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4 angviug (LWyndanuy, adeuinas, afesda wazwnumned) uavualiug F, Y9eQnuausendng PS
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(broiler) fuluyndanu wauiuglagTBuauieuiunenug PS (broiler) Angnuu 25% Nulilea 4
& wazgnKay 12.5% Wuiles 1 nau
NNINAFBUANTTOULNITRTYRULAN U dmtinddInfieny 6 a1 TAuuaneaiuLy

MeadiA (P<0.05) gRrausEndng PS broiler x liyndau 2 (PB x TB) wag PS broiler x ldyndanu (PB x

v
v aaa '

KM) Tinutdndidinganin PS broiler x @3aewnas (PB x SP) waz PS broiler x wnunad (PB x KT) tngli

Y

ada o«

hnind33mwintu 1466.76, 1443.25, 1274.61 uaz1233.26 n¥u AWEIRY d’suﬁmﬁﬂmmmamq 8
#Unn9h Deuuandnsogaiitfoddameada (P<.05) Tnewudn PB x T8 Timinidingean (2051.23 n¥u)
g9n91PB x SN uag PB x SN Tﬁﬂfwwﬁﬂﬁ%mqﬂﬂdw PB x SP way PB x KT lagl¥iminiiaan 1883.93,
1721.80 ua 1701.14 nu mud iy dau PB x KM fhinind@in (192546 n¥w) lunnd1eain PB x T8
Wiz PB x SN usigandn PB x SP uag PB x KT

ﬁ’m%’ué’m’mamﬁmﬁ@mq 6 dUanvtianuunnateg1ilteddymeatia (P<.05) Inenuii PB
x KM uaz PB x SN figmsmsuanitiosnndt PB x KT dfiedmsnmsuanide 1.82 1.87 way 2.14 puddn
wismantsuaniiowdionny 8 &uasi dulifinnauandnegnaiidedidynisadin (P>0.05) wudefuiy
§nsnssendinuaziasifudmnviasingg 1Weeny 8 dunnsi

MnnsAnyInavessriudenlignaniudiosioununelsanesea uaznsngintu wui
seaudentulignuanliinadornuuanadlumsadifuarUTinunelsaneseauazningsa

navessiudenlignuausesaricmiuetosvenie lad lduiiiussaunisais i 18 au
wud1 gruauiiuiies PS broiler x liyndatu (PB x KM) ¢ $urnAzuuugean (3.50) d1u PB x KT, PB x T8

wag PS x SN dAnAgiuy 3.39, 3.28, 2.83 lay 2.78 A1Ua1AU
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ﬁqmﬁa 48.56 U/nn. UNTNITIN 5998917 bAwA PB X KM, PB X SP, PB X TB way PB X KT lmeilen
WU 50.96 53.11 56.28 wag 58.00 U/ AN UNMINETIR audsu

¥ v 6 (Y A

2. wandesnumsveneiugiaAniionysouliuganenugduasiey (synthetic line) $1uu 4
AN (mMuuTsnden 2 AN uaziduasisne 2 AN
Mnmsindunusunsianaeiuglilng 2 meius Ameuisniden Tauildlnedusliyn
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1. aduaussauznnasydiule nud dwdnd@adelieny 6 dUav fanuuandisediad

Hed1Anyn19adif (P<0.05) gnwaxsening PS broiler x lugndau 2 (PB x TB) uag PS broiler

x lyndanu (PB x kM) fwiind#inunniiliguau PS broiler x a¥osunys (PB x SP) uay

PS broiler x uiiunes (PB x KT) TnsfhiwiiniiFinwinty 1466.76, 144325, 1274.61 uay

aada A U

1233.26 nsu mua1eu @ruthuind@isdionny 8 dUanv danuuanstsegiidedrAgnig
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afid (P<0.05) lagwudn PB x TB diUmind@dngegn (2051.23 nu) gand1 PB x SN, PB x SN

Y 9

wae PB x KT lnefidhwiindidan 1883.93, 1721.80 uag 1701.14 ndu audnsy dmsusns
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waniliaiileany 6 dUamianuLanAeg 1 ltudAyn1eata (P<0.05) lagwudl PB x KM

<

' ¥
< A 1 @

LAY PB x SN d9m51n15aniaminin PB x KT @95A19m51n15waniila 1.82 1.87 way 2.14
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AINEIAU UABRIINITLanLiiawiienny 8 dUa1i lullannuuwand1seg1elidedAyniada

(P>0.05) Wudenfufusasnssentinuaziediudenydinineg eeny 8 dUnsi dslainy
AMLLANAINSEDALUAY (P>0.05)

2. wavesUinaineisameseauaznIngia wui lignuauituilesil 25%N way 12.50%N liifiny
uANAMSERR (P>0.05) sisludugnauiug wozmalufuuTinuesianesos wazningia
wanslidiudnlignuanfiuiiosssduien 12.5%N faruhaulamszimaosydulaing

v

AnaudukaziivSIuRBRaneseaiunIngsalinaiulignuauiuiiosdon 25%N
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3. wasmuauyuilelulignuaniuiesseAusingg nudtAinuaiusalunisaul (Water

holding capacity; WHC) anndeegsiienn tes wazazinn vadld 5 AWad (PB X TB, PB X



KM, PB X KT, PB X SN uaz PB X SP) wuirUadevesenauuassziuifenliiidvninasias

Awaansatun1sguinluiiean (breast) as (drumstick) wazazlnn (thigh) Tuvaizifieniu

v v
Y aa a 1

Uaduveanaiinwilduiidvinaseianuaunsatunisduiiveaiiean (P>0.10) laglawagil

ANUanInsalunTaRngIn Ay dusurusaiarIuie (shear force)nuindadeves

Y

(% v A

AuanlaiiavswaseAussdaruluiloon (oreast) wavalnn (thigh) uazdafoseduidonlaid
Svswasterusafaruie (P>005) Turusfisrdutadovesgraniiuuiliuiisvinaoruss
dinsiluilatias (drumstick) (P<0.10) Tnglignuansening PB X KM (259NT) Sidnusasasiy
Tuidlotes 2.03 cm’/kg gentdnandu

4. wampuwnUMAATgAa wudlunsuanlifieny 6 §Un1vi PS broiler X luyndanu (PB X KM)
TsuuUNITWEn: ﬁiaﬂ%'mﬁmﬂﬂﬁ%%ﬁwﬁqm Ao 46.81 U Sa9a91bAKA PB X SN, PB X SP,
PB X TB uaz PB X KT lnsfifununiswdn: Alanfiniwidnddiawii 4834, 5088, 51.23
uay 55.66 U MUY uinsuAnlifieny 8 dUnv wudurumananlignuaniuidios PS
broiler X a¥afia (PB X SN) ilan e 48.56 vn/nn. thwiindidin sesasn éud PB X KM,
PB X SP, PB X TB uag PB X KT lagflAvirfiu 50.96 53.11 56.28 uag 58.00 U/ nn.
dwiini#n anudy

Aa

Fhommiianuanideluinguarasddedl 1 Ssmusoasuldd Ingnaauitudiesifidenliiudios
12.5%N ladwnzanlunisnanlussuunsidsauulsadoude LWiwuaﬂmﬂ%ﬁ{]zymé’mmilﬁymw'aLL:u'
fusudn Snvasnaassgiaasmsduaussousdosnignuauiuiosifidonlifiudios 25%N uanaini
Irignuaufiudlos PB X KT wiqfiuledh fununisndegs samfesoswsld fasdunoisanosoauazning
3a1 msaeiinsnyideiinduddnlulssiudug iWewmundu functional food ﬁauldgﬂmamﬁmﬁm
PB X SN fnisiasaudulad suyunisudns savidesesmsld sduneisane seauaznsnyinci vanz
dmsunisuamdu functional food way food security LLaz"LfiQﬂmamﬁ"uLﬁaa PS X KM taggysiulafunn
FununsNanAoudne1 savAesesun sefunsagiai usseduAvalsAleseagY INZAMTUNNSHER
\Ju commercial audey

fnquszasd 2 ilonaseuanssnurmalyiiulanazanssousuiugnssugaieutiiuglianeug
daAsesA (synthetic line) 12U 4 gl (Muiiu3emden 2 is uaziifuansisas 2 49 nnsaiduay

'
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mauTEnden) lawn lnldyndanu uavasesinys wagdn 2 ateiug

({fuassa) 1w Irudunosaradesialnoiudnuazninaigivln uasnslinandnligedu Ty
wuadu

1. aussougdumsHan wuhaussougnisadyiulveslilng @mauTdndon) dagud 7-9 Tu

Snwaimiindileny 12 #Uasi (15w) ANuntsen (@) wazArmemsoUen (au.) gty

soilosiauidaguil 7 Sedaguil 9 (67-69) Tnslawiglulavugliyndaudaiuil 6o ey

1336.0 NSy, 5.3 3. Wag 23.4 gy, luwag dumadedanviiu 1075.8 nsy, 5.0 9. uae

22.3 gy, puanu luvaeiliiudasesmystiui G9 dawwindu 1252.1 ndy, 5.0 94, uay



23.0 %, Tume] uag 1055.4 n¥u, 4.7 9. uag 21.5 . audduluneadle Selifaaesiusd
aussauzgenlaiusuiunesnazaiesia dvivaussauznislinandnlaidofiorsanuuy
Hen-day  Production 1luszeziian 12 weounuin tavuglayndau Tiszansamnisla
(HDP) saugenilniugasosiia uiunes wazasesinys lnale1 574.39, 564.95, 557.84 wag
520.32% MUy vililaa1ads HOPARe flayindu 47.87, 47.08, 46.49 uay 43.36%
muadu Tuvae inandnldazauiiong 365 Sunuiiliwugasesinys, afesda, uiunes uas
lyndanu Tudunaildavaniederdnndonuunnsguminiu 119.04222,  113.9421.4,
92.3+24.9 uay 113.9£23.9 as AmUaWU

ANTIOULAUTUEN TN TERTUIINHARDUALBINISARLERNLALATNIIITRDIN1TUTNTTY
wuludnuugtmiingiiony 12 &Unsi mueniseuenileny 14 dami uazaunineni
01y 14 Sanileednuvazdmindedldnnaieiusdanudvilunisdaden (AG)
aonadestudnunzlnnguenimtindalagliwuslindau waylnasoomysiinanovauasly

U s 1

ANSAALEBN AU 26.7 WAy 27.8 AUAIAU MUVUEAANUTHUS AU warasesdtallan AG

WU 19.8 wag 20.4 auady Hafinanaenadesiudnvuganunivendmuinliliyn
e uarafosinvsiinanouausslunisdnidenindu 0.45 uag 0.30 muady Tuvadild
fuguiunes uazadosiad AG Wiy 0.25 uag 0.15 muadu dwiudnuagnananlvagaud
01 365 1 wuinsAmdenifieusulssiusnssuvesinumsfananiinnudutviduds
Unaumaganufamihmeiugnssuegsieiies lnaiflewIeuifisunanouaussnisadon
vosdnuazTualtazanieny 365 u vedldwugduaeiin 4 Wug wuiilntusadesda
wazuglagndanulifneninaiunislinandnlifnitadesinysuazinunes d1msunanis
Uszanauadnsiugnssy wuiednsiugnssuvesdnuustmiindaiiony 12 duaviluliug

LY 4

avtuifuddldliyndau (0.27) adesines (0.34) unuves (0.39) wazafosda (0.34)

9

AUE1AU TuraueiA1gnIRugNIINYeIdN YL ALY ITEVEN (0.05-0.27) kae BRTINUGNTIY

s o [

anwarAUNIeen (0.12-0.27) aglugrsindaunardlulanniug dmsunisussunudnm
Wugnssuvesanwauzsuulvazauiiony 365 Ju luliyniugnuinlalveninisuseniden
lown luyndanu uazasesinys dAnviidu 0.19 uaz 0.03 mudwiu duldleduaisisae

Tawn wiuned kavasesda JA1vAU 0.29 wag 0.01 MuaIAY



Development of Synthetic Chicken Line to support the of Thai hybrid

chicken and Thai broiler

ABSTRACT

According to the research project, “Expanding breeder flock of synthetic chicken line
(synthetic line) in fourth and fifth generations and testing of growth performance of crossbred
native chicken and Synthetic Chicken Line”. Research makes creating 4 new synthetic chicken lines
such as Kai Mook, Soi Pet, Soi Nin, and Kaen Thong, respectively, which are potential in terms of
high performance both in growth and egg production and high genetic. It is possible for a species
to promote and produce as Thai broiler and Thai native chickens in the industry-level in the
future. Therefore further research project in the second phase is focused on testing various aspects
of performance and genetic by divided into the following 2 objectives.
The first objective was to test the performance of growth trait and other performance traits
of crossbred native chickens between 4 lines synthetic chicken hens and PS broiler cocks by
planning a 5 breeding pairs. Hybrid species of native chicken made with chicken blood as 25.0%
and 12.5%, respectively, were divided into 5 treatments and 5 replications. The results are as
follows.
1. The growth performance, it was found that the live weight at 6 weeks of age.
Crossbred chickens between PS broiler x Kai Mook 2 (PB x TB) and PS broiler x Kai
Mook (PB x KM) had significant differences of live weight (P<0.05) compare to PS broiler
x Soi Pet (PB x SP) and PS broiler x Kaen Thong (PB x KT) with the live weight of
1466.76, 1443.25, 1274.61, and 1233.26, respectively. The live weight at 8 weeks of age,
significant differences (P<0.05) it was found that the PB x TB have live weight (2051.23
g) higher than the PB x SN (1883.93 g¢), PB x SN (1721.80 g), and PB x KT (1701.14 g),
respectively. For conversion ratio at 6 weeks of age is the difference was not
statistically significant (P<0.05), it was found that the PB x KM (1.82) and PB x SN (1.87)
had rate of conversion lower than PB x KT (2.14). However, the rate of conversion at 8
weeks of age, there is no significant difference (P>0.05) as well as the survival rate and
the percentage of various carcass, which does not significantly different as well
(P>0.05).

2. Effect of amount of cholesterol and uric acid, it was found that crossbred native
chickens (N) of blood level at 25%N and 12.5%N had no statistical difference (P > 0.05)

in both the breeding pairs and sex factors. In the cholesterol and uric acid show that



crossbred native chickens in blood level at 12.5%N are interesting because there is
growth rate higher than other crosses, meanwhile cholesterol and uric acid are not
differences when compare to the crossbred native chicken in blood level 25%N.

3. The results of the meat texture in crossbred native chickens, the ability to absorb
water (water holding capacity; WHC) samples from the breast, drumstick and thigh of 5
breed pairs (PBXTB, PBXKM, PBXKT, PBXSN and PBXSP) found that factors of breed
pairs and blood levels did not affected on absorb water in the breast, drumstick and
thigh, meanwhile the factor of sex is likely to influence the ability to absorb the breast
(P>0.10) by males are ability to absorb higher than females. In case of shear force
value found that the breed pair and blood level factors did not affected on this traits
in breast and thigh (P>0.05). However, breed pair factor likely to influence on shear
force in drumstick (P<0.10). Crossbred native chicken between PB X KM (25%N) had
shear force (2.03 cm2 / kg) higher than other crosses.

4. The economic returns found that in chicken production at 6 weeks of age in PS broiler

X Kai Mook (PB X KM), the cost of production per kg live weight is lowest (46.81 baht),
followed by PB X SN, PB X SP, PB X TB and. PB X KT with a cost per kilograms live
weight of 48.34, 50.88, 51.23 and 55.66 baht, respectively. Meanwhile the chicken
production at 8 weeks of age, the cost of producing crossbred native chicken PS broiler
X Soi Nin (PB X SN) is lowest (48.56 baht / kg live weight), followed by PB X KM, PB X
SP, PB X TB and PB X KT are equal to 50.96, 53.11, 56.28, and 58.00 baht / kg live
weight, respectively.

As a result of the findings in an objective one can conclude that crossbred native chickens
with blood level at 12.5%N are not suitable for production in open-house system. Because there
are many problems about parents-stock management as well as the economic return and
performance which are lower than crossbred native chicken with blood level 25%N. In crossbred
native chicken, PB X KT is low growth rate, high production costs, and low cholesterol and uric
acid. Therefore it is suitable for production of functional food. At the same time, crossbred native
chicken PB X SN is growing well, low production costs, good taste, and low cholesterol and uric
acid. Therefore it is suitable for production of functional food and food security. And the last, the
crossbred native chicken PS X KM is growing very well, low production costs, good taste, low uric
acid levels, but cholesterol level is quite high. Therefore it is suitable for commercial production,

respectively.
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9 uazsaURNUAYANLNTIsENTieny 14 dUnnsi

1997t 4.18 AuaBeAaiuanid (smeans) Snvauziudniafieny 12 dUa Tudh
Uil 7-9 uazseueBnUazAIINTIeNTIDNy 14 dUa

M5l 4.19 Uhunaildazauiieny 365 3u sewinslianeugdansiest dasud 3-9
A15197i 4.20 AMUKUIUTINTRIaNYUEUSINg (phenotypic variance, Vp), A
WUSUTIUNMIAUGNTIU (genetic  variance, Va) ABATINUENTITU (h2) A
AuAIALAGEY (SE) vasdnuaizdidmdentiulilng @vnauTsmden) (Fauil 1-9)
AN5199 4.21 ANNLUTUTIUTRIaNYAEUIINg (phenotypic variance, Vp), A

1w [

wUsUSIUNMRUENTIU (genetic  variance, Va) A19MT1IUENTITU (h2) WAy

v A A

AnuAaIAREeU (SE) vesdnuaziidadentulnlive (Mluaisisae) (Fagun 1-9)
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#15UA1319 (si9)

319l 5.1 Aadsuazdimidsavunasguresimiinusniaa ddndaiiony 4,
8, 12 &Ua i uazemasyiuladessotu vesldfuileniust iaing12
A9l 5.2 ﬂ'wLaﬁEJLLazﬁ’JuLﬁmLuummgmmaaﬁmﬁﬂLLimﬁm ‘13mﬁﬂ§f’n7i'mq 4,
8, 12 dUnW wazAnsiasyiulnsiadsietu vaslnluyndanu wag 50 (50% i
fuiles)

319 5.3 Aadsuazdinidsavunasguresimiinusniaa dmdndaiiony 4,
8, 12 danai uazAnsLasaivlnsessetu vadldnzuned (50% lruilos)
A9l 5.4 ﬂ'wLaﬁaLLazﬁauLﬁmLuummgmﬁuaqﬁmﬁﬂLLiﬂLﬁm ‘13’11/1%67:1‘17‘1'@1&4 4
5 6 uay 7 dUai uazrmsasiulaseiasoTuresliiienanisén

A139d 5.5 AnadsuavdrudsnuuninsgiuvesuIunateulesd Aspartate

&

aminotransferase (AST) lusiagafanvaslanug 4 tawng 12 ldyndanu taway
50 ltumgunaes

A543 5.6 Avadonazdrutdsauuninsgiuvesusunateules Alanine
Aminotransferase (ALT) Tuiregnaidionvadliiug ¥ waiag 12 ldyndaiu weagy
50 lathumgunaes

A519# 5.7 Aedsuazdruidoauuninsgiuvesudunateulss Aspartate
aminotransferase (AST) luidenvadliiilonnsnisén fieg 5, 6 uaz 7 Ui
A135199 5.8 Atedsuazdrutdoauuninsgiuvesuuiaieules Alanine

Aminotransferase (ALT) luidanvadliilion1enism fie1y 5, 6 wag 7 dUas

PN
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A15URYANT19N N

[

awidl 2.1 Trlnestusdansied 4 aneug
awdt 2.2 winldumstugnssuvesdnuaiziniingfieny 14 §Unsi vealdlne
uguAunes (Kaen tong), lUsndau (Mook Esam), asaeila (Soi Nin) uavases
LWYT (Soi Pet)

AW 2.3 anadenslinandnld (a) wazAdnsiugnssunislinandnly (b) Tuln

Ineusdunsiei

a

]
=1

AN 4.1 Wisuiileu Hen day Prodution wedldlnewugasesia waay 50 fu
laigyndanu Ay 50

AWl 4.2 Wisuifiu Hen day Prodution wedldlnesiugadesinas awag 50 A
WAUNBY LALAY 50

Al 4.3 n31inslvinananly (%Henday production) veslalneuglayndanu
aSouinys WNuNes wazasosila

[

AWl 4.4 Enwauznandnlvavaniiony 365 Ju (Wes) veslAmeiugdaaseiiug
adeuinys (1w a) Wugasesia (0w b) Wuguiumes (nw o) uaziugliyndau
(nw d)

AWl 4.5 mamauauaamiﬁﬂLﬁaﬂmaaé’ﬂwmzﬁmﬁﬂﬁaﬁmq 12 &Uaniludagui
7-9 voslAlne (@ineuidmden) laun liyndanu (Mwde) wazadooimws (1w
)

amil 4.6 naneuauesnsAadonvesdnurimindiieny 12 dailudagui
7-9 wadldlne @duasisue) Wi uiunes (1wde) wazasosta (aman
AWl 4.7 nameuaussNsfndonYeIdnuNEANLENTEUBNTIONY 14 damiludn
uil 7-9 voslalvy @vnsuismiden) 1éun Tayndaru (amdne)  uazaiosines
(M)

AWl 4.8 HaneUALBINIARFINYedNYMEANLEITEVDNTIaNy 14 dailuin

'
1 I

ui 7-9 voslalny @duasisue) 1iun udunes (i) wazadesia (am
U27)
AWl 4.9 HanevaussIdREaNYesdnYMEAINsenTieny 14 dansilutau
i 7-9 wodlalng (Ansuisnidon) Wun loyndau (nwdne) uazasesinys (am
)
AWl 4.10 nameUALBsNsAREBNYBIdNYAE AL ey 14 dUnludgud

7-9 waalnlng @duaisisue) Town wAunesnInde) wazasesdia (nwwn)
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AWl 4.1 warevaueIMIRndonvesdnvaznandslvazanfiony 365 Yu luin
Uil 3-9 vadlAameiusduanziiugatosinys (am a) Wusadosda (nw b) g
WALV (AW ¢) wagiugluyndanu (nw d)

Al 5.1 wansuualiinisuanioanvesdu Superoxide dismutase TulAd fieng 4
8 wag 12 dUan

Al 5.2 wansuualiiunisuanieanyesdu Catalase Tuld? fiong ¢ 8 uay 12

#Uaui

a

AWl 5.3 uanaunliinisuanioanvesdu Heat shock protein 70 TulA® fieng
4 8 way 12 dai

At 5.4 uansuunltunisuansesnuedi Superoxide dismutase  TulAlvan
Senu fleng 4 8 way 12 dUavi

AWl 5.5 uanaunliiunisuanioonvesdu Catalase  Tulalvyndanu fleng 4 8
wag 12 duam

AW 5.6 uanaunliiun1suanioonyesdu Heat shock protein 70 Tuldldyn
Sanu o1y 4 8 wag 12 &Unsi

Al 5.7 uananuliunisuanseonvesdu  Superoxide dismutase luladhu
PzUNAS 7197y 4 8 uaz 12 dUav

AWl 5.8 uanaunliinisuanioanvesdu Catalase lulathunzunned fiony 4 8
wa 12 dUan

A 5.9 uwanauunliunsuanseanvesdiy Heat shock protein 70 uldthu
pruA3 o1y 4 8 way 12 dami

A 5.10 wansuwaliunisuansesnuesdu Superoxide dismutase lulritfoms
M3f1 M0y 5 6 uay 7 dUansi

AW 5.11 uansuuiliunsuanieenvestu Catalase Tuldifonianisén fiony 5
6 waz 7 dUam

A 5.12 uanauualiunsuansesnvesiiy Heat shock protein 70 lulrifoms

N15An 1918 5 6 wag 7 dUAm

BN
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UNA 1

anudunuazaudIAyIDIuiIdY

¢ 1Y)

MnuansAlivnureddasing “nisvenesieniiuginaeiugduasizi (Synthetic lines) 43

3 3

U 4 uaz 5 uarvadeUaNIIAUENSRIYRULnvetlngnNaNiulessenIvaetugd LA Eiivaeiy

2N o,

nsen”  aeladuiindannasninusiuiiesening unninerdevaunny drdnaunssuativayun1sidy
(#n7.) uazuisnazuAsialne kanuideiiAatuteliAaldaetusdaaseisiu 4 aeus 1
l9yndanu afesinys afesfla uazununes Jsvenorsuazdndondnvuzneuenliiauaiianesy
sUs Ay uenanifmuguaniiinnliaeiuidunsgidinan Aidnenmilazyhmsdndendnume
BeFun wasdienudulidlunsldidumeiugitonsdaaiunisudslidulnewaslnidelnelusefu
gnannsauldluounan SailfAanisasuuausiionsauineluszesdl 2 do¥udl 6 fusneu 2556
Tneilinguszasd il

1) mafmaneiuglasnisdadendnuaznslinanandouasnananlaliaedu niouiaiing
neaeulszAninwnssanludiudineg ievaeiuslulflunsnanldgnuauiiAetu 1iun aussougas
WAuln Ao dununiandn sufinsdumesdaruiinalninisiudug denoulanddaudng
HanaufsRA MU UILaA

2) Mfnuifeiddnisnunmeentelignuauiudostuniaduoimsaunin (healthy food)
uadudun ileadswarfislitugnuanlithulneuarliidolne Tiun msufudgsaneiudifiemid
dFnenmnsudalitudmiuaaatiesiu madsduanimwindovennuning wasnzauiunsuanids
5ITURA LU free range chicken 38 organic chicken luauan

o [

3) UBNAINAIUNITIVERALHAIUILAD Tasan1saelamnusindatdadinisastedndvesuluuaiula

q

udasluszaulTygenlngnANYUDE LTSS
Tassnsifudunisiuddefianunsanevausworudesnisvesmnaiadiuias naindsz eyl

Tunanes) auldegsysannisuaviussansnm

1. InqUszanA

= A a 9 s

1) veaovaussauzn1snanlignuauiulosiiiininnisnauiugssnitsinugalonus

duAs197 (synthetic line) 913U 4 nauug Auneiughiiion19an1sAveUsEm

9 9

2) appiugkazAnionganeuiugaeiugdunsies (synthetic  line) 31w 2 54 (A9

4

a v oA v 1 a da a a v a 1 1y
UTENLADN) Iﬁllalliiﬂugﬂ’]iiﬁmama@mﬂiﬂqilﬁ]ifyW]'UI@LLagﬂq{LMNaNa@‘lmqqmu VYIYNUT

]

wazfnidendaneudiudaenuidnasg (synthetic  line) 117w 2 Bls (anudidionidu

a15150dz) TS uuieamesessunM st duusslovideansnsus



3) aduayunisideiiewauiaieiusliignuaniuidediquandfsiuguainidowas
AUENNsaNIeiugnssudug Mmzauiunslulatulve waz lndslve (Thai broilers)

Tusuan

2. waiinninagldsu

1) Iananiusnganssninsiiugaeiusdansizt (synthetic line) §1uau 4 nguiug finas
itusiuneRuglaidevesusin Weldlumsnanduldthuinevdeldidelnelstumeuione

2) Iegewonsiiuganeiugdansiey 2 e (udiuienidon) ifewadnanosudnvas
meuenuazilanssougnslinandndiunisasyiulauagnslildgedu

3) Igloweusiiudaneiuddunsient 2 ds (muidoniduansisaue) Alaruaiauesudnvus
meusnuazliaussauznsaan lundeuldifuusslovdiumsansisas

4) 51ENmwamauauaqmqﬁuﬁqﬂiﬁmmmiﬁﬂLﬁaﬂLLawT’JLLUiﬁﬁéﬂﬁzy?iuﬂﬁL?‘i&Ja%'aqf"fumi

wanaunmlitlneuagliilelneiienuindunislivssloviludaimnsely

3. ANTHIAY (ANZINYATAIANS UNTINEITVOULNL)
1) $99FANI915Y AT.UUATY AI93UAN (Frlasanns)

(MugranswaznIsUTuUnug)

