloog)S cpl &5 )y (45 405, pudplie (sl joae
s ol (Singh Rawat et al., 2022; Bekdash et al., 2019; Friso etal., 2017) 545 a5 sa0)58l 5 yigeg,
(PVRL3 3 Star ssk) )i jsegn s (smigisy SysSh oyiod (il g ailog s )l lo o0l 5l el (Sej gl
oeba sy gSB g Joho (slid jlS Lo bis b (oS imen bbo GRIBI 0 ol Ol g oy ol 53 9 2900
oS 5 S olgeas oS (Kenny etal, 2025) 8" colos o) ol a2 5 g (ugigy (5lk 5 ki sy glay Sl o0
sl S s Joaslinsd .ol (S haslins wle olis ladndgiund jlopin & d9d e aBLd (elbgand
55 Sl 5w 53 Cpiomen (Fagone & Jackowski, 2013) cul Jioddy (slo Jobo gyl Jobo slalic ks Lo
Kansakar et al.,) 315 Jii ol 18,55 Sseysn (slo Sy 5 s piams 3,515 5 45 oo s otimd Jlisl 5
5 ol 15008 S8 Lie (So)lSs 5 s pydllanil bais 4y (olié (slasglgind calo cogis b oS .(2023
S o Wl pyped (sl oMo Lais )3 oo sl (385 5 (Hanley, 2023) uiS o sSsl> silaes sl 5
5 S o LinlS 4y prie Bl e o ol g5luS] o] s )l VU £lubld (o il s 4 oy (sl
Syl o g 5 ST (wpal 4 bgje slacunl sbol | glo did (SoylS bais b opdsS 295 oyl (Sloos;
b & orizzen (Attia et al., 2019) sz oo st (e Slows s )3y ol S cai cnl 4 g 9300 ol
ol S o el ) Jteadg sl p g p e Cllad el Y (5551 Gl ol 5l g 038 SaS A8 0 e eedlplie
osS (Billah etal., 2022) x5 o iy pysud 535 s b bisye csyppl SIS 51 6ol 55 (sl i ¢ ol clabbro
a8 e 2 Sas (pl S o b 1) 1S oD i o > ying o3l g Jlaildy SaSTL g 051 oo i o eI olie 53
Slagmgss 5> Sroddg CubeS (Il g pedpli 2D S conlply ol ardg (sacdled (dly p3Y (555 el
By &b s (Crisostomo etal., 2022) kS o S8 (gyab i) g bas 4y ol ol Sjloo Koo Ty cpano
Pl 35 g lodian 5 Slos o 413l Cute 13 (g ytwgins plas Jred slaigepn p Sl i Jite ooy S mudglie
Sl yuiSly 13 a8 sl e (log S ool e S (58 s taS &Sy glailon . (Prasetiyono etal., 2020) us” coois |y
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Sod e (sdteddgs 3 Slas Cogii el ALlBlen ©ygodr (eMygind ol g (gl oyl cole > eSS L
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