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ABSTRACT

The objective of this study was to evaluate the influence of breed and gender on
production performance, carcass and meat quality traits of broiler. A total of 1,440 day old
chicks of Arbor Acres, Ross 308, and Cobb 500 both male and female were randomly
distributed to 48 pens by breed and gender, in a 3x2 factorial arrangement in CRD with 8
pens per treatment, each pen containing 30 birds. The chicks were raised in an evaporative
cooling system house. Feed and water were given ad libitum for 42 days of experimental
period. The result showed no interaction effects between breed and gender on production
performance of broiler. The Arbor Acres group had higher body weigh, weight gain and
average daily gain than Ross 308 and Cobb 500 (P<0.01). Ross 308 chickens had higher
liveability percentage, lower feed intake and lower feed intake per day than those of Cobb
500 (P<0.05). Feed conversion ratio and feed cost per gain of Arbor Acres and Ross 308
groups were not significantly different (P>0.05) but lower than those of Cobb 500 (P<0.05).
Male broiler had higher values (P<0.01) of body weigh, weight gain, average daily gain, feed
intake and feed intake per day, but had lower (P<0.01) of feed conversion ratio and feed
cost per gain than those of female birds. For the carcass and meat quality evaluations, no
interaction between breed and gender as well as breed effects were found on the carcass
characteristics of broiler. The interaction between breed and gender was found on
brightness, redness and ash percentage of breast meat. The female Ross 308 had the
highest brightness (P<0.01), the male Ross 308 had the highest redness (P<0.01), and the
Arbor Acres female had the highest ash content (P<0.01). Effect of breed on dressing
percentage, carcass parts percentage and meat quality were not significant (P>0.05) at 45
days of age, except for shear force value which Cobb 500 had lower value than Arber
Acres and Ross 308 (P<0.05), while Ross 308 broiler had higher value of protein and ash
percentages than Arbor Acres and Cobb 500 (P<0.01), and Arbor Acres had higher
Eicosapentaenoic acid than Cobb 500 (P<0.05). Male broiler not only had higher values
(P<0.01) of wooden breast, pHs pH,s, summiness, chewiness, cohesiveness of raw meat
than female, but male also had higher values (P<0.01) of hardness of raw meat and

soluble collagen (P<0.05) than female.
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2.1 arwdndnvasnsideslinsensluussmelne

nsdedlinsenadueinitdduarairedldliiunuasns Welinsznaduunes
Tushufidduarsangn uenanidiannsoddudminedsinsssmaimeldidgussme
Yagnanediuum Tud 2563 Usemelnefinunsnsdidsdlinsens 31,304 518 fnadsdld
NENIIAY 1,694.52 AU S 2,500 &1usy SR nsiind uvessuiuliadslutied
2559-2563 Aol 3.71 Wedidudded Tul 2563 Infindnldlduslnalulssmadudiing
(1.604 a1usu) deeeonlugulian 0.36 duiu waglnuusgy 0.55 dusiu nsuslamilolives
aulnewfiutuludied 2559-2563 Adu 4.57 Wedldudsed saenlinsenaiinunsnsuels
wasAlanduay 35.50 U anasaInilaniuas 36.85 U vesd 2562 Anudlu 3.66 WeslEus
Aansalalul 2564 f\ﬁmumwsﬂi@gaﬂdmzmmaﬂmaazl,ﬁm%uﬂu 36,824 18 AUSnauln
N5ENe 1,721.89 d1us w3e 2,577 a1usu Usinadladiudalaalduslnanelulssvea 1.657 du
wavdsean 0.92 Ausiu pnaneasnsriglanssnslalusing 36 vmsenlansy (51t 2.1)
Tnedmtnitnndedinsenannian 5 Susuusn Téud anyd nagauy vay3 uassedun
WazUTAUYT (NaansaumakazUayaans. 2563)

3199 2.1 anumsainsnas N1sUslan wagnsaseantnnseyeuwazraniuelnnsynveslne

. LRSS NAWAS vilan” nsdsean’ () sweniitnuasns
(578) (fush) G G lign  lduvssy w1eld 7 ()
2559 - 1,459.15 2,018,530 1,328,421 213,032 ar7,077 37.34
2560 36,546 1,488.06 2,105,310 1,346,940 225,636 532,734 37.28
2561 32,001 1,503.35 2,126,947 1,287,465 279,050 560,432 34.40
2562 32,631 1,588.63 2,347,491 1,445,009 312,498 589,984 36.85
2563 31,344 1,694.52 2,503,961 1,603,961 350,000 550,000 35.50
2564" 36,824 1,721.89 2,576,890 1,656,890 360,000 560,000 36.00
Y anpagiuesdtinauLasysiansineas. (2563)
i 7 nauansauauazdeyaadia. (2563)

3 o o a v a
A1UNNUIWLATYFNINITIABAT. (2563)

2.2 madedlanszndlulszndlne
madedlinssmmesmndlnefviinanfisdustwiadleuasiimuimviinogann
fnslimalilansudaiivuatofdiuiug oms uaznisdans vldnsuamdulueshed
UsyBndam lssernanlunisifssgnliusninauldimdndslssdunasd 2.3-2.5 Alansu
et 40 Tu (gt Auls. 2556) madsdldidelutsemAlned 3 wuu Ao wuudasy uuudssdy
9101 waguUUIUdadEes (e13s duly. 2535) Tenisudnlinsenaieuianunegaeldnng
Aufiunsvesudnuunalug 13 U3t JedidndruuSinanisnansanduannnit 90 wWesidus
yeUsinansHanTaUsEme 1iun U winlnadnet $1im (reu) Usen @nvindy $aie



U3EM wumlng 91in U3E Inedlad n3U 910 @viw) Uiem duialad 9rin uSvn uvaw
yi09 ¥ UM Tiowdidt S (e Vi unsuideu $1fn v Insuaudnvdngd
9110 USEN Fuiled e USEm AMamthlian 9ade VS wunilng 9 wasusEn gge
goanmnssy $n  Hudruaunisudsiamauuunsuaes Seasondddidu 4 ngu
RREVNTINAARY Ao enaMNTIUNIHERANLANTENY gnannTsuNIsHanlAnsEne 15saueh
fnfuaztunezieln wavgnamnssundaidloliulssy @ian wawty. 2556) uansdliidiui
lAnsznsindnluussmalneiiiou 90 Wesidud gndudiglssaudunasiilondnlinen
Fudrusning lnsvhlulssnudunassutolanseneiifitutn 2.4-2.6 Alanfu fdldinan
A 37-39 Tu (338 29dTumdng. 2563) suziuismiifinunsnadsdlinseneseiusaey
u U3E Tnefln n§U Sudfelnnsgnadilssdunagiiloany 37-45 Yu (UM Inedlad n3u
10 (). 2560) uaguien Seniid St @) Feldnsenaiionstumasitony a1 -
43 ¥u (U3 et $1in (). 2559) Fudutaeilinssnsaetugideanisiiimdn
Fiusiesngaiign Tnssnsnnasyduladesseiuredlinseninazmaiugaouy ey 36 -
43 Fu wird 97 nfa/sf/Tu (Cobb-vantress.com.  2018) Wugsoad flong 37 - 41 fu
Winfu 98 n$u/é/3u (Aviagen. 2019a) uaglnsiugensivesioeda Moy 36-40 Fu irdu
97 n3a/8/5u (Aviagen. 2019b) TnethminlAfsudadecdithwnlndideafiuiitvun §0i
ihafnunnnitdvun UsEnazansini fute Metmeeduadevuaunisiliend unds
T1uvay (Opart, 2016) wariinararanouLmmeiaes Tnevilisasmnudovelugdlinsems
Fsiu SsnisUAue gl uazAt Pl Score gias 47 Pl Score Anuaildan (Wl
e x Snsnsdiessen) x 100 + (esaimades x Sasnmuasuemsdniwin)

Chaiwat (2563) 51891037 Tl 2562 ialanwanlride 99.0 & ansgoudnuiu
uasHasiivnjan Ussmdlnendnlinsznsgadusudu 8 vedan wanld 236 dusu 1
nsznehlaniinisdsenn 17.2 & sy Useinardseanlinsenisglng Ae usda uazlng
dsooniudusuil 5 dmiundadasilidseenuuslaiiu

1 lriududs fdndaudsnnn 68.7 Wesidud lusiuaud 832 Wesidud (Ju
wanfausilidiuvias wagfudodulivis Wnslneduddoensduiu 6 dadu 2.6 Weddud

2. lAudsu dadaudsoan 11.9 Wesiud Ussmalveiduddseansiolngfignues
lan Anludndau 28.9 Wesdud vesliinadwenlnuussUlunainlan

3. lnutiiu dadiudtesn 19.4 Wesidud laeifiou 85.0 Wesidud Wulndumas
fimdeiduliviast nsaglududuil 30 dndu 0.2 iWesidud

v 1

2.3 ANUNUIBUATRUSLANTEN

A1dn “lansene” vise “Broiler” Teunnlinuanaiangiueenvaansgoisng
Tugieduanssen 19 vaneds lneiy 10-12 Uav vuiamangauiun1sgne dmiin 0.9
al o A 1 . 1 (= = s [ 124
Alansu /W@ngrsuuan (broiling) ddlnailuliidngesuviivseudnsines (Leeson and
Summers, 2009) Tuusgmelnevalgssananndnaldisenlasumeeny 3 Wow oyl

= oA a4 o 1 - o a W

wilgmiselley owungmsenaniinduunassaulTuuseniu (@955 NYATAITIAL 2511)
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Fasn1ssasuamsidulnumdng Bell and Weaver (2002) wisaanladu 3 Uszuan A 1n
nsgne (broiler) fuwdnuszunu 2 Alansu lnamAleu (squab broiler) Tuwiin 0.9-1.1
Alansy wazlnlsemas (roaster) fuwitin 2.7 -3.6 Alansy

2.3.1 lﬁtﬁaﬁuéLtﬁ (meat type chicken)
Tugmanunssunsideslansened i dotusuiduiug Sudu waudrutuiug
Ju ilendnygiusuievowiiug Thideiuswiiteulfluniesdelinsemedsd
1) lAstusunindimien (Barred  Plymouth  Rock)  fidudndeludszine
an¥gouiim dvwduduns Ae ueradudmatinvdodium faedvnmediusuduuoy

Yuuiuynduuy winsyiwugeulaevatsvusondudn anunitswesaudunaduiiude

ol

Tulrmagifuuaudniowawinty wadlounuiudsdvnalrgniuauden fuuinguss
Uhunans ulddadefsld umiuanid enidindn Fedenlfidulinsemdasdiunasds
paeLilonny 8-12 dUnvi mdae1ane anudy nmun Wea Idduilnly Aamiedivdes
Fumuns Wienlvdinia (May, 1980) dedosia finalssyiulauunadedioutuliie
ﬁuégu 13AvUVURINI (pin) 801 (Leeson and Summers, 2009)

[ a

2) lnuglavindimien (White Plymouth Rock) fduruiaisziafauaud
Y a

Uszwnaansgoiusna iulnfiuguin vudviivg weeudns Uin favds uasudsdivdos win
oL Fuy wormilesiung aeiussaimdumnuusends wiluiaatuldsunsdndeniug
Tiivusenidy Sdwhuuelve) wulad Tedlddumeuiiugifiondnlinssnanazdoudam
(Bell and Weaver, 2002)

3) lnffugnesivan (White Comish) HHududnlunesuioad Ussmasangu 3
WoULUUT: Waenlddhna Ravdedndes vidu dosdivuwelng enndredn nanienn
podu ndandlewty dadumnlide dwdndelastufinainin 4.1 Alansy wedenin
3.2 Alandu dusildifumeneiugingglitos vuialiidn wWesidudiineans T duius
SusululUsunsunmswauiusiendnlinsgnaitonisdn lngldlafusaosiv durionauiy
vsnaimIeavsetinanildes wselwindsinsen (Bell and Weaver, 2002)

0) Inugiiusniides (New Hampshire) Wuldeiiiuussinviailofly Tngl

[
=1

ilefninld flauawennd Sudiidaunannfziouourides (New Hampshire) lagnis
Andenitugainlilsnloduauduas Tanvazasyiviauasiuninduaniss vuenso &
anwazeIugu adinine lavesusnisaninlilsnloduausuns ffdeinly daanuudauss
Iisums¥usesiudiiled a.a. 1935 Welmfuimaduasineiflioniin 3.9 uag 2.9 Alansu
muanu tnsuneguazinedonin 3.4 uag 2.5 Alany aiudwdu (May, 1980) vuild
thaageu Aavidsdimdes Snuvurmssudunvumssudnsuuanatsdslugauns fuvdung
waziiFonldiinng

5) Infuglavidadnd (Light Sussex) Fulrnadonsly Sdnvawadendn lnd
319 umguduanagy LﬂuiﬂmLaml'mﬂml,uaiuﬂsvmmmqw wanwileuulaalafands
A wWienluFihmaseu meudnsmuinnansiinss wuiivuaradosrevosianaguagine

Wedun Imﬂmmaamagmqﬂmwawmmaaauaamaumaaﬁunmnmﬁuawawu Uniigde?



Iaa o

a A a a o a A Ao =~ @ [
uadldn1us U lelunstu WWQLL@S%uUﬂﬂQMIﬂUWWQﬁ@W YUUSIUDULEY Walnaude
v IS

A wazinadentn 4.1 uag 3.2 Alansu suddu Ingumauasineionin 3.4 uay 2.7
Alansu muasu Tly 240 - 260 Wesmal (May, 1980)

2.3.2 WuglinsenagansAn (commercial hybrid breed)
gnamnssunasslinssvsadelmiGudiudl Delmana region  Ussimeansy
ouiAnlutaananmmssud 1930 Tasfoudsslifugiuenides Tullagtuuisnuangnld
nsgnandngnlannmssaudiadaneus (@-way cross) namife WWuldnsgnaitldunanlandy
{-eilunnsneiu 4 @e (Leeson and Summers, 2009) Hu3smndnlansznaiiensind

Y
o v

dfny 3 U3t Andawe-wiiuglinsgnannnin 90 Wesidud veseudeanisialan léun

1) Uidnluaieieliou (Aviagen) utismiuimedaniinangnlinssnaiie
n3én Aesudled a.a. 1999 wdnldnseneiugsead uazerSiuadiainada (Aviagen, 2018)

2) USTMndlust (Grimaud)  Budusernsudsdlidng Tae Ira way Oliver
Hubbard Tul a.A. 1921 Iﬁm%aujlﬁuim’f]uu'%ﬁmwamqﬂlﬂ'ﬂizmﬁé’ﬁmaﬂaﬂ g NugEUUISA
(McKay, 2009)

3) USABUY-uILIAa (Cobb-Vantress) \uuismranlrinsznaiiiiuniigaly
Tan fhiles Littleton ¥5 Massachusetts UssinAanigeiuini lag Robert C. Cobb tileT
a.a. 1916 Inglfliurinddnien finlvsepsiienidi nduldfeiie ndsmanulanadid 2
asusnliuglinduudunn fe lvindimen Tull a.e. 1955 nangnlnseneiugaoud
(Elfrik, 2012)

UINIFIUANTIONMMTHEALAZ AN INYINYDALANTENIRUGa SIUesIwR0Ta Saad

uazAsuYy Suunane kandlumenei 2.2

M3 2.2 INASTIUANTIONMNTHARLAEAMAWEINYBdlAnTENaiLTA1T Weeiy 6 dUa

y mauy 500" soad 308”7 ostupilawmasa’
ANY T ~ » - ” -
Ve L eLle el Lnedle ol Lweildle

AUTTONIWNITHER
drming (%) 3,147 2,757 3,136 2,700 3,118 2,684
gnsnsiasAuln/Tu (nSu) 108.00 79.00 109.00  86.00 107.00  85.00
USunauemsiinuazay (n3) 4,999 4,520 5,005 4,392 5,032 4,410
SnsnsiUasueIms 1.59 1.64 1.60 1.63 1.61 1.64
AUNINGIN (ﬁﬂfmﬁﬂﬁ’s/ﬂﬂ.) 3.06 3.06 3.00 3.00 3.00 3.00
wWoesidusun (%) - - 7391 74.46 7373 74.29
Wosigudann (%) 74.99 75.69 - - - -
L‘ﬂaaﬂ (%) 24.89 26.68 25.25 27.42 24.96 27.14
L‘ﬁaﬁﬂWﬂ (%) - - 13.22 13.47 13.36 13.62
dlees (%) - - 10.16 933 1025  9.51
L‘lfa%’] (%) - - 16.91 16.31 17.10 16.50
fiyn: Y Cobb-Vantress.com (2018)

v Aviagen (2019a)
yAviagen (2019b)


http://eu.aviagen.com/
http://eu.aviagen.com/

2.4 AUABINTSINYULVRILANTENATINITAIEENUTHA

Usnaulagugangg Audsmgnaniuslinsgnadenisiuuzihdmivlinseninas
mefusAaul 500 sead 308 wazensiuasiawneda wandluned 2.3 lavussead 308 uag
osiesieineda uiuglafinamnainu3em Aviagen fimsudstisengvesszaznislsienms
urazvdianazdnnudeanisinvugyiiiu Falmnuunndnsanifugaoud 500 Tnglingens
Wugaauy 500 IAnudenislusiu nasnuldusslonils nsnesliluvilotiu 913531y uay
lelog@usninliiugsead 308 uazenfiuetioinesa nvisszaznslienms anudednis
wraey wazneanedaveatlnnsznatugaauy 500 Tueimsssesusn szugany uavsees3-1
geaniiugsead 308 uazersiuesieinesa uslusvezil 3-2 Mugnoul 500 Fosnisuaaiden
uazvoavledaininiudsead 308 uavendluesieinasaidniios mmdosninsnoziiluladu
uazimlslofu+Taiiu vedlaiusaeut 500 luemnssvezisn warszeransininiugsead
308 uazensivesiaiaeda taalivia 3 wug SanudesnsumilsTetusdadivluomaszesd 3-1
Wiy

M15199 2.3 AnudeInisasugvelinssnirazineiugaauyd 500 (Cobb) s0ad 308 (Ross)
Lae1siuasiowmasa (AA)

sUﬁWiJENEJ’M'li BIUNIITYLLLIN DINNITCYTEDY DINITITYL3-1 DINITILYL3-2
Wuﬁ: Cobe/ Rossi/,AAg/ Cobe/ Rossi/,AAl’V Cobe/ Rossi/,AAl’l/ Cobe/ Rossy, AAA/

Y3907 (J) 0-8 0-10 9-18 11-24 - 19-28  25-39 >29 >40
Tnwuzluains (%)

TUshu 27310 5D 19-20 215 18-19 195 17-18 18.3
ndsnu' 2,975 3000 3025 3,100 3100 3,200 3,150 3,200
uARLYN 0.90 0.96 0.84 0.87 0.76 0.78 0.76 0.75
Woanasa 0.45 0.480 0.42 0.435 0.38 0.390 0.38 0.375
nsaazdlufigedld

ladiu 1.22 1.28 1.12 1.15 1.02 1.02 0.97 0.96
wnlslofiu+daiiu  0.91 0.95 0.85 0.87 0.80 0.80 0.76 0.75
Ul 0.20 0.20 0.18 0.18 0.18 0.16 0.17 0.15
n3lodiu 0.83 0.86 0.73 0.77 0.66 0.68 0.63 0.64
9159%u 1.28 1.37 1.18 1.23 1.07 1.09 1.02 1.03
1au 0.89 0.96 0.85 0.87 0.76 0.78 0.73 0.73
lolugdu 077  0.86 0.72 0.78 0.67 0.70 0.64 0.66

1/

nasulduselovidla wie: Alawaass/Alansy
fian: Cobb-Vantress.com (2018)

Aviagen (2019¢)

Aviagen (2019d)
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http://eu.aviagen.com/
http://eu.aviagen.com/

2.5 aussannIsHanvadlinTEnaiugn1sAmnge
é’ﬂwmzﬁﬁﬂﬁ’mmamwgﬁﬁ]‘ﬁLﬁ'm%mﬁ’uamsmwwmswémaqldmzmﬁﬁﬁﬁ@

i nsiasydivln Snsinmavdsueimadutmin Usinuemnsiiiu wazdnsnisane

é’ﬂwmzmﬁwﬁﬁmms‘h’uuﬂaﬁuagﬂiﬁuﬁuqmiu LA LAZANINLINA Y

2.5.1 BNFWAVBINUFNTTUADANTIANINNIIHEAR
dvEnaveuiugNITUARALTTANINNNSHARVRI NN SENIgNHALLNENSATUGA1
wanalun1san 2.4

M13199 2.4 Bvswavesiugseumings (BW) dwninmimiiuaiy (WG) dns1n1siasayiuls
Aoy (ADG) Usunaue wnsniiu (F) sasinisiasusmisiluiinin (FCR) uaz
¢ @ (3 1 v &1
Wesldudnisnieg (Mor) veslinsenaiugsingg

WS

Anwaly  915LURs gu Pr>F 91994

paul  Sodd
U

eLAasa U159
BW 5540 (@) 2,161™ 2,136™ 2,319" 2,065  P<0.05 Elwahab (2016)
f

BW 5040 (@) 2477 2,625 2,618" 2679 P<0.05 anels noanwsuass iy lewdunu. (2563)

BW,, gatke) 271" -~ 260" 2.92" - P<0.05 gy savdian uazane (2560)
BWapamtke) - 189" 195" 204" P<0.01 Nascimento etal. (2018)

BWog ap(kg) - 233" 239" 255 P<0.01 Nascimento et al. (2018)

WG gpfkg) 256" 267° 288" - P<0.05 guu sav¥iwanl wasany (2560)
WGy gay(kg)., 185" 1917 20" P<0.01 Nascimento et al. (2018)
ADGy, gy (@) 60.83° 63.62"  68.58" P<0.05 awu Sevitian] uazeme (2560)
Flssan © 3,429 3211°  3,671" 3,394" P<0.05 Elwahab (2016)

Flopw (ko) 467 451 443 S P>0.05 gy sandiwanl wagAny (2560)
Fl 4 day (ke) - 3.29 3.34 337 P>0.05 Nascimento et al. (2018)

Fl g gay (k) - 406" 423" 429" P<0.01 Nascimento et al. (2018)
FCRssqs 1587 1504  1.582" 1.621" < P<0.05 Elwahab (2016)