2) 509ans1Nse Yayald wanlnyad (1in398)
(NMIndndniUn)

3)  F94ANERTIANTE ATINIUNT WENTEAU (1in34e)
(nemsauiugdnd)

4)  509ansINTe AlNT UAx (¥n39e)

(MugranswaznIsUTuUTeRug)



UNN 2
A52ALBNES

2.1 nsimumuglalnewuddunsizit (Thai Synthetic Breed)
Ilneaeiuidunsmzifoaeiuifaiannlifudosnegnaaulaequiieieteifounsiaud

nsUsuUsudng (nftwdledlne) Tneldnsmaudruiussenilaiudedineuas Inaesuiiugannuiem
pzunmlaglfununsiauiugngludsuientu (nter se mating) audnwazUsingaeusnasil fisnane
Wug Banyat (2015) na1371 Tl A 2006 Insaiusiudeseninsdtinnunasmuativayun1side (@nd.)
uinendevounny  uazaninedomeluladneunadan Inenunniwaug fsasiie umineds
nwAws awsandledheaz 1 &1 Wusvezioan 3 U Tumsufudsdlnfiudles vamdentu and. T8l
atfuayuimAnendoveuniy Wuna 1 Y Wednwlulassnsvaaevanssauzmaigiiulauazaimgy
dolulrgnuaniildanriewusiudosnefuuiiugmensé  9nlassnmsdandnifngnuauiiinainie
stusiudloatuushiugninisé (iuns nuisvezumeaslilne S uarlifonaudifouasingeiug
o ivimszdaviaveuun) Afisuuuuvesduuansatuiu 10 JUuuy wu sudvrafuity Tnduss dum
widuuns Aiurm adosmedsiuardindidiiu adosneunzaiesndsdnonyain Ausnasosnoados
n&Awdosuuns lrsa Tiddina Tidvessiiu uasamviai sy

PnUszaunsaliuazadeiviguesiuidy Fddihnsdadendnvaeduuld 4 @ fie

1. Avmrias (adnelug White plymouth rock)

2. fluvm adesne e vudneans (A& Light sussex)

3. fusatosne asosvidsdnonunn (adelingi)

4. fudves vuusanidu fahmadunsednes

usnINazAndondnyurdvuiidosnisuds Sefarsandsdwulalifunwefivgsinsdniugle
Tnevinanauitusiie 4 guassiug auldsiunuiidosnis Ae mededau 40 f s 20 6 iftede
somadenidléfadaidu dull 910, v10me, dAown wezihnavunensyAves (Lrduae) Fsnisdaiden
lngfiasananansuzn1guen (qualitative) agdewdimsfimundinuuzaiguen wagyin1suauiuganiden
Tugl4 (inter-se)

fanvesiemeitusveslilnaneiusdneseilaeUszann U aa. 2010 léhlnks 4 wia oon
wansinssanislunuunensameadau uaglddalifinsussmanisiadeliaeiuidaameidandiia 4
¥iin (0l 2.1) Ifedieluil

Foudy ol
1. 9717 loyndanu
2. Y1IADAN ymMasesila, a3ouila
3. ANABY ASDUNYT
4. UsUas LAUNY

U Aue. 2011 drdnnuneuativayun1sivy (@n.) wasusem asunesinie losiuativayunu
e lasansnsveneyaioudiuglnaneiuddunsien (Synthetic lines) 433ufl 4 wag 5 uazvaaeu
aussnuznssiulaveslignuaniuiies  seninsaeiugduasziiuaienugnisd delanaduiul



wolavialuuived specific combining ability vewgnuas seninelimenusdunsealosidanenugiu
WHUEN19N15AY

Inlneiugasesinys

Ilneiudunumes lnesuglayndanu

[

il 2.1 lnlnesusdunsien 4 anenug
77 AnuUasaIn Banyat (2015)

U a.A. 2013-2016 dtinaunesuaivauunside (@m.) swiuuseneasuniasiilne 91da 1o
suflefunaglivugavyunidehulasins  “msiaumeiugliaoiuidiaseiiesosfunndn
gnuavlntulnewarliidolne” Hunguiiedornsidouasiamdunsusulssiusing (niudesne)
uinendevounn Inelassnsiliuddlimeiusdansey 4 aeiudidu 2 dw Ao dwiividnden
(liyndau uavadosines) wozdwuassny (Wiuves wavafesta) Tasuvadu 2 Aanssu Ae
Aanssudl 1 dunsvesovaussougnisdydulavesiignuaniiudossenitsaneiugduae
(Synthetic lines) fuaewouslaidonisnisé (Ps broiler lines) wazAanssuil 2 WWumsveneiuduas
Anidendswousiitusaneiusduasizy (Synthetic line) $1uau 4 ga mufiussmden 2 g fo liyndanu
wazasenins wasiiluasisaiy 2 s fio wrunes uazaiesia

10l 7.1.2014 guiiaiotneifounasimundunisuuseiusdnd (iifwiles) sminerdsveuunu
lﬁﬁuﬂ"ﬁawaé}gﬁaﬁuﬁ}iaﬁwﬁfmmu’%mﬁmmim%’wéﬁumqﬂmm wniIngrdeveunny  wavldderilu
e ailoTuil 19 wuanau 2014 il



Foidu Foiilsnnnununsniadau FolFanuminerdovounnu
1. 91 luyndanu Ilnesiugliyndanu wewag 50
2. ¥1IARAI 1adesila, asevila Inlngiugasesda taag 50
3. FNABYUT A508INYS Ilneiugasesinys g 50
4. usuag WALV Ilngiugunumes iy 50
fian: Banyat (2015)

nsmuRusinineiuddunseing 4 aeiug Idnvusdse

o w

UGz IngUszasansldusslovl

DLANANNAY AIS1891UUB9 Promwatee et al. (2014) #94m15199 2.1

M15199 2.1 dnwazdszdiusinineiuddunsien

Morphological features

Lines Future purpose
Comb type Plumage Shank and beak

KT Single or pea  Males and females are Yellowish Develop for dam line or
golden brown organic egg production

KM Single or pea  Both adults’ entire Yellowish Develop for Thai broilers
plumage is pearl white

SN Single or pea  Males and females are Yellowish Develop for free range,
mainly white on the body, backyard or organic chicken,
while the neck and wing and an alternative line for
are an onyx color Thai crossbred

SP Single or pea  Males are mainly black on Yellowish to Develop for free range

the ventral part, with
diamond at the back and
neck

Females are usually black

with a diamond necklace

black

chicken, and an alternative

line for Thai crossbred

KT = Kaen Tong; KM = Khai Mook Esarn; SN = Soi Nin; SP = Soi Pet.
#ix: Promwatee et al. (2014)

2.2 aussouzn1suanvaslilneiugdaunsied
Audiadorieifouasiaundunisufuuseiuddng (ifiudoslne) 18&sdlddeomislila
duFagunenisi lsadeuildifulsadeussuuidn onaaeuiuaussauzmaaiadvlauasnslyinanly
vodlifudledlnaeiugdansed Gliudazaneiuginnuunnsatuy Ssdsualdnmsliusslosianudas

o e ° o =
a']ﬁ]‘WUﬁqﬁJﬂ']'nﬁ]”lLW’]g ANRITNN 2.2



= a a Y a ' [ v sao ¢ o 1 A
M99 2.2 amiiﬂugﬂqﬁLﬁliij@UImLLagﬂ']iiWNamimmaﬂlﬂimﬁaqﬂwuqaqLﬂﬁqg‘w GUFJTH'V] 7

lejyndanu asouLnys asouila WAUNDY

anuoly wel  wendls  oweel  owendle el oiedls ey unedle
AUITOULNITIRSULAULA
wu. §ne1y 12 §Uav 1056.7 8848 10924 924.6 10202 8964 9075 7737
(n5)
ANUNI198N (T3.) 4.52 4.30 4.59 4.40 4.56 4.40 4.25 4.05
AUIIOULNITHAR Y
aglabluneansn (Fu) - 1883 - 176.8 - 1949 - 2085
W, lnlrlaneusn (n5) - 19289 - 17809 - 2010.0 - 1896.2
wu. lovlesisn (nsu) - 417 - 359 - 39.2 - 41.4
laavannsul (Wog) - 1818 - 1675 - 1553 - 17741

2.3 ywissfiReadasiumanaunameiuglifudosnemeiusdaunssy

nsfmuaetuslifudednaeiuidunseivonmionniaunielidnvussing
meusniinsuanieanasiinssmudnuvazvesidazaroiudiiensmanduiuguinddsdndudedinng
Wanndudnuugitanuddynaassgiaeu nmaegduln vie wandnlvazay lnsenideineides
nsliUssiiutusnssuuas nsliiaTeannemaiugnssunglunisdaiden ( Marker Assisted Selection:
MAS) Feil

¥

2.3.1 msUssliunuglnnudoslngarenugdunsnzi

9
a [ a

anwaugmsasuiuladudnwaus fddgmaasusiainsiansundudusuusniienisuanln

o oa
v 1

lolne Famsuuuseiugldliivssdnsnmsndudemaurmaiivesmetugnssy wefinsanuunliy
nsmevauadlumsindenuaglien e8v Fudurmamumnsnauiusvosdnunzduqluusasdadnidunms
Tunsdadon uennieanduiusnsiugnssuasiinuddglunsdidnnsdadonsamnanednuansy
Mﬁaqﬁa wazAME (2555) s1eaudnuaen1sasyiivlalasadnsiugnssuvasdnyaensasyiulaluln
Ingiuguiunes, luyndaiy, aseslla uavadosnys 31NN15UsEUIUAITNIINUTNTTN WUTT AIEATT
fugnssuesthviinusniiaveslina 4 aeug fe1ge 0.64-0.73) uasindniailony 4, 8, 12, uae 14
dai lulnlneiudunumes, luyndanuy, asesda uazadosnys TA1dnsmiugnasuseduliunaisdiegs lng
fifinfu 0.60-0.56, 0.27-0.46, 0.24-0.49 @z 0.55-0.67 AUy Sasnisiasayivlnndssotuluds
0-4, 0-8, 0-12 uaz 0-14 a9t Tulnlneugunumes, luynday, afeslla uavadesmys IA18n9
wugnssuluseauiunaisiiaas Inedewiidu 0.31-0.55, 0.27-0.45, 0.22-0.47 Wag 0.54-0.68 AUANY
AmNueMTEVENTiDy 14 dai (BrA) Tuldlnesiuguiunes, luynday, adesda wazadouinys JA8ne
ﬂ’uqmaﬂmzﬁu&?ﬁqqa InediA1yinfy 0.26, 0.12, 0.12 Wag 0.42 AUAIRY LagA1anduiusnIanugnssy
(r) e mdnusniia (BWO) ﬁuﬁmﬁmﬁamq 14 &Uavi (BW14), mmeniseueniieny 14 dUanw
uardnsINaTsyAuln 0-14 &Uasi (ADG 0-14) Tuldvis 4 anewusTifemsuanlussdudiunans fe o)
Tut3 0.14-0.50  dsdunsfinsandadenandnuasimdnusniiafiamnsafuieyaldiduazasan
ihasdaudulidluldlvewusuiunes afesda uavasorinys fasylildlafithiningd 14 &uans
ATIBTITUBNLAY ADG 0-14 figsiunulude Tuvneilinusliyundaudildmngauiiagldtoyathmin
wsnuinlunsdmdentd Wosandian re Aoudne (0.14-0.17)



wangalsinu anssdl wazanz (2556) lUszanaummsivesniaiugnssuvestilveiugunumnes,
lgyndanu, afesiia uarafesinys andeyatmdndaiiony 14 &Uawi (BW14) #2635 REAL  Tagld
T3unsu BLUPF9O Chicken PAK2.5 withlUie el dumnafiugnssy wudl AdnsugnIsues
Snwapdwiindafieng 14 dUasi luldlnestusununes, layndau, afesda wavafesinas witfu 0.30,
0.24, 0.30 waw 0.46 muddu fuwaltumeiugnssuvesdnumsiniingaiteny 14 &asi Tnsnisdaiden
Anmsuasiusiinandudulunisdndonlunsasys 109% Wit -12.85, 21.28, 22.41 uag 10.40 n$u/5u
paddu (nmdl 2.2) Fefumnfinsandnuagnaaigilaveshming wui Inlneiuglagndaiunag
a¥ouflangiidnenmlumsaimetusiiunmsdndoniiloaussausnisiadydula

Genetic Trend BW14 (2G,gm./gen)

100

¢ 80 /J’\. AG 21.2% —4— Kaen Tong
B 60

—— Mook Esarn

40 - z.c 10:40

/ AG22.41 —i— SoiNin

<

20
—8— Soi Pet

-20
-40

s R 2w
o

)

3

AN 2.2 wnldunsiugnssuvesan vz mtindifeny 14 dUanv veslnlneiugunumes (Kaen tong),
layndau (Khai Mook Esarn), a3eaila (Soi Nin) uazaseeinas (Soi Pet)
Nu1: gnIsal wazAnie (2556)

4

A dululimeiugnssuvesdnvaznisiinandnlyvaslunisldiluanelivesnlvearviug

]
s

duasgiitiu TdAnvlne 9dilng wazas (2556) Titoyauiuamandnldasausofouesllneius
daasnesi 4 anesfug a3uil 14 Sruau 1,447 Suiin nualladnny 145 i shelueatuneasuiinsedu
du (random regression test-day model; RRTDM) wagUszanauAasnusenauanuudsusiu wsiwes
MaNugns5ulYIs Expectation Maximization Restricted Maximum Likelihood (EM-REML) Tnglusunsy
d1Fa3U BLUPF90 Chicken PAK v 2.5 nasaniwdl 2.3 daaziiiuléiin nandnlvindsgegaludoud 2 fuan
Fulsilivesusnuazvdsanideuit 4 wandnldlulaynanoiuseziviinaanasegiedoiios nadsnann
anwnsathlUlflunmsnausuassiuslald Tnglutiadoudl 2-5 willidiindrunmnn lunsmsadudeud
1 waznmevdsinfoud 11 wuildmneiessauiusiiidesnndlldhilnduaudes waglisluuedn
InlnewuguAunesiilinandnldgeanade 12+5 esweaifiou uaziiAnadudnsiugnssugeanviiiy 0.29
Feannsonanléildlnetusuiumesdidnenmgearlunsldiduaeldfioaiadugnuanlifudodine



a) 5 ¥
f=2]
o
= 20
=]
S 15
B8
g .
10 | - b 5 Y
§ KaenTong ~
5 s -+ MookEsarn
< == == SaiNin
= = SoiPet
2 0 - ' ' ' I
1 2 3 4 5 & 7 8 9 10 11 12
Egg months
0 o KaenTong
------- MookEsamn
0s = === SoiNin
) - = SoiPet
< 04 -
£
T 03 -
=
% 0.2
0.1
0.0

1 2 3 4 5 6 7 8 9 10 11 12

Egg Months
awil 2.3 dndonsinandnld () wazAdnsmiugnssunislinananly (b) Tuldlnetusduase
fiun: 14ilns wazaaz (2556)

v du W oo W

2.3.2 LATINNIENNNUSNTTUNTUNUSAUSN BN ATYNILATEFND

' ' ¥
(% Aoy U fou W

N13AUNLATOIMINENITLGN I SUNduNUS AudnwaeNd Agmaaseghalulniudeslveaie

3
a

ugduaszilaufnudvsnavesdudodnuaenisiasaule 1w Thi Nguyen et al. (2015a) Anwn
AUENTUSYR98Y Growth hormone sadnwarMaasyiulalulilneaeiuidunsie (nlneiuguny
mas; KT, lyndanu; KM, afestia; SN uavadosmnys; SP) fulridde (PS) 4 ngu léud PS x KT, PS x KM, PS
x SN Waw PS x SP #2833 PCR-RFLP wuh lrigneam PS x KM fanudiiudvassuuuudlulndsethmiingy
(BW) uagdmsnsiasayduln (ADG) Tnglgneam PS x KM axdivhwiingadiens 4, 6, 8 uax 10 Ui uag
fisnsnsaigAulaiieny 0-6, 0-8 uaz 0-10 dUai gandanewusdug uisuuuy STulnddu Insulin-like
growth factor — | (IGF-I) fisvsnasothmingmdsitnesnd 2, 4 uas 6 dUanak uagdnsINsLsiulaly
5898 0-2, 0-6 waw 0-6 dUani vaslrlnemetugdansigiiva 4 aeugliunnsafu (Thi Nguyen et
al, 2015b) Bu IGF fidvswadednumzen (Uesidudnisdaudssnuazndmiile) veslalneiuglusn
Sanu (Promwatee, 2013) waznzifienfiudu IGF-| Ssdidvdnaronmniniie Tasdu IGF fannudustusse
cooking loss vaailenthenvedlilveiuguiunes uazussinrmuiile (shear force) lulrlnefugurumes
uarltundanu (Promwatee, 2012) dstiu Bu I6F- Suduedosmmnefdueianmsotlldlunisdndeon
dnvarnesgAulauszdnuaznlulilneiugduaneils wiegnalsfmuilagiunuiinisnuiui
Juiusfudnwueddgdug Wy Snvarquaimdowazamnmein saudsnuanansolunismusie
anmwindey faiinsAnudiesuasiuindeifiruddyuazaisiimsdnusiolulusuan
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YUADUNITALLUIIU

fanssuil 1:  n1medauaNssauzn1sasyiiulnvaslignuaniuiiassendneaenugdunasnzi

9

(synthetic lines) fiuanewanuglalilan1enisa (PS Broiler lines)

U (9 (% 1 1

NATINTNAGRUANTTOUENTRTEAUIngNNaNsEnINaNBUdlaneiugdLATIEn Aunauliiugnig

nsfveIusEn arunesinive e Ingldanuausewing PS (broiler) Auldyndau qu F, Wunguaiuay
1 a a

' ' = & | . o ' YR &
WUl ngumuANBLdugnaansening PS (broilen) v lnaeiugdaasizs (Wyndam) daussaugnis

WIAulnge uazilnuamiilend (savifesey) Aaufen1IsIUIgNNaNlinanviewus PS (broiler)
Aulfaneiugdunsieing 4 aenug Jaussougnisiasadivle wazamnIniledndn PS (broiler) x luyn
dau viveldl Inelinguaturu fie PS (broiler) x luynda (Su Fy)

1Y

nQUszadAnaNs sy

s

1. iieUIguliguanssousMsasuaule %90 uagAnAMILeTENINe 5 Arauiug

9

2. WeollSeuLisuseau cholesterol, triglyceride, uric acid (purine) “U@ﬂ@ﬂwauﬁﬁﬁm
IAfuilessening 5 guauiugidssauidenituiles 25% wag 12.5%

3. WBUTHUIEURARDUMIUNNAATEENAVBINISHANGNNANWU LAY Naeviliinunsnsiay

¥ o v

Audalanild WWunsmeulanddldau uazmeulandnain

WN1Ineans

v
¢ o % s

Tusllnaneiugdunsenns 4 aeiug (Wynday, adesinys, aseulla uazununes) wazulnug

3 Ll

F2 vedgnuansendng PS (broiler) i luyndanu anesiugay 60 f1 531 300 /3 nauuglneanauieuiu

17

Woiug PS (broiler) ludnsndw dag : fadle wirdu 1:5 mauiuguaziiladniin 3 yailn neusiazyndin

ey 1 dUanvt amadalaladingan 2,000 wes lagnlnuszanas 1,000 61
msneasawualu 5 nInmus v 5 F/mInuug 53 25 EU (Experimental units) 14lA 32 §/EU
suldlalunismeasarisnun 800 f MeurunIsaasauuy RCBD  taeldyailniduvden naaeuaiiu

1%
& v a

LANANURIANLRASTY DMRT f518aztd8an3niuus nadl

1 PS (broiler) x lsjndanu ¥l Agnua 25% Mudios (N)
2 PS (broiler) x a@30eins ¥l Agnua 25% Mudios (N)
3PS (broiler) x a3peila ¥l gnua 25% Mudios (N)
4 PS (broiler) x unumas 1l Agnuau 25% Muiiios (N)
5 PS (broiler) x (F, PS broiler x luyndau) 1l Agnua 12.5% Wuidtos (N)

10



nsiudeya

droninddin 0,2, 6,6, 8 10 uax 12 &Uansi
gsTinY 2,4,6, 8,10 uay 12 dUmu
% 1A 8, 10 way 12 dum9
ATLUUNAADUAIUNITTL 8, 10 uay 12 davi

NNTAATITANANDULNULATYFNY

Aasgiludiudiuyy uag Economic retum N1sHaRlRgnraNINuAazaANaNliaFUaANUNAGDY

~ v v .:4' v av v
iielildeaguiFosiuuuaznanauunuile

fanssud 2 : PsvEIENUSLAZARLADNHIWAUINUTANBWUTHUATIZY (synthetic  line) 7w 4 ¢

9

(mafiuendan 2 os uasiluansisa 2 )

1Y

nQUszadAnaNs sy

1)

2)

3)

(9

WeveeuduavAnfendnaudiuiaeiuiduasien (Synthetic  line) 91U 2 g
(munusEnden) nflaussaugnslinandnniinsasydulauaznishinandalvaay

WovgneiuguavAnFendnauliuiaeiuiduasien (Synthetic  line)  F1u3u 2 g

]

(mudaensduaisisue) Tianundsukazisnuiufisanadunisiddulsslovddu

GUCHPIH

¥ '
wva ¥ N U A

efnwianauifsununainileuaranuasnsameiugnssdusiusnzaniuniaduy

Tntulne way nlslve (Thai broilers) Tuauas

A1SAMTUNUANUNISHAR

1)

Tuwsiaganeiug UseliuAmiaiugnssy (BBY)  vesweuwdnuslnaeiusdunsiesiiu

]

U9 (G6) Nunaruazineiily

[

fnguauiugvosliaeiuiuamed anadevauniminteveslavewus uiavaneiiug
M4 EBV

adunsnaniug neldisnsnauiien d1uau 6 gadin
fudunmsnngnliuazgaiinaueng 4 FUaviivasuveunduvestn Wedredidedy
TseFou Inguselulutissndumsnni Il#Tagutlestulsaseuinsneg anulusunsuves
AUELATOYYITE

edligueny 4-12 §Unnei Audunstienesaneluaailusunsuvesgudinierisides
wazifleany 12 dUnei azdniiunisdaiminladitin Yaeuniisen wazsouen uasih
nsdndentiidossu

Aedladausteny 12 #Unvitulu Tasnsidesdosuuas aunsesiseny 20 dan (140 $u)

gelnTunsasiu
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8)
9)

dealaszeglnardesiy 20 dUansi drlnmendivanaienerdaelu wazidanens
NBUBNNBUNITUNITIHULNDTE check Bnasulnawsn
finstudinonglnisuluneausn wntnlunewsn wmtndalidelinesisn

iuwandnlaidlaeny 240 Tu

10) WdeyaumiiniFisdlenty 12 dUai (84 Tu) anuniven dmdnlineswsn uagduiu

laidlonny 240 Yu Uszifluan EBV wavasradudviinsdndanvedlnmende

11) Uszifluen EBV saumeaniividn wasannuninen ey 12 dUansi wazadradudal

nsAaienlauwe

n1sanliugiunsaaden 2 ele (Ansussniiaen)

1)

5)

el dulumandivunonisdsud seiudildsmuasaufufunsuidnazunnad ns
dadenaglifuiinisdndoninesauiumafivaussouznisadyivlauas mslvinandnld
NausunsimdenTsifianuitutugs (High intensity of selection) ileuinUszansam
NIRDUAUBININUTNTTU (Genetic response)

T madanseniugenansiaulunisdmdon fnsinszvimaiesl foansifiensaam
genotype TifAuduRuSH NS aRvinuaznslinandnly wazld Marker Assisted
Selection Iuﬁqﬂq%iu

MuunuFneidelussdnudidedn leneulangfiisatestunmaimiie Toun aran
o nmsdund, e pH - Tuile, sadusznaumaaiiuazdnugmanisnin Wudu uay ns
yaaounsiiaiosnin (Stability) deanmmiindomiteidedlussunide uasdnvuziidy
naifisyarfisliiulatulng uee lrdolnelusuan

Uszilunanauunumaasegnalunns e suaansseuulunng ssuuiinaaey

n13AHUUNISARLGEN 2 K (MJuas5eu)

1)

2)

o oA Yo o o oA g v a a a a @ Y ) v
AsAnLaanazldsutdnisAndentrlseansainnisuannanialunseudunistadu
Uselgrdiunnaansisae

veeralineiiissiesesunisldusslovd
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UNN 4

NANISALUITY

fanssui 1 n1IvedeuaNsIaunIsRsAulavaslngnrauiuliassendteaenusduasnzi

9

(synthetic lines) fiugngwaiuslaiienienisan (PS Broiler lines)

1.1 NINAFBUANTIAULNITRIYLAULA

Iadfunisnuaunsraniudilu 5 ¢ nauiuglagldwenugidu PS  broiler nauugivu

Wuganeiugduaszi liyndau afesinys uiunes adesdia uay loyndau 2 (Jugnwausewing PS

3
v

broiler Lwe

s
Q
:
Yo Aa A
W
U

uslituglaundan) vlldlignuauaetusiudosididenlfuilesfosas 25 uay 12.5
Uiy n1svaassutadiu 5 treatment wag 5 91 (replication) ndsanlé¥umesiug PS  broiler 910
UM warnTIRdBUAMATNITEuE Snsdadonuaiiugita 5 g IddudunsiauiugiagBnsnauion
Thmadanade =1:5 Fuddunisuansiugluiudunia o Suiau 2556 wazaadinanvineiinudl 30
ungAn 2557 Afiun1sidsaunigasy 10 dUanr Fsasiaiadunisnnaedlutudl 10 wwisu 2557 lu
iwdwmwmaqléfﬁwLﬁm’ﬁsﬁ%maﬂdﬁmq 6, 8 AUavitilenUesiusennuaznaaounsdalutud 10

flunmy 2557 waziienny 10 dUaivsdiuvaziionUasiduden wazsnaaaun1stulidnasands

a

Han1snAaes wud1 Wninddiadelneny 6 &av danuuandsed1adidediAgynisaia

a

(P<0.05) gnuausendng PS broiler x loyndau 2 (PB x KM2) wagPS broiler x luyndau (PB x KM) 1w

Y 9

UmtndiTInunndn PS broiler x a¥oeinys (PB x SP) awPS broiler x uiuvag (PB x KT) laglviwiing
FAnvinfu 1466.76, 1443.25, 1274.61 uay1233.26 n3u auady daudminddinidleay 8 dUnii 3

ANUUANsegeliteddyneana (P<.05) Iaewudn PB x KM2 T mind@inasan (2051.23 n¥u) gendn

Y

@

PB x SN way PB x SN Triwitindidingendt PB x SP uag PB x KT Ingliiiwiiniidin 1883.93, 1721.80

kay 1701.14 ASU AIUAIRU

1 IS

dmiudnsuanilieilieony 6 dUamianuuansetdidedidgnieads (P<.05) Tagnuin

v
a0 v A

PB x KM uag PB x SN dgnsinisuaniiledinil PB x KT @allAndnsinisuaniile 1.82 1.87 wag 2.14
AINdIRU wignsIn1suaniiioliaany 8 dUa1i luliaanuuandisedalidedAyni1eada (P>0.05)

wWiegiuiugninissendinwazilesidudienailamie Weeote 8 dUa1v Falinumnuuand1avneada

WU AILEAIIUAIS199 4.1 way 4.2

13



14

P a a ! & oA \ ! 1/
M1919% 4.1 ﬁllﬁﬁﬂugﬂ'ﬁLzﬂﬁiyLWUI@GU@Q"LﬂQﬂNaﬂJWULN@ﬂIum’N@WQWWQ"’]

. ANELTUS
anNuY SEM
PBXxKT SD PBXSN SD PBxSP SD PBXKM SD PBxTB SD
Usuaenmsiinu (n§u/en)
Oto 2 288.92 45.26 307.19 39.41 289.13 52.26 323.46 27.75 365.83 53.02 891
Oto4d 1159.08 b 158.20 110856 b  78.80 1093.73b 84.42 118758 b 5289 1502.27 a 18258 24.42
Oto 6 254990 b 270.10 2405.60 b 101.46 2370.10b 24263  2565.60b 72.75 286350 a 255.08 41.23
0to 8 4126.20  508.05 3904.60 17143  3768.30 474.44 4207.10 333.25 4990.00 408.26 136.58
FCR
Oto 2 1.68 ab 0.12 1.57 b 0.07 1.55b 0.09 1.52b 0.05 1.79 a 0.23 0.03
Oto4d 1.76 0.12 1.68 0.02 1.68 0.07 1.66 0.02 1.86 0.28 0.03
Oto 6 2.14 a 0.21 1.87 b 0.02 1.92 ab 0.18 1.82 b 0.03 2.02 ab 0.25 0.04
0to8 2.47 0.20 2.11 0.08 2.24 0.28 2.23 0.13 2.48 0.59  0.07
dnindlEdn (nfu/sh)
wInLAA 36.29 25.50 34.28 27.10 35.01 30.50 36.65 32.15 37.06 29.45  0.37
2 210.29 35.82 231.35 31.70 222.15 34.24 249.20 14.89 241.93 26.63 593
4 693.95 bc  54.05 691.15 bc 40.04 684.36 c 49.85 752.15 b 28.88 848.15 a 5755 945
6 123326 b 135.00 1320.32ab 56.74 127461 b 12699 144325a 50.85 1466.76 a 176.82 2391
8 1701.14 c  87.36 188393 b  71.39 1721.80c 141.68 1925.40ab 51.38 2051.23a 138.21 20.89
M5IN1T700TIN (%) 95.34 98.71 96.21 97.28 94.20

/ =~ o o o o o P % - ) - . - - )
' ab cIULLU’Jmeﬂuumﬂmﬂﬂuamwuﬂaﬂﬂmmﬂaa@ (P>0.05), z PBXKT = PS broilerx tnungy, PB x SN = PS broiler x @598ua, PBxSP= PS broilerx @5aatnas

PBXKM = PS broilerx ldsnganu, PBxKM2= PS broilerx ldindanu, SD=Standard deviation



o s ¢ KA a ::1' Y] «1/
A151971 4.2 Wesiduswnla Wednlu sinnauwneain uazeinaina Weey 6 wax 8 &Uai

GIGHATT
59815 SEM
PBxKT  SD PBXSN SD PBxSP SD  PBxKM  SD PBxTB SD

wWosidudennay

6 dUn 90.72a 104 90.07ab 059 8863b 089 90.54a 132 90.89a 090 0.22

8 duni 90.28 0.64 89.85 1.12 89.56 0.28 90.10 0.95 89.73 052 0.18
Wesidudginnain

6 dUn 8391 1.05 82.47 2.65 81.44 2.75 81.53 2.56 82.71 1.30 049

8 dun 81.52 1.18 82.26 2.62 80.75 2.32 81.82 1.79 82.70 2.25 047
wWesiudenana

6 dUn 7293 271 71.89 3.99 71.00 4.51 70.87 3.86 72.15 2.28 0.80

8 dun 70.10 0.74 70.58 2.10 69.45 1.88 70.75 1.31 71.76 1.68 0.36

1/ = o v | Au o o aa
ab Tukaudeiu unnAaiuegrliteddglunsads (P<0.05)

Wasidudenn wui1 ennaudleliens 6 &awi PB x SP fwesildudeinnausiniilngnua

fiuidles 12.5%N uagliiugouqluszAuidendeiu (P<0.05) diugnaaauazminainaiiielieny 6 uag 8

duantlduwpnanaiu (P>0.05)

* YINELN

1. Wosifudannay

2 1Uasidudannmnane

3. Was@uswinaina

4. wngInnay
5. 14 %UAgINRATA

6. UNnngIN@INa

UutngInnay

Umdnddie

ymidngnnau—yaiuemns (endiuduiumlasazdg)

Y1indTdin

UungIngIna

—————x 100

o

Tntndiein

YIMUNUTI— (UIMUNLEDA+UINUNYL)

x 100

YIRUNYINNAY — MLAND1IIT (BNIU AU DU WILD wagaing)

Y1INYINHANR — (AD-+WT9)
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1.2 msAnwaun e lulignuauiuiiassziuiaon 25N% uag 12.5N%
unuI
Jagiunsudguamdiodndunszuaszaulan (global-trend) (3sensd, 2013; Nielsen, 2016) dwa

TAaniswdsunuasseaulanaunsnanuas NSk tun1enaalunnsEAUEIRLINNEY “ANNABINISVRY

1

HUslan” uinndtnaguesanunmiimanalulaguuundiugn lneduslaaiinginssunisusian

Y

(consumer behavior) hileifssuAuslnaiionsvaussmnuiuduluedn winaedud lifestyle  AlW
anuddnyfumadenuslanewnsiidlasumsdmaegunniinau guilnaldliaruadlafuaudmig
Tnwunsvessdadusiildandnd lifudosnedyanusuesdvsznovvenie Tnenuindeutuuey
savilion (Wattanachant et al., 2004) LLazﬁmaﬁﬁaqmmwLﬁaﬂmﬂﬁﬂ%mmﬂaLaamaiaaﬁﬂ (FuUNsns
uavARly, 2509; afya wazAny, 2556) m1suilnrermsiifinelaainosea (cholesterol) gufuadm
Fosmsiimnuidesienisifinlsavasidenaussuayausilaiings (Sahapong, 1990) luvaizieadiumn
sumefingagia (uric acid) TuidenmnauiuluagyilhAnlsand 1sad Tsalndniau uaziiennisuinde
(muysal, 2013)law Jessica et al. (2016) TeuNlsamalamnuandusinunsagialuiiongs
(hyperuricemia; high uric acid) iy 7 mg/dL. (WHO, 2017) miuﬁmmmiﬁﬁﬂﬁuqﬂLflummwé’ﬂiﬁﬁ
Usnagaluidonganuin 1esnnsiinmsueataesiinu (purine metabolism) agesldnsngsa

v

Junandngnaine (end product) ibiiAnnisazanlusianie (Frank, 2014) luvasifedfiuiesujuifinig

q

alugeld@isnmsiianuisansavsunaituludenld wiausansaiausunagiald  edrdlsiny
Innudisedidensslusuanssousmslinandnidieiseuiisuiulaninisd (nestngaiugdnd, 2552)

dl o a o 9 = = & A = X A
L‘W@iaﬂﬁuﬂqﬁma@1u53ﬂua‘@aqﬁﬂiiu ﬂqiwwuqlﬂWULﬂJaQQﬂNaﬂJf\NLUUL?ENV]U’]ﬁuGLQ L‘LlENRHﬂﬂWHL@JEN

= a a v a | i A A O o oa & A v a )
QﬂwauuauiiﬂugﬂqiLaimLmUI@LLagﬂquVNaNaWIEUQQﬂ']’]VLﬂWULNaq aﬂﬂﬂﬁ]ﬂﬂﬂMﬂ’]WLu@‘WiﬂaLﬂUQﬂU

q

o
[ =2

Irftuiles (uans, 2553) fedun1sinuafiifialansausinuesiaamesea nngia naaouaunInie
é’mmmmmia‘l,umié:mﬁﬂ (water holding capacity), Aussiinsuiie (shear force) warauasesly
Irgnuauiiudiosssduiden 25N% gnuauszsring PS broiler x uiumas (PB x KT) PS broiler x aosiia
(PB x SN) uaw PS broiler x a¥aeinys (PB x SP), PS broiler x T9undau (PB x KM) uag lrignuauituiiies

< [

seAURen 12.5N% gnaasszndng PS broiler x luyndanu 2 (Jugnuausening PS broiler inagiuusiiu

2N o,

¥

Laigin8anu) (PB x kKM2) dierduuuinidlunisiannlngnuauiudediluemsavnm

WNIATUUITY

1) daineass

ymsaaslianuauiiuifiosssiuden 25N% gnuauszwing PS broiler x kiuvas (PB x KT) PS
broiler x @5a8fia (PB x SN), PS broiler x @5a8Lnys (PB x SP), PS broiler x lsu'agﬂﬁmu (PB x KM) lag
Irignuauiiuiiosszduidon 12.5N% gnuansewdne PS broiler x layndau 2 (Hugnuauseuing S
broiler iweg{funtiiuslayndau) (PB x KM2) guauay 100 2 Tnsutaduaond ag 25 f Asswheoms

d15a3unenisin Juiindeyatmvidnusniie, 4, 6, 8, 10 uay 12 &Uavi ntuihniseuasduvazein
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WielAusieg1enauilean (breast) naruiileaglnn (thigh) wagnauileyss (drumstick) wagiluiase

AN lesioly

2) mafuamuamiie

yhmsifuaunmie Tnseasnslineusnedisdes 10 v, ooy 6 uay 8 dasi daiwudnd
Fin Uarsiondeneen wiuenlisvorvilineu udridnimdndlivduendonsen aanihiougamgl
70 °C Uszmas 1 Wit nouvuudadaimdnglindneuny wededusenuarfivduvesdild wdawhnms
Fausawn Insuendinvesiiasae wis avlnn yos In on waglase arntuiiufedsdunduiionn
(breast)  n&naiileasinn (thigh)  wazndmiilotias (drumstick) lUinmedearuannsalunisdun
(Water holding capacity; WHC) wazAusIRruLe (shear force) wavdwauiloonthlunageuniu

p30uMmen153N FuduiIsauUszamdula (sensory evaluation)

3) msindsanuealaanaseauaznIngIalulignuaniuiias
pehlsAnaINN1sANYIvee Rahmat et al. (2010) AnwAuduRuSYaIUSINUABLAdMaTeA LD

v 6

wazidesmuinfinnudiiudiug ¢ = 087) dfunsAnyilusfialafinuufinueeinanesealudeon
voslafuiiosgnuan Feireninfnluie Tnsduduninzidenlignuauiiuides ooy 8 dUa
vhn1sene1vnsinogistion 10 wu. wazduiiudiegradendiuau 100 Mt Insduguauas 20 1 egu
g windlndiAssfuthmindiadousnmadiouazina vosusazeuan Ty PB x KT (12133 n. uay
1464.7 n.), PB x SN (1281.6 n. uag 1523.1 1), PB x SP (1275.0 n. uag 1488.1 n.), PB x KM (1334.3 n.
uay 1582.7 n.) wag PB x KM2 (1466.7 n. uag 1655.4 n.) lnglangusnadduidonsusinaladn (wing
vein) Tdshegnadenadlunasanaass 1.5 ml #ifl 0.5M EDTA U3u1ms 100 ul Midudnenues 22 G. ifi
Wigaumgil 4 °C uazihlunsiainuinansiaaimesen suansiadl cholesterol liquid stable reagent,
Infinity tm, fisher diagnostics (Middletown, VA, USA) 38013 color endpoint LLagﬂmq’%ﬂI‘ffa’limﬁ uric
acid liquid stable reagent, Infinity tm, fisher diagnostics 35115 enzymatic endpoint equipment lag

I9R8LAT9 random access clinical analyzer, model data pro.

4) nswesENRIREaRInANAINNalUNITdNUY (Water holding capacity; WHC) uae
AsEREULLR (shear force) Tulgnuauiuiiia

\ivsegailoduen (breast) ndnanilotes (drumstick) wazndunileaslnn (thigh) vedlngnua

o
N A

e 5 Arau laun seduiden 25N% annausendng PS broiler x wiumas (PB x KT), PS broiler x @308

a

8 (PB x SN) wag PS broiler x asauinys (PB x SP), PS broiler x luyndau (PB x KM) way lrgnwas

fudesszAuiion 12.5N% gnuausenina PS broller x liyndaimw 2 (PB x  KM2) wietildind

[

ANNEENsalun1sgui1vedile (water holding capacity) uazALIFiaNULD (shear force) FaTupi

=

audAglunisusuenqunnaeuile tnefisteazidunnisiiiudogiedsll
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auaunsalunisduinvasile (water holding capacity) Liufegiuiloan tiouss uaziile
° ) ) & o | & ) | ) | &
aglnn 913U 40 feege lneiudgnatay 8 Meg1e uunlumaAay 4 fed1e ntuiuiiegaiievun

5 ¢ dauiloan ilees uazilleaglnn Wvdiuay 2 91 AU38 Promwatee et al. (2012) datuazlidayad

[
¢ o

UlUAms1givianan 80 fege tiethluiamiArauaiuisalunisgquinvesiile Ingldisnislusie

AILSIE (centrifugation method) AMu33983 Zheng et al. (1998) gaslunisAuianuaunsalunis

I [
v

U1 A9l

NN

. ¢ dmthiedseutuwies— (dhminshegneudumiss—ihuindegnmdsumies)
mmmmsalumiqum =

T A T y o X 100
Yninaiegenaul e

ALSIARKULID (shear force) LAUFBEILlaan WoUse wazileazlnn 31U 40 dre1e lag
iugnaNae 8 fegne windunAas 4 fogne MntuAufmegInilevuin 1 X 2 X 0.5 gu. duvesiosn
Wouas waziloazlnn Audiuas 3 91 @335 Promwatee et al. (2012) siatiuasladayanvluinsesi

KU

Viaviun 120 faegne ntuidiegiailelusiuly water bath fiaamgdl 85 °C utu 15 w1l wazld probe
Tngaumgilulanaisvediiie (internal temperature) e 80 °C (Nantachai et al,, 2007) et lusnAILss
o 1 & 2 % d‘ Yo o a

finnulile (shear force; cm’/kg) A1ELAIDY TA-XT plus Texture Analyzer laglasiinwtin Warner

Bratzler (Stable Micro Systems, Surrey, UK)

5) nswissudiegnaiensUszfiuaanmieduussamduda (sensory evaluation) Tu
lrgnuauituiios

neaaumLetesvadlignuaniiuiionis 5 guau sziuifon 25N% gnuaNsening PS broiler x
wAunas (PB x KT), PS broiler x @3aeiia (PB x SN) waz PS broiler x a3aeins (PB x SP), PS broiler x
luynanu (PB x KM) uag lignuasiiudiosssduidion 12.5N% gnaausewing PS broiler x lagndany 2
(Bugnuanszwing PS broiler megffuusiiugluundan) (PB x KM2) Wilaany 6 waw 8 &Uami Fefivwiin
§2 1,200 - 1,500 n. way 1,700 — 2,000 n. A1UETU (A15797 4.1) 6‘3&%Lﬁudﬂdqﬂmauﬁmﬁaﬂmq
8 dunsishinntingagaiia 2,000 n. fethudldldmaaeunuesosvasiignuaniuidioniionny 10 way 12
Fank wglathiadnduniuly

nawssadoonlidmiunisdu Wevivesdnesnaneinliuds visnduinedesneiien
1A wazthludadunaiuszun 30 unit Udesligu udriudontihen liemifuazduly) sviuduiy
YU % X 2 X % wuians (n$1e X m X ) Tdlfluauasu 5 91w BnsBulide S fudmiledn
uiBulaninAealisiing 10 A udandu avannsodudaeuuuturesie uasnduveuveuieln 1%
pzuuuLd I dumInufuneuiuauasuie 5§ uddliezuuun Likert scale dafiog 5 du Wazuuu
910 80 - liesen AzuuY 5, 4, 3, 2 way 1 MudFU TIUTWATLULTRNTTDIUAMUINALaEY Nty
Snsunzuuunesliusaedalnefianadei 1.00-1.80, 1.81-2.60, 2.61-3.40, 3.41-4.20 uaz 1NN 4.20

ATLUL U8R edey, lireuaday, aveewsld, 9308UN LaLEIRULHEN ANUATSU
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6) MIATEVidayanIeEna

AaeitoyalSununeiaanesea, nIngsa, mmmmmiumﬁuﬁw wazAusIRuLEe fae
general linear model (GLM) Tneillumadiai] Yy =u+A+B+¢ e yi; USinueelaanesen, ning
3A, mmmm'ﬁaiuﬂ’ﬁé:mﬁ'] wazAussdnruie, U overall mean, A; andwavaned, B; 8nsnavaq
syfuidenliituiios (25%NT waz 12.5%NT) uas €ij auAaIawaaY  faelUsunsy SAS-University
Edition (2014)

NANISANEI

1) Uhnmesisaneseauazningiavadlignuasiuiios

nsfnnadsinuiseiudenlignuauitudiosd 250N uay 12.5% LifidvEnaroUSinuraiaanesoaiay
n3ngsA suamelsiiBvswas YSununelafnesoaulasnIngsa lwuiuy uaﬂmﬂﬁfszﬁmﬁaﬂldgﬂmauﬁumﬁaqﬁ
250N uaw 12.5% fidviswastetnmingaiiens 8 dUami (P<0.05) (Mt 4.1) Tnenutlrgnuauitudiosssiuden
12.50N Tnwewus PS Broiler (PB) nawifuldyndanu 2 (kKM2) fimingaiiony 8 duavi geninduaudu duuans
IﬁLﬁuﬁﬂdQﬂmauﬁwﬁamﬁmﬁam 12.5%N mauimmwzﬁmm‘%m@u‘lmﬁmfﬂ@jmamﬁuuazﬁﬂ‘%mmaLaamasaa
funsaeliistulngnuasiudionden 250N feulrignuauiiudiossiuidon 1250N Jamngdmiurindu

Trielne (Thai broiler) Tuatnem (mnsnait 4.3)

M19799 4.3 LSmean=+SD Usinaumaiaanaseauazningsalulignuauiiuilos

e/ ABDLAELADTOR nInesA
Irignuauiiuiles” (wn/na) (un/na)
WLl 146.26+17.20 2.32+0.93
LWAE] 151.28+21.89 2.25+0.93
PBXKT (25%N) 147.70+20.79 1.96+0.57
PBXSN (25%N) 143.50+17.16 2.33+1.14
PBXSP (25%N) 147.88+22.42 244+1.14
PBXKM (25%N) 155.79+19.52 2.17+0.73
PBXKM2 (12.5%N) 148.97+16.08 2.54+0.98

1/ o v a v M o a
KT = lawnuves, SN = lnasesia, SP = lnafoamnws, KM = Inliyndany,

PB= 17 PS broiler uag KM2 = ldsndeau 2

2) anuamnsalun1sduin (Water holding capacity; WHC) vaslngnuasnuiias
Han1sAnwinuitladevesdnanuazszauiionliidninaseiauanansalunisauiiluiieon

19 wararlnn fukandbunnsen 4.4 TuvaemeinuiadevesnaivulluuilidnSnaseainnuaiunsatunnsg

v ¥
o 5]

duunveiiean (P<0.10) laglimagiiaduaiuisalunisdudigandnnailedwuanddunisie 4.4

Wulieniu 83231 wazAny (2555) wulnagdanuaiunsalunisgudigandtunaily lagiasanain
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v
s 2 I3 = o | ~

. yal | Y ° 1 = b g
woaskuan1sasdaunvadzend (grill loss) Immwmmmmmu 24.80"  Fainin il 27.57 51919

RY

v
= o [ 1

Wesiudnsagdeinszninasaly (%thawing  loss)  Adndnduiu egrdlsitidefiansanduade

v v
o ' v 6

ANNAINTAlUNTINEINUTI PB X KT fianuanunsalun1sguiiaandnanauiugous dawanslunise

]

v 6 '

4.4 @onPaodiu Promwatee et al. (2012) wuinlnaneiugdunsiest @denlinuiiios 50%N) Wuguwn

]

o3 fmnuanunsalunsduigeininliynday, asesdauas adosnys fululssnui@nviiiudaly
Asaaly 1nefinnsunIBnsuasEAuTeINITIATIERAIAINEIN 3O TUN1TENUY 18U %drip loss, %cooking
loss @ %thawing loss Lialvildrmmauiidaaulunisasusialy

[
it IS

3) dwssdaktuiie (shear force) vaslignuauuiios

wan1sAnwnuiriafevesguanuarseduidenlifidninadodussiaiuludoonuazazinn
(P>0.05) Fauandlun1sail 4.4 widadovosguauiuuliufidvinadorusafainluieves (P<0.10) Ty
lrgnrassEndng PB X KM (25%N) feusainrnludouss 2.03 cm’/ke gqniﬂ@jmamﬁulumjm Tang et al.
(2009) nuidlelafiusiesduiidusedasuie (2.80  cm’/ke) qmﬁwlmiﬂ:@mamﬁé’w (2.13 cm’/kg)
ety Jaturasitha et al. (2002) wuiidslifudlestidussinsie (31.75 N) ganinldidonmanisén
(13.10 N) (P<0.01) wa Jaturasitha et al. (2008) wuinioonlifiudios (51.2 N) feussinriudogandy
Inlsnlowausisn (26.3 N)  egrslsiminansnuisesenuiaussiadiuidotutiunisifinves collagen
cross linking (Jaturasitha et al, 2002; Jaturasitha et al, 2008; Wattanachantet al., 2004) %ﬂLﬂuﬂizLﬁu
fuhadlalumahmsinwiitelldmmeuiidaaulunisausely uenanddmuinadidvinasorussin
riiosn (P<0.01) Tnenuiuwedfidussindudomniuwasioddinadenadosiuaruamnsalunisdu
ilumegzaninedles veilidesandnvasausdninuidedamudiiuiidauiuaruannsolumsdy
1 (De Smeth et al, 1998) wawiiloiFouiiuiodiuen Ues uasazinn wuindoenimussiniuiiogs
nindlevssuszioasinndauandlumsned 4.4 Fsaonadestu wans wazAny (2555) uay Promwatee et
al. (2012) nudldaeiusdanszy (Fonldfudos 50%N) Samssiaruioan sewi 2.0-2.6 cm’/kg
genInea (1.7 -2.06 cm’/ke) wazazinn (1.7 -2.04 cm’/kg) ainilosannifooniimuenveselasdlosduy

Ailaanuayiiiadaglnn (Dunn et al., 1995)
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A15197 4.4 LSmean+SE of mating crossbreds, sex and blood level on water holding capacity (WHC) and shear force

Mating crossbreds Sex Blood level
PBXKM2 PBXKM PBXKT PBXSN PBXSP SEM Female Male SEM  12.5%NT 25%NT
(12.5%NT) (25%NT) (259%NT) (25%NT) (259%NT)

Water holding capacity (%)

Breast 82.17+1.69 80.91+1.58 82.26+1.80 82.25+1.85 79.82+2.07 1.78 79.90+1.22b 83.07+1.13a 1.17 82.24+1.69 81.45+0.87
Drumstick 79.66+1.44 78.49+1.25 82.38+1.64 79.89+1.64 79.50+1.64 1.51 80.284+0.97  79.44+0.87 0.92 79.66+1.44 79.86+0.73

Thigh 80.25+1.56 79.92+1.22 79.22+1.50 80.59+1.62 80.08+1.77 153  79.74+0.89 80.18+0.83 0.86 80.25+1.44 79.91+0.67
Shear force (cm2/kg.)

Breast 235+0.45 2144041 2.62+047 297+0.41 2744041 0.18 3.13+0.28B 2.00+0.27TA 0.57 235+0.45 2.62+0.21
Drumstick 1.97+0.18b 2.03+0.18c 1.46+0.22a 1.46+0.16a 1.88+0.18b 0.19 1.80+0.12 1.71+0.12 0.82 197+0.19  1.70+0.10

Thigh 1.92+0.19  2.07+0.17  191+0.19 1.67+0.18 1.93+0.17 0.18 1.87+0.11 1.89+0.11 0.65 1.82+0.19  1.90+0.88

A, B in the same row indicate significant difference among groups (P<0.01);

a, b in the same row indicate significant difference among groups (P<0.10);



4) 1/|ﬂaa'umma‘iawaﬂﬁgnwauﬁmﬁm

nasouATuetesvaslignraiuiionts 5 guauritus ooy 8 dUami Tutufl 18 Lweu 2557 4
SruuBuiiivszaunsaifusiuiu 18 au wuignuauiiuidies we PS broiler Auldyndatu (PB X kM) &
AeseanusuRUT 1 (AAzuu 3.50) vie PS broiler fuuAunes (PB X KT) vie PS broiler fuafas
s (PB X SP) wa PS broiler fu luyndanu 2 (PS X TB) uaziie PS broiler fuasoeiia (PS X SN) A1afdl

Anusesnaldludusu 2 3 4 way 5 TneflAAziuy 3.39 3.28 2.83 way 2.78 AMUA1RU fakandlumisi

4.5
51971 4.5 mmaaummaéawmLﬁ@iﬁqﬂmauﬁmﬁaq Lﬁamq 8 dUnsi* (Jufl 17 wiweu 2557)
ANEUNUG ddeniiuilos  eesuuwode™ ey Suduil
PB X KT 25 3.39 a3oaNelY 2
PB X SN 25 2.78 a30eNelY 5
PB X SP 25 3.28 o38Ny 3
PB X KM 25 3.50 930830 1
PB X KM2 12.5 2.83 p30unely 4

KT = lnwfunes, SN = lnafesila, SP = lnasesinas, KM = laluyndany, PB= 1 PS broiler way

KM2 = layndanu 2

NI 18 au Usznaumeinidelugudinievieifouasimuimunisusueiugdnd

L a =

(Ifudies) uazindnwssiutudiedne nadudmmans anginunseans wninerdeveuunu wui
nsBulrgnuauiudlesiifidenliftudlowunnsnstulazanauiusfuandrsiulasd PS (broiler) Wuwe lag
faudiuau 18 e Tutuil 18 wwieu 2557 wut Tdgnuan PS broiler X lagndanu (Feslnfiudios
25%N) flsamnfveuiieetessnnidususunils dwmsusanfisesaunisaniesosweld Inesuiui 2 waei
3 fidenlinuidios 259N Idurgnuas PS broiler X wiuvos (PB X KT) waw PS broiler X afosines laod
AATILLIRAY 3.39 Uay 3.28 MUSIRU ddufy 4 wagdudu 5 1duA PS broiler X Thai broiler Zsfiiden
nfiuiles 12.5%N uaz PS broiler fua¥esdia (PB X SN) idonldfiuiios 25%N Tneflnsuuuinde 2.83 uay
2.78 MUARY

wenNiFaiin1salilusudl 10 furen 2557 Wuns3uld PB X KM2 (12.5%N), PB X KM
(25%N) uay PB X SP(25%N) o1y 6 uaz 8 &Unvi lsamisnegBudnou 4 au aguldii lrey 8
Fai Wisawosesninlieny 6 dUai (lugnuasuiiaifieoatiy) PB X KM uag PB X SP fieny 8 dUavi 4
JAVINOTRLUIN Wel PB X KM2 Usavifeseeurunand

Tuduil 14 Fsvnau 2557 naufuImMsNUIE azumaililne $rin Iéunduld PB X KM uas
PB X SP wmileony 8 dUni Tutuiaue pilot project uazlufudl 12 fugou 2557 nguduimsuiem
pzuneslilng $190 nieuusnaindsssmaraddu warsnendni 13udelnd ey 12 (019 14
duai) luyndanu Ay 50 (218 12 dUash) wiumed Ay 50 (918 12 dUa1v) uas PB X KM (21g 8

dUnmi 25%N) Tnen1sgnsuu hot plate fn1suguantieslsainde wasninlvemUu sawfaunsouuals
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¥
1 A