FCR pqey 1757 178" 154° - P<0.05. gy daviivian] uazenuz (2560)
FCR 42 gay - 1.78" 176" . 1.69" P<0.01 Nascimento et al. (2018)

FCR 49 gay - 178" 180" 1.72' P<0.01 Nascimento et al. (2018)
Morssey(%) 4.85° 80" 150" 58"  P<0.05 Elwahab (2016)

Moryey(%) 018 038 036 - P>0.05 guu aaidiwani uasans (2560)

Elwahab (2016) s1esutmindaveslinsgnadonty 35 Yu wuin ftusseadd
dwiindnannniusuunsnesnaiifeddy (P<0.05) udlsimuamuusndsssarintugens
\Wesiainesa Asul wasduunin (P>0.05) Lagsenineiugsead Aoul waze1siuesiainesa
(P>0.05) Tneanadstmindvedlinssnaiuorfivesioinesa aoul Suuida uazsoad
WU 2.161, 2.135, 2.065 wag 2.318 Alansu muadu wiuSuiaemsing wardnsinis
Wasuewnsdudmiinlsifanuuend1misada (P>0.05) Tnstuseniivesiownasa aaut
§uunin wavsead fdAedsuiuimemnsfiiu iy 3.429, 3.211, 3.394 uay 3.671



Alanfusies Ay wazilsnsmsiasuownsdusmiin wihiu 1.587, 1.504, 1.621
uag 1.582 mudau @18l nownys warAnly w@gduau. (2563) wudiugnssuilnase
aussnnmanan laemenuindndaudlenty 39 Yu vesldiuiaoud sead warduuind
ﬂ'ﬂLa'ﬁaqmdwﬁuﬁ:m%waiama%a pe9lludAgy (P<0.05) Tnedianadewiniu 2.624, 2.617,
2.678 waw 2.477 Alan3u muddu avu feida uazee (2560) Senuitlaiugaoud
frhmindaidiutu Shnaesydvln weedammadisuomaduimdniniliiugens
weslawneda uazsead (P<0.05) Tasildnadsthmiinsawindu 2.92, 2.60 uag 2.71 Alandal
iy Aadetvindfifistuviity 2.88, 2,56 wag 2.67 Alandu audRy Aads
Snsnsisaiulawiniu 68.58, 60.83 way 63.62 nSusefneTu MUSIRU uazALade
Sasmsasuemnsiuimin wiiu 1.54, 1.75 uaz 1.78 @1ua19u Nascimento et al.
(2018) e miingudlonns 42 way 49 Su LLazﬁﬂwﬁﬂﬁaﬁLﬂuﬁuLﬁaawq 42 u vodln
Wugduusagendnloiugsead uazasulegeilded1Any (P<0.05)  waildnuadiuunnei
serineugsead uazaaut (P>0.05) Tnaldiussutidn sead uaznoutiiadetming
ey 42 4u iy 2,08, 1.95 way 1.89 Alanfu mudidu damiindaudeety 49 fu iy
255, 2.39 Lay 2.33 Alanfu Awddu wasimtndafifiuduiionny 42 Tu wiiu 2.0, 1.91
uaz 1.85 Alansu mud iy liwuanuunndmeedia (P>0.05) vesUTunaovnsinulutis
91y 42 Tu wailugaveng 49 u lavugduuiseiuermsinalfesiunugsead (P>0.05) waifiv
unniviugneutediadiddidy (P<0.01) uonandfmmuaauuandsuesshsmsivdsy
omaduihminlushiseny 42 fu Teewugduursafiaadeininlniusseaduas nouy
(P<0.01) usilainupnuwmninesenitaiugrauUkarsaad Wavyatey 0 - 49 Tu lndugduuiia
fiAadedninlaiussoad (P<0.01) linuauuansressniefusduusauagaouy uay
seningiugseaduazaauy (P>0.05)  Elwahab (2016) wusmiugnssulinasdaUasigusinisnne
(P<0.05) lngtugenfiusiiainesaianiadesdn (4.85 1Wesidud) soundoduuida (5.8
Wesldud) ugneut (8.0 wWasifud) uaviusseadianadogaiian (15.0 Wosidus) usiquu
Favii wasnay (2560) linupuupnssasiusnssusaiesifudmamevasliiusens
\wostewesa Aoyl wavsead (P>0.05)

uanaInil Citrescu and Grosu (2011) lﬁiwsmuammﬂWWﬂﬁimamﬁuaﬁﬁmum
ugeine ImsflfzimmﬁmiﬂsuuvmumLLuvuwaquswmmamwuﬁ‘lﬂLLmakuﬁ SoAuanns
naaesiiony 42 Yu wui dning uazdarnaasaufulasieiu lillauuansdimisaia
(P>0.05) Ingliugsnad 308 meutf 500 uavensiuediownasa duwieinda 2.438, 2.375 uay
2.414 Alan3u MUARU WarddnIIN1TATYAULAWINAY 58.05, 56.55 uay 57.48 NTUADAIND
T MUAIAY

Rehman et al. (2018) l#eeumamadeslinsmeageny 1-42 Fu luanm
91n1Afou (high ambient temperature zone) Wisuiisuiuidesldlurasgangiund
(thermoneutral zone) 1331 alugsiigamgiiunfuarlurisgumnifeulifussuunia way
poul fAnadsuimnmemnsiinu uashwdnddfistuliuanseiy (P>0.05) udAuems
wnni wagdihmdndunniilaiugsead wavendiuesiewneda (P<0.05) Twtussead way
p1dlwesiawnaia fAnedsUsunme msiifuuagimvdndffisduliunnsisiu (P>0.05)
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aivgumgiunisnsnisuasuemisiluimdnvedlaiiudsuuisaininiugsoadesns

9 Y

Toddny (P<0.05) usliunnsinsanniugaeul uazesiuasiewasa (P>0.05) vaeiugsy
150 AUl kazensiuasiaAasalionsinisilasueinisiduiindnlnd @eeiu (P>0.05)

U [ s

AUy b
Tugrsgangliaaiugensivesianesalidnsnisasuemisiluiimtnfninliiugsuuise

Y 9

c ) 2

[

wazAa Uy (P<0.05) usildiwansingainiugsead (P>0.05) fesnsnsdsuomaduiinin
vostugsead suuiin uazreuiaadsliuandnaiy (P>0.05)

Livington et al. (2020) 189111 Mnfugseadivemvnsuinnitiugaeudlugig
0-7 $u (P<0.01) wivBanaewnsiAuliusnsnsiussniteiussoaduazaouaag 7-42 Yu
(P>0.05) uagliwugseadisnsnisudsuomaduimindnitlafusaeuslurag 0-21 Yu
(P<0.01) wenaniismsnadsusmnsduiwinueslifudsoadiuultfininiugaaus

Tut33 0-42 Ju (P<0.08)
2.5.2 BNEWAVDIWAADENTIANNNITHANVRSLANTZNINUTAN A
HAVBINARDANTINNMNTHENTRlAN TN NNALNONTATUEA1 wandluy

AN 2.5

d. a a J a ! v 6 1 4‘ %
f19719N 2.5 @V]ﬁWﬁ‘U@QLWFTG]@ﬂlliﬁﬂﬂTWﬂ?'ﬁNﬁG]‘UENbLﬂﬂigmwuq{fﬂ\‘l‘*] SARIIgLS! 42 U

ANTIONINATTNES LR el Pr>F 97984

dwdng ([Rlan3w) 2.04 188 P<0.01 Nascimento et al. (2018)
thwiting (Rlan3w) 297 252 P<0.01 gy AevAiwan] uazAny (2560)
ding (Alansu) 3,52 291  P<0.01 Livingston et al. (2020)
Usnaewnsdinu ([lansu) 3.40 326 P<0.01 Nascimento et al. (2018)
Uinalemnsiinu (Alansw) 4.77 430 P<001 avu Aedimd wazany (2560)
Sasnswasuensidudnn 1.70 1.78 P<0.01 Nascimento et al. (2018)
Snansiavuomnadudini 1.63 1.75 P<0.01 @y davtand wazany (2560)
Sasnswasue s duthmin 1.7 1.87 P<0.01 Livingston et al. (2020)

Nascimento et al. (2018) sneaunavawnAlulinsgneiussuusn Aouy way
sead N91e 42 Tu 1337 lansenanagddmiindlgands Auemmisuinndt wazddnsing
Waguensduhmindnitlimedeegdidedfey (P<0.01) Inalimeduazsmadednads
YIANNAINNU 2.04 kay 1.88 Alansyd sua1au USUNaUe1nsnau wnnu 3.40 way 3.26
Alansy audeu hazdnsinisiuasuamisidulimdnidu 1.70 way 1.78 a1uaieu
donAneafiuguu AWTIRm uavauy (2560) sienuitlnnssnanadvesiugaeuy ans

¢ & & a a | ~ a a H o
WasLoLARSA warsaadllaussan nnsuananinbnneily (P<0.05) Inediaadsvasiinin
Miindureunaguazineidly Wity 2.97 war 2.52 Alaniu muddu dAnaieuTuim

d'q 1 [ al [ o [y [ d' I goj o
DIMSNAUMINAY 4.77 hay 4.30 Alansy AUAIRU kardnsIN1s:Uagua1msidudnndn
Wiy 1.63 wag 1.75 aua1du wenanidsgauilamedimlsiAuaanizaiemis
Rosaanbamey (35.70 uag 20.77 UM A1UaRU) Uag Livington et al. (2020) la@nw
navasnalulniugsead wazaouy wuin Tutiseny 0-7 Ju lnwedilaedeumtdnd uay
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USinauemsfinulaumnssannimadle (P>0.05) uilutiae 0-14, 0-21, 0-28, 0-35 way 0-42
Fu limadAuovnsunnnilniwedoegiideddn (P<0.01) vueidnsnisiasuoms
Huthwdnluriseny 0-7 uae 0-14 Ju lieduaylimededaiadelndifosiu (P>0.05) ud
T 0-21, 0-28, 0-35 way 0-42 U lﬂ'LWﬂ@ﬁé’mwmnﬂéaummﬂﬂuﬁmﬁﬂﬁﬂ’jﬂﬂ'mmﬁa
(P<0.01)

uan9 i kusika et al. (2020) MBsUNATBSNAREALTIAN NN THAROILA
nsgnaiugsoad enluient uazawiad UTunmewnsiin wasmdndaldiweggandnldoe
Hlpathdidedndymeadin (P<0.05) urdhnaudsuewnadutwiinldmeduaylimede
fAnadelndidesiu (P>0.05) Benyi et al. (2015) Anwidviswavesiugnssunazinavasln
nsznaiugsoaduarauluriseny 7-49 Ju wud limadfiwendfdutu Yiinuems
fifu wardnmsasuemsdiudminaninldmefisogreiited ey (P<0.01)

2.5.3 BNEWATINTINININUTUALNARDANITANINNTHAAVRI LN TENS
BVBNATINTEMINNUTUALIN AR AN TIAN NN THANVRALANTENITUTAI Lans
lupns199 2.6

M135797 2.6 BVENATINTEMINTUSLAsINARRA RS MTNAY (BW) Wmtindaliiudy (WG)
USunauemsniu (FI) wazdnsiniswasuaimsidudmdn (FCR)

. AaUl Soad FUUISA 1L
ANYUY » A - = 3 = Pr>F PRGN
LWV‘YQ LWALHNEY LWﬂE:I‘ LNFILI G LWﬂQ LWAILNEY
BWasgsy (ke) ~ 1.94  1.84 2.05 1.84 212 196 = P>005 Nascimento et al. (2018)
BWiy; gake) 350  2.90 355 2.92 - - P>0.05 Livingston et al. (2020)
WG gl 351" 287" 326 29.9" - - P<001 Benyietal (2015)
Fl gy ke) 336 321 3.44 3.23 338 335  P>0.05 Nascimento et al. (2018)
Fl g0 s /) 169" . 160" 166" 166" - - P<0.01 Benyietal (2015)
FCR ey 177 © 179 171 1.80 163 175 P>0.05 Nascimento et al. (2018)
FCR gy 172 189 170 -~ 185 _ - P>005 Livingston et al. (2020)
FCR 7940, 203" 234" 214" 233 - = P<0.01 Benyi et al. (2015)

Nascimento et al. (2018) $1e91uilanudnsnasinsenIiugLaznAves
twiing UBanaue sy wardhamadsuemadutmiin (P>005) vedlinsnaiugsu
uda ApUY wazsead ileeny 42 Yu @enndoedy Livingston et al. (2020) Ailsinudnina
'ﬁ':}:uiijwﬁuﬁuazmeaquﬁﬂéﬁ wardnsnndsuemadudinin (P>0.05) vasla
WugAauy uazsead us Benyi et al. (2015) s189MunABVENaTINTENIIUTUALINAYEY
Snwaugiminda sty Usinuewnsiinu uagdnsinisds uornadudniin (P<0.01)
yaslinsznaiudauy wagsoad ooy 7-49 Tu

Obike et al. (2018) l951891UBNENAVINUSUALINARDANTTONINNTHENVDS
lrinsgna wuin dleany 8 dUai dnting wasdammaasuewnadudwidnvedldines]
fusinsuead wagsead Shwidnunnni uazdnsinmsidsuewaduinindnindedioy
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Aulimey wagnadloiugduunse wasmedeoiudunsueas uagsoad (P<0.05) uwaliny
AULANAININEDR (P>0.05) 9899nI1NsIaseAulafeiu tazUsuiansiueniseesln
nsgnaanadiazvedlsvaslifaanuniug Livington et al. (2020) l#ssunavosiuguas
oA mmaNAnlAnsEnei1 luraseny 0-14 Yu liegiugsoaditmiindaunnndy
lrmeagiugrouy lnmadeiudsead uaglnwadleugaeuy (P<0.02) uagluyae 0-21 Ju
lrmadusseadivmindasniunadiugaeut waglimadits 2 Wug Sdmiindagendila
wadleiugnout uazsead (P<0.05) uslimadetusaeutuazsoaditimindalndiAseiu
(P>0.05) lainuaauandsszrinsdmindfdiuiu uardnsnsiasueadudming
918 0-42 Ju (P>0.05)

1 v 1'% 1
2.6 AATNYINVDILANTENINUTNITAG99)
AaunmendudnvanineadadaenseiulBunandaile fawnsadmunelauagly
Usznauemis lnglnnsemandsesdiiiannn luduilee Jaiugnssuuasinaiinasodnumeil

2.6.1 INTWAVDINUGADAMAINYINVBILANTENIRUTAY)
dvisnavesiugranunmeInuaalinsgniugsne wandlunisnan 2.7

M13199 2.7 Bvsnaveiudrenun e INuadlnnsenanuinIsA1mIeg

, 215LUD3 : 4 A4 L .

anwe (%) S\ ADUU  J9dd  guulIm - Pr>F RENEN
wWestdudann 55, 68.97 6871 6822 6854 (P>0.05) Elwahab (2013)
wWosliudwn 4, 1, 7209 7235  73.01 (P>0.05) Nascimento et al. (2018)
wWesbudann 4, 7171 7159 7182 (P>0.05) Ciurescu and Grosu (2011)
WoslduRon 55, 19.49"  19.28" 1837 17.58" (P<0.05) Elwahab (2013)
wWoslduran 4,5 30.76" 33.62" 3207 (P<0.01) Nascimento et al. (2018)
wWesiduden 4, 5, 150 k20 o 18.9f (P>0.05) Ciurescu and Grosu (2011)
Wasidudaglng ., <, 15.35 1555 1588 1581 (P>0.05) Elwahab (2013)
Wodidudazlnn 4, 12.83" 13.61" 13.73" (P<0.01) Nascimento et al. (2018)
Wasidudavinn 4, 5, 12.93 10.12  12.79 (P>0.05) Ciurescu and Grosu (2011)
Wasidufuad 5 5, 6.57 671 - 7.15 694 (P>0.05) Elwahab (2013)
Wasiduduad 4, 5, 13.78  14.26 1378  (P>0.05) Nascimento et al. (2018)
Wasiduduad 4, 5, 10.28 10.13 1017 (P>0.05) Ciurescu and Grosu (2011)
Wasidudluuresiads », 1.68 177 166 165 (P>0.05) Elwahab (2013)

Elwahab (2016) WSsuiisuamunnsnvasiinsgnaiugensivesienasa Aauy
soaduarduusniiony 35 fu wudn Wedidudidoarinn eves wavluifurasiosliunnsis
fu (P>0.05) udofidudideaniinruunnssegnsdiffoddyseninmiusensivesioneda
uaysoad uazsenineuy uazsead (P<0.05) usldunndsiuseninsiugduunin uazsead
warszmriaiusiuune Aoy wavendediainosa (P>0.05) laefiinadsiesidudidenn
vaanugensivesiownesa mauy sead wazduunsa windu 19.49, 19.28, 18.37 uay 17.58
Wesidus muddu vauedl Nascimento et al. (2018) evuannmsinveslinsznade
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018 42 Ju wuh wWedidudidoon wasiloaslnniiauuandreiu (P<0.01) Tneiugaeud &
Wesdusideangsiian (30.76 Wesidus) sesnanlduniugsoad (33.62 Wosidud) uasduunia
fan (32.07 Wosiius) wWesidudidearinnvasliwusduunin uasseadganiiugaouy
(P<0.01) wlimumnuusnsrsseniteiusduuin wazsead (P>0.05) laidnadovedla
WugFuuIsa soad wazaauy WU 13.73, 13.61 uaz 12.83 Wasifud auainu liny
AruAnsssErstusReiesidudenn uasileddudidotes (P>0.05) el Ciurescu
and Grosu (2011) Meswinlesifusdenn Wedidudidoan Wedidudiloasing uas
Wesiiudidevnsmadlinsznaiugorfivesioinesa aoud wazsead oeny 42 u ld
WA@Y (P>0.05)

aela neanys uagAndu lawdudiu. (2563) seauiniuglifinadoiasidus
w10 Tngliiugduunsn aeul sead uazensiuosielnesaiduadsiesifusienivindy 77.87,
76.93, 76.33 uay 77.04 Wosifus muddy wiiusiinaneefidudideen oaslnn iile
o warlasenssgnasnafiteddy (P<0.05) lneiusreutfivefidudidoonlndiAssiuiug
sead uarduuin (P>0.05) usiganiniusensivesiernasa (P<0.05) vauziiugaouy uazse
addanafgliuansrsiy (P>0.05) liudroudiofiduddovednilfesiuiusensives
lLAsd (P>0.05) wAdINIMugEuUIsSe warsead (P<0.05) wazliiudsuursaiiosidus
ouosganinugseadiag (P<0.05) iwefdudiliouosssvitsiusaouy soad uazduunin
waysgvieiuszead warduundn felndifestu (P>0.05) guu saniian wageans (2560)
neuesdUsEnavmnveslinsevsiuiaeuy endluesiainesa Lagsoad Mieny 42 Fu wui
lynanefugiedidudidioarinnuases eon dulu In 1adosly a1 uarlasensegnlal
wanenai (P>0.05)

2.6.2 BVEWAYDIWARDANINYINVBILANTENINUTHN99)
VBNAVDANARDAMNINGINYBILNNTENINUTA ) uanlunIs199 2.8

=] s 2 < ! v AN v & ¢ s o s 9
M99 2.8 LﬂaﬁL%um%"lﬂ%@ﬂiﬂﬂﬁgmﬂLWﬁE\}LLagLWﬂLNUWUﬁqﬂaU‘U PRGH| LLaga‘U'quﬂ'EJ’]EJ 42 YU

AN \wiein] el Pr>F
vhuitann (kg) 1.86 1.63 <0.001
wWesidudann (%) 72.41 72.56 0.781
wWesidusien (%) 32.87 34.08 <0.001
wWosiudazlnn (%) 13.97 12.81 <0.001
wWesidudiues (%) 14.20 13.68 0.165

17‘;3]’1: Nascimento et al. (2018)

Nascimento et al. (2018) Menuesidudeinvedlnnsznanaguazineiile
ftusout sead uarduunindiony 42 u 41 lamadiwmdnen uasesdudidoasing
ganildmedle (P<0.01) uiesiduddoonlimmisganitliney (P<0.01) lnglrmaguay
wendleflimdnenvindu 1.86 war 1.63 Alandu mudidu wWeddudiieeninfu 32.87
LaE 34.08 Wesidud mudsy wasediiumideasinawidu 13.97 way 12.81 wWodldud
audsiu usliinuanuuanssealesidusieonn uaviesdudideuss (P>0.05)
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awu sandAvant uazany (2560) Menuilimeduanmadeiugaeuy arfiues
wneia uavsead linuanuuaniaduesifudiudiuvesein (P>0.05) sniiumadd
Wosduddinvesnunninnadvesaditeddny (P<0.05)  lnefiduads 2.42 uag 2.08
\Wosldus muaiu Benyi et al. (2015) snenudnsnaveandlulnnsenaiugrouy wazsead
ey 49 fu wuth lrmagihiiatnen damiinen du fu (P<0.05) Tn (P<0.01) genduna
Sl withwiinuesn wagmiinilalndiAstiu (P>0.05) udldinadfiodluduroioagandy
lnweef (P<0.01)

2.6.3 DNTWATINVDINUSUALNARDAMUATNYIN VS LANTENINUTHI99)
dvEnasmvatiuLazinARaRaNEINYBIlANIE NN LGANY wandlunsnen 2.9

a a a ! v ! ! = 1 = Y
f1979N 2.9 8W5W553N%@QWUQLL68L‘Wﬁ(ﬂaﬂ"]LQﬁEJﬂﬂAﬂ’]W"’U’]ﬂ‘UENIﬂﬂiSVN bBR1Y 56 1

o ¢ 1/ s s1/ «1/
o JUUIIN HUILLYAR PRGA
ANWEUY " o~ Iy - ) ~
LWﬂE\JI LAY L‘Wﬁf}%l LINAILIE L‘Wﬁf}\le LNALNEY
UmTind e (nSu) 1500.0" 15000 " 2050.0"  1587.5" 1956.3"  1650.0°
1tnen (nSu) 956.3"  1168.8" 1543.8" 11750 14250"  1275.0"
Wosidudann (%) 63.56 77.81 74.90 74.29 71.36 76.95
an (%) 13547  14.37° 1459" 19.24" 1670  20.18"
In (%) . LIV 5TH 10.86" 9.64" 9.98" 10.75™
a=lnn (%) 12.49 10.40 10.86 12.83 12,52 12.85
194 (%) 10.62" 970" 10.00" 13.45" 11.13" 12.19"

o

1/ a a Y= KY) o w1 o ' I Ao o aa
F’IWLQ@EJIULLQ']LWU?ﬂumaﬂﬂiﬂqﬂUﬂqﬂﬂuwﬂﬁqﬂJLLC‘]ﬂmqﬂaﬁlqﬂﬂu&lﬂqﬂquqaﬂm (P<0.05)
31: Obike et al. (2018)