Ju 3 nau dsll 1) nquilloyudulies laun @ wing 12 wazwnumed awag 50 2) nquilloyuduliunany

q
v

oA Toyndanu way 50 3) nauileyusiuann Langrsuu hot plate loguidssiuilelauainusou de
Whzlly samdssavfeses deasudnulinudn wadloaunensa Japanese chef) aouinweu PB X KM
wnfian n1s3uassdidunisaiiennnusuii luuninendeveusnuldiilivanesia (products) unnsariu

audenlniiudios wazladulnuuulsende waznsnlnevugrsuy hot plate

dyunanimaaeg

mnmsdnwadsinuilignuaniiudlesseduidon 25% uar 12.5% USmuneiaamoTeniay
nangalsisnatu dauldgniauitudossiuden 12.59%N Samnvdmiuindulddelne (Thai brollen Tuauen
Tusasieafunismeaeuanuuiolulignuauiuidiosmuinidotosodldguan PB X KM dausadnsi
degsninlignuaniuiiosdu uazmadfauannsolunisguimeioonganiunadoaonadosivi
Aussinsuiotesniunads enandnldindelimafazimioatosninidoliweds wagfasu
arwannsalunsduivedlifudogouau P8 X KT Suwltugeniiguaniugaug fsasviinising

soluiiialvilaAmoundaau dunistunuinlniudiosgnuay PB X KM fiiloasesunniian

1.3 WSBUIEPUNANBUUNUNIAUATEFNY

Tuinguszasdted 3 WunsUTouTlsUNan ULIUNALATYEATYBINI THANGNNANLUUA1IY 91
nsUszsnaumsiununsnanlignae 5 guauiug nuiiluniswanlifieny 6 &awi PS broiler X luyn
dau (PB X KM) lvisuyunisnde: ﬁiaﬂ%m&mﬁﬂﬁ%mﬁwﬁqm D 46.81 U 89891 bAKA PB X SN, PB X

SP, PB X TB waz PB X KT lneilduyunisndn: Alanfuniinddinwiiy 4834, 50.88, 51.23 uay 55.66

o v '

VN AUATU uinsednlivieny 8 dUant nundunumswanlignuauiuiles PS broiler X afosila (PB

a

X SN) fniian Ao 48.56 U m/nn. Uutindidin sesasn leun PB X KM, PB X SP, PB X TB uay PB X KT

q

lnedenviniu 50.96 53.11 56.28 wag 58.00 UM%/ NA.UMTNETIA AUEIAU AITI8aLBEARUYUNITNER
anla wandlunianun @

[

M13199 4.6 Uszanauniseiununisianlignuasiuiies 5 auauiug

]

'3

5 ANEANITUG

]

I18N17
PBXKT PBXSN PBXSP PBXKM PBXKM2
218 6 dUai

57190l 100 F39 &g 14 Y 1,400 1,400 1,400 1,400 1,400
USunasomnsiinu (nn.) 225 241 237 257 286
Wuluatemns (nn. ay 17 um) 4,335.00 4,089.52 4,029.17 4,36152  4,867.95
ANIATU+BAU Faaz 5 U 500 500 500 500 500
FnYansosiiuaen 12x5 60 60 60 60 60
Arensnsayllan 100 100 100 100 100
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5 ANELINUT

[

]

18N17

PBXKT PBXSN PBXSP PBXKM PBXKM2

AT 10,000 $2/10,000 UIN/4 wks 150 150 150 150 150
A FIUAUNUNITNER 6,545 6,300 6,239 6,572 7,078

B lalawn (nn.) 11758  130.33 12263  140.40 138.17
A%B FUYVIUNITNGS/ NN. 55.66 4834  50.88 46.81 51.23

218 8 &UAN

F1A3nkA 1400 1400 1400 1400 1400
USnasemnsiiau (nn.) 412.62  390.46  376.83  420.71 499.00
AT 701454 6,637.82 6,406.11 7,152.07  8,483.00
ANVTATU+IVA U fIay 6 U 600 600 600 600 600
FYanTesiiunen 6x12 72 72 72 72 72
Aranssallne 120 120 120 120 120
ALTHNY 200 200 200 200 200
A FIUAUNUNITNER 9,406.54 9,029.82 8,798.11 9,544.07 10,875.00

B lalaun (nn.) 162.18 18596  165.65 187.3 193.22
A%B FUYVIUNITNGS/ NN. 58.00 4856  53.11 50.96 56.28

“LildRnAndenlsauiaunazaunsal

1.4 aUNanIINasaUANBaILA1eY vaslianraniuiias

M13199 4.7 WSguiieuanssaugn1sasylauln muesey USununelsanesea nIngsa kaziuuNISHEN

lumsndnlignuauiuidlonionty 8 dUans

Irignuauituilos

8NN3 PB X KT PBXSN  PBXSP  PBXKM PBXKM2

Ldinddin (nd) 1701.1 (5% 1883.9 (3) 1721.8(4) 19254 (2) 2051.2(1)
2. 8nsuaniile 247(@)  211(1)  224(3)  223(2)  2.48(5)
3.A71UD508 3.40 (2) 2.78 (5) 3.28 (3) 3.50 (1) 2.83 (4)
4.ARL5aLMDI0a (UN/A]) 147.7(2) 1435(1) 1479 (3) 1558(5)  148.9 (4)
5.n3085A (Un/na) 1.9(1) 2.3 (3) 2.4 (4) 2.2(2) 2.5 (5)
6. Fununsudn (U1 nn.dmiinddin) 58.0(5)  486(1)  531(3)  509(2  56.3(4)
X &iudi 3.17 2.33 3.33 2.33 3.83

*favlunsdu Wuimiavaduivessazsiens 1>2>3>4>5
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HANINAdDUINYEveIgnNaNlnTiuies 6 518015 (lumised 4.7) weasunisihlulduselewl

PB X KM2 adugnuaunfidenlniiuiies 12.5% limunzauiiagyinnisnde wsizwdin
5 o aaa A U v & o Lo & = i o

uwilnfidinagamidudusiu 1 (In5ige) wisniuaniilegaian Anuesey sedunaisaneIea
nsng3a wazsuyunisnandeglusedurine Faldmunzanlunisudaiiionsén vsendndu

functional food

'
[J

PB X KT ihuind@insnfign sununiswdnaslivanzissndnduuiuaunn whomizauly

nsudmitadiuemsgunm winslisanfeseeusinurasanesen waznsng3afiusunmdien

PB X SP Aauand@ns 6 Tesglusedunaney lifidnwasniadnuaelafiviy Jeldarsndniialy

w399 food security ag functional food

'
o

PB X SN dinauaudffisu Ao 8n5In1suaniilon ABLIaALABTOasT LazAUNUNITHENS

WwieiulnRuunans wmzaunlunisuaaitu functional food wiindimnudessusayii

'
a o ¥ a

PB X KM 1335ysiulnd §ns1nsuantilon savnfiesosuin Nsngsnm Aunun1snaneeudiam

Y

a < 1% =~ . 4 a 1% 1% a
winngauunlunisuanidunisaiie food security LUATAANUADYATUUIUU

ABLIELADIDAGN

ayunanisaiuaulufanssui 1

1. lngnuauiudissniiienlinudies 12.5% ldwanvaslunisudaluszuumsidesuulsusou

¢ v

W isrzuenanazddaymiaiunisifesiaialiugudl anYMenIBATYERILaENIRIUNIT

]
1%

A & a 1% i & A Adaa A
‘Uﬂxﬂﬂ ﬂllﬂ')’]ll(ﬂaEJﬂ'J']QﬂNﬁNWULN@QWNLaaﬂlﬂWULNQQ 25%

2. lignuaudiuidies PB X KT @iggiiulad duvunisnangs savfeseeneld Jsedu

ABLTALDIRALAZNIAYTAR AITIEdnsAnudTaiiufngadnludsyiiudug enisiauwn

1 functional food siald

3. lngnuauituiilea PB X SN in15193eusiulad dununisudni savifesesneld sedune

\SEMe eauaznIRgsARN Wnzdmsunswdndu functional food wag food security

4. lignuaniiudes PS X KM W@3giiiulafunn dununisednAeudan savifesesunn seau

NINYIAR UATEAUADALIALABTORES winzdmsunisnandu commercial
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a a v ¢ v ' A v da ¢ . . °
AINTIUN 2 : ﬂ']ﬁ?.lEl']ﬂwuﬁqLLaxﬂﬂLaaﬂlﬂ\iwauuwuﬁqﬁqﬂwuﬁqﬁ\‘iLﬂi'n"ﬂ (synthetlc line) a7uu 4 IZ}!\?

(mMafivendan 2 els wasiluansisae 2 §)

= a

nMsAnlvnunsiaaeiuglnling 2 aeiug neusenden) o Inlneusluygnda

3

s A

wiag 50 warlnlveiugasosinys waag 50 wazdn 2 aeug (Mduatssae) laun Inlneiudununes

a

a a

wiay 50 waglnlveiugadestda wang 50 Inewiudnuugnaasyiuln wasnislinandalugeu

nsveeiugHaneniiugaeiuiduasizy 910 4 aneiug WeluTeueuussansninnisuan

anln vadlasensveneraneudiugaeiugdunsien ssoen 1 luliaeiugduasesidisui 4 uas 5 wén

3 q

anlaiialawugar 400 - 500 63 vaugiluszesn 2 Tulfaeiusdunsiendagun 7, 8 uag 9 nulwén

v 1%
= g

anlriinldifindu M 4 areviug Uy 700 - 1300 63 (1191471 3.8) Metliflosnluszeeilldiuaeuraenis

A s

reniugiuvaned (Weggnund) duwansbiiiuinfinsveneiuglagnladinduis 4 aneiug laelnlneiug
lagndaunarlnineiudasosmys (Mufivienden) dWvdududnaumn Weamsadnidonsuanliedng
Wuduiu luvasferiulnineiugadosdawaziugununes (mundenduasisae) Wesiedlifinnsly

lugeans1saurdwdniavulidunn inselinguszasdiiosessunisveneguu it

De

[

2.1 Uszansnrnmswangnlnlng ysnguanail

g
U

M13197 4.8 UsgdnSamnisudngnla (Aimsusenden) 4a5ud 7-9 (w.a. 2557-2559)

Inlneiug

ANy lyndanu asouinys

G7 G8 G9 G7 G8 G9

Fuuyailn (19) 5 5 5 5 5 5
duledin (o) 3042 2082 2505 2688 2142 1367
VL‘ZJ"ﬁL%EJ (Wo9) 2107 1716 1789 1950 1833 971
gnlniin () 1211 1107 1330 1017 1145 729
%1“U'3QJ‘L%€1 69.26 82.42 71.42 72.54 85.57 71.03
%Wﬂ/l“ljﬁL%a 57.48 64.51 74.34 52.15 62.47 75.08
%Wﬂ/lﬁdﬁy’wm 39.81 53.17 53.09 37.83 53.45 53.33
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5197l 4.9 UseAnSammsedngnla (iduanssauy) §a3uil 7-9 (wa. 2557-2559)

6

Inlneviug
ANy LLﬂ"U‘VlEN a%faaﬁa

G7 G8 G9 G7 G8 G9
Fuuyailn (19) 5 5 5 5 5 5
Tuluin (Wes) 1683 1778 1147 1255 1414 1031
l9fide (e 1242 1541 899 974 1289 887
gniivia (72) 704 647 602 516 1020 704
%lTiTe 73.80 86.67 78.38 77.37 91.16 85.36
%iln/lide 56.68 61.45 66.96 53.14 79.13 76.42
%iiln/laivianue 41.83 53.26 52.48 41.12 72.14 65.23

2.2 aussauzn1seseyivlavadinlng Usnguaddl

'
a

M19199 4.10 aussouznsaseivlavedlilng (Mmeuseniden) §a3ui 7-9 (w.a. 2557-2559)

. loyndanu GERRIKE
ANy
G7 G8 G9 G7 G8 G9
uw. feny 12 dUani (n3u)
L‘W?‘w:d: 1262.9 12858 1336.0 11825 1170.2 1252.1
WALy 1041.3 10533 10758 9876 9775 10554
AUNINeN (Bl.)
Wneig 4.7 5.0 53 4.4 4.6 5.0
iy 4.4 4.6 5.0 4.1 4.4 4.7
30UDN (4.)
G 220 215 234 211 205 230
WALy 21.0 20.5 22.3 20.2 19.8 215
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a51afl 4.11 aussauznsaiivlavedilne @duasisaue) $13uil 7-9 (. 2557-2559)

5 WALV asouila
ANy
G7 G8 G9 G7 G8 G9
uw. feny 12 dUani (n3u)
L‘Wﬂﬁi 1108.1 1062.6 11789 1179.7 1171.7 1225.2
WeLdle 934.6 867.4 10085 9823 9753 1003.3
AMNNI90N (93.)
WneiE] 4.3 4.6 5.2 4.5 4.6 5.0
WALl 4.2 4.3 4.9 4.3 4.4 4.7
sauan (¥al.)
LWFIE:J: 214 20.9 23.4 21.7 21.2 22.9
WeLdle 20.0 19.0 22.4 20.7 20.2 21.5

2.3 aussauznisuanldvaslilne Usinguadell

M19199 4.12 AnadevesaussaugmMnanlivediilve \Ineusenden) $a3un 6-8 (w.A. 2557-2559)

. lyndanu aSounys
ANYY
G6 G7 G8 G6 G7 G8
ogladelilanesusn (3u) 2140 (79)  1759(141)  164.1(146)  194.4(62)  1838(150) 1483 (142)
ww. Tnlellavlaausn (n$w) 2081.0 (79)  2058.0(141)  1841.7(146) 1860.0 (62)  1863.5(150)  1638.1 (142)
uw. luneusn (n$) 42.4.(79) 39.7 (141) 36.2 (146) 38.6 (62) 38.8 (150) 31.9 (142)
wu. lridleeny 240 $u (n3) 2312.0 (20) 22249 (130)  1992.2(133) 2124.1(12) 20549 (103) 18513 (126)
wu. ooy 240 $u (n3w) 48.1 (10) 50.2 (121) 48.7 (125) 45.0 (9) 49.3 (85) 46.6 (112)
Sruaulailelriony 240 Fu (W) 14.3 (69) 37.5(128) 50.8 (133) 21.8 (62) 36.0 (115) 57.8 (126)
uw. lrideeny 365 $u (n3w) 26264 (25)  2373.3(89)  2191.8(85) 2503.3(12) 19339 (72) 21403 (59)
. laiileeny 365 Ju (n3w) 55.2 (10) 54.4.(86) 55.1 (91) 50.7 (3) 55.4 (61) 53.0 (57)
Srunuldlolieny 365 Ju (Wes) 109.8 (63) 117.6 (89) 122.0(92)  105.8 (53) 112.0 (76) 114.8 (58)
Frnulvavaunsuliade (e 175.9 (45) 187.1 (61) 182.7(80)  163.4(43) 188.5 (51) 166.7 (73)

*sarluiniu wansduiudeys
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M99l 4.13 Andsvesausinuznsnanlivesinlng (duasnsny) $25udl 6-8 (A, 2557-2559)

. AIVGR asosila
ANYY
G6 G7 G8 G6 G7 G8
oglidelilanesusn (3u) 197.5 (31) 201.2(89)  196.9(50)  174.1(26)  177.7 (126) 160.2 (81)
uy. lndlelsilawesusn (n3) 18503 (31)  1971.7(89) 1811.1(61) 2034.6 (26)  1953.7(126)  1775.8(81)
wu. luneausn (n$) 38.3 (31) 40.0 (89) 36.1 (61) 39.0 (26) 37.6 (126) 33.7 (81)
uy. Aoy 240 $u (3w) 2087.3(15)  2090.6(83) 19315(52) 2158.2(23) 21289 (123)  1917.5(79)
wu. ooy 240 $u (n3w) 41.8 (9) 47.8 (49) 44.3 (51) 43.0 (15) 47.3 (96) 44.7 (64)
Srunluidlelieny 240 Fu (es) 21.6 (29) 266(82)  49.4(51) 8.7 (25) 36.3 (121) 44.7 (78)
uy. lrdleny 365 Tu (13w) 23969 (13)  21452(27) 20959 (44) 24629 (21)  2306.4(85)  2194.1 (54)
uw. ooy 365 3u (n3w) 54.0 (1) 53.7 (27) 51.7 (43) 50.3 (4) 52.0 (80) 50.5 (45)
Srunuldlolieny 365 Ju (Wes) 101.7 (28) 101.5(27)  101.9(44) 1085 (21) 112.7 (85) 106.8 (54)
Funlvavaunsul (Weq) 198.0 (17) 191.1 (42) 163.5(09)  178.9(12) 181.7 (48) 173.5 (42)
*farluindu wansduiudoys
ULT;JumqLaaiaﬁ'LL;J"LfﬂﬁlﬁiWaaLLiﬂmuﬁy’aQq
2.4 AAUUY Hen-day Production ilneludagu 67
1) oglaliila 5% wuinluyndau way 50 (KM) fengla 5% deenin aSesda wawag 50 (SN)
aSouinys LAlAg 50 (SP) uazuAunes waiag 50 (KT) lasilengly 5% wiriu 146, 148, 157 uag 162 Tu
AUAAY
2) Hen-day Production 31n#1 HDP 533 12 iieunuin tyndanu waay 50 Tiussdngainnisly
(HDP) s9@anitasosda tatAg 50 (SN) wAuned ialay 50 (KT) wazasealnys Laiag 50 (SP) lagilen
574.39, 564.95, 557.84 Uag 520.32% aud1sy silvldeneds HOP/fou fien 47.87, 47.08, 46.49 uaz
43.36% MUAIU
A9197 4.14 uansogidleluledusn 5% wag Hen-day Production lalneludagu 67
Wy laves o oudl
dwar wsn ' 5% 1 2 3 a 5 6 7 8 9 0 11 12
ogladilsily (Fu)
SN 140 148 163 193 224 254 285 316 344 375 405 436 466 497
KM 137 146 163 193 224 254 285 316 344 375 405 436 466 497
SP 139 157 182 212 243 274 302 333 363 394 424 455 486 527
KT 155 162 182 212 243 274 302 333 363 394 424 455 486 527
% Hen Day Production
SN 2128 4434 60.06 5814 47.69 5045 5624 5456 69.27 44.20 3176 2696
KM 3138 4720 5128 59.49 5549 5830 5631 5573 5150 44.18 36.02 27.51
Sp 19.56 5138 5826 5308 50.12 5520 5546 5150 44.35 2842 2581 27.18
KT 509 3376 59.49 64.86 6595 6170 5670 59.02 47.04 4242 3514 2667

1/

Duongfiudlndulilivewsnuos
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Hen Day Production (%)

Hen Day Production

80.00
70.00
60.00
50.00
40.00
30.00

20.00 -

10.00
0.00

Hen Day Production of Synthetic Breeds

163 193 224 254 285 316 344 375 405 436 466 497 528
Age (day)

———9%HDP_SN
e 9%HDP_KM

WA 4.1 1WSBULigU Hen day Prodution waslnlveiugadesila wwag 50 duluyndanu waag 50

70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

Hen Day Production of Synthetic Breeds

182 212 243 274 302 333 363 394 424 455 486
Age (Day)

e %5HDP_SP
e 9%HDP_KT

A7 4.2 WSBULEU Hen day Prodution waslnlveiugasesinys g 50 fukiuves lawag 50

1519 4.15 WansAn Hen-day Production 1ads 12 1oy

HDP

HDP

Vg . i o]
3 12 LU (%) wagnoLnau (%)

SN 564.95 47.08 2

KM 574.39 47.87 1

SP 520.32 43.36 4

KT 557.84 46.49 3
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lrilne 2 Wugnlasuidon Ae luyndanu way 50 uazadoainays tawag 50 Tonglvily 5% 146 uaz
157 Ju mudwiv wazdien HOP wivgadududu 1 uardudu 4 audau dulnlve 2 Wugiduasisas
Ao asoslla LAwng 50 wazwnunes waway 50 denglvily 5% 148 uaz 162 Ju uaslan HOP wasguly

DUAU 2 WAL 3 MUAIGNU

2.5 dnwnuznslaidaluy %Hen-day Production 43u G8

A15199 4.16 uansaussaugnslalagldan %Hen-day Production

. lneug
anwauy — . . p—
laynda  aesinys WALV aseuia
Srunulaus () 92 47 55 52
Srunulndugaduniil 30 () 85 42 54 a8
Srunulndugaduniil 51 () 83 39 35 a4

1. %mm’%a‘;am 21-30 & 92.39 (2) 89.36 (4) 98.18 (1) 92.31 (3)

2. %msiapesen 21-51 dUansk 90.22 (1) 82.98 (3) 63.64 (4) 84.62 (2)
3. 1glnly 5% () 149 141 156 143
4. A1 HDP 21-30 dUn1vi (%) 34.74 28.42 29.67 37.10
5. A1 HDP 21-51 &Uaii (%) 40.77 (2) 32.66 (4) 47.89 (1) 37.45 (3)
6. A1 HDP 31-518UA1% (%) 43.35 34.68 54.82 37.61

aussaugnsiulagltmn %Hen-day Production Wuin

1) Shinsidsssenlutag 21-51 §Unvi vesldlnetuglayndau g 50 frrgeninaiesia
\ALAY 50 @598INYS LALAY 50 Wavhiuvad iawag 50 laedlen 90.22 84.62 82.98 uay 63.64
Woasioud anudey

2) engladlelitly 5% veslnlnewusadeimnys wang 50 fledosnitadesia taiag 50 layn
2 LALAY 50 wazkAUNes Lty 50 Taedlen 141 143 149 uag 156 Ju mua16u

3) ¢ Hen-day Production ¥3401¢ 21-51 dUani vesldlneiuguiunes iy 50 dA1gendn
lyndanu Ay 50 aseeila taLAg 50 warasounys Lawag 50 laedle 47.89 40.77 37.45

WAz 32.66 Wasius/dUn9 anuaisu
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Hen Day production (%HDP)

70.00
60.00
>0.00 \\ -
a 40.00 Y / 12N &Y
2 y V
R 30.00 - A ULNUT
20.00 - WLAUNAY
— 9|
10.00 -
/4
0.00

21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 b1
Age (Wk)

A 4.3 n9vin1slinandaly (%Hen day production) vaslilneugliyndeany aseewnys wnuves wavaiosila

3

2.6 HANBUAUBINIIANLEDNINENULUIINGUVBINITIIYLAULA AdNB1TaUBN wazU3unu
nawanlYazay
M13197 4.17 Adedaniuans (LSmeans) dnwagdmniinety 12 Tudisun 7-9 uazseuenuazAdy

nivendieny 14 dai vedlnaeiugliyndauuasasosinys

. lagndanu aSouinys
anway
G7 G8 G9 AG/Gen G7 G8 G9 AG/Gen

MUY
Male 524 412 498 397 418 449
Female 499 374 481 398 403 483
All 1023 786 979 795 821 932
uu.f 12 dant (n5)
Male 1263.5 1277.8 1387.9 62.20 1188.3 1154.1 1306.8 59.25
%CV 16.2 14.8 16.6 15.4 17.3 19.9
Female 10409 10599 11211 40.10 997.2 963.1 1096.6 49.7
%CV 15.1 13.5 14.5 14.7 15.9 15.3
Al 11524 1168.1 1254.6 51.10 1091.7 1057.3 1200.3 54.3
%CV 18.6 17.2 19.1 17.6 18.8 20.2
sUBN (Y4.)
Male 22.1 21.4 23.6 0.75 21.2 20.3 23.2 1.00
%CV 8.0 7.3 6.7 8.5 8.0 7.0
Female 21.1 20.3 22.6 0.75 20.3 19.6 22.5 1.10
%CV 8.4 7.0 6.4 8.8 1.7 5.7
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layndanu aSouinas

Anwag
G7 G8 G9 AG/Gen G7 G8 G9 AG/Gen

Al 21.6 20.8 23.1 0.75 20.7 19.9 22.8 1.05

%CV 8.5 7.6 7.0 8.9 8.1 6.6

ANNTI90N (931

Male 4.8 4.9 5.4 0.30 4.4 4.6 53 0.45

%CV 10.0 9.1 9.6 9.6 8.4 8.8

Female 4.5 4.6 5.1 0.30 4.2 4.4 5.1 0.45

%CV 9.8 8.7 8.8 9.4 8.3 7.0

All 4.6 4.8 53 0.35 4.3 4.5 52 0.45

%CV 10.3 9.3 9.5 9.8 8.6 8.1

M13197 4.18 Aededanuanis (smeans) anvaziniindiniony 12 dUam ludagun 7-9 uazsauanuas

AMuNINeniteny 14 dUani vedlnaneugununes uag asesda

. WAUNBY asouila
ANy
G7 G8 G9 AG/Gen G7 G8 G9 AG/Gen

MUY
Male 265 246 198 240 273 293
Female 238 259 241 215 255 330
All 503 505 439 455 528 623
uu.f 12 dant (n5)
Male 1089.2 1048.4 1227.3 69.05 11854 11720 12937 54.15
%CV 15.7 19.6 22.2 13.7 15.8 17.4
Female 920.2 8555 10223 51.05 994.2 983.2 1066.1 35.95
%CV 17.2 17.6 18.6 11.9 13.8 14.1
All 1006.9 9536 1127.3 60.20 1089.8 1077.4 1180.2  45.20
%CV 18.7 21.3 23.0 15.7 17.4 19.0
JUaN (Yu.)
Male 20.8 19.5 23.1 1.15 21.9 21.2 23.4 0.75
%CV 8.1 9.3 9.2 7.1 7.6 6.5
Female 20.0 18.5 22.8 1.40 20.9 20.3 211 0.10
%CV 9.3 8.9 8.6 6.2 7.6 6.0
All 20.4 19.0 23.0 1.30 21.4 20.7 22.8 0.70
%CV 8.9 9.4 8.9 7.0 7.9 6.9
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WAUNBI aSesiia

anwe
G7 G8 G9 AG/Gen G7 G8 G9 AG/Gen

ANNTI9DN (93,

Male 4.4 4.5 5.1 0.35 4.5 a7 5.1 0.30
%CV 10.0 9.4 7.9 9.5 8.6 8.5

Female 4.2 4.3 4.9 0.35 4.4 4.5 4.9 0.25
%CV 9.6 9.9 9.2 8.2 8.0 7.7

All 4.3 4.4 5.0 0.30 4.4 4.6 5.0 0.30
%CV 10.1 10.1 8.8 9.0 8.6 8.5

" Snunznandnliazauiiony 365 Ju
mMaTouiisuuiiuliiieny 365 fu senindlameiuiduasgiaroiuaiosinys
iy 50, a¥eedla LAty 50, wiuvmed taway 50 uagliyndau ety 50 Faguil 3-9 (1wl 4.4)
fnsanlatasud 9 nuiliaefusdaunseiameiudaiosnys, afosda, wiunes uaglvyndanu &
Uiinalvazauinds+dudsnuuinasgusiidy 119.0422.2, 113.9+21.4, 92.3+24.9 Uag 113.9+23.9
Wos mddu Fanandluasnad 4.19 Fagdiuilifuduiunesdiviinalifiony 365 3u wasdesniy
wusduq Gaflammunannludagud o lavudurunestiengilelilavoasn (age at first eggs) $1as 1ade

v & o 1%

g1 210 Ju Fedndliiudadosinys, afesia uarluyndau 169, 189 waz 189 Ju mud1du s

]

(%

dealiusinalaneny 365 Ju vedlnugununedivsunalundedesninliiudasesnas, afeuia uay

lyndanu

34
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B0.00
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Egeg production [eggs)
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Ege production (eggs)

a)
3 4 5 i} 7 8 g
Generations
c)
-‘H
3 4 ) ] 7 8 9

Generations

Egg production (eggs)

Egg production (eggs)

140.00
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B0.00
60.00
40.00
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0.00

140.00
120.00
100.00
B0.00
&0.00
40.00
20.00
0.00

b)
3 4 5 B 7 8 aQ
Generations
d)
3 4 ] i] 7 g 9

Generations

AW 4.4 Snvaizrandnliazaniieny 365 Ju (o) vedlnaneiudduaseiiugaiosinys (0w a) sWudasesda

(2 b) WugwAumes (M c) uagiugluyndanu (am d)
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9€

M19199 4.19 Usinalvazauaieieny 365 Ju sevhdlnaneiugduassianeiugasosnays ey 50, asesda wawag 50, wnunes Ay 50 wavldyndanu Ay

Ll ]

50 da3udt 3-9

aSouinys aSouiia IRIVIG layndanu

E365D SD AFE SD E365D SD AFE SD E365D SD AFE SD E365D SD AFE SD

3 38.9 (8) 17.3 160.4 (22) 28.55 63.7 (20) 254 175.3(52)  23.04 47.17 (6) 136  180.1(30) 20.06 64.4 (12) 29.0 196.2 (39) 35.72
4 117.2 (21) 32.1 169.7 (75) 29.43 89.7 (19) 21.9 187.7(85)  30.16 112.8 (9) 237  205.2(32) 24.5 92.3(21) 38.9 179.3 (74) 27.11
5 99.5 (70) 27.1 177.1(109)  17.73 104.3 (116)  25.0 172.2(19)  21.39 101.9 (27) 298  1933(39) 1833 102.1(104) 324  178.3(181)  24.16
6 1058 (53)  29.8 194.4 (62) 13.36 108.5(21) 252 174.1 (26) 7.85 101.7 (28) 338 197.5(31) 20.17 109.8 (63)  31.6 214.0 (79) 16.73
7 112.0(76) 255 183.8 (150) 21.07 112.7(85) 248 177.7(126) 24.24 101.5 (27) 233 201.2(89) 20.75 117.6(89) 209 1759 (141) 21.28
8 1148 (58)  20.7 148.3(142)  13.81 106.8 (54)  23.1 160.2 (81)  13.53 101.9 (44) 19.2 1969 (50) 20.92 122.0(92) 222  164.1(146) 16.45
9 119.8 (140)  25.0 169.1 (202) 25.2 144.2(58) 214 183.7 (79) 23.6 92.3 (64) 249  209.7 (73) 19.8 121.0 (139)  23.9 183.8 (187) 217

*E365D = dlUazanedfeneny 365 Ju, AFE = angwdeililunosusn, SD = daudeavumnsgi, favluwindu wansduiudeya



NANBUHUBINIIAALTDN
Wmseszvidaya
1) dayanldlun1side

ﬂ'133%’8ﬂ%y’qﬁv‘hmiLﬁuﬂ’uﬁﬂ%gaé’ﬂwmzﬁmﬁﬂﬁ’gﬁmq 12 dUawi anuensevenileny 14
dUani anunisendieny 14 dawi uazdrunulvavauasu 1 9 luliaeiuddunszsidagud 1 89 9 veq
quilaietneitouasimudunsuiuaiusdng (nfluion auginsasmans avningrdeveuuru
Aununudeyasdunauazdoyaiuiusy Hdoued we. 2549-2558 Tnefldili3TeRmun 4 aneviug

s v

loun Inlneiugununes, Wudafesia, Wugaseeinys uaviiugliyndaiu ddwiudeya 2,555, 3,941,
4,505 uay 4,844 § (Tuiin) amddu dnsuteyaddyduiideiutuiinduiuldun e gadln d25u
wazenguailadlelilinessn wagludimvesmsiansnisnasiugasliismsnaufionlneldsasdrmear
WeLdevindu 1 : 5 dnsun1sdanisiln msdevinlusinsuingu LLazmﬁmmﬂﬁymaimwwm6']L{‘Ju"LiJms,J

& - v e
:mmgmmiLamaiﬂwumawaﬂﬂiuﬂqam

2) A5 nATITIkacluman iy iun15IASITH

NM5UTEIIUAIDIAYIZNBUANLUTUTIU (variance components) 1435 Average Information-
Restricted Maximum  Likelihood (REML) nnglaluiaasiadnd (animal model) lusUlaaaigavdunay
(mixed linear model) Tnsmsliaszvidnumzimiingiieny 12 daniuazarmenseueniieny 14
FUn9i wagdahlulsznaAimuLUsUT 9GNS WazAdnsiugnTsy Sauandluaunisi 1 dw
Snvrsundlvavauasu 17 uanduaumsd 2 il

Vi = 4 +Gen; * Hatch; + Sex, ++A + g, GGREVRY

Yija = 4 +Gen, *Hatch, + AFE, + A + ¢, [aun157 2]
e
Y= onvazvsngluladi u= dwadevesinuasi@ney; Gen = dviswansivesin

I =

Juil i; Hatch, = 8vwansiivesyniind j; Sex, = Bvdwansivauneil k; AFE, = 8vinansfivesony

'
[ a a =l

wliudielilaneansn k A = BvSwauvuduilosnndidndn g, = vinavesnnuaaiantiou (error)

ndnilgsulaen & ~ NID(0,57)

N15UsEUAMSHANTUGEnT (breeding value) linadia Best Linear Unbiased Prediction Wuu
MTAATIERTINAI8anwME (Multivariate  BLUP) nglaluinadidnd (animal  model) dglusinsu
#1593 BLUPF90 Chicken PAK 2.5 (Duangjinda et al., 2005) Tagluinaiawdu feil

Vi =XB,+Z,a, +¢,
y,=X,B,+Z,a, +¢,
y; =XiB; +Za; +¢,
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Tnefidormunaunususiudu

Yi X, 0 0 || B, Z, 0 0

v, =10 X, 0 |B,(+| 0 Z, 0 |a, | +]|g,
Z3

y; 0 0 X, |B; 0 0 a; &3
Tnefivannunfe
a GoA 0
Var =
€ 0 Rol

A
e
Y., ¥,,¥5=  NAMDSUaAIdunavedanuusnany; BB, B = LIAWMBIU0IINTHAAIT
= o Moo | A ! 3 a a |
Wesane, gailn, Ta3u wazereuwdlnlielvlunewsniiinasie y,,y,,y;a=  »IAW0IU0IBVENAHY
Wowndidnde = nAwaveIBvEnaduveinunataeiew; X,Z = incidence matrix vasdnsua
a U 1w
\Wes9n B Uy anuAIdLng
o A . P = & A vax a ]
NIMBUAUBINIIAALEEN (Selection response) Wldluni1sAinwaTstldIsn1sUsediuanuualily
N19UgNITY (Genetic  trend)  1AgNA1TNNIAINANRAEVDIAINITHALNUTVOIERITLARN lULAT U
(generation) TngAlAsIEMLUNLARLANYUENVINN1TARLEDN

NANISANEI
1) dnwnziuiindafieny 12 §Uawi arweaseueniiony 14 dUav uazanunineeniiony 14
duai
mmﬁﬂ’mﬁmwﬁuqﬂﬁmmﬂmiv?fmLﬁaﬂlfﬁmﬂﬁﬂwmzﬁmﬁﬂﬁa AIUYNITRUBN LavUTun
wanAnlvazandiony 365 Ju veslalnemetusdansesilau aoffusivismden way aefusansisus
Ieun aneuglayndany, adeuimys, adeuda waz udumes uansianind 3.7-3.12 suadu Tngluszeyi
2 voensdnfinauifovesquiindedisidouasimudiunisusudseiusdnd (nfiudes) aus
\nwmseans uningrdeveunnulunmsiaumeiuslismeiuddaangijatiunsdadonifoiudngnm
Tunslinanasianisiasaiivln uwas nslinananls dadunisidunisdeiiiosannsindenidioiy
auduaneriusuriiazanunsiveanmsuanisendnuaizianzsingg lnsamzdvudadudnvasisuvous
avaneiug daiudeililussesd 2 vedlasmsifianudrvimaiugnssuvesdnueii 4 undundiily
syozusniilesanndnwuraisusnveslife 4 aeRuginisuanseanasiinnniulsenaufusiuiuees
Uszrnagdladiutudailfanudilunsdndengeduninlussesuanvediasnisteiinisdndislafianume
Linssmuaneiugdsudiozivszdniamnislinanidniia Inednvmzdivdnivesldynaieiusd
arufivthlunisdnidon (AG) deandasiudnumsUsinguasinniingademsned 3.10 wag 3.11 lagln
usindanu uag liasesmysil nameuausslunisdmiden Wiy 26.7 way 27.8 mudiiy Tuvasdianoiug
uiiunes uag afenfiadl AG Aoudrashnitlasfiduindy 19.8 uar 20.4 muddu Tnesdaeiusuiumed
AG fndaneiusduenaiilesnandaianuulsusiuvesnsuanseendnvazdvunnninaneiusduials

AnuutulunsAndendnuasnandntaenitaneiuidu FeianaiaennaesiudnyueAUnIgoNTe
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wudlnliyndanu wae lnaseumesil nanevauaslunisdnien windu 0.45 uag 0.30 aua1au Tuvaed

apiusununes uay aseslladl AG Wiy 0.25 wag 0.15 auafu

Body weight at 12 weeks of
age in Kaimook E-San

120.0
100.
80.
60.
40.
20.

63.9

EBV

28.2
10.5

0
0
0
0
0
0

0.
G7 G8 G9

Generations

AG/Gen = 26.7

EBV

Body weight at 12 weeks of
age in Soi-Phet
120.0
100.0
80.0 68.2
60.0 38.1
40.0
12.
20.0 6
0.0
G7 G8 G9
Generations

AG/Gen = 27.8

Ail 4.5 naneuaueINIsAndenvasanvagvindiiony 12 damiludagun 7-9 veslalneg (innsusenden)

Toun lugndanu (mndhe) wazasosinas (Aw)

Body weight at 12 weeks of
age in Kaen-Thong

120.
100.
80.
60.
40.
20.
0.

45.2 45.4

EBV
O O O O O O O

G7 G8 G9

Generations
AG/Gen = 19.8

Body weight at 12 weeks of
age in Soi-Nin

113.6
120.
100.
80.
60.
40.
20.

0.

89.8

EBV
O o o o o o o

G7 G8 G9

Generations

AG/Gen = 20.4

Wil 4.6 nameuausINIARdenvesEnyazmindINiony 12 damiludigud 7-9 vedlilve (luasisae)

ToA wnunes (Mnge) wavasesda (nnwn)
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Breast circum at 14 weeks of Breast circum at 14 weeks of

age in Kaimook E-San age 1in Soi-Phet

6.0 6.0

5.0 5.0

4.0 4.0 3.1
> 3.0 ~ 3.0
m M 1.6
Ho2.0 1.1 2.0

1.0 0.2 1.0 0.1

0.0 0.4 0.0

1.0 G8 . G9 1.0 G7 G8. G9
Generations Generations

AG/Gen = 0.75 AG/Gen = 1.50

AN 4.7 HanaUANBINITARRENTBIAN BEANEITEVENTIaNY 14 dUailuTizun 7-9 vedlilng (Innsusem

don) laun luyndanu (nwdhe) uazasesnys (nwwan)

Breast circum at 14 weeks of Breast circum at 14 weeks of
age in Kaen-Thong age in Soi-Nin
5.7
6.0 6.0
4.7
5.0 4.1 4.5 5.0
3.6
4.0 4.0
3.0 3.0
% 1.7 E
Ho 2.0 H 2.0
1.0 1.0
0.0 0.0
-1.0 G7 G8 G9 1.0 G7 G8. G9
Generations Generations
AG/Gen = 1.40 AG/Gen = 1.05

AAl 4.8 wanevausINIsARNLdENYeNENYzANEITEUENTIaNy 14 dailudagui 7-9 veslnlng (ilu

A1571500%) bOwA wAUNed (ANg1e) wazdsasdia (Anwan)

Breast width 14 weeks of age Breast width 14 weeks of age
in Kaimook E-San in Soi-Phet
2.0 2.0
1.5 1.2 1.5 1.1
°
2 1.0 21.0 0.7 .
55| 0.6 55|
0.3 0.5 °
0.5 . @ 0.5 ®
°
0.0 0.0
G7 G8 G9 G7 G8 G9
Generations Generations
AG/Gen = 0.45 AG/Gen = 0.30

MU 4.9 waneuaueINsARdenvesdnvurAuniveniteny 14 daviludasui 7-9 vadlilve (Mnsusem

don) lawn liyndanu (nmde) wazaseems (Mwn)
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Breast width 14 weeks of age Breast width 14 weeks of age

in Kaen-Thong in Soi-Nin
2.0 2.0
1.5
1.5 1.5 1.2 1.3 o
> ~ ® ®
m 1.0 0.8 0.8 m 1.0
[£a] ° Py 5]
0.5 0.3 0.5
[ ]
0.0 0.0
G7 G8 G9 G7 G8 G9
AG/Gen = 0.25 Generations AG/Gen = 0.15 Generations

Al 4.10 NameUaueINIsARdonvesdnvuzauniiony 14 damilutizun 7-9 vesldlve (Mluaisnsae)

Toun wnunes@mgne) wavaseeda (nwwan)

2) anwazUSuanananlvazauasu 1 U

HanaUAURINIIARLGaNvesan v USIunandnlvazaunsy 1 U vaslnanenugdansies launln
aeiuglinndanu ey 50, afosinys LalAy 50, uAunes Lawag 50 waz a¥esila taiay 50 Haguil 1 fe 8
(wandlunmil 3.13) wud  wuamsmsAadeniiieuiulsaiugnssulimeiusdauasgivedlasinisd
arwimmtiuandululuiiamaiigniesfiazidiuldanuansuaussnadaidendaurdasuil 1 aunseviedis
Ha3ui 8 nglulnanesiugligndan waing 50, a¥esinys Latag 50, wiunes taway 50 uazaiesia aiag
50 finanauaussvaIMIAEaNIiNTwaTe 0.755, 0.185, 0.108 waw 0.759 Wossadasumudiy aglsf
AR 3.13 iiuindunsinansuaussnsdaideniinunysusidluudasdrsudsdanveunan
Hadenaneusznsloun Srunlrluusiassuiividanussdiuiugnssy siudsdvdnavesanmuwindesluus
azdhsufinnauansisiudsenaiinanssnusioiugnssu (G x E interaction effect) uenNGUMINRRII

'
oA

INAMNEINUTIHANITNDUAUBINTAAGINAIATITUN 6 JUNTENITITITUN 8 TdnTINTURBULUaLNES

9

< v o Y] ] o vy A a ] . L. PR o A
Laﬂuaﬂu‘umfﬂLLﬁﬂﬂﬂﬂWﬁAﬁqﬂiiM@ﬂﬂQﬂ‘ﬂﬂaLWEj‘-‘gﬂVlLiEJﬂ’N selection limited @4 UUNANNAINNITAALADA

[ s U 3

Aawsdagui 1 d 8 \WunsAndenneiuduazwiiugneluldegludinisundiugnssuainaeuendimn
AeduIiinn snaniugiulunIogy 1ATsdmalviiindnsnaves inbreeding  depression  Auvinlving
navaueIvaINIsAnLianllinsiUdsulUawNYIaAINTues BnNIANHILUTUTIUNARUENTINAZANA

Wesndniludaguiianuuandieiunieiugnssues (uniformity)
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S %1 2) Mook Esarn KKU50 - 4 7 b) Soi Pet KKU50
m 3 T o 3 4
I.IJI 2 |-|-|I 2
% 1 - g 1 -
ml O T T T T T T 1 ml O T T T T T T T T 1
2111 273 4 5 6 7 8 21112 3 45 6 7 8
w w
® -2 - © -2
S 3 S 3

-4 4 -

Generations Generations

> 4 c) Kaen Thong KKU50 S 41 d) Soi Nin KKU50
o 3 - = 3
LIJI 2 I.IJI 2 -
g 1 - § 1
cv’l 0 T T T T T T T 1 nl 0 T T 1 T T T T 1
24411 23 4 5 6 7 8 2141 2 3 4 5 6 7 8
w w
® -2 - © -2
2 -3 - L2 -3 -

-4 4

Generations Generations

A 4.11 HaneUaUDINSAREENYBIENYrUSIANaNEn lvazauaTy 1 U veslnaneiugduasiey taudlnany
Wugluyndanu wiag 50, afeelnys LAy 50, Wiunes awag 50 war aseella tAwAgy 50 Ta3ui 1 848

3) MMSUTTUIUAITATINUGNTIY

dnunsthwiingafiony 12 s anmeseuenileny 14 dUami wazaanunirseniiony
14 o

ANERIINUTNITULATAAAIUAIUAIUUUTUTIUN IR UGN TTULATAN WAL UIIN VBIANYAULNT
il Tuagudl 1-9 wagnislvinandnly a5uil 3-9 vedldlneiinisusdmden dun layndan uas
a¥ouinys Lanwan1ei 4.20 waglilnefdumssuzuanafanised 4.21 Tnonaildnuidassiugnsy
yosdnumztmiingfieny 12 daivesliliyndany way afesines (0.27 uar 0.39) wasliudunouas
a%osiia (0.39 way 0.34) aonrdoatu anssdl uas Ay (2556) BemeausnsiusnssuvasmiingIony
14 Fnvivedlilneaeiusdanszsiluingud 1- 4 wuildldyndauiiadnsiugnssusni 0.24) il
Wiguieuivlnununes, adesinys uaz afesila (0.30-0.46) lagnudimdnsiugnssuilaegluginuy

o w ' |

[ g.Jl [ A ¥ aa a U [ A ! U s = a
A ﬂﬂuuﬂ’]iﬁﬂm@ﬂﬂ'ﬂﬂiﬁﬂ?iﬂigLMUWUQﬂiiNLLa%ﬂ(ﬂLaaﬂlﬂ@’ma’]ﬂ‘UﬂWﬂm@’]ﬂﬁiNﬁN‘WUﬁq (EBV) a3y

q

Usgansnmilssmelunsliiiioyfuuseiugludnuasdingn Tuvuefishsugnssuvesdnuuzaniue
s9U8N (0.05-0.27) waz das1iugnssudnwazaNni1een (0.12-0.27) aglutasifsurunardlunns
Usuugsiugenaiinalianuusinglunisdndenanasls uregrslsAnuilesnnanduiusmaiugnssy
'ﬁzmwﬁﬂwmzﬁfmﬁﬂﬁaﬁmq 12 dUnmiazaiuenIsauen (0.89-0.93) wagAa1uningen (0.80-0.90) AN

g9 AaAARBIiUTIENUYeNAlNg Wasany (2555) nulanduiussenitdnvusivtndiasaue1Ise
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venfianuAigeds 0.95 Gauandlidiuimndadonlifudledlsivwiindgeduardmalinmemsoven
wnfusmulufae uanainiinsaeusnseveniazanunivenligniesuarusiudnfinduduuuimis
wilslunstglfuanauulsunuresdnvarunngianasasdmalinumiuglunsdndondnumy
4 2 ifingetunaludae

nsUszanuAdnsiusnssuvesdnuarUTinalvasaniiony 365 Ju Tuliaetusdaunsgiians
wusasoswmys Laway 50, a¥esla LAiagy 50, uiuves tawag 50 wagliyndanu waiag 50 §a5udt 3-9 wudndl
Adnsiusnssy veslalnefimsuTdmden 1oun liyndau wazadosmes  windy 0.19 waz 0.03
muadu nlnefifuasisas Ioun uiunes wazadesda winfu 0.29 uaz 0.01 muddu Fedenndeariy
N13ANwIva3 2AIlNT warAMe (2556) WUIRIINUGNITUANBUENANER [Tavauwiniy 0.29 Wufeady
niligiy uazamey (2555) nuildgndarumneiieimuludumeds wanddifuiuniuneadidngnin
geangiauludumeldioaafugnuanliiudosing duiugdug wansflasiauluiduaedo

a

11AN1@1810 @NNSULLINIINITIRLAILLLUUEIVDINTARLEDN LASHANDUAUDIVDINITAALEDN LANIINTN

wnBsiuenaRsandaientaeldimadatugenansluana Iiun nmsfnuuidauduiusiusnumesm
Pl

nsUsEnuAdRsiugnIsuvesinuusUSaNanda llazauasy 1 U lulnaeiugduasiedilaun
Ieeiuglinndau ey 50, afosinys Laway 50, uAuves Lawag 50 wa a¥esia Lalay 50 Faguil 1 f
8 (wandlun131sil 4.20 wag 4.21) wuirdiadasfugnssuvitiu 036, 0.16, 0.29 Wag 0.26 AMEIRNU Bs
aonndosfumsdnufiiiuinues 1dilng wavane (2556) uazwilagite uazany (2555) aAnuidluliii
Slodlneiusussgmasuarldaeiusdansest nanisAnuadituansddnuasnondnldavannsuTluln
meiugduaszinaeiudidudnuurITsvEnansiugnssutanifteseglurasiunans (0.16-0.36)
ﬁ'ﬂﬁ?uummamﬁﬁmLﬁaﬂiﬂamﬂ%ﬂﬁsﬂsxLﬁuﬁuqﬂssuimaﬁawsmwmﬂmmsmamﬁuﬁ: (estimated breeding

o 1

value; EBV) tiuindiuszavdnmiiisanauazlinadnsiifianuwiugn agrslsimumniinisldinaiiaduiug

R =

Aansluanadiungielunsfnideniizdmalinisdadonlnfiifugnssufaunsavirlais gy wazli

9

& A

NASNSALUUGTIUINTY A5 ULUINIINIThTUTEevtvebna e WUSFLATILYNY ¢ @nenusiilofasan

9 9
o

Swiunndnvaeifnwinuin lnaneiuglayndanu wwee 50 mnzganisimunbidulnasdeliewind
gnsnssgivlnguiioieuiisuiulimeiuddu luvaeiilnaieiugununes Lawng 50 wanzaunae
o v & ' oA 1% &, A A ° Y i v & v 1% PN

Wi dulnangluimeasadugnuanlniuieslny dwsulnareiugadosinys iy 50 uazadosia

\ALAg 50 winzauNazaulanaduaedonazaiely
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A151991 4.20 ANULUTUTILYRIANYEUIINg (phenotypic variance, Vp), AUKUTUTIUNIGHUGNTSY
(genetic variance, Va) A8n317ugNTITH (h2) wagAuAa1awzaau (SE) vasdnuazAndentulilng (7

MeuIEniRen) (Tagui 1-9)

3 lgndanu wag 50 d50einys 1AMy 50
ANWEIUY
Vp Va h2 SE Vp Va h2 SE
ﬁmﬁfﬂ@hﬁmq 12 dUann 38108 10416  0.27  0.02 34552 11600  0.34  0.03
mmeMTeUeNTiony 14 dUasi  434.23 2182 005 001 184.89 4690 025 0.02
ANUNTeNeNy 14 FUanvi 51.78 1222 024  0.02 36.77 10.09  0.27  0.02

Usunaunananliazauasu 13 1244.22  449.00 0.36 0.07 1141.79 184.00 0.16 0.10

A15799 4.21 ANuLUIUTINYRIaNYEUIINg (phenotypic variance, Vp), ANKUTUTIUNIGAUGNTSH

v A

(genetic variance, Va) A18n319ugN3353 (h2) uaganuaamnaau (SE) vesdnwasnidndantulilve (1

\Juansisnse) (@r3ui 1-9)

. WAUNeY LALAg 50 afosila LALAg 50
ANWE
Vp Va h2 SE Vp Va h2 SE
ﬁmﬁ’nﬁqﬁmq 12 dUann 38752 15277 039  0.04 35964 10969 034  0.03
mNgNIeUeNTiey 14 &Unvi 20638 5612 027  0.03 21256 3137 0.15 0.02
ANUNTveNeny 14 dUansi 71.92 1357 018  0.03 57.98 715 0.2 0.02
Yunamandalvagauasu 1 ¥ 644.09 193.10 029  0.12 997.24 26292  0.26 0.08
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unil 5
1A5IN153LIWAUNALBNYY UTEN Azundatlnlng A1ia
nsanensldayulnsinglunmsdaatuguanlignuaunuiiios inagnainnssudig

walansIluling

UM

[

Infudietine duldinduemsimungandmsuguslaailimuddgivenmsaunin (healthy

o

food) tHipsannillelniiuilieslisayfasos Yuwuy (Jaturasitha, 2002) uwasiUSuIumBLAALARIDAM

o

(Jaturasitha, 2008) LewFsuiisuiulniienisnisan witedndaveslanuiies A dn1sasgauladi vid

| 2

TrawulniudinsdanluileanasamufaInN1sUINaIA NIUINVULALAINTDINTAAINATD bATINITWAIL

Ingnuauiudledildlinladuaslinunmidelndifesiulinudios ileneuaussanudesnisvesiuilan

Y
¥ (% ¥

Welnfiudies uasdagtumaenvulalirnuaulalumsiauinisudalngnuauiudisadnaimnssuiay
whunsldasiaduaniivayulng weduasuguamlinauwunisldoiTne Taadunsivsslenian
AuanAmsnssnylsavosayulnslye wu nmafusyyadass masunisdnay madudelsa wldly
naifisseansnmnsanldgnuauiudiedlifgty

navosayulnsiiasuluomsty eravzdwmadelnlddendseiunisuanteanvosBuauianis
wansoonluszAulushu winsfnwinavosayulnslnedenisdaaduguainlignuaniudosiflused
TuanadslifinsAnuidaauuaniedulsslonidon sinuvssansniwnisaslignrauiuidends
gnanmnssy 3alddnsunedesiionisfuianidlulinduidislunsnseaeunaves ayulnsdeguaimla
gnuauiuiles infesdiodinaniagilivsuiwavesasemmsiifdensiisunlamisuansoonuasdu
visamsadrslusiulusnene (Kaput et al, 2005) aneiseduinislundndidnuiluladonisnisdn

Fanud ansemsdsmariensuanseenvasulussuugiauiu Ingdwaninisnsgduiazdudinisuaniean

o

a A a 1Y) YY) | A a a o |
“UENEJ‘LJ‘VILﬂEJTUENﬂ‘Ui%UUQ@JﬂMﬂu LYY ﬂ']ﬁLaill')mqlluasLu\lﬂ LNAANNIILEAIDDNYBY Interferon 6 (IL-6) 1N

¥
=

Tilnfimeuaussnenisonaulanau (Kaiser et al,, 2012) @13 B-Glucan dwanen1shansoanvosduiingn

& a

Interleukin 6 (IL-6) waz Interferon-y Tuanldidn (Cox et al., 2010) arsimesaiiu Tuvliudu Hrefu

Y

Influenza virus laevgaimuInIsveutalisa (Chen et al, 2010) NuaWITe auwiuladnnisfine
masuiinslundindanunsainanldusglosilunawumienisidayulnsinemensedunioduasuguain

LAld Wngerdunuaudfvesaisialuainsssugfviearseangnafildainiiviidady  secondary

[

metabolites (Hashemi et al., 2008) %"’qmmmlﬂLﬂﬁammaamiﬁwmﬁuaﬁzwgﬁé’mu (Hashemi

and Davoodi, 2011) wagdsnanan1snseaunsedudioyyadaseniegla 91nuidendnwinaves

ayulnsnaszuugiauiu wui arsweulasnswlnlad luiwzanelas (Andrographis paniculata) Sigws

Y
a

lunsiuanseuyadase Tnenseiunsvininuveeulesl Catalase, loulesl Superoxide dismutase (SOD),