Obike et al. (2018) WuBMEWATITEMI NN USUAINAVIU TN DDUY
(P<0.05) Inglnnseneiugduusamadefidmingnvasneuainitamedly wilumenduiu
Iansgnanmgiuginsuraduasseadivmngndnnale Inadeiugainsuvaduazsineadly
Wugseadiumingnvasweuvuainitlnmeagiuiduuiia (P<0.05)  lagnumdniainld
! [y M o a a ] ! v 6 ! ¢ < (3 ¢ 2 & 1
waneariu (P>0.05) ustlinudvSuasauseninanusuasinadaasidudien uazofidudies
(P>0.05) uenandmenuitlinssnanaguazlinsenanadetugduunin wasiugsoadd
¢ = ¢ & ¢ 2 & 1 [ ' [ Mo = v ¢ 3 & ¢ 2 (3
Wesiwudiloanuazilefiduduadliunnsiaiu (P>0.05) udlnmadeiuginsuvadiilesidus
\Weenuavesiduduesganinnaiegafided1fny (P<0.05) wazdisenuiilnmediugsu
& §f @ & ! 1 Y U (3 [ = L% I3 s (3
uvsalwesiduiUngendnlnnaiugseaduasinaileiugunsuead (P<0.05)
weanaNi Ikusika et al. (2020) WudvSwaTINveIRUgNITULaTINANNARDITULA
nszneaiugsead o1luend wewla vesdnvauzumingin Un Wes nds ieaslnn waziilosn

(P<0.01)



15

dy 1 v 14 1
2.7 ﬂlmﬂqwLua?la\‘ilﬂﬂiSVI\‘lwuﬁqﬂ']iﬂ']ﬁqﬂ6]

Aun vl WudildeSursdnuarlaesiuveniednd laun auautfnig
NN LAl dugiuinet Faall Funsd Ussamdula anaudiiiugueundy way
Tawuinig (ngr, 1989) dnwaeiaunsanendiuliviedudals wu eduda Anugua
ANLUY AUYY ndY wazsd Wuddeniienuddgiian A88nSnasonisdaduamunin
Yo UsLnAnaunsTeNani g NLilednd (Cross et al,, 1986) wananilnnaudRduves
\Hednindnasenunimile loua Anuaunsalun1sdudn AWSIFaRIY AN1saydsdivy
Ay Annsgaydeinvaedsan Arnudunsn-ane engnisiiuinm E]x‘lﬁﬂi“ﬂ@U‘WNLﬂﬂj

! A o o @ oa ad ¥ LY ! a L (4 & o e
wazAtofufadudaiifedestuyadvassandasiandednd (Alen et al, 1998) Tt
anvaEiRaunfvesile Wy wauatedvniiesn wazileonudaslinszna

2.7.1 wauaedv1a (white striping) wazitiouds (wooden breast) vaiioan
Uhinuanudesnsuslnadesnlifiuiu Suuiudlinsendudagiuisldsy
nsusuUgdllaga fewmideenivg Wuammhlmaanmzndwiiofiaund defiddydian
fio mafaunuatednn uasideenuds Teenaifintufiordnunevieornatungeuduld (Sihvo
et al, 2010) lnefiuadegaainnisulinszniagraunidesainsiilinuninielisag
(Kuttappan et al., 2017)

1) msifnuavatednvenidoon fseseulugaamnssulinsenandiuen
¥ 2552 (Bauermeister et al., 2009) fidnuauzfivsngimdusidvnszriadulaidonn
vadlAnszms (pectoralis major) Tnsuaveifnainnsunsndumaslefiuuasidoideiie i
919tlvuIatesndn 1 Aadiuns aude 2 Tadiuns mmﬂ%wamauLwiamﬁuﬁmmﬁﬁm’[,u
maYaiiluseiuATaTULTIveY white striping (Kuttappan et al., 2012b) LL@J’NLLQ‘UTAWU’D
fnaufisadntiosdesarifvonte ud Kuttappan et al. (2012a) 'ﬁwmumuammmumamn
fusinaleiu uagaeaalauginindeund uasdlusiuanas uenainil Petracci et al.
(2013) Tenuindeifiuausidvniauawsalunsiniviianas ﬁﬁ’]ﬂﬁ@iy}aﬂﬁ’]
serhalgsanannTukaz neusedaniile fralaenserianiseausuveuilna Maynard
(2020) w9 Inmafiinnnsuuaedrnvenisenunadilinadsesnsddeddny
(P<0.05) e ldmegiiiunmaaiennmnnirlimede

2) masnidleanuds Bnenuadusnlugnannssudnidnlud 2557 Tned
Snwamanz fo ledugilodiuenazuds esninsavauvenieiBoioiu finvue
Huduyusngda fadeudneda Tnsnuuinudiuwhvesiosnudaresq anasauisuiim
dunasaudsdIuing (Sinvo et al., 2014) Maynard (2020) 51891471 idawaﬁuﬁﬁiﬁmamam
auAnnnuioonuiafivdudodiousuaeiudilinandnunnsg i vned Livingston et al,
(2018) :1891u 1 Timagisnninfeanaioenusinilimadeluameiugifedty
Mallmann (2019) sesuiiluldnssnsiftmidndauunansuildmadoiannadesn
wBagendnlnines ws Kuttappan et al. (2016) s1891u31dvnaveunalidnasienainnie
Hoanuds
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2.7.2 ﬂmma'lmsniun'ﬁé'uﬁwamﬁa
mmmmm’tumwuuwmLua (water holding capacity) LU‘LJWW]LLﬁﬂﬂuiUGU@Q
mmiamaammmwmmﬂm (drip loss) mmiamaauwmvﬂiqaﬂ (cooking loss) a8
Vnamnuiuluiefitnaseniud sy wasifinivdnueswansaeilunissmie
IﬂsmmsgmfmﬁwmzﬂqaqﬂLﬂuﬂ‘%mmﬁ’]ﬁizmaLLawamaaﬂmmﬂLﬁaiwd"mqua lng
kusika et al. (2020) l¥s1eeudn Wugldnsensiinadenmnimuesile (P<0.05) 1Ay

=

Snwaugnsgyidothsswinagaan anuannsalunisdin Tnewusseadiidnisgadedh
semiUsaanaefian (31.21 Wedldud) sesawnliuniudiowna (30.93 Wedldud) wazitug
oluedianshan (27.49 Wesidud) nuanmsnasssasuldilitusorluefdanudi
Yu warfinnudiAuunnniiugsead wasiaiia uonannidamuin eliiusseadd
auansolunsduinnandiliwusenluied wagtowia Fliduiniugnssuiinasie
arwasnsalunisduiveaie dsonaiflennanvuinvendulonduie walifinasonts
adoiissvinetsean (P>005) udldmadeddnruaninsolunsduiainndnmag
(P<0.01) Lalwudjisesansyuireiugnasuuay gineludnusaznsgydeiisevineusegn
mmummma LLa‘vﬂﬂmmafumiﬂumiamm (P>0.05) Lopez et al. (2011) 578471U11 ‘Wuﬁ
e wogUfAzensansenintusuasnalidnanorinisgaudsuiszninasean (P>0.05)
Singh and Pathak (2017) s1samuiuglifinaredinisgapdeiivnsfuing lngliwus
Cobb fifnsgadetmasfuinusmnidlimg Vanarja uiliuand1sainiug Aseel uag
Kadaknath (P<0.05) Tnedianademiniu 1.82, 2.89, 2,36 Way 1.89 wWasidus muasu

2.7.3 Avaadlald

Avedelnfamuiuulntuiesuidodn fvindu wagldtuamualasgiann
Mninideidesanidvdnalnenssroniseeniuvesuilon Wugnssuiinariilingwiileda
wanaeiu Tnesuundudsnuasddy Wunadnlngandaieiivesndnile vaziode
e Snwagiidvosndnnioonduiianmsidvugseu lurnsindudonasiauady
ImsﬁﬁumLi‘f@ldﬁmmé’mﬁuﬁ‘qqﬁ’mzﬁwm%m (haem) Faduduusenouves myoglobin,
haemoglobin @ cytochrome C (Froning, 1995) FauSuasued myoglobin fidnsnased
voudloonldmnniign uazwuluidoontosnirluieues Brewer et al. (2012) seemudiug
wazinaliifnadodvoudoonlinseny 4 Wusfifnw vnziReatu Bianchi et al. (2006)
senuilinuanuuanes (P>0.05) vesdiiieanveslinsgneiugasuy 500 uarsead 308
denAdaItu Mehaffey et al. (2006) TisneauiTlinuauwAnsIweIAIAMNaTN (LX) V03
LuaﬁﬂﬂaﬂlﬂﬂiuMQWUSﬂ@U‘U 500 wazsoad 308 Abdullah et al. (2010) $1891U31ANAIY
athaveidoonvadlinssnsiuglauudanitiuduunde (51.14 wag 53.32 nudidv)
Lopez et al. (2011) 5189771 WU WAl uazUfiseniuseniniuguasinelilinase
(P>0.05) A aaing (L) Aduad (2%) waiiuunltiudnddudes (0% Tudloonldmedeogs
e (P<0.05) Wlelrnsgnseny 6 dUnnsi
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2.7.4 dnpnudunsa-dnsvaile
@mmwsuaaﬁalﬁ Iasuransznulagmssnnisanasesrinulunsa-Anmasen

lrme Mehaffey et al. (2006) nanin iflelrgnain vuaunislnalalada (glycolysis) axgn
nszfuviliAnnsavanvensauaein (lactic acid) lundmidle vildeudunsa-rdly
gnanas Tnedeeudunsa-msesnduiieanasesnsmndwildefdnumnsada
wazaih (pale soft exudative) lumandusudharrnudiunsn-Asanasegnadg Sravili
dlofiddy uuy wazuis (dark firm dry) (Rammouz et al., 2004) §9351A150AAIVDIAIAIIY
Hunsn-sstuegiuuTinunisvanmeseule fifedesturuaumslnalalafandansei
&1 (Dransfield and Sosnicki, 1999) AAandunsa-rsiianasiinaiensyinlilusiues
foidpanmsssumd (denaturation) vilsitlefiamunmanas Lopez et al. (2011) 1167
Svswavesusuanmaliifinasorirudunsa-sendavdeny 15 wifl uldendedin
mmL?;Iuﬂim—mﬂsuam‘faaﬂﬁmdﬁLWﬁg’Jj (P<0.01) Tneilrniade 587 wag 5.94 suandu luwy
dvBnadauszhsiuduasinadomeLdunIa-mamdane 15 uid uay 24 2l

215 mwﬁmauﬁa
anuytveniodunivlutiadefidfyfianiinadonissensvrestuilan

q
=) v 1

(Barbut, 1997) . Jumveussinedddlunsianiunsenniediaile (Coggins, 2012) A1
UYL UalAFUNANIENUIINAN1IL N TNARITDINAINLD wazn1TaRa1efIveelUsANTENINg
n5AUSNE (Sikes et al,, 2010) nsnefvasnsaaUsnIwannu-tlagusinliensladiysdu
¥ ‘%J L% = o v dy = ¥ o dy U
a9 naUtevinsi dnainiiiolntlen (Goll et al., 1992) wagmpan1snasauaInILlunIsan
& & N Ao P v v ) a =
o ANENI9ENSLALE ST duasitesInnIsiugaunuaeslusiu myofibrillar  (Kerth,
2013) uonaNUANLNTasiolinaiNANvanslady Wy YSinautiaweiiediiu vwindule
4 d’l’ a LY} % [y < 4 [ 6 v o &
nanuiie Usunadludiuunsn waglassasasedugania Wusiu (§unsns \@amswe. 2554) N3
Uszanaannuyuvedilelonldmussinniugsan (maximum shear force) Ml@ann1san
eensdeumsluliniiisena) Wamer Bratzler shear apparatus 1ag lkusika et al. (2020)
Ionaaesmanuuveiielinsevs 3 Wug fe sead eluied waviowla wuin dvdwaves
Wug A wardnsnasiuvesiugwasinaliiinasodnyugauynveilo (P>0.05) laadl
Aadsussdiarwiaveslanugsead enluiefn uaziewda wiidu 157, 1.78 way 1.65
a U o % U d‘ > 1 dqj U U = 1 >
Alansu audiu uazAlafussinnuvesiolimed wasnady wiidu 1.61 uay 1.72
Alan3u AuEfu Jadaenanediu Lopez et al. (2011) NT1891W3 g e wazURzensi
serisiuguasmaliiinarerusswnsuveaieln (P>0.05)

o

2.7.6 Wiadurla
Lf:aé’mﬁaLﬂuﬂﬁaﬁﬁmméf’]ﬁ'ﬁgﬂizmwﬁwaqammwwﬁmﬁm%mﬂLﬁalﬂ' lng
Atleduiafiandy fo A1auuds (hardness) Arawilen (gumminess) AAuBanguy
(springiness) ABaNNE (cohesiveness) LaZAUINSIAY (chewiness) \ug Devatkal et
al. (2019) Teewiniodvvedlinsznsasiusladafidnanuuds aanumien dusans

WAedgandlansemaneiuglagy (P<0.05) udlinuaiuunnd1avesd@ainig LazA1AI1y


http://www.foodnetworksolution.com/wiki/word/006823/warner-bratzler-shear-apparatus
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Banguvontialivs 2 Wug (P>0.05) uwandothuiolia 2 arewusluvwansusidetugd
Tyl wargnu nud Araruuds manuwier dussnaies Bang wasAaudavey
lunnsnaify (P>0.05) nsfiiadeveutiesniuveslinssnsasiuslng (Aoud) Wiy
34.4% 496U, 25.42 990U, 28.07 HIAU-YUAAT, 0.73 Wag 0.90 WURALLAT ANNAINU LAY
vaslinsemaaneiuglatn @ualus) wihiu 23.62 1Ry, 13.24 Ty, 13.22 Taiu-lguiung,
0.59 way 0.99 WURWAT MIUAIFU Vudl Jung (2014) T18UAIAILLTS ALSINTLAE7
ABmne wazmanuBavgurenioonuysanveslanugsoadin dawsiiu 6.14 Alan3y,
1.61 Alansy, 0.32 dafu-lwufluns uag 0.80 WURALLAT AUAWU

2.7.7 asAUsznauvaslnvus wasdsuineeaanauluilalinszng

& ] & Ao €1 Y oa g v ° v o =

WelnidueniiuseloviseaguslnanlimiudiAgyiuoimsiioguain imse
< A = =) Y ° v a v LY ra Y
Wuevsndlusiugs wazdladua Tngianiznsaludududs waznsalyduliduda 1
sunus WeldSeuifisuiuiilegns wastilela (Kralik et al, 2017) meaanawduiiede
a o A - ] | i | & & 1 ala a
NeunduInnaatusisneln Inaseanuyuvesis Wneslaniinoaanauluusunamin
Wosrdanumileanindelnifiivsununeaanauias Devatkal et al. (2019) 189U
asfUsznavvadlaruzInndruliouaswedlinsznaiugduslus (Indbro tlulinszned
Uszmabuiaysuugeau) dunugaaud 1391 Tnvie 2 siug Sdenidudanudu ludu uwazui
dumnsiiafiu (P>0.05) wenuddualuslidesigudlusfuninnintugaeuleg nilded Ay
(P<0.05) TmadlAn@feindu 20.07 uway 18.85 lWasldud mudidu Jung et al. (2014)
guIleentniugseadiinnuyy tudu WAy wazitn windu 71.50, 3.33, 20.56 way
1.07 Wosidud muaiu uazilneaanau 1.57 Jadniusensy

2.7.8 asAUsznauvansalusiuluiielinszng

Devatkal et al. (2019) 51891upsFUsEnauvesnsalusiuainieusweslinsyms
itusBudlustuiugneutdn Infusreuinsalefududarionue nsalufiulaidus 1 dumis
v nsalusfuldBssnanedumisiomn nsalisadin nsaurafinin nsauiaiilaesn nsna
{Fie3n nsaletadn nsnaluadn geninlaiiugdudlus (P<0.01) vauedl Zhao et al. (2011)
seauimameansaluiuluiisenveslinszneaiugensiuesioinesain dnsalududusy
nsalusiuladus nsnlesuliBudanatesiuns wasasaloduiisndud anedewintu 35.60,
60.36, 37.86 uaz 27.87 Wosiiud MUy wazdiseanuilsinunsalesuainiesnls
Wugorfiuesiolnedafinuuin Ao nsaUiaddn (24.14 Wesidud) nsaaife3n (9.66
wWasidud) nsaleladn (25.68 Wasidud) nsadluadn (20.31 Wosidus) LarninegsiAladn
(6.48 Wasidusd) Jung et al. (2014) Tvnuinsalusfunlududesnvesliiugsoadiivg
wunsaUradin nsaUnadlaedn nIRERESn NIAlaladn NIAAlULAaN LagnIARLIIALATA
WU 23.04, 2.94, 14.92, 34.51, 17.59 uag 2.13 wWesidus auaisu
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ASANUUIUIY

3.1 AITWIVITUENINARD

maiduedaildsunseydAlHEEn raoinALENTIINISTTEUTILAINASE L
malassuarnslidn immaonionumedvenmans anrdumaluladnszaomnduiinamms
ananszs usalAsIN1sA CC-KMITL-/2021-007

v g %4
3.2 d@AINA[BILLASNITIANT
naaaanulinsznaiugeisiuesiownesa soad 308 uazaauy 500 018 1 U wen
e 9719 1,440 6 Wugaz 480 #a Suunduinay] 240 §3 wazineidle 240 67 naaedly
IiﬂL‘ia‘lﬁu‘U‘U‘Uﬂﬂ’JUmJ’eJMMﬂﬂJWJEJi%UUﬂ’]iiWL‘VIEJ‘U’EN‘N’] (evaporative cooling system)
AndansamnaasuuIn 1.5 x 2.0 MITAT T1UIU 48 39 Wignsafifiewnauutue 2 &
nsrAnuILuUSnlud®@ d1uru 2 §u iFesliuuudaes Yiumeunaunuiuseana 4 93 nn
1 Y [4 4 a & A g v & ! & v §f &
antnluszesiia 2 @ansi Iiemnsuuviudun avnsildidesineaasams 3 wug 1u
91MsanTAeINY Usinalnvuzuazaiananldideswese msusiagsseuanslunisne 3.1
furagealinuneenial kasiuae 24 Falus Miedudesiulsaihma@a+viaenausniay
Andatiiaony 5 U kavvinipdudesiulsadululsidesiy 14 u vian1svnassdludisimou
Aa1AL - NOAINIEUY 2563 Neunnlasan-Agadl 36 Lag 21.2 93ANIALTYE A1UF10U
a A = = IR s | e
QUNILAGY 28.6 BIMYABYE ANUBUANING 67.1 WosiFus

A15199 3.1 d@udsenauvadnvusluevnsnlaagslnneass

%ﬁmaﬂmuz mmswa#wa mmiswzﬁ 2 8’1"1/1?15338577‘1' 3
(Starter diet) (Grower diet) (Finisher diet)
129918 (Ju) 0-14 15-28 28-42
1USAY (%) 2150 19.50 17.50
wasnulguselevulakcal/ke) 3050.00 3100.00 3100.00
Tugiu (%) 5.57 6.35 4.74
el (%) 3.44 3.41 3,37
L (%) 5.45 5.00 4.04
uAALTYL (%) 1.00 0.95 0.63
Noanadasiu (%) 0.78 0.70 0.56
g1Auln NauIIUUn NaLgIUT lainaueniudn

1w U3em Wnedln omsdnd drin

3.3 gunsaluazasiad

3.3.1 gunsaflumsiraussaninnisudn Miatesishinoadmivdaiminladsie
0wl ewnawide uazthwiinldane

3.3.2 gunsaidmduinannimen Ta3esdsddnea daduvas waziloamanafin
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3.3.3 'qﬂﬂsaﬂumﬁmmmwLﬁamamamw
1) 130930 (MiniScan EZ, Hunterlab, USA)
2 indesflotadinnuidunsn-ans LLazi’mqmmﬁmaaLﬁa (Metler-Toledo:
SevenGo ' pH meter SG2, China)
3) QaNANERN
4) HAdmSUARLAY LazITuINanaan
5) SesauuRaneanadioy 2 fuvus (ML802, Metter Toledo, Switzerland)
6) 89muANaMNA (WNB 22, Memmert, Germany)
7) Lﬂ%ﬁmqmmﬁ (4 Channels Thermometer Model; TM-1947SD, Taiwan)
8) m%ﬁmiwﬁlﬁaé’mﬁa (Texture analyser Model EZSX, Shimadzu, Japan)
w¥oua¥n Warner Bratzler Shear dmsuinausidmsiuido uazfatn 36 mm diameter
cylindrical jig dmsutioduia (texture profile analysis)
3.3.4 gunsaflunisagaunmiilemunil (proximate analysis)
1) gunsallunismysaaua
(1) BN
(2) ELHINIOUH
(3) 3 asFanameaneden 4 s (MLB02, Metter Toledo, Switzerland)
(@) Tngoanwiuiifansgaaaudy
(5) ALAU
2) qﬂﬂiaﬂumimﬂ%mmmm%u
(1) dou

(2
=

2 Im@mmm%uﬁﬁms@ﬂmm%u

(3) msnuzazqﬁLﬁsuﬁm%’umm’msﬁu (moisture can)

(a) nsreuIans

(5) nszawNsoY

(6) AUAU

(7) i3estsRaneanaiion 4 fumls (ML802, Metter Toledo, Switzerland)
3) gunsadlumsmuinadusiu

(1) MaeauAAs1eRUTAY (Kjeldahl flask)

(2) \esdon (Speed digester, K-439, Buchi. Thailand)

(3) \3eandu (Distillation Unit, B-324, Buchi. Thailand)

(@) vds wazdusndmdulnmsnansazane

(5) vIngUrNvUIA 250 Aadans

(6) NFLUBNAVUIA 25, 100 wag 300 Uadans

() Unines

(8) glass bead or boiling chip

9) in3pedsRinoanalion 4 sfuvita (ML802, Metter Toledo, Switzerland)



21

4) gunsallunismusunadlasiv

Germany)

(1) NTAENTDI

(2) neUTans

(3) é}j’em (Oven)

(@) Topar sy

(5) Tninesimseilusu

(6) Thimble

(7) Petroleum Ether

8) Lﬂ%ﬁ]ﬂﬁﬁﬂi“uﬁu (Sox 416, Gerhardt analytical system, Kénigswinter,

(9) AuAULaNIzdmSUTNINasanm Ly
(10) 5 09TIRINDANARYY 4 A le (MLB02, Metter Toledo, Switzerland)

5) gunsallun1smuTinnneaaiay

(1) et snaneanadion 2 musmia (ML802, Metter Toledo, Switzerland)
(2) Lﬁﬁlaa Homogenizer (T25, Ultra tarrax, Germany)

(3) aannNnany

(4) 99muRNaMngil (WNB22, Memmert, Germany)

(5) Lﬂ‘%laﬁmqmwgﬁ(%hannels Thermometer Model; TM-1947SD, Taiwan)
(6) isesduuies Centrifuge (Labogene; Scanspeed 1580R, Denmark)
(7) Microplate (Maxisorp, Nunc TM )

(8) n3¥A¥NIBY Whatman Lues 111 Ywinidurigudnats 110 dadiuns
(9) Lﬂ%laﬂ microplate reader (iMark TM; BioRad, USA)

6) aunsallunsinsiennsnlusiy

(1) Lﬂ%ﬂizmﬂamwwuu (Rotavapor r-100; Buchi, Thailand)

(2) wdasiasgriansszuusialasunlnnsav FID (78908, Agilent, USA)
(3) irsostluio (centrifuge: 1580R, Labogene, Denmark)

(@) 1aSewEans (vortex: Scientific industries, USA)

(5) éflqﬁqmuauqmmﬁ (Memmert, Germany)

(6) lulasUiUs (micropipette, Axypet, U.S.A)

(7) Lﬂ%qi’jumam (homogenizer: Ultra tarrax, Germany)

(8) N3N (separatory funnel)

(9) wangUvasy (erlenmeyer flask)

3.3.5 @15ANdmnSUMmUsSLlUTAU
1) 98% Sulfuric acid (H,SO,)

)
3)
)
)

2) Copper sulfate (CuSO,)
Potassium sulfate (K,SO,)

4) 32% Sodium hydroxide (NaOH)
5) 0.1 N Sulfuric acid (H,SO,)


https://en.wikipedia.org/wiki/K%C3%B6nigswinter
https://en.wikipedia.org/wiki/K%C3%B6nigswinter
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6) 3% Boric acid (H;BO5)
7) Methyl red
8) Bromocresol green
3.3.6 @1sAdldnsumusununeaalay
1) Sodium chloride (NaCl)
2) Calcium chloride (CaCl,)
3) Potassium chloride (KCl)
4) Sodium hydroxide (NaOH)
5) 0.2% Methyl red
6) Hydrochloric acid (HCL)
7) Activated carbon
3.3.7 @1stAddnsunisiasizinsa iy
1) Methanol (CHsOH: Sigma, U.S.A)
2) Chloroform (CHCls: Rei labscan, Thailand)
3) Boron trifluoride (BF5: Sigma, U.S.A)
4) Sodium Hydroxide (NaOH: Ajax finechem, Australia)
5) Hexanes (C4Hy4: Rei labscan, Thailand)
6) Sodium chloride (NaCl: Univer, Australia)

7) Deionized water (Rci labscan, Thailand)

3.4 313 LHIUNTINY
3.4.1 NSANHIANTIANINATSHEAR
n1sfnwlaussanInnIsanaslnnsgniiugersiuesionesa sead 308 uas
AaUY 500 WAKLAZWALLY IANFUNARBILUY 3x2 WiARBLTea TUWNUNITNAADILUUEH
amﬁliﬁﬁ (3x2 factorial arrangement in completely randomized design) Usznaumiesiaie
aneniug (915luesiownesa sodd 308 uazAauy 500) wazUaduine (wer wasineide) wo
azminiusnondndull 8 419 az 30 ¢
1) Juiintoya
(1) ﬁmﬁﬂswﬁmﬁamq 134, 1,2, 3,4,5 uaz 6 dUan
(2) Tuitndsinemsilruarevnsmaeseduni
2) FLIMIANTIANANIHAR el

€

e | =

MUNDIMNTNNUY
5

USuuemsnnumesime iy =

|
= [J

FUIUTUNRYY x PWIULANTS

. o A 4 e YyminlAfLig
msnsiaseyAulnniene Ty - B

FUTUTNEYS x UUlANY

YN eIANSNnY

dasnsasusimisidutionign = v o .52 =
YIAUNA VALY
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3.4.2 NSANYIAMNINGIN
dlelnnsgmeny 45 Ju vhnseaemnstauian 12 dalus udagulndias 2 67
Wlvgitefnwamnimein wasmwinilesidudeiniagldgns

1%
o % 1

P UINUNYING
WUBILIURTIN = T aan — x 100
Uminlnddin
fa o UNUNTUAIUYIN
LUBDILTURTUAIULIN = T - % 100
UINUNDINNAINDUYU

3.4.3 nsfnwgan el
msiiuedsndaniloon wdndrouazenn Tne
néwitioandinuan Wusaifiunsiinidosnuds msiieuouatedun  usse
NuLile LLaSL‘Uai‘L%uﬁmﬁQiyLaEnjlﬁzﬂ’ijS‘Uiqﬂ’sjﬂ
ndaieendndne Tamsutaimnuilunsa-ae 3 uag 24 $alus ndeln
A8 NTIATIEEILUTENBUN AN LLasLU@%LG‘?juﬁmsqagLﬁsﬁwmzLﬁu%’ﬂm
1) Aenudunsa-snswendibe SuiinAraudunsa-rnsweindmiiie
andl 3 uaw 24 Flug ndslanie dree3esiaaimaudunsa-aauuuNanT (SG2-ELK Seven
GoTM, Mettler Toledo International, Shanghai)
2) Favaaile Sadiiieanlindaanlinne 12 $alus Ineldiadesinauuuile
29 (MiniScan EZ, Hunter lab, USA)
3) AnsiARLAUANYEYIY LN SRnlieanid Ussilumuvdninaeinng
TAzuuy Msiinauaneden Lagnisiindieanudsues Kuttappan et al. (2016) Fall
(1) tnausinmsUszifiumsiiasavatsdunuusesnidu 4 seiu
~ normal (score 0) lalfidudviAntusthasiulgdn
- moderate (score 1) fidudvniAstuvuuiuEilendsie ezl
ANUNUILBENIT 1 LAALUAS
_ severe (score 2) fdudvnnfntusuniiudulondanie uasd
AUNUT 1-2 UaAUAT
_ extreme (score 3) fidudaninturuiuiudulonduie uasd
AMNUUININAIT 2 Taalung
(2) inainsUsEdiunisiaieenudsuiseanidy 4 seau

normal (score 0) laiAndnuazuia

moderate (score 1) LL%QLLaméu%uU%nmdauﬁa
severe (score 2) LL%QLLaSHuGﬁuU%mmdauﬁaLLazﬁw

- extreme (score 3) uluazyuiususiduiduiing
9) inmsgapderisenihaiuing Ysssnalneviinsfaiminidlosiegg
waziiluuaulilugawanadin Taeldliidelaugemanafnannduihluwrnliluteadud
guvindl 2-4 esriwaiBoa Wunan 48 dalus wdniandaimiindnads wwedidusing
gaydothsswiafiuinm Tneldgns



24

Wd, - Wd,
Wd,;

x 100

6§ (3 a H ' [
L‘U’e)iL‘ZI‘LlG]ﬂ’]i%ﬂi’gLﬁEJU’WSWJ’NLﬂUiﬂH’]

Wd;, A UUTnfIgasuANnULYIY
Wd, @9 UuNAI0g1auaaLuIY

(% (%

5) malnesidussiaruienasmagapdthsewinesean Stumeudsd
(1) théeghailpanuvhmsdausidasshmaazludueen arnduri
msdutideneenainiogns dadausheenauia 3 lwufung ieluiieseiendeduda
ihiegsfidadiuiieanldadmin dufinfudmindeudy ﬂ?ﬂﬁUUiiﬁ;ﬁl’Jaﬂ’NIE‘i
QINANERN
(2) iegsadlusulusnineuaugamgiil 80 sseiwaldea Tngld
wostngamgilanaruile Wosumgilananadets 70 ssrneadoa Tshosnaine s
AIUALEUNYI aﬂqmmﬁ&haﬂﬂﬂmaL%ﬁgﬂmamu
(3) thifognseanaingawaain uiduindaensemuiing 91nduls
thsegndludsdiniin tufinfuimtnudeiu wdihamildludmunamiveiiduinisgade
thwiinsgvieusian Mutnatesduinisaydennmsiulaelians
P M Y MG Wty - Wty
LS UANSFULABUNTEMINNITUTEN = ——— — x 100
Wi,
Wt Ao dvaindnegneneud
Wt, @8 dvindhegavdsdia
(@) MiTindasegnadoonidiuaialifionia nd1e x 817 x a1 (1 x 2 x
1 wuRles) udnhiessluinsnIstaiedusa (Model EZSX, Shimadzu, Japan) 14

o)

#3n Warner Bratzler Shear

6) Il EaduA dnuleny uazderuanlifivuig nie x em x g9
(15 x 15 x 1.5 Wwuians) wanihiesndluindowesesinioduia (Model EZSX, Shimadzu,
Japan) 14%¥a 36 mm diameter cylindrical jig

3.4.4 msAnwaunmLilalanieadl
1) APT19A01 (ash content analysis) InedgndauUasan AOAC (2005) Al

a

(1) Wdewaldwnlum gl 600 osrwaidad 1Wuian 1

1 1 v Y 1 v
] o v A I = < a v v o [ o v 1
Flua imeianunluldlulagaauduauiduadisgungivies uardiludeaiminesna
@ d' U 9 v dy (Y] V=3 gol LY I goj Y] I
indwiedesiulilvigaainuiundu Juiinumdniludmdnneusn (W)
) Fagegraidaln 2 ndu Tdadludefien Suindudingagns (W)
(3) Wndhenlddegnelumnaumngd 550 esreaidea wnduia

12-18 Tlu9 39A19AU
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(4) Ym i lvigauniianasaudindt 250 asAnwaldua ualdAuay
fewldlulagarnudy Yaeslidiamduauisgungdves diludamdmdnid uag
Tuiindudminudan (W,) dAnaidesidudiinlngldgnsd

& @ & vV W2 - Wl
LUDILTURLAN = —— x 100
W
W fAe  dutnfIeg1enaueu
W, A dwmtnoelan
W, fe  Undnolglayfieg1eanaiey

2) MIIATILIUTIIAAILTY (moisture content analysis) 19337 autas
99N AOAC (1999) fail
(1) eunsyladldiegndlugeugamail 100 ssrmiwaldea Usvana 1-3
1l ntninsgtosiogvesnangauldhilagnanutuuszana 30 wifl widsmiin
nszUadldsngna (W,)
(2) dasheeailala 2 nfuldlunsededdsetesufindmiingaeena (W)
(3) thnszladldmaesiifidheehsussqeylveuludeuiigamgi 100
oamaiTea U 16 92l andniilulalagaaadiu 30 unit Sahwin Sufimiindnidy
vty (W) Amvnieiiduinnudulaelignaded

¢z & & (W1 + W) - W,
LB IIUANNTY = x 100
W
W As  WninsIng1enauau
W, fAe - dnminnseUeg
W, fe  dmidnnseUowazAlegnanaseu

3) mMywaTenUIuulusAy (protein content analysis) 1ne3% Kjeldalh

method fispwUasain AOAC (2005)

(1) Fageea 0.5 n5u ldaslu Kieldalh flask Wy Catalyst (CuSO,
71U 100 NN WaNAU K,SO, 311U 7 A3U) Lag 98 % H,SO, 371U 25 daaans

(2) tlugesuy heating mantle Taglvinanudeuseous aunsevianun
wlas udrresifivgamniiiu 400 ssmiwalia aunseisansavansla Udesislilvidu

(3) Wahnduasdluveendos 10 fadans Yivaesdessad i omndy

(4) v 30 % NaOH 973U 40-50 Haddng

(5) 111 receiving flask 71l 3 % boric acid 8¢ 20 - 25 {adans uazliy
indicator 3eusesudunsesiuasazateinduls

(6) ndwauldansavaneUssana 25 fadans

(7) nseansazanefindulésne 0.1 N HCL aunseiiadvesaisavany
Wasuandideadudisenm

(8) 11 blank aute 1-7 lnglidedlddingns
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frunnmiefidudlusiu Tngldgnaded
(A-B)xNx 1.4 xF
Wi

Usunmsvasnsalelasnassniildlunisimnsniusesns Giadans)
U3unsveensadaiinin 0.1 N fldlunslnmseiu blank @adans)
dhuiinuesiiegng
AT UTRINTATAaTISN (N)
ALNALABS (6.25)

4) msiesgiUsnaladu (fat content  analysis) AauUaInuIses
AOAC (1999) &aid

Wosiguslusau =

® o

3 D2 D2 Db Db
® ©

©

(1) T IDYNUUNTEANENTBI 5 NSH BAZIAUUNNUIRLN NEUNSIY 2 NSU
AaN AL uLaE e

a

(2) dhsegimveudiluaulugeufioumail 100 ssrwaidea uu 2

Y

Falue uadwiedseanldlagaaiiuiy

(3) sudninaslugeuigamgil 100 esrwamea w1 Falus uadtn

1 Y
o

Tninasivldlagaainuiiu 30 wiil lngldnAuiamezdmsuininesaialuiukasaisansdie

Y
I o o o

Petroleum Ether AausiNavza1slviiuifned daivuinwazandudin

Y
%

(@) ldshegaiwmionudaddy Thimble waziluldludnmnes Tnodns
Thimble A28 Petroleum Ether ﬁauiﬁﬁa%éﬁﬂ‘uﬁuﬁﬁma@j L#iy Petroleum Ether 150
findans asludnned udidesesanaloty

(5) 11 Thimble sanaNTALNDT LLaxﬁwﬁﬂmaﬂUauﬁé’auqmmﬁ 100
seAnwalded uiu 1 99lus TngldAuAvianizdnsiudnnesadalesiu udanidnnesld
Im@mmm%u 30 Wil

(6) FavimiinSnined wazaadudin

frnamieifuiluiulagldgnaded
W, Wy

Wesi@udluuy = ——— x 100
W
W, Ao Wwmidn@legs (nSw)
W, @ Umdndnines
=

W, fe  dwhinnesuaslusiu
5) N5ATITRUSINADaa LAY (collagen content analysis) ALAT1EIALAY
A3FiauUasnniFves Hill (1966)
(1) théfegailefiuduianyiazaslaefiulflugiduiionmgfi o - 4
ssrnwada Wunan 24 $alus udrunmoesesunaziden
(2) Fauindetafiuaudisegsay 4 nfu aslunasaneass iy
ringer solution 20 adans

(3) Uhlutumeiaseas homogenizer AuFuULlioaziden
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(@) vsegsluslugnsmunuenmgiiv 77 ssmisaldea um 66 W7l
udnilutiusiessineamida 10,000 sousiowd fgamnd 4 esmwaidea Wuna 10 wi

(5) wentonalula (supernatant) ldnaenneass 17 Jaddns WHu 12 N HCL
17 fiaddns washduiinnazneu (pellet) anldluvasnnaaes W 6 N HCL 25 fiaddns

(6) ¥shegslugulusnsitumuauguund (oil bath) fignmad 100
psrniwaidea 1unan 24 Halus Tnglutng 3 Hlususnivgmasaiegimne 30 uni

(7) wiu activated carbon aslurasnfIBE1LAINTDINIBNTLATENTO
wes 111

(8) Usuranudunsa-ansliioglugas 4.5-7.5

(9) Usulsmasluumassedslidu 100 Saddns

(10) Yweenfldanarunnaznouideans Ineuenaisdies19neaaiay
lalazaneun 500 lllasang waufuingu 2.5 fiaddns

(11) prvesvaaiildanmsarasog s fepoaaufiazaeld
warlilavane 400 lalasans il oxidant solution 200 lalasans wewlidnfumeiald 20 wil

(12) \@u color reagent 200 lulasans werlmdnuualirluaulusng
muANgnmgiifiaamyll 60 ssrwaldod lWuat 20 Ui

(13) "'immms@@ﬂﬁuumﬁ 550 uIlULIAS §a8LA383 microplate
reader (iMark TM; BioRad, USA) thwadildludmamnswisnasgiuldnnududuveslensen
FINsaunnu 0, 1, 2, 3, 4, 5, 6 way 7 lilasnsuvealensendinsauseiaansy wavaulnlay
Tgpadadl
cxfx100 x 8

1000 x w

USuaumeaaau (Haansu/nSuveaiiodn)

Ao Anudnduveslansendlnyau
o Suuihvesnsieanasazateiildanmsdes
1y Soluble collagen =1
Insoluble collagen = 6
wo e dmihediaie
6) MyATIERRIRUsznauTeInIA kil Anszilagidues Folch et al.

(1957) wae Raes et. al. (2001) Sidunousit

(1) Feiregratiovszana 5 n3u Tdlumnguyms

2) Judheindo homogenizer (lka, Switzerland) 2 U WaqLfy
Chloroform : Methanol (2:1) aslusegna 20 §addns dreatugie Chloroform : Methanol
(2:1) 3n 10 fiaddns evziedegsTiAnegMhTulasluwIngUBNs

(3) Wi adeiiumstivazsenudsldnsienen (separatory funnel)
\#id Chloroform 10 #1addns uag Deionized water 10 adans asluviavunuainaisld
NTIBUEN
(8) Vs 0.58 % Sodium chloride 25 fiadans #itliTigmumgfiviest2 Fla

Y
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(5) ¥hmsuenduwes Chloroform Afilusiuazansey ldvinfunau
(round bottom flasks) waziiluszmeliuisseir3es Rotary Evaporator
6) 19 Chloroform @ewianunay vinmsusulsinasaavinelils 10
iadans
(7) eansiegseani 2 fadans ldluvindinden uagiiy internal
standard (Cy) 31171 200 lulasanswavinlusewmewismeinaglulasiau
(8) 1Ay 0.5 N Sodium Hydroxide:Methanol U3u1as 3 Uadans vin
n13 vortex wazthlududuian 30 Wil figamndl 50 ssrwaidea
(9) WAu 10 % BF, USuns 2 §adans vi1n1s vortex wazalududu
nan 10 Wi Tigaumgdl 50 ssrnvaLdea
(10) 1A deionized water 2 18dans AU hexane 1 {adans ¥1N13
vortex wdnhludumdswnenmiiasey 2,500 seu/unit figamgil ¢ esrwaldea 1y
nan 5wl gedulaldvin vial wasidiliuisefiglulasou vmdewdn 3 seu i
shetnaliluguaudsiigumad - 20 ssrieaidea
(11) Wi hexane 1 addns asluwin vial veeiiege wavt1fiegnd
TWimsevesdusenouvasnsalutugiein3as Gas Chromatosraphy (Agilent 78908) 14 FID
detector #8 Column SP'"-2560, 100 m x 0.25 mm 1.D., 0.20 um film Condition
Carrier gas : He
Injector : 1 pl, split 10:1
Column flow : N, 1.3 ml/min
Make up flow : N, 25 ml/min, H2 30 ml/min, Air zero 300 ml/min

3.5 MsIATIEVTaYa
AnsgiauUsusiuresdadeniisadesfudnuaranssnnwnisdn aunaw

910 wagAaALe FuatAnAdaULEM (F-test statistic) MUMITANFUNARDILUY 3 x 2

uianaiSea Tukunisuaaosuuuduamysal muuuiuneadanldlunisiesed il

Yik = p+B +G +BG + €
Lf'jE]:
Yik Ao mdnvasiidne;
u Ao Anadeiiliinaandadeiidne;
B, A ABVENAvRILSlANTENe (i = 1 84 3);
G, Ao A1EVSNaYeLNA ( = 1 D 2);
BG; fio  BviBwataNvowtusT i wagina )
Ei Ae  Bvsnasdeguvemthienaans ik

WisuiiguanuuanisvesAuaiyvesladenaniaralngds Tukey’s multiple
comparison test NsgdumITNLTodY 5 LUBSLTun
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4.1 dUTIANINNITHEAR
4.1.1 Ywiinda
avsnavesiuduazimesouwindvedlinsenailonyineg uanslunsian 4.1

M13199 4.1 BvSnavesiudiazinaremvdngd (nfu) vaslinsenaiugensivesiownesa
soad 308 warAauy 500 Loangsney (Mean+SEM)

21y Wug (B) et (G) P value
(W) efwesiownesa sead 308  Aauy 500 o ey B G  BxG
udh 44.89 44.73 46.84 45.49 45.49
14 492.79 494.13 491.03 502.46  482.84 0.85 <0.0001 048
+3.95 +4.75 +4.83 +3.47 +2.55
28 1696.51" 165766 1657.91" 1794.41  1546.97 0.04 <0.0001 0.003
+30.98 +44.33 +26.55 +9.99 +13.27
42 3027.74" 2931.13" ~ 2955.74" 3272.719 2670.02 0.02 <0.0001 050
+77.54 +87.43 +77.70 +200.99) hOks

wudvswasuseniiuguaswasaumiindadlineny 28 u sxuiuinlaiwagnn
v A 201 v 1

wugihhwdndgeandilameadle (P<0.01) Inelnmegiugansivesiawmesaliuminidilndifes

3
1 k%

fuldmeritugsaad 308 (P>0.05) waglrmadii 2 Wug fimidndagenilimagiugaeud
500 (P<0.01) vnuzildmadleiugansivefiainesaitmindlodifesiulnmmfleiugaoud
500 (P>0.05) uaglnwadesty 2 Wug S wiinfgeniildmadedudsond 308 agdl
Tfodndny (P<0.01) sauandlumianad 4.2 uazniwdt 4.1 uansdvSnasiusninsiuguazing
sotmindudenty 28 Ju liwudvswasauseminaiusuazmadetmindiieny 14 fu wae
42 $u (P>0.05) wanImAResaenndosty Nascimento et al. (2018) lsinudvznasan
syvaiuduazina (P>005) Tuldnsgnaiuseeul sead uarduuiindlonty 42 Su 1ululu
yihueAeIfufiy Livingston et al. (2020) #ilsiwudnawasiuszvinsiusuazmalulinszng
Wugaouy wazsead ooy 42 Fu usl lkusika et al. (2020) 189111 NUBVBWATILTENINS
wuguazina (P<0.01) vedlinsenaiussoad eluie uaviewa Weeny 9 danm