U

Glutathione-S-transferase (GSTs) ulueulasifivhuihilunisidneyyadassMinatulusnenie (Verma

a

and Vinayak, 2008) a1sinesAdiuluviiudu (Curcuma longa) eengnslunisiueyyadase (Masuda et



al,  2000) Ingdwansziunanioonvesduiinunuieulusidueyyadase laun wulwsl superoxide
dismutase uagtoulws glutathione peroxidase (GPx) (Yarru et al., 2009) fignasunissniauideundy
(Aggarwal and Sung, 2009) Fudamsvinauveseules] cyclooxygenase-2 (COX-2) wag touleal inducible
nitric oxide synthase (iNOS) Feavdmasionisdiufsnmsrvauaes Nuclear factor kappa B (NF-kB) #ii{u
sfhmuﬂuﬂ13LLamaaaﬂmaqguﬁﬁﬂﬁtﬁﬂmsé’ﬂLau (Surh et al., 2001; Jobin et al., 1999) LazATITLETUNS
aiutuluemsla aunsaannisuanioonvesdu Interleukin 6 (L-6) Fwilananufufivvesasoz
anftenduitvudeuluemnslél (Yaru et al, 2009) #all arsiuoyyadaseiiflusnnie éun toules
Superoxide dismutase (SOD), toulasl Catalase (CAT) wagtoulssl Glutathione peroxidase (GPx) W#

= o

v A a = ' I a Y = v a | = I3 v Vo
ﬂ’]ﬂi@]aﬂ’]‘wwLﬂﬂf’n’]llLﬂiﬁ]@iﬂf\]g‘lmaquqﬁﬂNamiﬂLWﬁﬂW@ mimuaﬂggaaai%muwmmmL'tJu%maﬂlﬂi‘u

Wsiuainesiinudill @¥es, 2552) egslsfiniy mamaqmiaaﬂqwéﬁmqﬁﬁmaqmmwld Wang
wansoonlusziuBulayminanseenlusziulusiu Sududesddafwadildzuandadonsiuauindes
U ATILANANRITEUUNMTABIArNTdanTslsdou Gellafomanionvdsmarenisuanseanvasiiunas
Tushuiidusistaunmuesldls

szuumadssliludsgnamnssy fvaneadviidmaronisuansoonvesdunasiushuiidusu
guamla wu mssfniuiisies arumuuiu mssruisemanelulsaieu IR Aty Tnedlels
Fsuenaedendndiuveadinieniiviiaenmel slasedulled (/L ratio) Fufuisdvesanuaion
9riings :1nTBamTes ALAGL et al (2009) wuin Indssdanselulsadoufimunugungiisia H/L
ratio gandilafiAsdulsadowda uenaind aruvuuiulunsides dwarenisuansoenuesiusiu Heat
shock protein 70 (HSP70) Gudulusiuiinuauausaluaniasililéiunuaioauasioulal Hydroxyl-3-
methyl-glutaryl coenzyme A reductase (HMGCR) ‘17{ﬂizﬁﬂﬁlﬁﬂmwéﬁaaﬁmuﬂm‘a%a (Beloor et al,,
2010) villAiAnan1azIASnoenTIaty (Oxidative stress) ilasainanuaienazlunszduliannisaiis
a%aﬁaizﬁ'ﬁuhﬂ‘%mmmﬂﬂ’jwm3§1uayaﬂa§aizﬁﬁéwma (Dorge, 2002) FenmzduivilfAnaim
demeveddidure (DNA damage) (Marnett, 2000) 4in Protein modification ?fammﬂ?{aulwammamﬁ’a
warnthilusiusazidvhatendagad ellutudussduseneu (lipid peroxidation) (Grune et al, 1997)

WU waaau vl Juidendnwiteulviivsvenniseni@auvesaany (hepatocellular injury) laun

woulasl AST %39 Aspartate aminotransferase uagtoulasl ALT %38 Alanine Aminotransferase &91nil

o A

nsontauvesiulsunaeulesl AST way ALT ‘il%?j'i%@mﬂ/lg\‘lﬁﬂﬂﬁmgﬂﬂﬁ’e’]ﬂﬁ)@ﬂﬂﬂﬂﬂi%LLﬁLaafﬂ lnesghv

Univasaulasiniinsdnwlulniiea1nanuiseves Hosseini — Vashan et al. (2012) wu3n woubeyl AST &

= a =

AU 234.07 U/L wagteulasl ALT dawiniu 22.59 U/L sy nsanwasell 39iin1sAnwiseauues
wulaad AST way ALT Wisdudausilagunmvedlaunasaneiiugnvihnis@ineisae

o A

nauantinsluasiueyyadaszvoayulnsuazrnauideasiingnuntdy Jaduiuives
auuAgnuuideluasel As msasuayulnsluesimsla duasenisayiuln n1suanssenvesdui
Wedesiunisiinnnuesen BunquilueuluidiueuyadasyuazuSunanouled AST ALT Faduoula

Msvanmssniavveseadsiu vadlinuidies lngnuauiuiles uagliileninisdn lneiifngUszasdluy
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nsfinw1Asell Ae wWisfnwinavesnisiasuayulnslueimslndanisasyduln nsuanieanyedudn
Wendasiumaiiannueien GunguidueuluifusyyadassuasUsunaneuled AST ALT Fudueulesl

i Y s o = ] & & % = g &

Mavenniseniauaseadsiu vaslniudies lngnuauiiuies wagliillan1anisdn lnemsdnwiasadl og
aglalasanisanusiueniunisiauiatsiuglignuauiuiiies iesesfunsuansedugnaInnsy
Jering dtinnesyuatuayun1fide e duveunnu wasusEnazuasinlng §1dn Leerienis

v ¢

Andenuarimwaeiugmenisidinallaniseyiugmans avdlelisuszeziiaimsAniden uaglsans

3

[
a I3 v A

Wananeiuglifiusz@nsnmiu waznisrmdenainiiugnssursedeyamdueilumadanduiiseusu

wazaztrglilasansiannaeiuddniveanaenvugitmunesiau

ABMIANTUIUIY
1) dninnasuazeinns
nsfnsmansasuaulnslulifudostusud Ingnaauiudios uarliionisnisé Tuwunis
VPABY WUU 4x2 Factorial in CRD usaznivuudaendiudy 1 3 91 dswauld $haz 20 ¢ dadedidne

A @

Ao Wugla 4 wug laun 3 weiag12 (100% lnwdes), liyndau aiay 50 (50% lnwdes) , gnuey

HuLlloanzunies (50% Lnfiwdes), lillen1an1sm wage s laud lawn erslidlegasunalaiasy

¥
=1

asulns (Basal diet) wagemsiniileniinmsiasuayulng (Herb additive) gnsvasu3em
9 msild luszeznisnn 1-4 dUami lnaglasuemsszeznn llszAulusiuluamsiindu 21
s 2 < - PV & = o 9 & Ao Y = o
Woesidud willouiuvianua a1ty Jinisusueims Wuems 2 gas ndszaulusiuluemsuindu 19
Wasigud laun emslnillieansundliiaSuayulng (Basal diet) wag omnslnillenfinisiasuayulns
(Herb additive) amsvaausen (mgaielas viiudu lna Tudwnsidiu 1 Alansusie 500 Alansuemns Tu
sUuuuns Wudnreamdiindluemsdusaguanissnw) ssevansifes Infludesuavgnuauiiuiios

12 dUanat, Inillennanisan 7 dUan

2) nsiudeya

foyailld Usznoude 1) doyaaussougmaadniule 1w doyatiminusnin wazudngad
919 4 8 upe 12 dUani Tulifiudlesuwazgnuaniiudios, feyaiiniin winifn wasuiingafieny 5 6 uas
7 &Unvi TulAidonenisdn wasdioya ADG 2) deyasedumisuansoanuesBundusiey t¥un nquiufl Heat
stress, NguEw Antioxidant enzyme laefinwiszaunisuanseenvesdu Tuldusazyasey Inatiufens
Fon nlAdfn Avasorguansiisty  3) deyanisnsratianziviinaneules AST %ie Aspartate
aminotransferase uagtaulasl ALT %se Alanine Aminotransferase e unit of enzyme activity
per liter of serum (U/L) Faduieulesifivsuannisniauvessadsiu (hepatocellular injury) 3sdniinas

snwauvesiuUTinaeulesl AST uag ALT lussdufigannaugnidesesnunlunszuaiiion
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3) msnuRleE1aEBn NsEin Total RNA KAZNIIATIAEBUNITHEAIDDNYBIBY

\Ausheehadenanidudendiunadn (Wing vein) ldlunasndiussganstesiunsudeinves
\Fon (EDTA) waztiulifigamadl 4 ssmwadoa Inefinsfusegadenandaisiiludiseny 4 8 uas
12 &Unoh Tuliftudlesuargnuauiiuidios uazdaso1y 5 6 uay 7 & Tulridemanisdn widsanidui
Fondildunihnsada total RNA Tngldymatind1i3asu Gene JET RNA Purification Kit (Thermo Scientific,
USA) maﬁmmmL%m%uLLasﬁWﬂaqu%qwémaq RNA #ewe3ed Spectrophotometer (NanoDrop 2000
Thermo Scientific, Waltham, MA, USA)

msnsRdeUNsuanteanvesBulivaiia quantitative Real-time PCR doyathendfagy
SensiFAST™ SYBR No-ROX One-Step mix (2x) (Bioline,UK) ﬁﬂ‘@ﬂﬂ@:mﬁLﬁﬂ?%@ﬂﬁﬂﬂﬁmﬂ%&m Tawn gu
Heat shock protein 70 fidduiuavasinsiwes feil forward: 5’ AACCGCACCACA CCCAGCTATG 3’ ua
reverse: 5'CTGGGAGTCGTTGAAGTAAGCG3’ (Mazzi et al, 2003), uazBunguilduloulusidiueyya
dasy laun Bu Superoxide dismutase (soD) Feiidrduivavedlnsiuesd deil
forward:5’ AGGGGGTCATCCACTTCC 3’ uag reverse: 5’CCCATTTGTGTTGTCTCCAA 3’ way Bu Catalase
(cAnfidrduivaveslnsiues §9il forward: 5 GGGGAGCTGTTTACTGCAAG 3 uag

= a a

reverse:5’ TTTCCATTGGCTATG GCATT3") sflsnuaziBondunoussil 1) RNA aggnulandu cDNA e
wulwl Reverse transcriptase 2) Wiinsuautududiemaia PCR a1s7ildiiusunmssan (Total volume)
Wity 20 pl@sUseneulusiae master mix U3u1as 18 pl. (2x Sensi FAST™ SYBR No-ROX One-Step Mix
10 pl,, 3mM Forward Primer 2 pl., 3mM Reverse Primer 2 pl., Reverse transcriptase 0.2 pl., RiboSafe
RNase Inhibitor 0.4 pl, DEPC H,0 3.4 pl) wae total RNA finanadudu 20 ne/ul.usunms 2 pl ant
AT IANsuanteanTedufieAdes Thermal cycle (CFX96 real-time system; BIO-RAD) wW3suifisunis
LLamaaaﬂﬁuaﬂﬁuﬁﬁﬂmﬁuﬁumu@m (housekeeping gene) lonin 81 18SrRNA 1984l nsIUasINUATE

U939 Fenwick et al. (2008)

4) asIadsunanaulad AST ALT

Tausunaneuleal AST Tuiden meid Enzymatic lagldansiadl AST, IFCC Enzymatic UV, TYB
series, PT INDEC diagnostics (Jakarta, Indonesia) waztoulasl ALT 9e73s Enzymatic Tnglganswad ALT,
IFCC Enzymatic UV, TYB series, PT INDEC diagnostics (Jakarta, Indonesia) Imi@é’wlﬂ%q random

access clinical analyzer, model data pro.

5) NISATISHNANIEDH

Z—AACt

AMTIATIENITAUNITUARNIB8NTDIBU Relative normalize expression ( ) Tulnusag  ane

WusAt2901y 4 8 ua 12 §UaM AuIMAIITYed Livak and  Schmittgen (2001) M3gns AACE=

(Cliarger Cleontroltime x = (Ctiarger~ Cleontroliime o $a¥ATIEINAvRINSIETUaNUlnsTuemnsindeaussaus

nsassiulauazUSunaseuledl AST, ALT vadlnusazaieiuglunsazyiseny fieds General Linear

48



Model (GLM) TngTUswnsy SAS (1998) wartUSauiigumnULANF195EINIALRASUBILAAS AN BULAIEIT

least significant difference M1seAUAULTONU 95%

HAN1TMAABILALIRTTA]
1) wavaamsiasuayulnsluamislidesaussauznssgyivln

nsfnwmannasvayulnslulafudesiusu Ingnuauiiudiesuaslnidomsntsé wuin dwiin
duagmaiasniuladedadetu lulifiudles gnuauiuides uasliidlonnamsdn Mdeafieimslide
ansUnd (lieBuanulng) uay ownslndefiiniaeduayulng Snassydvlaildunndsdu (s 5.1-
5.4) Fawanaliiiuin msiesuaulnsluoimssnsegludadrumunzan vililafinnsadgdulel #a

WguwniuaImshniian1ean

A13197 5.1 Aadswazdudgavuinsgiureniminusnifia umldndafieny 4, 8, 12 dUan

wazAMsasyiulasemidetu vaslaiuilesiudd wmg12 Alasuemsinilegasuniliiasy

ayulns (Basal diet) uaz ewnslnllendnisiasuayulng (Herb additive)

Traits Basal diet Herb additive
Body Weight

Birth weight (¢) 29.65+0.35 29.09+0.34
(n) (66) (65)

Body weight at 4 wk (g) 260.41+11.35 242.27+4.64
(n) (66) (64)

Body weight at 8 wk (g) 595.98+3.33 676.59+33.42
(n) (44) (60)

Body weight at 12 wk (g) 1092.55+81.40  1160.38+37.49
(n) (42) (61)

ADG

0-4 wk 8.24 7.61

0-8 wk 10.11 11.56

0-12 wk 12.65 13.46
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A15799 5.2 Anadsuazdiulosuuninsgiuvesdimdnusniia dmindifieny 4, 8, 12 dan
wazANssyAuladesiaty vesliluyndau way 50 (50% lanwdes) emnslnilieansund

LalieSuanulng (Basal diet) wag ownsiiileninisasuayulng (Herb additive)

Traits Basal diet Herb additive
Body Weight

Birth weight (g) 35.87+0.79 35.64+1.06
(n) (62) (50)

Body weight at 4 wk (g) 334.59+14.37 333.73+9.38
(n) (60) (50)

Body weight at 8 wk (g) 728.90+39.68 702.03+46.61
(n) (50) (46)

Body weight at 12 wk (g) 1315.63+67.00  1283.20+86.67
(n) (47) (46)

ADG

0-4 wk 10.66 10.64

0-8 wk 12.37 11.89

0-12 wk 15.23 14.85

M19199 5.3 Adeuardiudeauunnnsgiuvesdmnusniia dmindiiieny 4, 8, 12 §a
wazA1IN1sasyAuladedisia iy vadlinzwnias (50% lafwdes) e mnsiiideansundluiasy

ayulns (Basal diet) uaz ewnslnllendnisiasuayulng (Herb additive)

Traits Basal diet Herb additive
Body Weight

Birth weight (g) 42.16+0.35 42.79+0.49
(n) (65) (66)

Body weight at 4 wk (g)  323.31+8.10  340.48+0.83
(n) (65) (66)

Body weight at 8 wk (g)  697.77+32.02  835.40+6.30
(n) (47) (45)

Body weight at 12 wk

1381.08+96.67

1462.84+51.96

(n) (45) (44)
ADG

0-4 wk 10.04 10.63
0-8 wk 11.70 14.15
0-12 wk 15.94 16.90
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A13199 5.4 Anadsuazdiudeavuninsgiureniminisniia dnindinety 4 5 6 uag 7
dUnni wazAnsasyvladedeTuvedliillonnisd emslnlleansuniliiasuayulng

(Basal diet) uay wnslililefinisaiuayulns (Herb additive)

Traits Basal diet Herb additive
Body Weight

Birth weight (g) 53.08+4.41 54.02+4.69
(n) (59) (62)

Body weight at 4 wk
(9)
(n) (59) (62)

890.34+12555  926.77+146.12

Body weight at 5 wk
©)
(n) (57) (62)

1309.30+209.28 1281.45+186.09

Body weight at 6 wk
(9)
(n) (54) (59)

1640.74+301.57 1637.80+262.37

Body weight at 7 wk
2019.39+£342.69 1970.83+£365.80

(n) (49) (48)
ADG

0-4 wk 29.90 31.17
0-8 wk 35.89 35.07
0-12 wk 37.80 37.71
0-4 wk 40.13 39.12

2) wavaansesuayulnsluamsindenisuanseanvastu
dofinnsannavesmaiaiuayulnsluemslidenisuansesnvesdu nquiliisadestuanuieien
16 Bu Heat shock protein 70 uazBunguifueulmiduoyyadase 1duA Bu Superoxide dismutase
(SOD) uay Bu Catalase (CAT) azithuldmsiaiuasulnsluomsli damadonisiasuiainisuansoen
yosBuiAedosiumnuaioauasnauiidueulusiiueyyadaszunnsiisiu

1 1Y) |

nsuanseanveadululnd ey 50 wuin luldnguiidnisiaduayulns Weifisudunduitlisy
91n3gasUnd Bunauiidueulusidnueyyadasy 1dud Bu Superoxide dismutase (SOD) (nwdi 5.1)
wunlumsuanseenvasBuiingstuiiony 4 uae 8 &Uani uiaranasiieny 12 &Uasi vnisdidu Catalase
(CAT) (nwidl 5.2) wuh walifunisuanseanvesBuiiandias Tnevanauildsumaaiuauulnsuarlaily
@Sy dnsuanseenvestu CAT Wululuiemafendu dunsuanseanaesdy Heat shock protein 70

wud nquilkasuayulnsiuwildunisuanseanvesBuiiiuau (A i 5.3)
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Normalized expression ratio (2 4<T)

of superoxide dismutase gene (SOD) in Chee KKU 12

__2.00
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E - 78 Sy Sy 2 St 142
o A==~~~ :

g 1.00
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w

o

o

X 0.50

a

w

N

:E:' 0.00

8 4wk 8wk 12wk
b4

AGE OF CHICKEN

—— Herb additive diet - =o-- Basal diet
AT 5.1 uanaudlduni1suanteenuesdy Superoxide dismutase tulid 81y 4 8 way 12

duaminlasuomsiniilegasunaliiaiuasulns (Basal diet) uag 9wnsinileniinisiaSuayulng
(Herb additive)

Normalized expression ratio (2 4<T)
of catalase gene (CAT) in Chee KKU 12

—~ 2.00

F

3

&~ 1.50 pa A

o e l

|_ 1 N S-

< 1.00 M A

)

2 0.50 8:22
&

a

& 0.00

ﬁ 4wk 8wk 12wk
2 AGE OF CHICKEN

=

[o's

o

=z

—@— Herb additive diet - =@~ - Basal diet

AN 5.2 wanauwunliunisuanieenveddu Catalase Tlnd a1y 4 8 way 12 dUavinlasueims

IniloansunilaiiaSuayulng (Basal diet) way ewnsinlleniinisaSuayulng (Herb additive)
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Normalized expression ratio (2 4<T)

of heat shock protein 70 (HSP70) in Chee KKU 12

£ 2.00
3 1.81
N 162
o 1.50 - ———a= gt T
& Srtes TS el
[a' s - -
3 1.00 ol Rt
9 .90 0.93
0
& 0.50
& 0.
w
[a)]
N
= 0.00
s 4wk 8wk 12wk
o
) AGE OF CHICKEN
—@— Herb additive diet - =@~ - Basal diet

A9 5.3 wansiualidin1suanteanvasdiu Heat shock protein 70 Tulnd 1y 4 8 uay 12
duaminlasuomisinilegasunaliiiaiuasulns (Basal diet) uag 9wnsinileniinisiaSuayulng
(Herb additive)

nsuanseenvestululaliyndatu wuin ulringuidnmaaduasulng Weiflsuiungud
#uemsgnsund Bunguilueulesidueyyadasy 1éud Bu Superoxide dismutase (SOD),
Catalase (CAT) (nwil 5.4 uay 5.5) fuwlifunisuanseenvesduiiandiiadlutiey 8 way 12
FUnnik aauefinnsuantoantedu Heat shock protein 70 wui1 fuwsldunisuanseenvesdiui

WinAulugeny 4 war 8 dUait wazanauilonny 12 dUam (n1nd 5.6)

Normalized expression ratio (2 4<T)
of superoxide dismutase gene (SOD) in Khai Mook Esarn KKU50

2.50

g\ 2.00

~

Q) -=-=® 159
o 150 - {

'_

& 1.00

=z

o

2 0.50

wl

& 0.22
< 0.00

a 4wk 8wk 12wk

N

= AGE OF CHICKEN

S

[o's

@]

P4

—4¢— Herb additive diet = =@- = Basal diet

AN 5.4 wanswunliun1suanteanvasdiu Superoxide dismutase Tulilugndanu 81y 4 8 waz
12 danlasuemnsindiegasunilaiiatuayulng (Basal diet) war ermslallendnisieasy

aﬁ,guvLW3 (Herb additive)
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NORMALIZED EXPRESSION RATIO (2 “4¢T)

Normalized expression ratio (2 4€T)

of catalase gene (CAT) in Khai Mook Esarn KKU50
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AGE OF CHICKEN
—<— Herb additive diet - =8-- Basal diet

A 5.5 wanawunlidunisuanieenvesdiy Catalase Tulnliygndau g 4 8 wag 12 dUawi

IasuemnsinileansundlidiaSuayulns (Basal diet) uaz ewnsinileninisasuayulns (Herb

additive)

NORMALIZED EXPRESSION RATIO (2 "24CT)
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Normalized expression ratio (2 4<T)

of Heat shock protein 70 (HSP70) in Khai Mook Esarn KKU50

0.23
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—— Herb additive diet = -@- - Basal diet

AN 5.6 wansuwunliun1suanteanvesdy Heat shock protein 70 luldluyndanu o1g 4 8 wax

12 danlasuemnsindiegasunilaiiatuayulng (Basal diet) war ermslallendnisieasy

ﬂﬁ,gubL‘Wi (Herb additive)

nswaneenvasdululntiunzuies Tulingundnisauayulng Weowsudunguilasueims

ansund wudn Tugateny 4 waz 8 dUanvinisuanseenvasdunquilueulusiduenyadase laun 8u

Superoxide dismutase (SOD) (Wl 5.7) waw Catalase (CAT) (nwil 5.8) fuwnltiunisuanseoniiuansg

i lnedu SOD azanasfieny 8 &Unv gewdndesilonny 12 dUai lunazndu CAT Tuudldunis
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UAAIDDNVDIBUNANUU FIUNITUAAIDDNVBIEU Heat shock protein 70 wui1 Hkwiluun1sLaniaanved

Buianadlutneny ¢ waz 8 dUaviwazasludniiosidlonny 12 &Uansi (il 5.9)

NORMALIZED EXPRESSION RATIO (2 "24<T)

NORMALIZED EXPRESSION RATIO (2 “4<T)

Normalized expression ratio (2 4<T)

of superoxide dismutase gene (SOD) in Tanaosree
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114

4wk 8wk 12wk
AGE OF CHICKEN

—— Herb additive diet ==~ - Basal diet
AA 5.7 wanauwnliunisuanieanvesdy Superoxide dismutase lulndnungunies ey 4 8

way 12 davinlasuemnsindegasundlaiiaSuayulng (Basal diet) uay o1wnsliiieniinisiesy

aagul‘Wi (Herb additive)

Normalized expression ratio (2 “#4¢T)

of catalase gene (CAT) in Tanaosree

2.00
1.50 T . I
.48 137 1.34
: s e —— i m e e e ce==F 1.20
1.00
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0.00
4wk 8wk 12wk

AGE OF CHICKEN

—@— Herb additive diet - =@- - Basal diet

WA 5.8 uanswunliunsuansesnveddu Catalase lulntiunzunams 81y 4 8 wag 12 dUnmin
lsuemnsinllegasuniliiaSuayulng Basal diet) wag ownslnilleniniseasuayulng (Herb

additive)
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Normalized expression ratio (2 4<T)

of heat shock protein 70 (HSP70) in Tanaosree
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—— Herb additive diet - =@~ - Basal diet

a

A 5.9 wanauwunliunisuanieanvesduy Heat shock protein 70 Tulftumzunaas fe1e 4 8

way 12 davinlasuomnsindegasundlaiiaSuayulng (Basal diet) uag o1wnsliiieniinisiesy

aagul‘Wi (Herb additive)

nsuanseenvestululidonianisi luldnduiiininaduayulng edisusunduiildsuems
ansUnd wui1 Turaseny 5 war 6 dUnvinisuansesnvesBunduildueulusiduoyyadasy loun Bu
Superoxide dismutase (SOD) (n1wil 5.10) waz Catalase (CAT) (i 5.11) S lifunisuanseand
Wity daunnsuanseenvesdiu Heat shock protein 70 nui Suusldunisuanseenvesduiliiudulugas

918 5 hay 6 dUALAILSNaRAIoNY 7 dUat (A il 5.12)

Normalized expression ratio (2 4<T)

of superoxide dismutase gene (SOD) in commercial broilers
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Normalized expression ratio (2 4<T)

of catalase gene (CAT) in commercial broilers
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Normalized expression ratio (2 “24T)

of heat shock protein 70 (HSP70) in commercial broilers
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aﬁ,guvLW3 (Herb additive)
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3) wavaamsesuayulnsluamsiideUutaaulesl Aspartate aminotransferase (AST) uae
Alanine Aminotransferase (ALT)
MsRsIIATIEUTUeUlYd AST W39 Aspartate  aminotransferase wagloulasd ALT 3o

Alanine Aminotransferase wuaetdu unit of enzyme activity per liter of serum (U/L) Faudueuladid

= v o

Usuennseniauveswaanu (hepatocellular injury) Fsendinsoniauvesiulinnaeulesd AST way ALT
Tusgdufigaunnaggnudeseeninlunszuaien lassedudnaveseulediiinisAnwluliidonnanuide
994 Hosseini — Vashan et al. (2012) wu31 woulasl AST dewviniu 234.07 U/L waztoules ALT A1
winfu 2259 U/L Bssannsnsindiasizst Usinaeulasd AST uay ALT 1ulnd weung 50 Trlvandan In
Srumgunas (113197 5.5 way 5.6) waglrideniamsi (el 5.7 uaw 5.8) wud1 Ysnaneules AST &
oefluspduund uasUTinaueulest ALT egflussiuiididofioutunuidonounthi Sawamansauiun

wulayl AST way ALT luassianifuduadldiszaunsasuayulnslusmsinlilddmadasanisienu

YDIAU

A13197 5.5 AedeuavdrulsnvuninsgiuvesUsunaieulys Aspartate  aminotransferase
(AST) Tusdegraienvasiinug 3 wwme 12 layndau waeg 50 ladiungunas_ilasueimsia

\WegnsundldiaSuayulng (Basal diet) uar ewnsliiileniinmsiasuayulng (Herb additive)

Week Basal diet Herb additive

Breed

(u/L) (u/L)

Chee 4 191.47+20.79 199.69+22.42
KKU12 8 199.75+35.96 177.44+34.70
12 205.25+29.45 208.19+18.41
Khai Mook Esarn 4 190.31+£20.34 183.50+22.65
KKU50 8 291.64+77.73 223.07+53.64
12 216.33+£16.63 203.64+30.69
Tanaosree a4 153.79+47.94 152.33+24.17
8 212.67+24.40 197.15+19.84
12 208.42+50.98 226.23+43.46
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A19197 5.6 AadeuazdrudeauuningguvesUunaseulysl Alanine Aminotransferase (ALT)
Tusregadionvadlinug ¥ waay 12 luyndau way 50 Intiupzunaas Alasueimslniilegns

UnilaliaSuayulng (Basal diet) uaz armslnilleniimsiasuayulng (Herb additive)