M5NN 4.2 BvinaTasEIiuguasmAdervng (nSu) vedlinssnaiugensivesienesa
oad 308 wazAauy 500 Woeng 28 i (Mean+SEM)

g ansuesielnaia soad 308 AUy 500 ol

y ” - - - ” - value
(’3‘14!) L‘Wﬁlﬂ LNAILLE LWFTQ\IJ WAL LWFTQ\IJ WAL

28 1811.64"  1581.39" 181675  149858' 1754.86"  1560.95" 0.003

+14.83 +10.31 +15.56 +30.79 +13.62 +12.20
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2000
1500 R
3= Y
& LW
(-D
’= 1000
BG: =
= - = INFNY
=~
—
RO:
500
0
14 4 4 o 4
9134U05101A0Td 50dd 308 ADUY 500
Wug lnnsgng

awdl 4.1 wuginansdvdnasauserinaiusuasinesdotniindavedlinseneitugonfiues

\owneda serd 308 Lagaauy 500 wleee 28 Yu
Svswavesiuglifinarothmindadleaty 14 fu (P>0.05) udfinasotimiing
oy 28 Yu ua 42 fu (P<0.05) lneliiusensivesiowmesivmindaunliiugsoad
308 wazaaUY 500 vnuditviingiifiuturesldwussead 308 uazaoul 500 laiuaneng
fu (P>0.05) nansnaRDIABAAasiy Rokonuzzaman et al. (2015) fisigauin thwidni
vasliugneul 500 Fuuiinnanadn wazesuetiolnesa laiuans1stu (P>0.05) Wloony
1, 2 wag 4 &awi wazidlelinsenseny 5 wag 6 dUawi lnnsznatusensivesiewnedadl
dwingnrinussead 308 dsdinaiionniniusnssufiuandaty (Lopez et al, 2011)
U kusika et al, (2020) Fivudvdnavostusinasiotuiingavadlainszns (P<0.01)
dloeny 9 dUa ud Elwahab (2016) himuanuuansnswasimdnsswinaiugsoad
AoUU uaresuaiownasa (P>0.05) ileany 5 dUni uazauu el uazae (2560)
s1091ui Weeny 6 Fuani Iinszveugsead Thimtndgainditusorfivesienesd uas
Aouy pgafltiddy (P<0.05) vauedl ale newnys wazd iy lngduay. (2563) T1890y
Tlanseneiugendivefiomesa Swminddesiianileny 42 fu lefleusuiugaeuy
Joad uazduuisn (P<0.05) uay Hristakieva et al. (2014) $1897U ﬁuqﬂﬁmﬁmaﬁiaﬁmﬁﬂ
slagliiugaeuy 500 Suviindganinliiugsead 308 (P<0.05) Wleany 42 Yu

SvswaveswaTnasetvinduiony 14, 28 uag 42 Fu (P<0.01) Tnglrnard
hwiindaganiilrmeds namsvnaesaonadesiu Nascimento et al. (2018) is1eamuila
wafugduutdn Aoul uazsead duwindagendilaimeds Weeny 42 Fu (P<0.01)
udeafuguu deiivand warany (2560) finasedluliiuseriiuofiowmasa aoul wa
soad upzsenublnmadfdmingiganitldmedeegiedideddy (P<0.01) waw lkusika
et al. (2020) wudvEnaveunadetmindvesdlinszns (P<0.01) ooy 9 dUnsi
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4.1.2 dwiind i
ansnavesiuguainadelmtndmiinduveslinseneyiergieg uandly
M137197 4.3

M13199 4.3 Bnsnavesiuguasinadedmind LIy (nF0) veslansenaiiugensives
lwPasa s0ad 308 wazAauy 500 Weenes19Y (Mean+SEM)

4390 Wug (B) wiet (G) P value

() enfluesiewresa  soad 308 MUY 500 wer  iwedle B G BxG

0-14 447.90 44940  444.19 45697  437.35 061 <0.001 048
+3.95 +4.75 +4.83 +349 257

15-28 1203.72" 1163.53"  1166.88" 1291.96 1064.13 003 <0.001 0.004
+29.27 +4082  +23.65 +9.46 - £12.29

29-42 1331.23 127347 129744 147838 1123.05 0.10 <0.0001 0.58
+49,04 +4526 +53.47 +1761  +13.18

0-42 2982.85 2886.40"  2908.50" 322730 2624.54 002 <0.0001 0.50
+77.54 +87.43  +77.70 +2103  +19.22

NUDNBNATINTENINNUTIAZINAs UM FITLTWY 1Y 15-28 1 WU
Iawmagynniugiishvdndmiutugeninlimedls  (P<0.01) lawaiugensivesioinesad

q 9
v
U v a a

uwnindandiudulnaidsaiulimeagiugsead 308 (P>0.05) ualnuwagns 2 siug Suwning

(%
o
'

Y
' 4

Mg itlimegiugaeuy 500 (P<0.01) vneiilimeiiiusersivesiowmasaiunmin
samiuvulnadssiulnmeilieiudaauy 500 (P>0.05) walniwatdiens 2 siug dumingan

' £
a

dinduganilimeadloiugsead 308 (P<0.01) adiiltuddny Fandumsieil 4.4 vauei
awdl 4.2 uansdvinasuszviaiusuasmmse ety 1528 Tu lunu
Sw%waﬁamzmwﬁuﬁ:uazmeiaﬁmﬁﬂﬁaﬁﬁu%{wdw 0-14, 29-42 way 0-42 U WanS
vanoaenndedty Benyi et al. (2015) wuBvBnasmssminaiusussmeariodwiingai
iy flesng 7-21 Fu Tulrnsznewugaeul wavsead (P<0.01)

M13199 4.4 BviEnasmITITLTUaSNAAR U NFITLIINTL (N5Y) veslnnsenaiugens
\wesiawneia s0ad 308 uagAeuy 500 taend 15-28 Tu (Mean+SEM)

Y9978 aHAEHRIG G| Sodd 308 AUy 500
(1) e \edle iR ey wer el P alue
15-28 131201"  1095.44" 1309.25"  1017.82' 1254.61"  1079.14" 0.004
+1456  +10.46 +16.76  +28.17 +950  +10.37
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1500

= 1200

Ay - - - - -

\(..:/ e —_—_—- -een = - = -
~2 900 -
<2 g
'UE =
% 600 - = neie
=

=

=
=300

0
4 J J 4 4
RERISIRPIRIIRRRE) JOTd 308 ADUUY 500

Y]

S 1
ug Innseng

AN 4.2 uNUTuanIBVENas s Nusuazmer o vting I MiuT uveslnnsenaiugens
\wesialnesd ead 308 wazmAauy 500 ety 15-28 Tu

dvisnaveiuglidnaneumtindanmnluvetlnnsendugieety 0-14 uaz 29-
42 u (P>0.05) untinadaumunsniiadulugisery 15-28 wag 0-42 1 (P<0.05) lagln
o & & ¢ ¢ Ao o o oda X i R ¢ ¢ a8 o
WuqmiwaiwLﬂaiaummuﬂmwmeugqmﬂﬂwuﬁqiaaa 308 wagABUU 500 YaUeNUINUn

' 12
a =K

fhilifistuveslnugsoad 308 uaznaut 500 lalumnd1eiu (P>0.05) namsnanestlidiu
Tlauserdivesieinadadnugnssuiiunnsisaniudsead uayaeul uitugnssuvesliviug
soad wazmoudliuansstusudiindafidisdulutiseny 1528 uae 0-42 Su wans
ypaRIABRARBITU Benyi et al. (2015) iTnuilivudsead uasaoutiiuiing sty
Ladunnenafiu (P>0.05) Tugiaany 7-21, 22-35 way 36-49 Ju

v waounesinasomind7fsdulugaseny 0-14, 15-28, 29-42 uaw 0-42 Fu
(P<0.01) Tneldmefthuiniflfistugenitlimedls nan1svaassaenndesiu Benyi et al
(2015) fenuilinssnaaifmdnififstugemitlinssnanadeludey 7-21, 22-
35 Az 36-49 1u (P<0.01)

4.1.3 ISR YAUlacaTy
dvswavasiusuasnaradns NSRS aiulasoTuvedlinssnseLm1eg wang
lupng19i 4.5
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M15197 4.5 BvSnaveiusuazmAsednsInsasAulasedy (n3u/d/4u) vedlinsena
Wuge1siuasiownasa soad 308 wazaauy 500 Weonem19 (Mean+SEM)

419918 g (B) et (G) P value
(W onswesiereda  ead 308 mauy 500 we] e B G BxG
0-14 31.99 32.10 31.73 3264 31.24 061 <0.0001 0.48
+0.28 +0.34 +0.35 +0.25  +0.18
15-28 85.98" 83.11" 8335 9228  76.01 0.03 <0.0001 0.004
+2.09 +2.92 +1.69 +0.68 +0.88
29-42 95.09 90.96 92.67 10560  80.22 0.10 <0.0001 0.58
+3.50 +3.23 +3.82 +1.26 +0.94
0-42 71.02" 68.72" 69.25' 7684  62.49 001 <0.0001 0.50
+1.85 +2.08 +1.85 +0.50  +0.46

WUBNENATINTERINNUSLaTNAdadnI NSy Aulasia Ty vaslansenegae
91y 15-28 1 wuidn lnmeagnniugidnsinisasgyivlasetugandnlameds (P<0.01) 1A
wAgugefivesiainasaiisnsnisiasyiuladetulndifesdulninadugsoad 308
(P>0.05) usilinagia 2 wug  Tdasimaaiyivindefuganiilimagiusaaud 500
(P<0.01) Tauzilnmaflefiugensivesionasiisnsinisasyidulade fulndidvsiulAmedle
ftugaeund 500 (P>0.05) udliwedes 2 Wus FohmnsiasydulndeTuganitlimads
Wugsead 308 egnlidedifny (P<0.01) wailinuBnanasusenIniugLasinAdosnsINIg
WIRYLAUIAADTUTIN 0-14, 29-42 Lay 0-42 1u Fananalumisned 4.6 uarn g 4.3 uan
dvBwasansznieiusuavimadedanaaiyduladeuiieeny 15-28 Yu nanismaaes
Gululuhusadieatufiu Obike et al. (2018) inuaudnlinudvinasumesiiusuasimesio
dnsmsisgiavlaneiuveslinsgnesiusuniueed soad wavduuida Moty 8 dUanv
(P>0.05) vaugdl Abdullah et al. (2010) 51897431 WUBVENATINTTMITUSUATINAYDS
anwzanIINITRIYRuladay (P<0.01) vadlanseneyaseny 28-35 U way Udeh et al.
(2015) WuBNENATINTENININUGHALINAYRILANTENINUTDISLUDSLBLADTE U1TUTAa WY
sead (P<0.05) ooy 2-3, 4-5, 5-6, 6-7 Uay 7-8 dUn

M50 4.6 BVBNATITENIINUSUABINARBSRNIINTSATAULA (NS1/6/3u) vadlnnsenaiy

91dluedlointa sead 308 uazaAa Uy 500 1loo1y 15-28 Fu (Mean+SEM)

439078 nsasiownesa Soad 308 ABUU 500 ol
o v P o a v P value
(1) e Lweldle WieE] wFdly SIGIA wesle
15-28 93.72" 7825 93.52" 72.70° 89.62" 77.08" 0.003

+1.04 +0.75 +1.20 +2.01 +0.68 +0.74

s

9

9
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100
=
B - en o -
® 75 R RS S
=
Ay
&
E
= 50 9
= LWFARN
=N Al
qr
< =
I - = INFY
c 25
=
o
S
0
14 14 4 4 4
REFISIRPIRIRREN 00 308 AU 500

o

Ju 1
ug lnnseng
AW 4.3 wuiikanBySnasauserisiusuaemesogn s sasgiiuinvesinnsenaiugens
\UasleLnesd soad 308 waraaul 500 Weany 15-28 u

dvsnaveiug Milinasiadnsmaesaiulasiaiuvedlinsgvdug ey 0-14 uaz
29-42 Ju (P>0.05) udlinasiodns NsiasaAuladeiuluYiteny 15-28 uay 0-42 Ju
(P<0.05) Tpglaiugersivesioinesaiisnsinisasatauladeiuganiilanugsead 308 uax
AouY 500 vauzfismsNsisnAulndetueslnussoad 308 uazaeuy 500 lalunnsneiy
(P>0.05) Wan15nAaDslALENAU Ciurescu and Grosu (2011) ‘1'71":71mmiwé’mwmm%m@uim
vodlinsznaitusedluesioinnsa et 500 wavsesd 308 laiumndrsiu (P>0.05) fieng 42 Ju
utgw danFiiani wagany (2560) Tenuilinseneiusseadddnninaiaivlaind
Wugensiuasianesa uagAsuy (P<0.05) ui Udeh et al. (2015) sreauinlnnsenaiugens
wostewesalsanisiasyivlndeiugsniviugsead wazansuvad (P<0.05) Wleeny 6-7
Fori udviswavesiuglitinaresninisataiulasiotu (P>0.05) Wloany 3-4, 5-6 wag 7-8
duam

ansnavesnAlinadednsnssaivlaseiuluyiveny 0-14, 15-28, 29-42
uaz 0-42 Ju (P<0.01) InelrmegidnsmaaiadulaseTugeaninlimedlo 9 Zerehdaran
et al. (2004) Thmapailimegfisnsnsissyduladefuganilinadiodosnaniads
NABEN LU ANAINITOIUNITHEINUDIMT WORNTIUAIINATIFID NMISTUNEIAN AL
Foanslavugiiunndneiu uwazdvinavessesluuiiierdostunisesayivln
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4.1.4 Wasiusinsiaesson
Svdnavesiuguazmasaesdusimsdessenvadlinseneyisengsiine wansly
M13197 4.7

N 4.7 Bvsnavemiusuasnesaiosiduinisidessen (Wesidud) vedninsznaiusensives
wPesa 0ad 308 wavAauy 500 Woengs19e (Mean+SEM)

3901 g (B) et (G) P value

(W) efluesielmeia sead 308 AUy 500 oAy edle B G BxG

0-14 93.12 9291 9291 9305 9291 082 066 082
+0.21 +0.28  +0.28 +0.19  +0.23

15-28 98.88 99.78  98.88 99.11  99.26 015 073 015
+0.43 +0.22  +0.43 +032  =0.30

29-42 97.29 97.76 . 93.87 9653  96.08 007 076 067
+0.77 +0.79 +1.81 +108  +1.02

0-42 89.58" 90.62"  86.25' 89.03 8861 004 077 069
+0.80 +0.76  +1.74 £1.07  +1.00

LinudvEnasiuszwisiuuasnasoefiduinmasisonvasldnsendlutag
91y 0-14, 15-28, 29-42 Wag 0-42 Ju (P>0.05) WANINARBIFBAARDINUTIBINUTDY Benyi
et al. (2015) Flinudnswasausgniniusuasmadednunzieifuinisfassonvadld
nsgnaiugrouy wavsead Tudaseny 7-21, 22-35 uag 36-49 u (P>0.05) wiAnuBVENasIW
sprnaiusLasnereiesiduing Aessenlutaeny 7-49 Su (P<0.05) Wuifisatusisay
799 Rahimi et al. (2006) flinudnwasausswitusunsadeofifudnsdsssen
(P>0.05) 1iloony 1-21, 22-42, 43-56 uaz 1-49 Yu

SvswavesusTnaraosiFusinnAessonvadiinsendlurisey 0-42 Yu e
Irivtugsead 308 fiesifusinaisssongendilifusaeut 500 (P<0.05) uriliinuarimnng
sgriiugesiuesiorasaiuiugsead 308 wavsyninaiugensivasiewmesaiuiuinauy
500 (P>0.05) wanisvinasstaudsiy Elwahab (2016) ieauilaiusensesiownesa i
Wesfusinaisssengemiiugsead (P<0.05) wWuieaiy Hristakieva et al. (2014) fis1891u
Tlrwtugsoad 308 uazapuy 500 Swefifudmaidsssenliiuandneiu (P>0.05) eay 49
fu uag Benyi et al. (2015) fistenuindvswavasiuslifnaroesfidudinisidsssonludas
91y 7-21, 22-35, 36-49 uay 7-49 Fu (P>0.05) wnusflaru mavdiwani uazeni (2560)
senuiliiusersvesiowresa neul uavsead fiedidusimaisssenliunndieiy (P>0.05)

Svswavoundlifinadoiedfiduininisssonvaslinsendudiseny 0-14, 15-
28, 29-42 waw 0-42 Ju (P>0.05) NAN1INAABIABARABITU Kryeziu et al. (2018) AI518971
Tdvznavewndlifinadoiosidudnisne (P>0.05) lutiseny 1-35 waz 1-42 Ju was
aonAdesfUTIENUYEI Rahimi et al. (2006) AlsinudvEwaveunesioilosifusinisneves
lAnsgns (P>0.05) Tutaseny 1-21, 22-42, 43-56 uay 1-49 Yu vaizd Benyi et al. (2015)
Tenudninaveundliiinaseiesidudnisnevedlanssve Turaseny 7-21, 22-35 wag
36-49 T (P>0.05) wilminagdeosiguinismeanitlimedsluiieny 7-49 Ju (P<0.05)
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4.1.5 Yanauenmsniy
dnsnavesiuguasinanauTume M sNAuveslinsenIyIega19 wansly
M137197 4.8

A9 4.8 BvSnavesiudiazinAdeyIe SR (nFU/M) vedlinsenaiugensives
wPesa 0ad 308 wavAauy 500 Woengs19e (Mean+SEM)

3901 g (B) et (G) P value

() efluesielneia  vead 308 AUy 500 S B G BxG

0-14 440.17 449.45 432.98 419.78  461.96 029 <0.0001 0.78
+9.70 +7.35 +9.57 +6.84 +4.77

15-28 2109.74 2053.05  2109.75 221333  1968.37 014 <0.0001 0.80
+39.79 +4123 +34.26 +21.85  +14.77

29-42 3337.17"" 323759 3505.85 3402.70  3317.70 004 032 072
+49.93 +4245 - +106.77 +5821  +6592

0-42 5887.09" 5740.09"  6048.57" 6035.81  5748.03 002 0002 079
+59.10 +4659  +118.07 +6253  +64.75

LinudvdwasausgnirsiuduazinanayTinaewnsinuvedlinsgnslutiseny
0-14, 15-28, 29-62 wag 0-42 Tu (P>0.05) nan1snaasnfulyluiivendeaduiu
Nascimento et al. (2018) fi184m30 aiwudvdnasmsznirsiudiesimadodnuazyiua
omnsinululanszneiugnouy soad uagduunsn (P>0.05) ileany 42 Ju ud Benyi et al.
(2015) wudvENaTWITEHINTLSLAY AR eUTINME M TANY (P<0.05) vosliugnouy uas
s0ad 1ileeny 7-49 Yu

SvBwavontusinareUSinuesfiiuveslinsevetaseny 29-42 uay 0-42 fu
lnglanugaouy 500 Auomisuinnitliwugsead 308 (P<0.05) walinumIuuans19ves
USinalewnsfinusgniniudensivesioinesatuiiugsead 308 uazseninaiuseniiues
lownefauiugaauy 500 (P>0.05) usdninavesiuglifinadeviuimemisiiuvedls
nsemalutiseny 0-14 Way 15-28 Fu (P>0.05) @eandasfiu Elwahab (2016) fis189min
wugnssufinadonisfuemnsedlinsgnailonty 5 dai (P<0.05) Tnglinsznaiussoad
Ausnnitiugae Uy uazduuaa LRty Nascimento et al. (2018) As18auiila
nsgmaiuaeuy SUinaemsiAutesniniusseaduazduuida (P<0.01) fleny 7 dUai
uag Ciurescu and Grosu, 2011) #is1esuin lawussead 308 aeud 500 wazorsiues
lownpsaiuTinuemsfinuiliuandiedu (P>0.05) Turaseny 0-42 Fu usigwu e
uavAME (2560) Way Nascimento et al. (2018) MeauinsiugnssylaifinadeUiinae i
Auvedlinszns (P>0.05) Moy 6 dUansi

dvBwaveunalinasoyunaewsinuvesiinsens Taglutaseny 0-14 Yu ln
wAllefuansuinndlawag (P<0.01) uiluyieeny 15-28 wag 0-42 Tu liwAgAuems
wnnilimefloeg1eitodday (P<0.01) ldwudvdnavesnadeuSinaesiiauesla
nszndlur 1907y 29-42 Fu (P>0.05) HamsvaaedenAdety duu davTiwml uawAn (2560)
uag Nascimento et al. (2018) fiseauitlanszmamagfvevnssnmimade (P<0.01)
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4.1.6 Ussnauensiinurendnaduy
dvEnavesiuguaznAdaUTINMe N SN Us B TuveslinTenesegsieg
wanalun1399 4.9

A1319N 4.9 BvSwavesiuuazsmesoUsnaesniusiadweiu (n31) vedlnnsenaiugens
\weslaweia sead 308 uavAouy 500 Weoangsiee (Mean+SEM)

439078 W3 (B) et (G) P value

() o1swesiawmeta sead 308 AaUU 500 we e B G  BxG

0-14 31.44 3210 3093 2998  32.99 029 <0.0001 0.78
+0.69 +0.53  +0.68 +049  +0.34

15-28 150.70 146.65  150.70 158.10  140.60 0.14 <0.0001 0.80
+2.84 4295 +245 +156  +1.06

29-42 23837 231.26"  250.42" 243.05  236.98 004 032 072
+3.57 +3.03 +7.63 +4.16 +4.71

0-42 140.17" 136.67°  144.01" 14371 136.86 002 0002 0.80
+1.41 +1.11 +2.81 +1.49 +1.54

liinudvimasmsyninsiusiasmadeUTinaemsiidusedaie fuvedlingzng
lug991y 0-14, 15-28, 29-42 haz 0-42 Tu (P>0.05) WANIITNAROIABAARBINUTIENIUYDS
Rahimi et al. (2006) linudnsnasmsenitiusuaginadoysinaennsiau (P>0.05)
ludigeny  1-21 way 22-42 U winuansnasuluyeee 42-56 Ju (P<0.01) UfNANTT
nnaadliaenndeafusiesuned Benyi et al. (2015) fIF189TUINUBNENATINTENIS
fugnssukazIAdean Yy T IR UAesse Tu (P<0.01) lulrinsznaiugreut uay
Joad 939878 22-35, 36-49 war 7-49 Ju wlinusnswasiuluyiery 7-21

Svnavesiusinaseuinanmnsifusesiiuvesiinsenslutney 29-42
way 0-42 u lmelaugaouy 500 Auemnsunnndnlinugsead 308 (P<0.05) uslinuay
uANFNsYBsUR MR SR uRef I fussinsfugeleslowmesatuiugsead 308 uaz
sginiugonfivesiewnesaiuiusaauy 500 (P>0.05) wagnswavesiugliiinasdousuim
onsinusemf Tuveslanszniluraseny 0-14 uay 15-28 Ju (P>0.05) wamsnaaadll
aonAdDIiUTBNUYE Benyi et al (2015) MeauiidvEnavesiuglifinasouiun
ownsinusemretuvedlinsendlutiseny 22-35, 36-49 uay 7-49 Fu (P>0.05) wsivtugdl
narioUTInuesTinusodseiuluteey 7-21 Fu (P<0.05) way Ciurescu and Grosu
(2011) fis1enudy lavussead 308 AUl 500 wavensiussielneianuesresseiul
uanenariu (P>0.05) ludiseny 0-42 Tu

SvEnavesmalinadeUTinaemsifudesdiuveslinszvetasety 0-14 fu
lamellgAuemmssedideTusnnitliiway (P<0.01) usiluyiteny 15-28 uaz 0-42 Ju ln
wegiuemssofsoiunnnilimedls (P<0.01) hinudvEnaveanareysinaemsiiuse
smetuveddnnsendlutueny 29-42 Ju (P>0.05) wanmveasulululuiussseaiuiv
ENUVeT Benyi et al. (2015) AiswnuiwalinaseUsinaemnsinuse et uvedinsen
Tureny 7-21 waw 7-49 T (P<0.01) waglurageny 22-35 uag 36-49 1 (P<0.05)
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4.1.7 sasmsiaguevinsiudimin
SvnavesiuguavmAnodnsNsasuemsidulminveslinsenagieny
A9 wanslunnsned 4.10

MeN 4.10 BvSnavesiuguasmesodnsnisisuemnaduiminvedlnnsgnaiugens
\wesiewnesa sead 308 wazapuy 500 Weenese (Mean+SEM)

13901 g (B) et (G) P value

(W) ensweslawmesa  sead 308 AUy 500 weE ey B G BxG

0-14 0.99 1.00 0.98 0.92 1.06 0.73 <0001 099
+0.03 +0.02 003 +0.02  +001

15-28 1.76 1.79 1.81 1.72 1.86 042 <0.0001 0.06
+0.02 +0.05  +0.02 £0.02 +0.03

29-42 2.55' 259" 276 231 2.95 003 <0.0001 098
+0,08 +0.09  +0.12 +0.05  +0.05

0-42 1.99" 201" 2.10" 187 2.19 002 <0.0001 041
+0.04 +0.05  +0.05 £0.02  +0.02

liwudviwasausgnisiuduasinadesasinaasuomsidutmdnuesla
nsensludigeny 0-14, 15-28, 29-42 uay 0-42 3 (P>0.05) - WAN1INAARIADAARDIAU
Nascimento et al. (2018) kaw Livingston et al. (2020) Aisnosuiilaiwudvnasouseyineiug
uagiwArad N dnTImsdsue vnaludiinvadinggng (P>008) ooy 42 Yu v
Benyi et al. (2015) sieuinlunudvigwasusevrinaiuguaswavedlinsynalugaseny 7-21
wae 36-49 U (P>0.05) usinudvSwasauluyaveny 22-35 Ju (P<0.05) war 7-49 Tu (P<0.01)

SvswavosiusTinasiasi A lutmiinuadlinssnedeny  29-42
uay 0-42 Ju Tneliiusensivesiaineia uwasead 308 fdasninudsuemaudwiinly
uandneiy (P>0.05) w2 Fugidmsniaidsuemsduimindniiliiugaeud 500
(P<0.05) . ustdvdnavesitusliifinadesnnisusue wnaduiminvedldnsendudisey
0-14 WAz 15-28 T (P>0.05) NANITVARDIADAAGRIAUTIBNUYDY Benyl et al. (2015) fiwy
Sw%wamaﬂﬁuﬁjﬁwa@iaé’mwmimé"smm‘m'iLﬁuﬂfﬂwﬁﬂﬁuaﬂlﬁﬂizmmqms; 22-35, uay 7-49 U
(P<0.05) uwaglinudvinavesiuroanmsiinuluraieny 7-21 Fu (P>0.05) Luideai
Elwahab (2016) st linseneiugaevdiidasmaudsuewnadudmidniniiug
p1flesialnesa soad wazduuninedieiitdidny (P<0.05) Weony 5 &Uni wdkans
ANy Livingston et al. (2020) nenuiniugnssulsifinasodanmaasuems
Huhwiinidloang 1, 2, 4 wag 5 dUai

SvswaveunAinarosnsn1sUdsusmsdutmdnueslingens Tagldmeds
SnsnsBeuommaduimindndilinede (P<0.01) Tudiseny 0-14, 15-28, 29-42 uaz
0-42 Yu wan1sMAaBsaeAAdesiy Livington et al. (2020) Assnuitlansznamagiisng
mawasuemsainiliwafiegaiifiudifey (P<0.01) lutseny 2-6 dUawi Wufety
Benyi et al. (2015) Fsnenuinneinasosamsasuemsdudmdnvedinsensludaa
918 7-21, 36-49 udz 7-49 Tu (P<0.01) uayyiae1y 22-35 i (P<0.05)
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4.1.8 AunuAt@sNIdiNamiingl 1 Alansy
dnEnaveiusuasnasiafuuA1o v sIlgndIvTn 1 Alansy vedlinsena
YDA Uandhunns1en 4.11

AN5199 4.11 BvEnavesiuguaimesasuuA1emsILYImin 1 Alansy (un/Alansy)
Yaslinsznaiugensivesiolnesa soad 308 uazAauy 500 1018199

(Mean+SEM)

43907 Wig (B) et (G) P value

(W) enswesielreda  sead 308 Aaul 500 we ey B G  BxG

0-14 16.76 17.06 16.64 1566  17.98 0.72 <0.0001 0.98
+0.47 +0.41 +0.51 +0.33 +0.24

15-28 29.31 29.78 30.20 2858 3094 041 <0.0001 0.06
+0.37 +0.86 +0.29 +030  +0.47

29-42 40.80° 41.42" 44.13" 3697 47.26 0.04 <0.0001 0.98
+1.35 +1.51 +1.92 +0.86  +0.73

0-42 32.44" 32.82° 30.16" 3055 35.74 0.02 <0.0001 044
+0.64 +0.85 +0.87 +039  0.36

linudvdnasnsevineiusuazinadodunuatewnsildifiuintn 1 Alansu
vadlinseniluyatens 0-14, 15-28, 29-42 uaz 0-42 Ju (P>0.05) wan1sueasikidenndes
fus1BaIumed Obike et al. (2018) finudvSwasiuserinsiudiaginarefunuao1vsild
diandioniin 1 Alansy (P<0.05) Taglfvmuaicnisanseenvesdnuasiunuagwnsildiiu
i 1 Alandy lhfudassdatussudiusuasine ndma Tiufusadinagiduny
Aemwsagaidefisuiumaileiudiniuead waswmadiasmmidotusduuinuas soad

Snswaveswusiinarafunuarosiildfuimin 1 Alanfy veslinsens
Tut901g 29-42 wag 0-42 Ju Ieelliiugensivetiowesa uavsoad 308 fduyuriermsi
Tdisnindn 1 Alandy liuansnaiu (P>0.05) wiiiis 2 Wustiduyudemsiliifisnimn 1
Alan3u sndalaiugaeul 500 (P<0.05) uddnswavesiuslifinasofuyuaieimsildiim
thwiin 1 Alan3u veslansgnsluraseny 0-14 uaz 15-28 $u (P>0.05)

Svswaveumalasasuy Ao AldAutmdn 1 Alandu veslinsens Ty
lrwagfidunuaewnsilldifisndmin 1 Alandu dindilimedls (P<0.01) Tutisony 0-14,
15-28, 29-02 uaz 0-42 Yu @enndasiu Obike et al. (2018) fina1ai svswaveunamy
Hadeiitnaronarilsvesmadsslingems

4.2 AUATINYIN
4.2.1 dviingnnuazaiusznaugn
v wavesusuanmaded M nenuasiminTudumnveslinsemieny 45 fu
wanslunsnedt 4.12
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AN39N 4.12 Bvidnavesiuguasinas sl minenuardiuUsenauvewInlinsgnaiugesiues
winaTa sead 308 wavAouy 500 Weeny 45 Ju (Mean+SEM)

. s (8) e (G) P value

Anvnz P p p p » =

913LUDIBLARSE  9dd 308 AUV 500 VAFER LAY B G BxG

ﬁmﬂfﬂdauﬁzj'} 3.13° 3.03b 3.04b 3.37 2.77 0.015 <0.001 0.669
(nn.) +0.08 +0.09 +0.08 +0.03  +0.02

ﬁ’mﬁﬂmﬂ 2.56 2.49 2.50 2.75 2.29 0.274 <0.001 0.291
(nn.) +0.07 +0.07 +0.06 +0.03  +0.03

drminduuszneven (nn.)

Lﬁlaaﬂ 0.69 0.67 0.66 0.73 0.61 0.134 <0.001 0.245
+0.021 +0.019 +0.018 +0.009 +0.010

Lﬁaé’ﬂu 0.13 0.12 0.12 0.13 0.12 0.108 <0.001 0.738
+0.002 +0.001 +0.003 +0.002  +£0.002

Un 0.27 0.26 0.26 0.29 0.24 0.295 <0.001 0.832
+0.008 +0.008 +0.007 +0.004  +0.003

avlnn 0.42 0.41 0.42 0.46 0.34 0.862 <0.001 0.529
+0.014 +0.013 +0.012 +0.006  +0.007

1UD9 0.28 0.28 0.28 0.31 0.25 0.658 <0.001 0.252
+0.01 +0.01 +0.01 +0.004  +0.003

n3ean 0.40 0.39 0.40 0.44 0.36 0.424 <0.001 0.322
+0.01 +0.01 +0.01 +0.01 +0.01

lusiueering 0.06 0.05 0.05 0.05 0.05 0583 0.668 0.534
+0.003 +0.003 +0.004 +0.003  +0.003

lUmngBuswasausemineiusunsine (P>0.05) sodmiinausin twidngn
hwifnidieen shwinuadulu dwidndn dndnaglnn dwiindes dhviinnsean wasinin
lusfurasiios nan1svnaBIaonAdedfiu Ojepado et al. (2008) Wilainudnsnasinvosiug
uazing (P>0.05) sodnuathwingn wasidoaniulinssmeiudioiia 1isead uavsoad
usl Olawurni and Fagbuaro (2011) wudviswadasseminsiusuazinauasdnumzmingn
wazthviiniloan (P<0.05)

SvswaveswusTinasiotmiindeusi (P<0.05) laslinssnaiusensivesioinada
fuminnoushgenitlinsenaiugsoad 308 wazaaut 500 uddvinavosiuslaiing
(P>0.05) deAnadiniinenuduenadoslusen tvinidesn dminideduly dwiindn
hndnaginn dndndes 13mﬁﬂﬂﬁzaﬂ waztviinlududesios vl Olawumi  and
Fagbuaro (2011) $1891UBvVENaveINUgNIsUINasaAMAIMYIN (P<0.05) Tnglansenaiug
wuwadiivmiingn oen Tn aglnn ves gendwiugendiues wownes uazduunsa wiviina
lushurosiedliunnsnefiu (P>0.05) 191y 8 dUai kusika et al. (2020) TBaudilansenaiug
oilueiitmingn een Un asinn tes gand1 (P<0.05) tudieiin wazsead

Sndwavonmaiinasevvindoust dmiingin thainidesn dmiinduly
hwiin®n dviinaginn dwiindes wasdntinnszan Tngldnszmawagiimdnannndild
nsynaneiloegaivedfey (P<0.01) uidnsnavesndliiinasetiminluiudeeedd
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n3EN9 (P>0.05) Nan1sNAassaanndasiu Olawumi and Fagbuaro (2011) fisneeuiala
nsznamadfidoasinn uazissgandn (P<0.05) lrnssvamadle usidvswaveundlifinase
USinallusiugesies (P>0.05) ey 8 dUai iwwdeaiu Abdullah et al. (2010) wudviEnaves
weikasta (P<0.05) wiinenn leeny 43 Su waw Benyi et al. (2015) w1 Bvidnaves
welsifinasetminidesn (P>0.05) waranvaildmedeiilutusosiosgeniunegingyin
weadeTseluuedlasauiinadonisadsluuganitmwes (Choi et al, 2012)

4.2.2 Wasiwudduusznauenn
SvdnaveaiuguasinasaUosiduddiuusznavyinesiinsgnuiienty 45 Ju
wanalupng1ai 4.13

=] a a v s 1 5 @ 6 1 6 @ i3 1
A58 4.13  dnsnavesiusuasinAdallasiduddiulsenauvesin (Uasidud) linseng
WugeIstuasIawasa saad 308 Lavaauy 500 Wieote 45 Ju (Mean+SEM)

. Wug (B) e (G) P value
T viwosweda oad 308 Aoy 500 inee{ — Lwendle B G  BxG
Lﬁaaﬂ 22.08 22.10 21.84 2184 2218 0.868 0.461 0.207
+0.27 +0.56 +0.27 +0.23  +0.38
Lﬁaﬁ'ﬂu 4.16 4.16 4.10 3.96 4.32 0.768 <0.001 0.449
+0.06 +0.11 +0.08 +0.04  +0.07
Un 8.53 8.52 8.56 8.50 8.57 0975 0.710 0.878
+0.13 +0.20 +0.10 +0.13  +0.11
azlnn 13.31 13.68 13.78 13.55 13.63 0422 0.801 0413
+0.26 +0.32 +0.18 +0.18  +0.24
1UD4 9.02 9.18 9.14 9.16 9.06 0.786 0.608 0.131
+0.11 +0.23 +0.14 +0.12 -~ +0.15
nsegn 15.82 15.75 15.94 1592 1574 0.650 0.311 0.286
+0.18 +0.13 +0.14 +0.11  +0.13
lsiugosios 1.81 1.72 1.75 156 196 0.849 0.004 0.621
+0.11 +0.13 +0.13 +0.08  +0.10

Liusngdvduasiuseniaiuguazing (P>0.05) sallasidudiilonn Wosidud
dulu Wesiiudln wWesWudaslnn wWeidusiues Wes@usinszgn uaziesifudluiiutasios
Wi Obike et al. (2018) TIHNUIMUBVENATITENIIRUTUAZINA (P<0.05) Fiaiiean Un
aslnn wazued

dndwaveiugliding (P>0.05)  sewesidudiilean wWeasidudiladuly

& @ 6 & @ 6 & @ 6 1 & @ 3 & @ U 1 v
WasiHuaun wWoasidundazlnn tUasisunuad WoslguanIznn wazlUasidud lusiutaavias
doAAReiU Abdullah et al. (2010) Ms1euRldnudnsnavesiugnssy (P>0.05) #e

& @ 6 1 1 & @ CY) 1 v 1 [y 6§ o 6 a
Woasidudyn uilnadewosidudluiugeias (P<0.05) vaslnnsensiugduuisanaiadna
FuusaLed laanu uavsead Meng 43 Tu uag Elwahab (2016) Tenuiilinssmeiugersives
nasa AUl Jead wavsuunsailivesiusiloaslnn Weaues wazlvurewiasliwnnenaiu
(P>0.05) #191¢ 35 T1)
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dnsnaveunaliinanatUosidudidonn wWosiduatn tWoasidudazlun

1%
& A [

Woslduiies uaziUasidudnsegn (P>0.05) usdninavenalinasawesidudilodulu uaz
Wosidudluturesiosaslinsens Inglimadefiesifuiideduly uandosifudluuros
vieunnndlansenanagegrelided1Aty (P<0.01) Hanneaesaenafadiu Olawumi and
Fagbuaro (2011) uaz Abdullah et al. (2010) fisreauindvnavewndldiinaselosidus

Waan (P>0.05)

4.3 aunwiile
43.1 danudunsa-insvaaiio
Sviswavesiuiuazmaiermmbunsa-rwweuielinsenadl 3 uay 24 Falus
i uandlunadl 614

A13197 4.14 BvSnavesiuguasnanoainulunsa-inwesilolinsgmnmdsei 3 (pH,) wae
24 (pH,,) Tl Wugensivesiewnesa sead 308 wazaeuy 500 (Mean+SEM)

. g (B) et (G) P value
e wodieinoda | 50Ad308 ABLYS00 e ey B G BxG
pH; 597 6.02 6.01 6.02 5.98 0.791 0.011 0455
+0.02 +0.02 +0.02 =002  +0.02
PHyq 6.01 6.01 Byt 6.03 5.96 0476 0.006  0.770
+0.02 +0.03 +0.02 +0.02  +0.02

iusngavwasiuszrinaiusuazine (P>0.05) sionarundunsa-asvasie
lrnsenedl 3 wag 24 Falus widei

Susnavesiuslifing (P>0.05) dormaimdunsa-ssveadelinsend 3 uas
24 1313 ndash

Svswavsanaiinarnedrauunsa-dseaielinizna Insaeudunsa s
voudlelinsenamadgandunade (P<0.05) 7 3 F2las vdsah Aandunsa-ssveaield
nsznamAgganIweasasdidudndty (P<0.01) 9 24 Falusvdesi

nansnAedlNALAEIuUTIBYRs Lopez et al. (2011) Tiseauiarandunse-
swoilelrinsznmdseh 15 1l lafuegfudvinavasiugnisy (P>0.05) undvdnavoane
fuadednumedwiu nande Tdmmdefisanudunsa-aenieanudasinmnitned]
(P<0.01) usilsinudninasauszminiuguasinanarnulunsa-Aramdsen 15 uiil uas 24
s (P>0.05) Toeeanuidunsa-Anmaeind 45 uid wag 24 alus Wudvdiiddayiianunse
ﬁflmaﬂmmwma%ﬁa (Fletcher, 1999) Tngtannzmnnudunsa-med 45 unfindssinnasien
581114 6.01 - 6.7 wagldmsiind 5.7 msmieasdidnuazdn du d1h vnzfiauai
Hunsa-srsveniioanudasi 24 Falus msfienszwing 5.50 - 6.01 waglslmsiiAniu 6.20 §9
uansfadlafidnuneAdy Uiy wasuis Uaturasitha et al,, 2008)
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4.3.2 fille
dvsnaveiuguasmedodvaiolinseme uandlunsadn 4.15

M50 4.15 BviSnavesiuguasnesaf1ANaing (L*) Aduas (a%) kagadvdes (b¥) veuile
anlinseneiugensiuesiownesa soad 308 wasaauy 500 (Mean+SEM)

a g (8) wie (G) P value

vuilo  ovlueSiomesa  sead 308 eeut500 e  weidle B G BxG

) 53.46 54.59 54.61 54.41 54.03 0.14 047 <0.001
+0.60 +0.61 +0.48 043 £0.50

a* 0.43 0.47 0.76 0.38 0.73 043 0.14 0.019
+0.25 +0.16 +0.22 +0.17 +0.17

b* 7.62 8.24 8.52 7.56 8.70 0.40 0.04 0.585
+0.57 +0.31 +0.53 042  +0.34

WUBYTNATINTENINRUTUaTINARBAIAIINEI1N (P<0.01)  WazeAduAd (P<0.05)
voudloldnsena laglinsenaiugerfivesioinasames] soad 308 inedle pout 500 ineg
wazAauy 500 ey fidenuaienieliuandieiu (P>0.05) usginiilinseneiug
915,UB5L8LADTA LAkllY wazsedd 308 iAot e lideddny (P<0.01) usldnuauuansing
(P>0.05) seninslniugeniivesiowmesa iwAkle uaysadd 308 Ay Waysenindlnsead 308
WAk wasAaUY 500 ey uaﬂmﬂﬁiﬁﬂ‘svmﬁuﬁ‘m%l,ua%l,al,ﬂa%a wiedle saad 308 e
wagapUl 500 iaidle dAnafsAunmauiiogami (P<0.05) Inifugeriiuesioinaia wier voad
308 Ay LazApuy 500 W { LlRIAT (P>0.05) TasAnaApFunsvaiosyning
linsenaiuganiivasiowmesa wnee sead 308 weAldly AUy 500 AR wazsEninaiugens
waslewnesa iy soad 308 nag wazaoud 500 iy daandupsned 4.16 uslsl
Usingdndnadiuseninsiusuasne (P>0.05) sorfindesonield Tnenndl 4.4 uang
Svsnasaszuheiusuasinesio At swanileenlinssnetugensiveownasa soad
308 wazAaut 500 warnInil 4.5 uansdvEwas T uLAsNeRA ALnsaiana
N3ENINUGNSIUDsILADSE Soad 308 LazAauy 500 HANINNABIADAARDITU Lopez et
al. (2011) A1e91uin linuUfAendamszninefusuasing (P>0.05) deedivdos uayea
unsoianuasli