Breed Week Basal diet Herb additive
Chee a4 3.45+1.89 5.91+4.10
KKU12 8 3.88+1.04 3.63+2.05
12 1.62+0.88 1.44+0.73
Khai Mook Esarn a4 5.34+2.21 5.10+3.09
KKU50 8 5.91+3.67 5.53+4.25
12 1.29+0.58 1.50+0.55
Tanaosree 4 3.59+1.36 3.34+1.70
8 4.48+1.94 5.32+2.07
12 1.76+1.07 1.57+0.74

A1519% 5.7 AedewazdiudoiuuninsgiuvesUSunuioulesl Aspartate  aminotransferase
(AST) Twidenvadliiilon1ansdn fieny 5, 6 uag 7 dUawi Alesuemisinileansunaluiasy

ayulns (Basal diet) uaz ewnslnllendnisiasuayulng (Herb additive)

Week Basal diet Herb additive
Breed
(U/L) (U/L)
Commercial 5 166.35+30.39 160.18+27.85
Broiler 6 209.50+36.84 225.38+110.77
7 174.47+49.07 147.33+31.88

A13799 5.8 Aedsunazadiulsuuuiinsgiuveslsuiaeulesl Alanine Aminotransferase (ALT)
Tuidonveslniilien1ansdn fieng 5, 6 waz 7 damt Nlasuemnsinliegasundluasuayulng

(Basal diet) uay wnsliiiefiinisaiuayulng (Herb additive)

Week Basal diet Herb additive
Breed
(U/L) (U/L)
Commercial 5 5.06+4.81 2.81+1.91
Broiler 6 4.85+2.43 6.49+1.88
7 7.77+4.01 4.25+1.27
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3. AN9NTINUINTIY
3.1 M59UERY ASRTIWUgNITIvBsdnwziwingaiany 12 dUanwi
Generation Kaen-Thong KaiMook E-San Soi-Phet Soi-Nin
1 0.21 0.33 0.20 0.18
2 0.18 0.30 0.19 0.17
3 0.16 0.34 0.19 0.17
4 0.21 0.28 0.21 0.18
5 0.20 0.30 0.22 0.19
6 0.23 0.32 0.25 0.22
7 0.23 0.36 0.23 0.21
8 0.21 0.34 0.21 0.20
9 0.19 0.25 0.22 0.16
3.2 A1919UEAY ANTATINUINTTUVRSANBAILAUNTINENDTY 14 FUA
Generation Kaen-Thong KaiMook E-San Soi-Phet Soi-Nin
1 0.16 0.25 0.20 0.19
2 0.15 0.16 0.19 0.18
3 0.25 0.14 0.20 0.20
4 0.18 0.28 0.20 0.20
5 0.19 0.29 0.23 0.21
6 0.17 0.33 0.19 0.17
7 0.23 0.29 0.23 0.17
8 0.20 0.31 0.22 0.20
9 0.20 0.23 0.22 0.16
3.3 A3UEAY ANSATINUTNITUVBIENWUEAINEIITaVBNTIBY 14 dUans
Generation Kaen-Thong KaiMook E-San Soi-Phet Soi-Nin
1 0.20 0.23 0.18 0.16
2 0.19 0.24 0.17 0.15
3 0.22 0.21 0.16 0.18
4 0.22 0.39 0.22 0.21
5 0.19 0.33 0.19 0.19
6 0.20 0.39 0.23 0.19
7 0.25 0.28 0.24 0.20
8 0.21 0.36 0.20 0.19
9 0.17 0.36 0.21 0.16
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6. Diagram breed development
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Difference Fatty Acid in Egg Yolk between Thai Native Chicken,
Thai synthetic chickens and commercial layer

S. Charoensin’, P. Sanchaisuriya’, S. Siripanya?, M. Duangjinda'*, B. Laopaiboon?,

W. Boonkum! and S. Kunhareang'

ABSTRACT: The objective of this study was to compare fatty acid content of egg among Thai native chicken and
Thai synthetic chickens using Complete Randomized Design. Egg quality characteristics (%egg yolk, %egg albu-
men and egg shell) were also examined. The egg yolk percent of Thai native chickens (Pradu, PD and Chee, CH)
were higher than Thai synthetic chickens (Khai Mook Esarn, KM, Soi Pet, SP; Soi Nin, SN and Kaen Thong, KT)
at P<0.01. In addition, 15 fatty acids were present in egg yolk; saturated fatty acids (C14:0, C16:0, C17:0, C18:0,
(C24:0), monounsaturated fatty acid (C14:1,C16:1n7,C18:1n9c, C20:1n11) and polyunsaturated fatty acids (C18:2n6,
C18:3n3, C20:2, C20:3n6, C20:4n6, C22:6n3). In term of saturated fatty acids, C14:0 for Thai native chickens were
significantly higher than Thai synthetic chickens (P<0.01). The major monounsaturated fatty acid composition,
C18:1n9c of egg yolk was the highest in Thai native chickens. Moreover, Thai native hen laid egg yolk with higher
polyunsaturated fatty acids than Thai synthetic chickens. Therefore, eggs from Thai native chickens should have

health benefit to consumer.

Keywords: Thai native chicken, Thai synthetic chickens, Fatty acid, Amino Acid, commercial layer

Introduction

In Thailand, there has been an increasing de-
mand for poultry meat and eggs. Native hen egg
has a high nutritional value and is choice for con-
sumers. Consumers have become more health
conscious than before. Fatty acids (FAs) are the
major components of chicken egg yolk lipids.
Hence, there is a need to meet consumer demand
and expectation on the quality of native chicken
eggs in terms of amino acids andn-3 fatty acids.
This can be done by feeding trials on chickens.
Omega-3 fatty acids (PUFA) enriched eggs reduce
the risk of heart disease and prevent cancer. In ad-
dition, PUFA is required for normal fetal brain and

visual development (Lewis et al., 2000).

Research and Development Network Center
for Animal Breeding (Native Chicken) [NCAB]
successfully developed pure Thai native chicken
population (Pradu Hang Dum Mor. Kor. 55 and
Chee KKU. 12) and four Thai synthetic chicken
lines (Kaen Thong, Khai Mook Esarn, Soi Nin, and
Soi Pet) from crossing Thai native (TN) with com-
mercial chickens. During NCAB exhibition, Thai
people showed their interest and the first question
asked “is this egg from native hen? “Furthermore,
the customers were willing to pay for the eggs and
it is important to determine the egg composition
whose are concern about cholesterol. Therefore,
this study aims to compare the fatty acids in egg
yolk between Thai native chicken and Thai syn-
thetic chickens to benefit all levels of egg produc-

tion in the future.

! Department of Animal Science, Faculty of Agriculture, Khon Kaen University, Khon Kaen 40002, Thailand

2 Research and Development Network Center for Animal Breeding (Native Chicken), Faculty of Agriculture,

Khon Kaen University, Khon Kaen 40002, Thailand

* Corresponding email: monchai@kku.ac.th
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Materials and Method

A Complete Randomized Design was used in
the experiment. All the chicks were reared and
maintained at the Research and Development
Network Center for Animal Breeding (Native
Chicken), Khon Kaen University. The chicks were
fed ad libitum for 16 weeks. Layer feed was pro-
vided based on age; 0-6 weeks feed consisted of
19% CP and 2,900 Kcal/ energy kg and 6-16 weeks
diet contained 15% CP and 2,900 Kcal/kg energy.
The quality of eggs were determined every day for
five days on age at 7 month. In addition, fatty acids
content of Thai native chickens and Thai synthetic
chickens were examined from 10 eggs/breed/rep-
lication for 2 replication using in-house method

(AOAC,2012) 994.10. Analysis of variance was

Table 1 Quality characteristic of eggs

KHON KAEN AGR.J. 43 SUPPL. 2 : (2015).

used to compare the quality characteristic of eggs

and fatty acids among the chicken populations.

Results and Discussion

Egg quality characteristics (yolk weight,
weight and shell in percent) were examined. Thai
Native chicken (Pradu, PD and Chee, CH) con-
sisted of egg yolk percent comparatively higher
than Thai synthetic breed (Kaimook Esarn KKU.
50, KM; Soi Pet KKU. 50, SP; Soi Nin KKU. 50,
SN and KaenThong KKU. 50, KT) layer (CP) at
P<0.01 (Table 1). On the other hand, albumen was
significantly heavier in eggs laid by CP hen than
Thai synthetic breed and native chicken (P<0.01).
Show that Thai native chicken has the highest in

Yegg yolk and lowest in %Egg white.

Egg component CP PD CH KM Sp SN KT
Egg yolk (%) 23.56¢ 33.384 34.0248 32.028¢ 31.678¢ 30.56¢ 31.888¢
Egg albumen (%) 6430~ 55.28¢ 55.18¢ 57.608 58.208 58.528 57.208
Egg shell (%) 12.142 11.30% 10.80° 10.40° 10.61° 10.86° 10.92:
DM (%) 51.33 51.90 52.07 52.30 51.53 51.70 52.33
EE (%) 59.87 59.20 56.20 56.83 5647 53.97 59.27

CP = CP Brown, PD= Pradu Hang Dam Mor Kor.55, CH= Chee KKU. 12, KT = KaenThong KKU. 50,
KM = Kaimook Esarn KKU. 50, SN = Soi Nin KKU. 50, SP = Soi Pet KKU. 50

A-B Means in the same rows with different superscripts were highly significantly different (p<0.01)

> Means in the same rows with different superscripts were highly significantly different (p<0.05)

Fifteen egg fatty acids profile were determined
and including saturated fatty acids (C14:0, C16:0,
C17:0, C18:0, C24:0), monounsaturated fatty acid
(C14:1,Cl16:1n7, C18:1n9c, C20:1n11) and poly-
unsaturated fatty acids (C18:2n6, C18:3n3, C20:2,
C20:3n6, C20:4n6, C22:6n3). The saturated fatty
acids, C14:0 for Thai native chickens (PD and CH)
were significantly higher than Thai synthetic chick-
ens at P<0.01 (Table 2). Fatty acid, C18:1n9¢c was

the major composition of monounsaturated fatty

acid in egg yolk and Thai native chickens were
comparatively higher than Thai synthetic chickens
at P<0.01 (Table 2). According to Jaturasitha et al.
(2008), found that native chicken had C18:1 n-9
higher than crossbred. In other words, the egg yolk
of Thai native chicken contains more polyunsatu-
rated fatty acids than Thai synthetic chickens.
Therefore, eggs from Thai native chicken should

have health benefit for consumer.
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Table 2 Mean+SD fatty acid content of Egg Yolk in Thai native chickens and Thai synthetic chickens

Items PD CH KM SP SN KT
Fatty Acid
Cholesterol 1585.93 1230.07 1253.70 1248.68 1362.32 1585.93
(mg%) +80.29 +77.65 +472.01 +499.25 +416.51 +80.29
Fatty acid composition
Saturated 11.68+1.08 11.25+0.77 12.61+0.60 10.25+0.7 10.92+0.36 10.80+0.14
fatty acid
C14:0 0.17+0.005*  0.18+0.027*  0.13+0.003®  0.11+0.003" 0.10+0.003®  0.11+0.019"
Cl16:0 8.38+0.48 8.22+0.65 9.01+0.37 7.99+0.17 7.85+0.36 7.69+0.65
C17:0 0.06+0.004*  0.05+0.001®  0.06+0.003*  0.04+0.000° 0.04+0.003>  0.06+0.006°
C18:0 3.03+0.57 2.76+0.10 3.36+0.24 2.60+0.02 2.89+0.00 2.63+0.16
C24:0 0.026+0.009  0.019+0.003  0.025+0.001  0.021+0.003 0.021+0.00  0.020+0.000
Unsaturated  18.46+0.14 17.65+0.92 17.79+0.22 17.57+£0.21 17.98+0.75 16.58+0.92
fatty acid
Cl4:1 0.032+0.00%  0.038+0.009*  0.024+0.005¢ 0.022+0.00¢ 0.017+0.00°  0.023+0.00 B¢
C16:1n7 0.86+0.067 0.99+0.14 0.94+0.04 0.95+0.00 0.81+0.05 0.87+0.069
C18:1n9c 12.23£0.564  11.79+0.55*  11.33+0.26*% 11.16£0.16%  11.64+0.46*  10.29+0.338
C20:1n11 0.080+0.003  0.087+0.005  0.09+0.016  0.071+0.004 0.074+0.003  0.085+0.001
C18:2n6 3.79+0.06 3.62+0.16 3.94+0.09 4.05+0.30 4.07+0.30 3.86+0.35
C18:3n3 0.075+0.010  0.075+£0.006  0.072+0.002  0.090+0.004 0.091+0.013  0.075+0.002
C20:2 0.055+0.000  0.053+£0.005  0.061+0.005  0.055+0.007 0.052+0.011  0.052+0.003
C20:3n6 0.066+0.017  0.068+0.004  0.087+0.002  0.070+0.006 0.065+0.002  0.070+0.006
C20:4n6 0.979+0.29 0.714+0.03 0.957+0.09  0.794+0.02 0.837+0.07  0.919+0.11
C22:6n3 0.248+0.08 0.197+0.01 0.231+0.03 0.219+0.01 0.249+0.02 0.241+0.02
Conclusions Acknowledgements

Thai Native chicken (PD and CH) contains
heavier yolk than Thai synthetic breed (KM, SP,
SN and KT) and laying hen’s egg (CP). The main
composition of monounsaturated fatty acid was
C18:1n9c in egg yolk which was the highest in
Thai native chickens. Therefore, it may be consid-
ered that eggs from Thai native chicken are good

for health conscious consumer.
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(Native Chicken) (NCAB)
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Association of Chicken Growth Hormone Gene with Growth Traits
in Thai Broiler

Lan Anh Thi Nguyen'?, Sajee Kanharaeng' and Monchai Duangjinda'*

ABSTRACT: The aim of the study was to determine the association of chicken growth hormones (cGH) with growth
performance in Thai broiler. The hybrid crossbred from commercial PS broiler with four Thai synthetic breeds; Kaen
Thong (KT), Khai Mook Esarn (KM), Soi Nin (SN), and Soi Pet (SP) were established for a purpose of developing
a suitable terminal breeding program for Thai broilers. A total of 408 samples were collected from four Thai broiler
lines at 8 weeks of age. Samples were genotyped using PCR-RFLP method. The ¢cGH was associated with body
weight at hatching; at 4, 6, 8, 10 weeks of age and with average daily gain; during 0-6, 0-8, and 0-10 weeks of age in
PS x KM chickens. For PS x KT populations, cGH showed only significant association with body weight at hatching.
According to the results, cGH gene may be used as a candidate gene, to improve growth traits of Thai broilers.
Keywords: cGH Gene, Growth Traits, PCR-RFLP, MAS, Thai Broilers

Introduction

Meat from Thai native chickens with the ad-
vantages, for instance, better taste, good meat
texture, low fat and cholesterol, and high protein
content (Promwatee and Duangjinda, 2010), is
preferred by most Thai consumers than commercial
broilers (Theerachai et al., 2003). Nevertheless, the
native chicken generally growth slower than the
commercial broiler (Wattanachant, 2008), and the
market price is higher about two to three times than
the commercial broiler (Wattanachant et al., 2004).
Recently, hybrid chickens (with less than 50% na-
tive genetics) with the advantages of lower cost of
production (faster growth) and better tolerance to
heat stress are interested to develop for open-
housing commercial production. Thai broiler was
produced by cross between PS broiler sires with
Thai synthetic breeds, in order to get a terminal
hybrid of 75% broiler and 25% Thai native chick-

en, is of interest to the modern trait market. The
products have a lower price, better taste, and better
meat texture; compared to commercial broilers.
For that reasons, genetic improvements of parental
lines for Thai broilers must be studied to meet the
demands of consumers.

Growth trait is very important economic trait
in broiler production, and is controlled by complex
genes. In poultry, growth rate, and mature body
weight are highly related to circulating growth
hormone levels (Anthony et al., 1990). Chicken
growth hormone (cGH) consists of 4,101 base
pairs, having five exons and four introns (Kansaku
et al., 2008), and containing 191 amino acid resi-
dues (Hrabia et al., 2008). The cGH affects a vari-
ety of physiological functions in growth perform-
ance (Apaetal., 1994; Byatt et al., 1993). Previous
studies found that cGH plays a critical role in both

growth and metabolism rates (Feng et al., 1997,
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Vasilatos-Younken et al., 2000). Therefore, it
would be required to study the association of cGH
for use as candidate gene in Thai broilers; for a
suitable terminal breeding program. The aim of this
study was to observe the association of cGH with

growth trait in Thai broilers.

Material and Methods

Chicken populations

Four Thai broiler hybrids were established by
crossing sires from a broiler breeder line (PS) with
dams from four Thai synthetic chicken lines;
namely, the Kaen Thong (KT), Khai Mook Esarn
(KM), Soi Nin (SN), and Soi Pet (SP); (Promwatee
etal.,2013). A total of 408 of the four Thai broiler
lines were studied, including a combination of PS
x KT (N=101), PS x KM (N=104), PS x SN
(N=104), and PS x SP (N=99). The samples of Thai
broiler were supplied by the Research and Devel-
opment Network Center for Animal Breeding
(Native Chicken), Khon Kaen University, Khon
Kaen, Thailand. Body weight (BW) of 408 chick-
ens was collected individually at hatching; at 4,6,
8, and 10 weeks of age (BW0O, BW4, BW6, BWS,
and BW10). The average daily gain (ADG) was
calculated at 0-6 weeks of age (ADG 0-6), 0-8
weeks of age (ADG 0-8), and 0-10 weeks of age
(ADG 0-10).

Table 1 Primer and related details of cGH candidate gene

KHON KAEN AGR.J. 43 SUPPL. 2 : (2015).

Genotyping with PCR-RFLP

Genomic DNA was extracted from the blood
of 408 chickens. The PCR was performed in a 10
1 mixture containing 1 1 genomic DNA (50 ng),
1 pl 10x PCR buffer, 1ul 2.5 uM of primers for
each candidate gene, 1u1 1mM of dNTP (Promega,
USA), 0.8 ul 25mM MgCl,, and 0.1 ul 5U Taq
DNA polymerase (RBC). The primer characteris-
tics cGH (Nie et al., 2005); are shown in Table 1.
PCR amplification was conducted under the fol-
lowing conditions: 95°C for five minutes, followed
by 30-35 cycles at 95°C for 45 seconds, 58 — 68°C
for 30—45 seconds, and 72°C for 30-45 seconds;
followed by a final extension at 72°C for five min-
utes.

Genetic variation of ¢cGH was detected by
using the PCR-RFLP technique. The PCR products
were digested in a total volume of 20u1 of solution;
containing 3u1 of PCR product, 1-2 U of restriction
enzymes, buffer, and distilled H,O. The sample
was then incubated at 37°C overnight. Restriction
patterns were visualized by 2% agarose gel elec-
trophoresis, and stained in GelStar® (GelStarlnc,
NYC, NY). Agarose gels were visualized and
photographed under Gel Documentation System

standards (Lab Focus, Inc.).

PCR

Primer (Forward/Reverse) ATV (°C) SNPs/site Enzyme
Product (bp)

5’-TCCCAGGCTGCGTTTTGTTACTC-3’ 65 G>A/1705 429 EcoRV

5’-ACGGGGGTGAGCCAGGACTG-3’ Intron 3

YAnnealing temperature
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Statistical Analysis

Genotypic and allelic frequencies were calcu-
lated at each locus, as described by Falconer and
Mackay (2001). Genotypes having a frequency
lower than 2% were discarded from the analysis.
The association of candidate gene and traits were
analyzed separately for each hybrid cross using the
following model: Vi M +G+ SJ.+ Hk+eijk

Where Vi is trait observation (BW and ADG),
W is overall population mean, G, is the fixed effect
of the genotype, Sj is the fixed effect of the sex, H,
is the fixed effect of the hatching, and € is the

residual random error.
Result and Discussion

Genotype and allele frequencies of cGH

After genotyping the populations of four Thai
broiler lines, genotype and allele frequencies of
c¢GH gene were calculated, as showed in Table 2.
Allele G is predominantly higher than allele A, in
all four chicken populations. Additionally, the AA
genotype was counted with a frequency of 0.05 in
the PS x KM, and PS x SN populations. The AA
genotype showed the lowest frequency (0.01) in
the PS x SP population.
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Association of cGH with growth traits

The variation of cGH and growth performance
traits association is showed in Table 3. In the PS
x KM population, the variation of cGH showed the
association with almost all recorded of growth
traits. In which, chickens with allele G showed
higher BW at 4, 6, 8, and 10 weeks of age; and
ADG at 0-6, 0-8, and 0-10 weeks of age. The
variation of cGH revealed only the association with
BW at hatching in PS x KT population. However,
there was no significant different within genotype
with BW and ADG in the other two populations.
With the same region (G1705A), Nie et al. (2005)
reported that the single nucleotide polymorphism
(SNP) maintained a significant association with
almost all growth traits, in an F, reciprocal cross
between the WRR and X Chinese chicken breeds.
The allele A in the study by Nie et al. (2005)
showed a positive effect on growth traits. Neverthe-
less, our study found that AG and GG having
similar positive effect effects on chicken growth.
These results were consistent with the previous
study of Thai native chickens (Chee), chicken with
GG genotypes were significant higher in all growth
traits, including BW and ADG, from 0-16 weeks
of age (Promwatee and Duangjinda, 2010).

Table 2 Genotype and allele frequencies of ¢cGH in Thai broilers

Breeds! N Genotype frequencies Allele frequencies
AA AG GG A G
PS x KM 104 0.05 0.30 0.65 0.20 0.80
PS x KT 101 0.16 0.46 0.39 0.30 0.61
PS x SN 104 0.05 048 047 0.29 0.71
PS x SP 99 0.01 0.52 047 0.27 0.73

UPS: Broiler breeder sire, KM: Khai Mook Esarn, KT: Kaen Thong, SN: Soi Nin,SP: Soi Pet dam line.
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In this regard, the G1705A in intron 3 of cGH
might have an effect on chicken growth perform-
ance. Hence, the cGH might be a potential marker
for use in a marker-assisted selection programs.
However, further study of the associations between
cGH and growth traits will be required to achieve

more accurate results.

KHON KAEN AGR.J. 43 SUPPL. 2 : (2015).

Conclusion

Recent study found the cGH single nucleotide
polymorphism associated with some chicken
growth traits. However, the association was not
showed in all breeds. Chickens with selected AG
and GG genotype in PS x KM hybrid have better
growth performance and greater potential to de-
velop into Thai broilers. In summary, the variation
of cGH may be used as genetic marker for improv-
ing growth traits in breeding programs for com-

mercial hybrid chickens.

Table 3 Least square means of variation of cGH on growth performance in Thai broiler populations

Growth traits

Breeds Genotype BW (g) ADG (g/day)
0 2 4 6 8 10 0-6 0-8 0-10
PSxKM
AA(m=5) 384 2280 626.8° 12289% 1689.8% 21620 283® 295" 30.3°
AG(=31) 379 2375 7327% 143894 1940.2% 24274 3344 340° 34.1°
GG (n=68) 382 2376 7522 1453.1% 1987.3% 24728 33.7% 348" 348"
SEM 0.8 99 215 36.8 549 71.0 0.9 1.0 1.0
PS x KT
AA(m=16) 379 2094 6749 11700 17230 22584 270 30.1 31.7
AG (n=46) 373" 2034 6894 11825 1670.6 22018 273 292 309
GG (n=39) 349" 2069 7050 1202.8 1666.5 22953 278 29.1 323
SEM 0.7 7.8 184 340 529 61.7 0.8 0.9 09
PS x SN
AA(n=5) 350 2323 7033 13114 18442 23375 304 323 329
AG(n=50) 337 2296 7010 13205 1899.1 2366.5  30.6 333 333
GG (n=49) 34.1 2325 6929 13147 1869.1 23265 305 32.8 32.8
SEM 0.7 7.3 155 309 432 62.1 0.7 0.8 09
PS x SP
AG(m=51) 350 2169 7015 12642 1762.6 22879 293 309 322
GG (n=47) 346 2125 6827 12295 17250 22700 284 302 319
SEM 0.5 49 13.6 25.6 395 472 0.6 0.7 0.7

A-B Means within a column without common superscript capital letters differ significantly (P<0.01).

+b Means within a column without common superscript lowercases differ significantly (P<0.05).

SEM: standard error of the mean. PS: Broiler breeder sire; KM: Khai Mook Esarn; KT: Kaen Thong; SN: Soi Nin;
SP: Soi Pet dam line. BWO, 4, 6, 8, and 10: Body weight at hatching, 4, 6, 8, and 10 weeks of age. ADGO0-6, 0-8, and
0-10: Average daily gain during O to 6,0 to 8, and 0 to10 weeks of age.



KHON KAEN AGR.J. 43 SUPPL. 2 : (2015).

Acknowledgment

The authors gratefully acknowledge the Re-
search and Development Network Center for Ani-
mal Breeding (Native Chicken), Khon Kaen Uni-
versity, Khon Kaen Thailand for help in managing
chickens and collecting data. The authors are most
grateful to the Ministry of Agriculture and Rural
Development (Vietnam) for granting the research
funding. Also, the authors thanks to the Department
of Animal Science, Faculty of Agriculture, Khon
Kaen University, for providing research facilities
for the present body of work. The authors also wish
to acknowledge Science Park, at Khon Kaen Uni-
versity for their supporting equipment and tech-

niques.

Reference

Anthony, N., R. Vasilatos-Younken, D. Emmerson, K.
Nestor and W. Bacon. 1990. Pattern of growth and
plasma growth hormone secretion in turkeys se-
lected for increased egg production. Poultry science
69:2057-2063.

Apa, R., A. Lanzone, F. Miceli, M. Mastrandrea, A.
Caruso, S. Mancuso and R. Canipari. 1994. Growth
hormone induces in vitro maturation of follicle-and
cumulus-enclosed rat oocytes. Molecular and cel-
lular endocrinology 106:207-212.

Byatt, J. C., N. R. Staten, W. J. Salsgiver, J. G. Kostelc
and R. J. Collier. 1993. Stimulation of food intake
and weight gain in mature female rats by bovine
prolactin and bovine growth hormone. American
Journal of Physiology 264:E986-E986.

Falconer, D. S. and T. F. Mackay. 2001. Introduccién a

la genética cuantitativa Acribia.

173

Feng, X., U. Kuhnlein, S. Aggrey, J. Gavora and D.
Zadworny. 1997. Trait association of genetic mark-
ers in the growth hormone and the growth hormone
receptor gene in a White Leghorn strain. Poultry
science 76:1770-1775.

Hrabia, A.,H. E. Paczoska-Eliasiewicz, L. R. Berghman,
S. Harvey and J. Rzasa. 2008. Expression and lo-
calization of growth hormone and its receptors in
the chicken ovary during sexual maturation. Cell
and tissue research 332:317-328.

Kansaku,N.,G. Hiyama, T. Sasanami and D. Zadworny.
2008. Prolactin and growth hormone in birds: pro-
tein structure, gene structure and genetic variation.
The journal of poultry science 45:1-6.

Kaya, M. and M. A. Yildiz. 2008. Genetic diversity
among Turkish native chickens, Denizli and Gerze,
estimated by microsatellite markers. Biochemical
genetics 46:480-491.

Nie, Q., B. Sun, D. Zhang, C. Luo, N. A. Ishag, M. Lei,
G. Yang and X. Zhang. 2005. High diversity of the
chicken growth hormone gene and effects on
growth and carcass traits. The Journal of heredity
96:698-703.

Vasilatos-Younken, R., Y. Zhou, X. Wang, J. McMurtry,
R. Rosebrough, E. Decuypere, N. Buys, V. Darras,
S. Van der Geyten and F. Tomas. 2000. Altered
chicken thyroid hormone metabolism with chronic
GH enhancement in vivo: consequences for skel-
etal muscle growth. Journal of Endocrinology
166:609-620.