M50 4.16  BVBWAIIWTEIRUTUALNARBAIAINEI (L*) ANdund (%) vesiloanlinsens
Wugensiuesiawnasa sead 308 wazaauy 500 (Mean+SEM)

?:u m%tyai@ma’%ﬁd faaa‘308 _ via‘uﬂSOO _ > e
VBILUD L‘Wﬂl}ﬂ LNFILI Y l,'1/\1931f5qxlJ LNALLE L‘I/\IVETBQ\IJ LNALLE

L* 55001"  51.90" 5298"  56.21" 5525 5397 <0.001
+0.58 +0.72 +0.77 +0.49 +0.69 +0.62

a* 0.14" 073" 0.75" 0.18" 026" 127 0019

+0.43 +0.23 +0.17 +0.23 +0.16 +0.33
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AW 4.4 enugiuandyEnasanseriugiasmAdad1ANaIveleantinsenaiugens
\wesiawneia soad 308 uazAauy 500

2.0
N
© 15
=
4
% ’
/7
2 1.0 ’ y
® 4 LWFTF
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2 fale
= -
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(e
0.0
4 4 4 4 4
RERISIRPIRIRGRLG] 39997 308 ADUUY 500

Y4 1
ug lnnszna

AN 4.5 ununiuanidrinasiusenisiugiasnadeaduasvaailoanlinsenaiugensiues
s [ L3
leLAeTa soad 308 uazAauy 500

dvisnavesiugliinaromauadng (L*) Adund (@) wazAdvies (b*) ves
\eenlansen (P>0.05)

=

dnsnavesnellinaneA1mINNaINg wazAd@LAY (P>0.05) hATLKNARDANEL N

o w

vosoniileln Ingliwedislidnadegeninlimeadeg1aidedday (P<0.05)



a5

NANINAADIADAAZDIAY Brewer et al. (2012) ATBauindvdnavesiuduay
welsinaroduenilooniingems (P>0.05) way Bianchi et al. (2006) Tenuiilinudvana
VYBUGNTIH (P>0.05) sodveaioan WuReItUNANMARBIIEY Mehaffey et al. (2006) fi
semuilinuanuuanisesdviemeaieenvadlinszms (P>0.05)

4.3.3 A1AINAINITALUNITINUIVUUBUAZATLTINANIULLD
ansnavesiuguazmAraAIANaNN T luNTUTIvRLlokaTALTIARH LD

WARILUASIN 4.17

AN39N 4.17 BvidnavesiuguasnanaainuEnsalunMsguuazAswarwilevadlinsema

Wugensiuasiownasa sead 308 uavnauy 500 (Mean+SEM)

. g (B) et (G) P value
Anvalz < T . ; . “ =
5tueilolnata  aad 308 AauY 500 WA ey B G BxG
miqaﬁﬁﬁﬁsmwmiﬁu 1.53 177 1.75 164 173 0.25 049 042
(%) +0.09 +0.15 +0.09 +0.09 +0.10
msgaydeinsryrinsgsan 1258 1410 1236 1251 1352 019 023 084
(%) +0.60 +0.70 +0.82 +0.47  +0.69
Fusssiari e 4.92" 4.96" 384" 475 440 002 033 085
(kg) +0.39 +0.28 +0.22 +0.27 +0.26

(%

a a ! ! v 6 1=l ! ! = o ! <

awﬁwai’smzmwwuquazL‘Wﬂlmma (P>0.05) ABAINTFULALUITENINNTINY
AINNTEAENTENINUTEN wagAlsRnduvealialnnsene

a a Y ra J J ] o ! =3 1

angwavesiugliing (P>0.05) Ao deu1senInenIsiiy LagA1ns

=) g ! -&J ! sl 1 1 % I v 6 L3
g deinseninalsgnueniialinsene uilinasorusaianiy (P<0.05) Taglnwugaaud
500 fiAusaipr wvetanInIiugensivesiaineta kazsodd 308 lagAtusainr1wduy
e

Yo =

AldUsuaniamINivesilalagnse (Cavitt et al., 2004)

a

dnsnavoundludua (P>0.05) Giammiqzy@wgﬁizwmmil,ﬁu AN TEULEe
ihsswieussan uwasaussinsuvenielingens

NANNINARBIABAAABIRNY Lopez et al. (2011) fis1891udn Wuf ine uay
UAAsensansgnisiusuasmaldiinadedinisaaidetisendnsusean (>0.05) lag
Abdullah et al. (2010) 91e9uIBnEnavesiugnssuilng (P<0.05) soAussiarmilonn

Yalinseny usilinudvignavend uasdvisnasiuseinaiuguazine (P>0.05)

4.3.4 amsiiailaanulaasuauaedvnivasilosn
SvdwavesiuguavmAsiaAINsiniloanuda uazwauanedunvesioanlinszng
wandluansnan 4.18  liusingdvswasiuseninsiuguasing (P>0.05) siad1nisiintiioan
W99 wazAwauateduveaiieentinseng
a a LY ] ' J a & < = &
dviznaveuiusliing (P>0.05) oA siintiloanuds uazuauaedvnivediis
anlinsens
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AN3197 4.18 BvEnavesiuguazinanarnsiniloanuduazwauatedumvesiloanlinszme
Wugansiuasiowasa sead 308 warAouy 500 (Mean+SEM)

. ‘ﬁuﬁ: (B) el (G) P value
aﬂw’mg 6 6 s s s v =
213 UDILDLARSA  T9dd308  AaUuU500 VAFR LAY B G BxG
\Hoonuds 0.625 0.688 0.906 1.021 0.458 0.34 0.002 0.95
(GET)) +0.17 +0.16 +0.13 +0.14  +0.09
waUaANeAY 0.625 0.813 0.875 0.875 0.667 044 0212 031
(AZLLUW) +0.13 +0.17 +0.13 +0.12 =+0.11

a a = o a & I ' Y 1 a
dviznaveaneling (P<0.01) siaAn1siniioanuds laslnnsenanegiaadey
a & < I = . v 1 I Y a & <

nsiinileanudsgeninneady ng Petracci et al., 2019 lvimaradnlimaiiniieanudaas
nuweidly Wesaniimssayivlnvesdulonanieinninuld dwalidenlareendiau
lUnasidsallodevesnanuiilalatos Iindn1zuIneendiau Ralens nsazauvein
@enr undndwaveanabiing (P>0.05) derinisiiauaualsdvnvediionn Nan1Tvnad
donndeiu Novoa et al. (2022) uag Trocino et al. (2015) I5189 N linsenanagiin
Ameiilisenudannndeie vesed Livington et al. (2020) snesnudn dvgnavesiuglifing
(P>0.05) siomsiiauauaedviivedilosnuaing (P<0.01) Aenisiisillosnudweslinsena
WugAouy Lazsead wazs189 U B VB NaTLNALNaREN1SAALIUATEE V) uaziloanuds
(P<0.01) wilsinuBviswasiuvesiuguazwARanInakaUAI8EY waziloonuds (P>0.05)

4.3.5 Ailodusia
Sw'ﬁwammﬁuﬁ‘uazL‘Wﬂ@iaﬂ"}LﬁaﬁuﬁmaaLﬁ@iﬁﬂix%ﬂ&ﬁﬂﬂ%ﬁﬁﬁ 4.19 Wuin
imﬂiwﬂgawﬁwaiamumwwuﬁummﬂ (P>0.05) mammaammaaaﬂwmummmmq AR
BanEu AIPNWITET AMSINTLAE? LavAdamMevedtiioaniiu LLﬁuLU@@ﬂUiﬁﬂﬂ
dvswavewiuslifing (P>0.05) soA1ANLTe A uBangY A umilen
ALIINSLAET wazaBansanoaniu LLﬁzﬁf@@ﬂU@q&jﬂ
SvswavewAliNad oA AWl AIUSINTSIAEY warAIBanTE  (P<0.01) AN
s (P<0.05) ulifinasomanudaveuwoniofy (P>005) Tnglinsenamediiaenuds
AnPIATen AUSINISLAED LLaSﬂ"]%meauﬁaﬁuqmdwL‘wmﬁﬂ DNSNaVBLNA LU LT
JziinanaAin Ul (P<0.064) wazrrrnugandu (P<0.079) ma@LﬁaaﬂUiqaﬂ Taglnnsena
LWﬁNiLILL‘LA’JIUSJ?]”JJﬂ’lLaaEJﬂ’J’liJLLGUQGUENLuE]ﬂGﬂ’J’lLWﬂLJJEJ Tuwaiziisnsnavounalufinadon
mmammumauua APl AsINSIAE LLaumsmLmauam,uaammaﬂ (P>0.05)
nan1snaedlndifissiusenuues Devatkal et al. (2019) fisrenuindvisnaves

Y

ftuglaifing (P>0.05) deAussBainz wazaeuBanguluiiioaniv vasfisvswavesiugl
fia (P>0.05) siornauuds Al Aussnisien adane uazAaudangulu
ioonUsaan vmedl Jung et al. (2014) nevuindvdnavesiuglifing (P>0.05) darini
wis Aauiiaveu ABang uazAusimaAeIveniponUssan uay Lyon et al. (1983)
51891031 Bvsnaveunaliiing (P>0.05) siaA1ALLTs A18ANTE WATNE (P<0.01) siadn

ANNEANEY LagALIINTAEITENTBRNUTIEN
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M15197 4.19 Bvsnavesiuduazmaderlodudaveiloanlinssnaiugeisivesionesa
soad 308 wazapuy 500 (Mean+SEM)

ANy Wug (B) L (G) P value

doduita  endwesiawnesa sead 308 ApUY 500 wegl  edle B G BxG
eeniiu
AP 22.25 24.61 21.08 25.43 19.86 0.506 0.031 0470
(N/cm) +2.38 249 +1.79 +192  +1.54
Springiness 0.999815 0.999813 0.999811 0.999815 0.999812 0914 0.749 0.604
(cm) +0.00 +0.00 +0.00 +0.00 +0.00
GumMminess 10.43 11.91 10.78 12.90 9.18 0.646 0.008 0.722
(ratio) +1.15 +1.40 EtomleZ +1.10 +0.69
Chewiness 10.43 11.91 10.78 12.90 9.18 0.646 0.008 0.722
(N/cm’) +1.15 +140 | +111 +1.10° +0.69
Cohesiveness 0.44 0.45 0.47 0.47 0.43 0.248 0.005 0.384
(N/cm) +0.01 +0.02 +0.01 +0.01 +0.01
L’ﬁﬁ)aﬂﬂjﬁf‘jﬂ

Hardness 21.51 22.35 21.30 23.28 20.16 0.859 0.064 0.339
(N/em) +1.64 £166 4102 +1.24 <104
Springiness 0.999818 0.999828 0.999818 0.999813 0.999829 0.625 0.079 0.368
(cm) +0.00 +0.00 +0.00 +0.00 +0.00
Gumminess 14.11 14.45 12.82 14.87 13.38 0.885 0.159 0.393
(ratio) +1.08 +0.96 +0.59 +0.77 +0.66
Chewiness 14.10 14.45 12.82 14.86 13.38 0.885 0.159 0.393
(N/sz) +1.08 +0.96 +0.59 +0.77 +0.66

Cohesiveness 0.65 0.65 0.64 0.64 0.65 0987 0.515 0.625
(N/cm) +0.02 +0.01 +0.01 +0.01 +0.01

4.3.6 89AUsENBUNALAL
a a YA | ¢ P & ' a
dvdnavemiuuasnFsonsrUsEneuaalivesiloantiuantlunisnei 4.20

a a a v e | Iz ~ & | YA P ¢
M19197 4.20 BvdnavesugLavAdeetAUsENaUNIAlvaaiiaanlinsenaiugensiues
LOLABSE 9@ 308 warAauUU 500 (Mean+SEM)

9AUszNOU W3 (B) et (G) P value

maedl (%) o15luesielmesd vead 308 AouU 500 wer  ineidle B G BxG

Ay 74.99 75.53 75.50 7546 7522 0122 0317  0.127
+0.18 +0.14  +0.28 +0.18  +0.17

Tshu 22.41" 344" 2269 2237 2332 0009 0001 0714
+0.27 +0.27 +0.25 +0.14  +0.26

TaTy 2.00 1.65 1.89 191 178 0551 0640 0369
+0.19 +0.22 027 +0.16  +0.21

i 1.28" 1.39" 1.23" 119 141 0.002 00001  0.0002
+0.07 +0.01 +0.06 +0.04  0.03




a8

Usngdvdnatiuszaineiuguazng (P<0.01) dovsinaudludoantd Tneiile
anlinsenaiugensivesienesa iy soad 308 iway soad 308 nrldly uazAauy 500
weadedunaudludeonliunnsrefu (P>0.05) wigendt (P<0.01) lnnsgnetugonfives
wownosa e wazwusaeul 500 nag Auanslupisned 4.21 uilivsingdndnasau
serinsitusuasing (P>0.05) souTmandluileansevinldnssnaiuiordivesiowmasd
e wazAouy 500 InAE Al 4.6 LLam§w%wai'amzwmﬁuﬁ:uazmeiaﬂ%mmt,ﬁwaaLﬂfa
anlinseneiugensivesiownesa soad 308 uazmauy 500

M13191 4.21  BnSwatiusenIsiuguazmareUTInaudvenilsenlinsenaiiugensives
leLADTa soad 308 wazAauy 500 (Mean+SEM)

. siesieresd Sodd 308 ABuU 500

AN v = py = = - P value
L‘Wﬂ@ LNEILLE L‘Wﬂa LWL Y L‘WFWQIj LWL Y

1 (%) 1.09" 1.47" 140" 139" 1.09" 1.37" 0.0002
+0.02 +0.04 +0.02  +0.01 +0.02  +0.09

2.0
S
N S\
E —————— Y, G |
2 /\
@
@
b =
Z 1.0
< IWAIR
o
2 - — InAie
q§ 0.5
0.0
4 o J 4 4
0151105005 d SO 308 AU 500

Y]

S 1
uglanizng

AN 4.6 wHuHLanIdENas WIS kasnAd e UT a1 vesloenlinseneiugens
\wesiaineia oad 308 uazmauy 500

Svdnavesiugiing (P<0.01) seusmalusiu uanidludoonld Taslansens
Wugsead 308 TUSualUsiu uazigeniniugensivesiownesa wazapuy 500 uAdnsna
vosiuglaifinase (P>0.05) Usnuauty wagluiuluieanls anveiliiugsoad 308 &
Wosidudlusiugeniniuferfivesioinesauazaaus 500 orauiosnainlusiuludoontd
ftugsead 308 fuuiliushniiusduilvdndvedusiuludoondiuiu
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Svdnaveanaiing (P<0.01) devsualusiu wasdluidoonln tngldnsens
wadlefiusinalusiu wedluidoengsniunad  uidninavesmalsiing (P>0.05) de
Usinaenutu warlutuludoanlinsens

nan1sMaaesinNADnAdesiU Devatkal et al. (2019) ATBNuindvEnaves
ftuslaifing (P>0.05)  dewoidusarudu ludu uasidn uwiiBvswa (P<0.05) sorofibud
Tusiu vuzdt Abdullah et al. (2010) S8 1uIBYENAvRsiUSlTTNG (P>0.05) doiedidudiin
wadnadoweosidulsiu (P<0.05) uwavilosidudludiu (P<0.01) waglnnegdiUasidud
s uazludugendn (P<0.01) lnwedle wallwosidudidnliwansneiu (P>0.05) s Lopez
et al (2011) F189WINBNTNAVRITUS InA wardvEnasiusenIuduasinaliiinase
wWesdusdenutu Tusiu uarlutuluidoon uandevsmedlinsenseny 42 S

4.3.7 Ysununaaaniay
dvisnavesiuguasnasiaUsinareaatuluiioanlnnszn uanslunsnm 4.22

M35197 4.22  BvSwavesiuguazinanaUTinuneaanaluiloaninnsenaiugersiuesienesa
s0ad 308 Uagaauy 500 (Mean+SEM)

- #us (8) e (G) P value
VYURPDAALAL . P P P P 3 ~

913UDILDLADTE 98308 ABUUS500 L‘WFiQ bNFILE B G BxG
AeaaAuazayla 0.69 0.63 0.59 Q72010056 0.308 0013 0.83
Haaniu/n3u) +0.06 +0.05 +0.05 +0.04  +0.03
peaanauliazany 137 1.57 1.60 148 154 0678 081 084
Haanduw/n3u) +0.13 +0.15 +0.25 +0.14  £0.16
AoRALaL L 2.06 2.20 220 220 210 0864 069 0.89
Hadnsw/niu) +0.15 +0.15 +0.24 +0.13  +0.16
wWosdudnsavane 33.90 29.30 28.67 3353 2772 0454 013 073
(Wosidus) +2.07 246  +4.37 #2271 +2.04

Livnngavwasmsswiaiuguazine (P>0.05) AeuSinanoaauiazaels
USinmeoaanaudiliavats Usinuesamauiionn uazieddusinisaraisvesaoaanaulu
oenld

vdnavesiuglifina (P>0.05) sioUSnaumeaniauiiazansld Uunumeaaiaud
lslagans USinueeaanauionun wasedfiiuinserasvesneanauludonnld

SviswavesmeAiing (P<0.05) AeUSinuneaaauiazaneldluidoonin Tngldwedd
USinuneaanauiiazangldganinlimedls uidvdnavosnalifing (P>0.05) seusunw
poaaauitliarans Vinmesanauiomn uasilediduimsazansvesroaanaludioonis

LANAN99INTIE471Y8Y Chen et al. (2015) isgamuindvisnavesiusiinaseUTie
AeaRIUYLA Usinnreaanauiazans wasodidusinisaraisvesnenaiau (P<0.05) Iy
Usinavasoaanauludefimudiiudtuanuuveade Tnedefiiusinuneaniaugaassl
jisaiios (Foyfy ansansn. 2534)



4.3.8 Usunavaansalusiu
dvisnavesiuguasmesaUsInaunsaluduluiioantinsene wandlusnsei 4.23
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M15197 4.23 dvianavemiugiasimeroUsinansaludy @adn3u/100n3) veaileanlnnsenaiug
p15lUesiawaTa sedd 308 warmauy 500 (Mean+SEM)

v &

nug (B) e (G) P value
sfipnsalasiu 95wes  Sead ABUU . -

L’e)l,ﬂa%ﬁ 303 500 L‘Wﬂa bNAILE B G BxG

Myristic acid (C14:0) 2750 1661 1559 2230  17.50 0245 0448 0212
+848  +395 %157 +592  +271

Palmitic acid (C16:0) 50237 449.97 42533 46228 45616 0689 0935 0401
+4349  +7377 6536 +4519 5538

Palmitoleic acid (C16:1) ~ 103.17 - 6394 64.61 9541  59.07 0249 0.103 0.265
+2649 +11.64  +17.45 +1834 +1221

Stearic acid (C18:0) 14632 13756  124.55 131,56 140.73 0.746 0.697 0.468
+1294  +20.81  +23.12 +1304 *17.96

Oleic acid (C18:1n9¢) 79330 697.90  640.90 72630 69510 0596 0.801 0.356
+77.01  +121.47 +107.19 +79.19  +89.78

Linoleic acid (C18:2n6¢) 742,15 62370  596.19 669.43 63860 0520 0.780 0514
+6601 +102.36  +99.08 +6557  +82.73

Linolenic acid (C18:3n3) ~ 54.83 4261 4345 4693 47.00 0.444 0.993 0.430
+5.01 +8.74 +7.29 +5.42 +6.47

Arachidonic acid(C20:4n6) ~ 26,55 29.17  29.71 2775  29.20 0.853 0.769 0.528
+2.66 +3.55 +5.44 +3.88 +2.47

Eicosapentaenoic acid 12097" 8585  53.31" 91.74  81.68 0041 0621 0257

(C20:5n3) +25.75 #1444 +593 +18.87  +12.76

PUFAY 94450 78134 - 722.66 8358 7965 0374 0.766 0.464
+85.66  +125.64 +112.35 +84.67  +97.61

MUFA” 896.49  761.81  705.50 821.67  754.2 0491 0615 0.291
+8548  +132.69 +117.85 +8807 49832

Unsaturated fatty acid 184099 154315 1428.16 165751 155069  0.423 0.685 0371
+167.27  +256.62  +227.19 +169.57 +194.77

Saturated fatty acid 67619 60415 56547 616.14 61440 0648 0986 0.376
+56.64  +9596  +89.20 +50.98  +73.68

PS ratio” 1.40 1.29 1.28 1.36 1.29 0.085 0.145 0.082
+003  +003  +0.06 +0.03  +0.04

Y pUFA = Polyunsaturated fatty acid, MUFA = Monounsaturated fatty acid
Yp:S ratio = Polyunsaturated fatty acid : Saturated fatty acid
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asiUsznavvesnsalusuludelnitedefifetomasetne wu ewns engld uasiugnsu
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Abstract The effects of strain and gender on production performance, carcass characteristics,
and meat quality of broiler chickens were examined. There were no significant interactions
between broiler strain and gender (P>0.05). Arbor Acres showed significantly higher body
weight (BW) and average daily gain (ADG), while feed intake (FI) and feed conversion ratio
(FCR) were significantly lower than Ross308 and Cobb500, especially in the fifth and sixth
weeks of age. Arbor Acres also showed the highest slaughter weight (P<0.05). However,
carcass composition was not significantly different between strains. There were no significant
differences between the strains in muscle pH, drip loss and cooking loss. However, Cobb500
had a lower shear force value than the others (P<(0.05). As for the gender-specific effect, BW
and ADG of male broilers were higher than those of females from the second to the sixth week
of age (P<0.01). At the second week of age, female broilers had higher FI, while male broilers
had higher FI from the third to the sixth week of age (P<0.01). Male broilers had lower FCR
than females from the fourth to the sixth week of age (P<0.01). Male broilers had higher
slaughter weight, carcass weight and carcass composition weight (P<0.01) except for
abdominal fat (P>0.05). Percent carcass composition did not differ among broiler strains except
for percent tenderloin and percent abdominal fat, which were higher in females than males
(P<0.01). Broiler strains had no effect on meat quality except that Cobb500 had lower shear
force (P<0.05). The pHs;, pH,s and yellowness color values had differed between genders,
which male muscle had higher pH; (P<0.05), pH,,; (P<0.01) than female but female muscle had
higher yellowness value than male (P<0.05). Interaction effect between breed and gender was
found in lightness (P<0.01) and redness colors (P<0.05).
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Introduction

The most important livestock industry in Thailand is poultry production,
predominately broilers. It plays a major role in supplying chicken meat for
domestic consumption and export. In 2019, there were 32,631 broiler chicken
farms with a total number of 1,684.26 million birds or 2.49 million tons of
chicken meat per year, of which 900,000 tons were exported (DLD Data and
Information Center, 2020). The trend of exporting chicken meat will continue
as producers have improved farm productivity, strict animal disease and food
safety controls are implemented, and the development of final products
acceptable to both domestic and international consumers has advanced.

The most important economic production performance characteristics of
broiler chickens are body weight (BW), feed intake (FI) and feed conversion
ratio (FCR). Nowadays, the broiler industry is focusing on raising birds based
on carcass characteristics (Petracci et al., 2015) as consumers have shifted from
the consumption of whole chicken to the consumption of cuts (Abdullah et al.,
2010). These changes have driven the broiler industry to put an emphasis on the
importance of carcass percentage and meat quality such as breast meat, wing,
thigh, drumstick, meat pH and sheer force of meat, with strain and gender
influencing the expression of these traits (Lopez ef al., 2011).

There are numerous strains of broiler worldwide. Which strains are used
by farmers depends on which strain is available in that particular locality or
country. Arbor Acres, Ross, Hubbard, Anck and Cobb are commonly used for
commercial production in Thailand. Several reports indicate that genotype
affects BW, FI, and FCR of broiler chickens (Udeh ef al., 2015; Taha et al.,
2011). However, Thutwa et al. (2012) reported insignificant strain differences
in BW, and FCR. And also earlier report indicates that strain has significant
effect on carcass characteristics (Marcu ef al., 2013). On the other hand, Udeh
et al. (2015) found no difference in the yield of carcass or cuts among Ross,
Arbor Acres, and Marshall Strains.

Many reports also indicate that sex affects the performance traits of
chickens (Thutwa er al., 2012; Choo et al., 2014). There was no difference in
FCR (Udeh et al., 2015). Sex also significantly affected carcass traits (Marcu et
al., 2013; Pripwai et al., 2014; Thutwa et al., 2012). However, Castellini et al.
(2014) reported that carcass characteristics were not greatly affected by sex.

Interaction effects between genotype and sex on BW, FI, and FCR were
reported (Shim et al., 2012; Udeh et al., 2015). In addition, Olawumi et al.
(2012) reported interaction effects between strain and sex on breast, back,
thigh, drumstick wing, and leg weights, while Ojedapo et al. (2008) reported
insignificant interaction effects between strain and sex on shank, thigh, and
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drumstick weights. Marcu et al. (2013) stated that strain had significant effects
on overall carcass characteristics such as dressed, breast, drumstick, thigh,
back, shank and edible giblet weights. Likewise, Pripwai et al. (2014) observed
that sex influenced dressed weight, thigh’s meat to bone ratio and wing weight.
However, Udeh et al. (2015) reported that there was no significant difference
among the carcass yields of Ross, Arbor Acres and Marshall strains and sexes
of broilers. Moreover, the appearance of a broiler product, such as meat color,
pH, drip loss, cooking loss and shear value, plays the major role in consumer
acceptability. Many factors can influence broiler meat quality, including sex
and strain (Northcutt et al., 2001).

Therefore, it is necessary to evaluate and know accurately the growth
performance, carcass characteristics and meat quality of different strains and
genders in Thailand environment to help breeders, farmers and processors to
make a decision that will benefit their business. The objectives of the present
study were to compare the production performance, carcass characteristics and
meat quality of Arbor Acres, Ross308, Cobb500 strains and genders, and to
determine the effect of strain x gender interaction on the aforementioned traits.

Materials and methods

All animal rearing was approved by the Institutional Animal Care and
Use Committee at King Mongkut's Institute of Technology Ladkrabang (CC-
KMITL-/2021-007).

Experimental animal and management

Three commercial strains namely Arbor Acres, Ross308 and Cobb500
were reared in an evaporative cooling system of a poultry house at the Animal
Research Farm, King Mongkut’s Institute of Technology Ladkrabang, using
both male and female day-old chicks. One thousand four hundred and forty
broiler chicks, 480 chicks per strain and 240 chicks per gender were
individually weighed and placed in 1.5 x 4.0-meter floor pens for the 6-week
experiment. Chicks were randomly distributed to 48 pens by strain and gender,
resulting in a 3 X 2 factorial arrangement with 8 pens per treatment. Each pen
was equipped with two bell drinkers, and two tube feeders and was bedded with
rice hulls. A 24-h lighting schedule was followed throughout the experiment.
The birds were fed a commercial broiler starter diet (21.5% CP) from 1 to 21
days of age, a grower diet (19.5% CP) from 22 to 35 days of age and finisher
diet (17.5% CP) from 36 to 42 days of age. Feed and water were offered ad-
libitum. The experimental birds were vaccinated at the 5 and 14 days of ages
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against New Castle Disease (ND), Infectious Bronchitis (IB) and Infectious
Bursal Disease (IBD) with the ND+IB and IBD vaccines.

Data collection

Live performance

Chickens were weighed individually at 1, 7, 14, 21, 35 and 42 days of
age. The feed given to the birds in each pen and the feed residues were recorded
prior to each weighing. FI was calculated as the difference between feed given
and feed left. FCR was calculated as grams FI divided by body weight. Average
daily gain was calculated as grams of weight gain divided by number of days.

Carcass characteristics

At day 46, the birds were deprived of feed overnight and 2 birds were
randomly selected from each pen. The selected birds were slaughtered, scaled,
plucked and eviscerated. After evisceration, carcass weight, breast meat, filet,
wing, thigh, drumstick, body and abdominal fat were recorded. The weight of
carcass and cut parts was expressed as percentage of weight before slaughter.

Meat quality

PH measurements were taken 3 h and 24 h postmortem on the left side of
the breast meat by using a spear tip glass probe connected to a portable pH
meter (SG2-ELK Seven Go" , Mettler Toledo International, Shanghai). Drip
loss was determined by suspending breast muscle samples in tightly sealed
plastic bag filled with air and kept at 4 °C for 48 hours. Meat color was
recorded in the L*, a* and b* mode of CIE. It was measured on the left side of
breast muscle after 3 h postmortem with allowing to bloom for 30 minutes by
using a handheld colorimeter (CR-400 Chromameter, Konica Minolta Sensing,
Osaka, Japan). Drip loss was caleulated as the percentage change in sample
weight. Cooking loss was calculated from the weight loss after processing the
raw breast meat to a core temperature of 70°C in a water bath and expressed as
a percentage of the original breast meat weight. Warner-Bratzler shear force
value was taken from the cooked breast muscles and cut into [-em-thick slices
at a traverse speed of 50 mm/min using a Texture Analyser Machine (Model
EZ-SX, Shimadzu, Kyoto, Japan) attached to a 50-kg load cell.

Statistical analysis

Data were subjected to 3 x 2 factorial arrangement in completely
randomized design using PROC GLM in SAS software (SAS, 2004). Student-
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Newman-Keuls (SNK) method was used to compare differences between
means at 5 % significant level assuming the following statistical model:

Yijk = n+S;+G;+BixG; +eix
Where,
Yiik = Dependent variables;
u = Population mean;
Si = Strain effect (i=1 to 3);
G = Gender effect (j = 1 to 2);
BixG; = Overall interaction effect;
Eijk = Residual error

Results

The effects of strain and gender on growth performance at different weeks
of age are shown in Table 1 and Table 2. There were no significant (P > 0.05)
differences in BW and ADG between the strains at weeks 1, 2, 3, and 4.
However, at week 5, Arbor Acres was superior (P < 0.05) to Ross308 in BW
and ADG, while there were no significant differences (P > 0.05) between
Cobb500 and the other strains. At week 6, Arbor Acres had higher BW and
ADG than others (P < 0.05). Male broilers had higher (P <0.01) BW and ADG
than female broilers from weeks 2 to 6. There was no significant (P > 0.05)
interaction between strain and gender on BW and ADG of broilers throughout
the experimental period. FI and FCR at weeks 1, 2, 3, 4 and 5 were also not
significantly (P > 0.05) affected by strain, but (P <0.05) FI and FCR at week 6
were. FI was higher in Cobb500 than Ross308, while there were no differences
(P > 0.05) between Cobb500 and Arbor Acres and between Arbor Acres and
Ross308. Arbor Acres and Ross308 utilized feed more efficiently (P < 0.05)
than Cobb500, while there were non-significant differences (P > 0.05) between
Arbor Acres and Ross308. No effect of gender (P > 0.05) on FIl and FCR at
week 1, but male broilers consumed more feed and had better FCR (P < 0.05)
than female broilers at weeks 2, 3, 4, 5, and 6. No interactions (P > 0.05) were
observed between strain and gender for FI and FCR throughout the rearing
period.
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Table 1. Effect of strain and gender on body weight and average daily gain

Strain (S) Gender (G) P value

Tt S GorAcre Rosi308 Cobb500 male  female S G SxG

Body weight (g)
Week 1 191.96 190.78 188.79 19137  189.64  0.198 0231 0510
Week 2 492.79 494.13  491.03 50246 48284 0.848 <0.001 0.478
Week 3 963.37 96895 95288  969.95 95351  0.073  0.005 0432
Week 4 1696.51 167641 165791 179441 155947 0.187 <0.001 0.121
Week 5 222327°  2164.28" 220178 2368.46 202443 0015 <0.001 0.208
Week 6 3027.75° 293L.13%  2955.34° 327279 2670.02 0013 <0.001 0.499

ADG (g/d)
Week 1 2742 2725 26.97 2734 2709 0198 0231 0510
Week 2 35.20 35.30 35.07 3580 3449 0848 <0.001 0478
Week 3 4587 46.14 45.38 46.19 4541 0073 0005 0432
Week 4 60.59 59.87 59.21 64.089 5570 0.188 <0.001 0.122
Week 5 63.52° 61.84"  6291* 67.67 - 5784 0015 <0.001 0.208
Week 6 72.09° 69.79* . 7037° 7792 6357 0013 <0.001 0.499

Table 2. Effect of strain and gender on feed intake and feed conversion ratio

Strain (S) Gender (G) P value

Trait Arbor  Ross308  Cobb500  male  female

X S G SxG

Feed intake (g)

Week 1 176.81 17708 /1 171.52 176.04' 17424  0.091 0.431 0.076
Week2 44017 44945 43298 - 41978 46196 0288 ~ <0.001 0.777
Week 3 131258 132825 134747 1365.41 129346 0221 <0.001 0.189
Weekd4 254992 - 2502.50 - 2542.73  2633.10 243033 0247  <0.001 0.784
WeekS  4263.18 423603 428621 436141 416220 ~ 0.745 <0.001 ~ 0.2923

Week 6 5887.00"  5740.09° - 6048.57" 603581 574803 0.019 0.002 0.799
Feed conversion ratio

Week 1 092 0.93 0.91 092 0.92 0.240 0.880 0.094
Week 2 0.90 0.91 0.89 0.84 096  0.609 <0.001 0.984
Week 3 1.36 1.37 1.42 1.41 136 0.058 0.008 0.437
Week 4 1.51 1.52 154 1.47 1.57 0471 <0.001 0.071
Week 5 1.92 1.97 1.95 1.84 206 0297 <0.001 0.119

Week 6 1.96" 1.98 2.06" 1.85 2.15 0.021 <0.001 0.446

The male broilers had higher carcass weight, breast weight, fillet weight,
wing weight, thigh weight, drumstick weight, bone weight than the females (P
< 0.01). In contrast, the female broilers had higher percentage of fillet and
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abdominal fat than the male broilers (P<0.01). No effect of gender (P>0.05)
was observed on the weight of abdominal fat, percentages of breast, wing,
thigh, drumstick and bone. No interactions (P>0.05) were observed between
strain and gender for any of the carcass characteristics variables.

Table 3. Effect of strain and gender on carcass characteristics

- Strain (S) Gender (G) P value

o Arbor Acres Ross308 Cobb500 male female S G SxG
Slaughter wt. (kg) 3.13° 3.03° 3.0 337 277 0015 <0001 0.669
Carcass wt. (kg) 2.56 249 250 275 229 0274 <0.001 0291
Carcass composition
Breast (kg) 0.69 0.67 066 073 060 0.134 <0.001 0245
Fillet (kg) 0.13 0.12 0.12 013 012 0.108 <0.001 0.738
Wing (kg) 0.27 0.26 026 029 024 0295 <0.001 0832
Thigh (kg) 0.42 041 042 046 034 0.862 <0.001 0529
Drumstick (kg) 0.28 0.28 028 039 025 0.658 <0.001 0252
Bone (kg) 0.40 0.39 040 044 036 0424 <0.001 0322
Abdominal fat (kg) 0.06 0.05 005 005 005 058 0668 0534
Breast (%) 22.08 2210 2184 21.84 2218 0868 0461 0207
Fillet (%) 416 4.16 400 - 395 432 0768 <0.001 0449
Wing (%) 8.53 8.52 856 850 857 0975 0710 0878
Thigh (%) 13.31 13.68 1378 - 1355 13.63 0422 0801 0413
Drumstick (%) 9.02 9.18 9.14 916 906 0.78 0.608  0.131
Bone (%) 12.92 13.01 1302 1299 13.04 0.825 0869  0.203
Abdominal fat (%) 1.81 1.72 1.75 156 196 0.849 0.004  0.621

There were no significant differences in meat quality traits for pH; and pH,,,
drip loss and cooking loss (P > 0.05) between broiler strains. No significant
differences were found in drip loss, cooking loss and shear force value between
genders, except for pH; (P <0.05) and pHa4 (P <0.01) which were influenced by
gender, as male broilers had higher value than females. For meat color, breed and
gender had no effect (P > 0.05) on lightness, redness, and yellowness, except for
yellowness, which decreased in males and increased in females (P < 0.05). An
interaction effect between breed and gender was found for lightness and redness.
Arbor Acres female had lighter color than Arbor Acres male, Cobb500 female,
Cobb500 male, and Ross308 female. Breast meat of Cobb500 female had higher
redness value than Arbor Acres male, Ross308 female (P < 0.01) and Cobb500
male (P < 0.05). However, no interactions were observed between strain and
gender (P > 0.05) for pHs, pHag, drip loss, cooking loss, and shear force value.
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Table 4. Effect of strain and gender on meat quality

) Strain (S) Gender (G) P value
L Arbor Acres Ross308 Cobb500 male female S G SxG
pH; 6.00 6.02 6.01 604 598 0.791 0.011 0455
pHx 6.01 6.01 5.97 603 596 0476 0.006 0.770
Meat color
L* (lightness) 53.46 54.59 54.61 5441 54.03 0.140 0.472 <0.001
a* (redness) 0.43 0.47 0.76 038 0.73 0430 0.136 0.019
b*(yellowness) 7.62 8.24 8.52 7.56 870 0399 0.043 0.585
Drip loss (%) 1.49 1.83 1.57 162 164 0.154 0899 0221
Cooking loss (%) 12.58 14.10 1236 1251 1352 0.188 0231 0.839
Shear force (kg) 492° 4.96° 384" 4749 440 0.023 0329 0.847
Discussion

In this study, strain was not significant (P > 0.05) affected on the BW and
ADG at weeks 1, 2, 3, and 4, which is consistent with Rokonuzzaman et al.
(2015) who found no significant difference (P > 0.01) in BW of Cobb500,
Hubbard Classic and Arbor Acres at weeks 1, 2 and 4 and in ADG at weeks 1,
2, 3 and 4. The BW and ADG at 5 and 6 weeks of age were significantly
different (P < 0.05). Arbor Acres was superior to Ross308 and Cobb500 but
there was no significant difference (P > 0.05) between Cobb500 and Ross 308.
These results could be due to genetic variation among the different strain
(Lopez et al., 2011). Suchon et al. (2017) also found the genetic variation
among strains of broilers, but they reported that the BW and ADG of Ross308
were better than Arbor Acres and CobbMX. This result is also in agreement
with the findings of Udeh et al. (2015) who reported that Arbor Acres had
higher BW and ADG than Ross308 (P < 0.05). This is in contrast to the report
of Ciurescu and Grosu (2011) that BW and ADG of Arbor Acres, Cobb500 and
Ross 308 were similar (P > 0.05).

In this result, strain did not affect FI and FCR at weeks 1, 2, 3, 4 and 5,
but FI and FCR at week 6. This is almost the same result as Livingston ez al. (2020)
who reported strain had no effect on FI at weeks 2, 3,4 and S and FCR at weeks 1,
2,4 and S and also Rokonuzzaman ez al. (2015) reported that strain had an effect
on FI at weeks 1, 2 and 4 in broilers. However, Suchon et al. (2017) reported
that FI of Arbor Acres, Ross308 and Cobb500 were similar (P > 0.05) but FCR of
Cobb500 was better than Arbor Acres and Ross308 (P < 0.05) at 6 weeks of age.

In the present study, it was found that gender had no effect on BW, ADG,
FI and FCR at week | but there were statistical differences at weeks 2, 3, 4, 5
and 6. Male broilers performed better than females as evidenced by higher FI,
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BW and better FCR. This effect is well documented in the literature (Brewer et
al., 2012; Zuidhof et al., 2014). These results are in agreement with the reports
of Livington et al. (2020) that male broilers had higher BW and FI but lower
FCR (P <0.01) than females at 2-6 weeks of age. Engku Azahan ef al. (2007)
found that Arbor Acres males were superior to Arbor Acres females in terms of
growth parameters such as BW, FI and FCR at 6 weeks of age. Zerehdaran et
al. (2004) described that the differences between genders in a trait cannot be
attributed to a single factor; factors such as greater competition for feed,
aggressive behavior of males, social dominance, different nutritional requirements,
and the influence of hormones on growth and fatness all play a role.

In this study, no significant interaction (P > 0.05) was found for BW,
ADG, FI and FCR in relation to strain and gender. A similar result was reported
by Nascimento et al. (2018). These results are in contrast to the findings of Suchon
et al. (2017) who reported that there was no significant interaction (P > 0.05)
between strain and gender on FI and FCR, but significant effect was found on
BW and ADG at 6 weeks of age. And also, Livington ez al. (2020) found no
interaction effect on BW at weeks 1, 4, 5 and 6, FC at weeks 1, 2,4, 5 and 6,
and FCR at weeks 1,2, 3,4, 5 and 6.

Carcass characteristics showed no effect of strain on weight and
percentage of carcass parts. The results are in agreement with the report of
Ciurescu and Grosu (2011). There were no significant differences (P > 0.05)
among Arbor Acres, Ross308 and Cobb500 in carcass yield, breast, thigh and
drumstick. The same result was found by Suchon er a/. (2017) who reported
that the percentage of dressing, thigh and drumstick, breast, filet and wing had
no significant differences (P>0.05) among Arbor Acres, Ross and Cobb at 6
weeks of age. However, these results do not agree with those of Saijai and
Damnern (2020) who reported that carcass, wing, breast, filet, thigh and
drumstick were significantly different between Arbor Acres, Ross308, Cobb500
and Hubbard.

In this study, gender was found to affect carcass weight. Male had
higher carcass weight, breast weight, fillet weight, wing weight, thigh weight
and drumstick weight than females (P < 0.01) and females had higher percentage
of fillet than males (P < 0.01). This result agrees with that of lkusika et al.
(2020) who reported that gender had an effect on dressing weight, drumstick
weight and thigh weight (P < 0.01) and Tanachai et al. (2017) reported that
females had higher weight and percentage of fillet than females (P < 0.05), in
contrast they reported that gender had no effect on weight and percentage of
carcass, thigh and drumstick, breast, and wing (P > 0.05). Nascimento et al. (2018)
also found an effect of gender on carcass weight, breast weight and thigh
weight (P < 0.01). In contrast, Suchon et al. (2017) reported that gender had no
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effect on dressing percentage, thigh, drumstick, breast, fillet and wing weight
(P > 0.05). In this study, it was found that there was no association (P > 0.05)
between strain and gender in any of the carcass traits assessed at 6 weeks. This
is in agreement with the report of Nascimento er al. (2018) who observed
insignificant interaction effect (P > 0.05) for carcass traits.

In this study, no significant effect (P > 0.05) was found for pH; and pHas,
drip loss and cooking loss with respect to strain and strain-sex interaction.
Strain had an effect on shear value and female broilers had lower pH; and pHo4
than males (P < 0.05) while female broilers had higher b* than males (P < 0.05).
This is in agreement with the report of Lopez ef al. (2011) who observed an
insignificant effect (P > 0.05) of strain and breed-sex interaction on cooking
loss and shear value, but they also reported that female broilers had lower pHa,
(P <0.01) than females and females had higher b* value than males (P < 0.05),
the same result as in this study. The interaction effect of breed and gender on
L* (P <0.01) and a* values (P < 0.05) found in this study did not agree with
Lopez et al- (2011) who reported that there was no interaction effect on L* and
a* values (P > 0.05). Shear force value was affected by strain, with the breast
meat of Cobb500 being more tender than that of Ross308. This is in agreement
with the report of Ristic (2005) who reported that the Ross308 broilers had a
higher share value of breast than Cobb500.

In summary, Arbor Acres had higher body weight, ADG, and FCR
compared to the Ross308 and Cobb500 strains. However, the strains did not
differ in carcass characteristics, pH at 3 and 24 h postmortem, lightness,
redness, drip loss and cooking loss. However, strain did have an effect on shear
force value. Males had better BW, ADG, FE, FCR, carcass, breast, fillet, wing,
thigh and drumstick weights. Cobb500 had the lowest shear value and males
had lower pH at 3 and 24 hours postmortem and b* value. No strain-sex
interaction was observed for performance and carcass traits. Interaction effect
between breed and gender was found in lightness and redness colors.

Based on the results of this study, Arbor Acres broilers should be
recommended in Thailand because they had higher production performance
after 6 weeks and rearing sex-segregated flocks could be beneficial. Some
smallholders wish to sell their birds at a live weight of about 2.0 kg for
roasting. In this case, both Arbor Acres and Ross308 are recommended.
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