Wattanachant, S. 2008. Factors affecting the quality
characteristics of Thai indigenous chicken meat.
Suranaree Journal of Science and Technology
15:317-322.

Wattanachant, S., S. Benjakul and D. Ledward. 2004.
Composition, color, and texture of Thai indigenous
and broiler chicken muscles. Poultry science
83:123-128.



KHON KAEN AGR.J. 43 SUPPL. 2 : (2015). KHON KAEN AGR.J. 43 SUPPL. 2 : (2015).

Genetic Pattern of MSTN and TGF-f3 in Thai Native Chicken Crossbred

Thongsa Buasook!, Monchai Duangjinda'-2, Banyat Laopaiboon’

and Sajee Kunhareang! %"

ABSTRACT: Myostatin (MSTN) and transforming growth factor beta 3 (TGF-f33) has an important role to be
involved in a development of growth in chicken and mammal. A total of one hundred samples were collected from
25% Thai native chicken crossbred. PCR-RFLP was used to genotype a fragment length polymorphism on the
myostatin (MSTN/BbvI) and transforming growth factor beta 3 (TGF-£3/Bsll). The result found variation of MSTN
and TGF-[33. There were three pattern of genotypes AA, AG and GG of MSTN patterns and three genotypes of
TGF-f33; AA, AB and BB. The finding might be concluded that variation in both regions could be useful for further

study on growth traits in native chicken.

Keywords: Thai native chicken, Myostatin gene, TGF-3 gene

Introduction

Mpyostatin is a member of the transforming
growth factor-f family with a key role in inhibition
of muscle growth by negative regulation of both
myoblast proliferation and differentiation. Hence,
myostatin acts to limit skeletal muscle mass by
regulating both the number and growth of muscle
fibers. The myostatin gene consists of three exons
and two introns in all species studied (Bellinge et
al., 2005) In chickens, Gu et al. (2003) found out
that the myostatin gene does not only regulate the
skeletal muscle development, but also participate
in the fat metabolism and disposition. Ye et al.
(2007) evaluated the effects of several polymor-
phisms of the myostatin gene in three elite com-
mercial broiler chicken lines on performance and
mortality traits and suggested that the myostatin
gene had pleiotropic effects on broiler perform-

ance.

Transforming growth factor beta 3 (TGF-33)
is a type of protein, known as a cytokine, which is
involved in cell differentiation, embryogenesis and
development. It belongs to a large family of cy-
tokines called the transforming growth factor beta
superfamily, which includes the TGF-f3 family,
bone morphogenetic proteins (BMPs), growth and
differentiation factors (GDFs) as well as the inhib-
ins and activins (Piek et al., 1999). Chicken
TGF-B3 maps to chromosome 5 (Groenen et al.,
2000). The chicken TGF-83 gene consists of 7
exons, 6 introns and spans 16-kb of the chicken
genome. The biological activities of chicken
TGF-f isoforms appear to be similar to those of
mammals (Cogburn et al., 2000). The objective of
this work was to detect of polymorphism on my-

ostatin and TGF- 33 gene in Thai native crossbred.
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Materials and Methods

A total of 100 blood samples were collected
from Thai native chicken crossbred at the blood
level of 25 percent of Thai native chicken. Ge-
nomic DNA was extracted from the whole blood
using the Guanidine-HCL methods. DNA qualifica-
tion and concentration were evaluated by spectro-
photometer (Nano-Drop2000, Delaware USA).
PCR-restriction fragment length polymorphism
(RFLP) was used to identify DNA patterns of
Myostatin and TGF-33. Two restriction fragment
length polymorphism (RFLP) were typed on the
Myostatin (Bbvl/Myostatin) and TGF-#3 (Bsil/
TGF-3), which was described in Zhang et al.
(2011) and Amirinia et al. (2011). The Myostatin
and TGF-633 allele frequencies were calculated by
simple allele counting (Falconer and Mackay,
1996).

201

Results and discussion

Frequency of genotype

Three genotypes of MSTN (AA, AG and GG
genotypes) were observed in Thai native chicken
crossbred. The result revealed the lowest fre-
quency of GG with accounted for 0.01 the result
was contrast with Zhang et al. (2011) found that
genotypes AA lowest in Bian chicken and variation
in TGF-f33 was shown three patterns of AA, AB
and BB genotypes. A frequency of BB genotype
was the lowest in Thai native chicken crossbred,
This result was contrast, Amirinia et al. (2011)
found that AA genotypes lowest in Iranian com-
mercial broiler Lines A and B (Table 1).

Table 1 Frequency and allele of MSTN and TGF-f3 in 25% Thai native chicken.

Gene Genotypes Frequency (N) Allele Frequency

AA 038 (32) A 0.68

Mpyostatin AG 0.61(52) G 0.32
GG 0.01 (1)

AA 032 (33) 0.57

TGF-33 AB 0.50 (51) B 043
BB 0.18 (18)

Conclusions Acknowledgements

The present study provides evidence that there
are various patterns of myostatin and TGF-33 gene
in 25% Thai native chicken crossbred. The ge-
netic variation is promising candidate gene to study
for improving growth in the crossbred. The my-
ostatin and TGF-33 gene variants would be ben-

efit of birth weight and body weight.

We would like to thanks Animal Genome Unit
and Research and Development Network Center
for Animal breeding (Native Chickens); KKU-—
TREF for financial supports.



202

References

Anmirinia, C., H.R. Seyedabadi, N. Amirmozafari, R.V.
Torshizi, M. Chamani, A.J. Aliabad and M.A. Ab-
basi. 2011. Association of transforming growth
factor-B3 gene polymorphism with growth and
body composition traits in Iranian commercial
broiler lines. African Journal of Biotechnology.
10(10) : 1784-1788

Bellinge, R.H.S, D.A Liberles, S.P Iaschi, P.A O’Brien
and G .K Tay. 2005. Myostatin and its implications
on animal breeding: a review. Anim. Genet. 36(1):
1-6.

Cogburn, L.A., J. Burnside and C.G Scanes. 2000.
Physiology of growth and development. in Sturkie’s
Avian Physiology. 5th ed. G. C. Whittow, ed. Aca-
demic Press, San Diego. 635-656.

Groenen, M.A., H.H Cheng, N. Bumstead, B.F Benkel,
W.E Briles, T. Burke, D.W Burt, L.B Crittenden, J.
Dodgson, J. Hillel, S. Lamont, A. Ponce de Leon,
M. Soller, H. Takahashi and A. Vignal. 2000. A
consensus linkage map of the chicken genome.
Genome Res. 10: 137-147.

KHON KAEN AGR.J. 43 SUPPL. 2 : (2015).

Gu.Z.L,D.HZhu,N.Li,H.Li, X.M Deng and C.X Wu.
2003. Polymorphisms of myostatin gene and its
relationship with the development of skeletal
muscle and fat in chickens. Sci. China Life Sci.,
33(3): 273-280.

Falconer, D.S. and T.F.C Mackay.1996. Introduction to
Quantitative genetics. Ed 4th, Longmans Green,
Harlow. Essex, UK.

Piek, E., C.H. Heldin, and P. Ten Dijke. 1999. Specific-
ity, diversity, and regulation in TGF-f superfamily
signaling. FASEB J. 13: 2105-2124.

Ye, X.H, S.R Brown, K. Nones, L.LL Coutinho, J.C.M
Dekkers and S.J Lamont. 2007. Associations of
myostatin gene polymorphisms with performance
and mortality traits in broiler chickens. Genet. Sel.
Evol., 39(1): 73-89.

Zhang,G. X.,X.H.Zhao,J. Y. Wang, F. X. Ding and L.
Zhang. 2011. Effect of an exon 1 mutation in the
myostatin gene on the growth traits of the Bian
chicken. Animal Genetics, 43, 458-459.



KHON KAEN AGR.J. 43 SUPPL. 2 : (2015). KHON KAEN AGR.J. 43 SUPPL. 2 : (2015).

Expression of antioxidant enzyme and heat stress genes in
Thai native chicken (Chee KKU12) and Thai synthetic chicken
(Khai Mook Esarn KKUS50)

N. Duanghaklang', M. Duangjinda'** and K.Sujikara®

ABSTRACT: The objective of this study was to investigate expression of genes involved in antioxidant enzyme
(SOD, CAT) and heat stress gene (HSP70) in Thai native chicken (Chee KKU12) compare to Thai synthetic chicken
(Khai mook Esarn KKUS50) as breed for commercial broilers. Twenty blood samples from Thai native chicken (N=10)
and Thai synthetic chicken (N=10) were collected at 10 a.m. and 3p.m. for total RNA extraction. One-step quantitative
real-time PCR (qQRT-PCR) was used to measure expression patterns of SOD, CAT and HSP70 genes. The expression
of antioxidant enzyme (SOD, CAT) and heat stress genes (HSP70) was no statistical difference among breed groups.
The finding showed that the tolerant and stress response ability of Thai native chicken and Thai synthetic chicken
may be no different. In the future, Thai synthetic chicken may be use for developing of crossbred native chicken or
Thai broiler, and hence further research of antioxidant enzyme (SOD, CAT) and heat stress genes (HSP70) can be

used for study of gene expression in crossbred native chicken.
Keywords: Thai Native chicken, Thai synthetic chicken, SOD gene, CAT gene, HSP70 gene

Introduction

Nowadays, Thai native chickens are known as
healthy food and become very popular to consum-
ers because they have delicious meat (Jaturasitha,
2002) and low cholesterol (Jaturasitha, 2008) when
compared with commercial broiler meat. However,
Thai native chicken production is not enough for
the need of market because they grow slowly as
limitation for developing to industry. Therefore,
Khai Mook Esarn KKUS50, which is a Thai syn-
thetic chicken line has been developed by the
Research and Development Network Center for
Animal Breeding (Native Chicken), Khon Kaen
University, Thailand to meet the requirement of
market. These chicken lines have been selected for
higher growth rate and developed to Thai broiler
breed to support poultry industry of Thailand.

Thailand

Oxidative stress is major problem in poultry
industry because this condition has affected the
productivity of chickens. At stress environment,
chickens get oxidative stress because reactive
oxygen species (ROS) are increased, which this
condition cause of DNA damage (Marnett, 2000)
and protein modification which cause of lipid
peroxidation (Grune et al., 1997). Then, the body
releasing antioxidant enzyme and heat shock pro-
teins (HSP) to protect itself from the deleterious
cellular effects of ROS (Droge, 2002).

The important antioxidant enzymes consist
superoxide dismutase (SOD) and catalase (CAT)
(Fang et al., 2002), which function without co-
factor (Christine et al., 2010). SOD plays an im-
portant role in the protection of cells from the
oxidative damage of superoxide radicals by convert

superoxide enzymically into hydrogen peroxide
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(Steinbeck et al., 1993). Then, hydrogen peroxide
may be converted into water by the enzymes CAT
(Droge, 2002). In broiler chickens, the expression
of SOD gene decrease toxic effect of alflatoxin
(Yarru et al., 2009). Indicator of stress response in
chicken is heat shock protein 70 (HSP70), which
was controlled the balance condition when chick-
en get stress (Beloor et al., 2010), indicate levels
of heat stressed (Zulkifli et al., 2009), improve
antioxidant capacity of broilers and inhibiting the
lipid peroxidation production (Gu et al., 2012). In
addition, the activities of enzymes depending on
breed and age of chickens. In different chicken
breeds have variations in antioxidant enzymes
activities, some physiological and haematological
parameters because they are regulated by geneti-
cally (Gihan et al., 2009). Thai native chicken was
more tolerant to high temperature than broiler
chickens (Duangduen, 2008). Therefore, the ex-
pression of SOD, CAT and HSP70 in Thai native
chicken and synthetic chicken may be different.
The objective of this study was to investigate
expression of SOD, CAT and HSP70 genes in Thai
native chicken compare to synthetic line chicken

as breed for commercial broilers.

Materials and Method

Sample and extraction of Total RNA

Twenty blood samples from Thai native
chicken (Chee KKU12) (N=10) and Thai syn-
thetic chicken (Khai mook Easrn KKU50) (N=10)
were collected. Blood collection was repeated 10
a.m. and 3 p.m. for total RNA extraction. Blood
was collected on EDTA-NA -treated collection
tube at 4°C. Total RNA was extracted from whole
blood by GeneJET RNA Purification Kit (Thermo
Scientific). The quantity was measured using spec-

trophotometer (NanoDrop 2000 Thermo Scientific,
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Waltham, MA, USA) and store at -20 °C for use

in quantitative Real-time PCR

Quantitative Real-Time PCR

One-step quantitative real-time PCR (qRT-
PCR) was used to measure expression patterns of
genes involved in antioxidant enzyme (SOD, CAT)
and heat stress (HSP70).

The primer of SOD gene (Forward: 5’AG-
GGGGTCATCCACTTCC3’ and Reverse:
5’CCCATT TGTGTTGTCTCCAA 3’) was used
122 bp (Yarru et al., 2009).The primer of CAT gene
(Forward: 5’GGGGAGCTGTTTACTGCAAG
3’and Reverse: S’TTTCCATTGGC TAT-
GGCATT3’) was used 139 bp (Yarru et al., 2009).
The HSP70 gene (Forward: 5’AACC
GCACCACACCCAGCTATG3 ’and Reverse:
5’CTGGGAGTCGTTGAAGTAAGCG3’) was
used 360 bp (Mazzi et al., 2003).

Quantitative real-time PCR was conducted
using CFX96 real-time system (BIO-RAD). Total
volume of reaction was performed for 25 y1 which
containing 20 ng/pl of total RNA, 12.5 ul 2X
SYBR green RT-PCR Reaction Mix (BIO-RAD),
2 ul (3 uM) of primers, 1 ul of iScript reverse
transcriptase for one-Step RT-PCR (BIO-RAD)
and 6.5 ul nuclease free water. Incubate complete
reaction mix in a real-time thermal detection sys-
tem as follows: cDNA synthesis 10 min at 50°C,
iScript Reverse transcriptase inactivation 5 min at
95°C, PCR cycling and detection (40 cycles): 10
sec at 95°C, 30 sec at 58°C. 18s ribosomal RNA
was used as the endogenous control gene in the
qRT-PCR.

Statistical Analysis
The relative quantification of gene expression
were recorded after normalizing for 18STRNA gene

expression computed by using the 24 method
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(Livak and Schmittgen., 2001). Relative normal-
ized expression (2-%") data were analyzed by the
GLM procedures of SAS (SAS Institute, 1996) at
a significance based on the 0.05 level of probabil-
ity. Breed groups (Chee KKU12, Khai Mook Esarn
KKU50) were used as fixed effects in the model.

Results and Discussion

This study found the expression of antioxidant
enzyme (SOD, CAT) and heat stress genes
(HSP70) was no statistical difference (P > 0.05)
among breed groups and time of blood sampling
(Table.1). Relative normalized expression (244"
data of HSP70 SOD and CAT gene in Thai native
chicken (Chee KK12) and Thai synthetic chicken
(Khai Mook Esarn KKUS50) at 10 a.m. (a) and 3
p-m. was change in difference time of blood sam-
pling (Figure 1.). The result showed that the toler-

ant and stress response ability of Thai native

KHON KAEN AGR.J. 43 SUPPL. 2 : (2015).

chicken and Thai synthetic chicken may be no dif-
ferent. Although, the breed is one of factors that
affect the expression of different genes (Duang-
duen, 2008; Gihan et al., 2009), but in this study
could not detected significant difference. Genetic
background of Thai synthetic chicken (Khai Mook
Esarn KKUS50) and Thai native chicken (Chee
KKU12) are similar. So, the ability of tolerant and
stress response may be no different when compare
with Thai native chicken (Chee KKU12) by rela-
tive normalized expression (2-44¢") data. Other
factors that may affect such as temperature, humid-
ity and management are similar. However, this
study is preliminary to get the results for further
study. In the future Thai synthetic chicken may be
use for develop to crossbred native chicken or Thai
broilers and the further research antioxidant en-
zyme (SOD, CAT) and heat stress genes (HSP70)
can be used for study gene expression in crossbred

native chicken.

Table 1 The mRNA expression level of antioxidant enzyme genes and heat stress genes in blood using qRT-PCR
in Thai native chicken (Chee KKU12) and Thai synthetic chicken (Khai Mook Esarn KKUS50).

Breed Time Target gene! Mean AC, SD 2-aMcty
Chee KKU12 10 a.m. HSP70 3.29 2.99 0.86
SOD 8.61 2.89 1.27
CAT 14.72 1.07 1.59
3 p.m. HSP70 3.51 1.80 1.17
SOD 8.26 1.99 0.79
CAT 14.05 2.01 0.63
Khai Mook Esarn 10 a.m. HSP70 5.11 1.69 091
KKUS50 SOD 9.27 0.79 0.44
CAT 10.33 1.93 041
3 p.m. HSP70 5.25 1.16 1.10
SOD 10.52 041 227
CAT 11.62 1.14 243

Y HSP70 = Heat shock protein 70, SOD = Superoxidase, CAT = Catalase

* Relative gene expression (2°4) was calculated using the AAC method with 18SrRNA as the endogenous control

and the average C value for

% Relative normalized expression (2-44") data were analyze significant difference at P<0.05
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Figure 1 Relative normalized expression (2-**") of HSP70, SOD and CAT gene in Thai native chicken (Chee KKU12)
and Thai synthetic chicken (Khai Mook Esarn KKUS50) at 10 a.m. (a) and 3 p.m. (b)

Conclusion

The result from this study indicated that the
tolerant and stress response ability of Thai native
chicken and Thai synthetic chicken was no differ-
ent. Therefore, in the future Thai synthetic chicken
may be use for develop to crossbred native chick-
en or Thai broilers. The further research of antioxi-
dant enzyme (SOD, CAT) and heat stress genes
(HSP70) can be used for study of expression of

gene in crossbred native chicken.
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INTRODUCTION

In poultry industry of Thailand, manufacturers are interested in commercial native chicken production with an
intensive and large-scale farm. The Commercial native chickens are originally crossbred native chicken developed
for rapid growth, high meat quality and more stress tolerance (Tirawattanawanich et al, 2011). And then, the
manufacturers can be responsive to their consumers who prefer high quality of the chicken meat such as tender
meat, less fat and cholesterol. However, when the production of commercial native chicken has been changed to
larger-scale or intensive farm, it may challenge some problem such as heat stress and oxidative stress which these
factor affecting chicken productivity. Previous studies have identified that different factors in housing system,
such as light, temperature, humidity, density and startle (Hester et al,, 2005) ; have all been implicated in stress
induction. An outdoor, free-confinement system might prevent stress, enhance comfort and chicken welfare,
reduce abdominal fat (Wang et al., 2009) and increase meat flavor quality (Fanatico et al., 2006). All and all,
housing system is an important environmental factor affecting the production and stressor stimuli in term of gene
expression levels. Mostly, the stressors in poultry production at the cellular level are associated with oxidative
stress due to an excess of free radical production or inadequate antioxidant protection (Surai, 2015). Being known
as stress response indicator, heat shock protein 70 (HSP70) is capable of controlling cell balancing-condition
and damage (Beloor et al, 2010) by the stress. In the condition of oxidative stress-induced, heat shock protein
participates in detecting intracellular changes, protecting against protein misfolding and preventing activation
of downstream events related to inflammation and apoptosis (Kalmar and Greensmith, 2009). On the other hand,
oxidative stress can cause overproduction of free radicals (Uttara et al. 2009) and then the process of oxidative
damage will express in biomolecules, (lipids, proteins, DNA) which leads to cell injury and death (McCord, 2000).
The first level of antioxidant defense of the living cell is antioxidant enzymes and the important antioxidant
enzymes consist of superoxide dismutase (SOD) and catalase (CAT). The function of SOD converts superoxide
enzymatically into hydrogen peroxide and then, CAT has a function to transform hydrogen peroxide into water
(Surai, 2016, Halliwell, 2012). Therefore, the study was conducted to analyze the effect of housing system,
comparing between floor-housing and integrated chicken-fish farming system on the expression of genes involve
antioxidant enzyme containing superoxide dismutase (SOD), catalase (CAT) and heat stress gene as heat shock
protein 70 (HSP70) in commercial native chickens.

MATERIALS AND METHODS

Sample and extraction of Total RNA

Ten commercial native chickens from both housing systems were randomly selected for blood sampling.
Blood collection was repeated on day 21, 45, 60 and 72 for total RNA extraction. Total RNA was extracted
from white blood cell by GeneJET RNA Purification Kit (Thermo Scientific). The quantity was measured using
a spectrophotometer (NanoDrop 2000 Thermo Scientific, Waltham, MA, USA) and store at -20 °C for use in
quantitative Real-time PCR

Quantitative Real-Time PCR

One-step quantitative real-time PCR (QRT-PCR) was used to measure expression patterns of genes involved in
antioxidant enzyme (SOD, CAT) and heat stress (HSP70). The primers of SOD and CAT genes followed Yarru et al.
(2009); SOD gene (forward: 5’ AGGGGGTCATCC ACTTCC3’ and reverse: 5’CCCATTTGTGTTGTCTCCAA 3’) and sized
122 bp, CAT gene (forward: 5’GGGGAGCTGTTTACTGCAAG 3’and reverse:5 TTTCCATTGGCTATG GCATT3’), and
sized 139 bp. Documented from Mazzi et al. (2003), the primers of HSP70 gene were (forward: 5’AACCGCACCACA
CCCAGCTATG 3’and reverse: 5’CTGGGAGTCGTTGAAGTAAGCG3’) and sized 360 bp.
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Quantitative real-time PCR was conducted using CFX96 real-time system (BIO-RAD). The total volume of the
reaction was performed for 25 pl which containing 21 (20 ng/ p 1) of total RNA, 12.5 yl of 2X SYBR green RT-
PCR. Reaction Mix (BIO-RAD), 2 pl (3 pM/ p 1) of each primer, 1 ul of iScript reverse transcriptase for one-Step
RT-PCR (BIO-RAD) and 6.5 l of nuclease free water. Then, complete reaction mix was incubated in a real-time
thermal detection system as follows: cDNA synthesis 10 min at 50°C, iScript Reverse transcriptase inactivation 5
min at 95°C, PCR cycling and detection (40 cycles); 10 second at 95°C, 30 sec at 58°C, and ending with a melting
curve analysis from 65°Cto 95°C. We considered 18s-ribosomal RNA used as the endogenous control gene in the
qRT-PCR. For each sample, the experiment was performed in duplicate.

Statistical Analysis

The relative quantification of gene expression was recorded after normalizing for 18SrRNA gene expression
computed by using the 2 **“ method (Livak and Schmittgen., 2001). Relative normalized expression (2 **“) data
were analyzed by the GLM procedures at a significance based on the 0.05 level of probability. Type of housing
systems and age of chicken at blood collected are used as fixed effects in the model. Then, means were compared
using Duncan’s multiple range tests.

RESULTS AND DISCUSSION

The results showed that the response ability in gene expression level of commercial native chicken, which gene
related to heat stress and oxidative stress. Commercial native chicken in two housing systems was no statistical
difference in expression of SOD and CAT genes. However, the level of HSP70 gene expression demonstrated a
significant (P<0.05) up-regulated at age 21 days (2 **“ = 1.38) and then down-regulated at age 60 days (2 **“ =
0.23) in the integrated chicken-fish farming system. Relative normalized expression (2**“) data of SOD, CAT (Figure
1.) and HSP70 (Figure 2.) genes in commercial native chicken were fluctuated change at different ages of blood
sampling. The results of the present study indicate that chicken from the integrated chicken-fish farming systems
was capable of cooling better than floor housing system. As the result of beneficial linkages between fish farming
and livestock production, in which, we can use fish culture water for cooling livestock housing (Little and Edward,
2003). At the same time, HSP70 gene set the stage for rapid induction of expression within minutes of cellular
stress and then, exposed to stress, such as oxidative damage, physical injury or chemical stressors (Stetler et al.,
2010). So, this is a reason to be possible that raising of commercial native chicken in floor housing system enables
cooling less than the integrated chicken-fish farming system, and may be affected productivity interest due to heat
stress.

CONCLUSION

The results from this study indicated that a different of the commercial housing system was effected on gene
expression, the especially gene related stress response ability. So, the results of this study further confirm that
the housing system will affect the physiology of the chicken, production and adversely affect the level of gene
expression as well.
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Figure 1. Relative normalized expression (244") of antioxidant enzyme
genes: a) superoxide dismutase (SOD), b) catalase (CAT) in different
housing system; floor housing system and integrated chicken-fish
farming systems of commercial native chickens at the age of chicken 21,
45, 60 and 72 days. Values represent the mean of 10 chickens per
housing groups.
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Figure 2. Relative normalized expression (2"24¢Y) of heat stress gene:
heat shock protein 70 (HSP70) genes in different housing systems of
commercial native chickens at the age of chicken 21, 45, 60 and 72 days.
Asterisk indicates a significant difference between housing groups; floor
housing system and integrated chicken-fish farming systems at P < 0.05.
Values represent the mean of 10 chickens per housing groups.

REFERRENCES

Beloor J., Kang H. K., Kim Y. J., Subramani V. K., Jang L. S. and Sohn S. H. 2010. The effect of stocking density on
stress related genes and telomeric length in broiler chickens. Asian-australas. J. Anim. Sci. 23:437-443.

Fanatico, A. C,, Pillai, P. B, Cavitt, L. C. and Emmert, J. L. 2006. Evaluation of slower-  growing broiler genotypes
grown with and without outdoor  access: sensory attributes. Poult. Sci. 85: 337-343.

Halliwell, B. 2012. Free radicals and antioxidants: updating a personal view. Nutr. Rev. 70: 257-265.

Hester, P. Y., Alvarado, C. Z., Bilgili, S. F. and Denton, J. H. 2005. Planning
our future: the Poultry Science Association strategic plan. Poult. Sci. 84:1814-1815.

Kalmar, B. and Greensmith, L. 2009. Induction of heat shock proteins for protection against oxidative stress. Adv
Drug Deliv Rev, 61(4). 310-318.

Little, D. C. and Edwards, P. 2003. Integrated livestock-fish farming systems. Rome. FAO.

Livak, K. J., and T. D. Schmittgen. 2001. Analysis of relative gene expression data using real-time quantitative PCR
and the 2 —AA CT method. Methods 25: 402-408.

Mazzi, C.M., J.A. Ferro, M.LT. Ferro, V.J.M. Savino, A.A.D. Coelho and M. Macari. 2003. Polymorphism analysis of
the hsp70 stress gene in Broiler  chickens (Gallus gallus) of different breeds. Gent. Mol. Biol. 26: 275-
281.

McCord, J.M. 2000. The evolution of free radicals and oxidative stress. Am. J. Med. 2000. 108:652

Stetler, R. A, Gan, Y., Zhang, W,, Liou, A, Gao, Y., Cao, G. and Chen, J. 2010. Heat shock proteins: cellular and
molecular mechanisms in the central nervous system. Prog Neurobiol, 92 (2), 184-211.

Surai, P. F. 2015. Antioxidant systems in poultry biology: heat shock proteins. Journal of Science. 5 (12): 1188-
1222.

Surai, P. F. 2016. Antioxidant systems in poultry biology: superoxide dismutase. J. Animal Nutrition. Vol.1 1-8.

Tirawattanawanich, C., Chantakru, S., Nimitsantiwong, W. and Tongyai, S. 201 1. The effect of tropical

317



w The 17th Asian-Australasian Association of Animal Production Societies Animal Science Congress

Animal
Science
Congress

environmental conditions on the stress and immune responses of commercial broilers, Thai indigenous
chickens, and crossbred chickens. J. Appl. Poult. Res. 20 (4):409-420.

Uttara, B., Singh, A. V., Zamboni, P., and Mahajan, R. T. 2009. Oxidative stress and neurodegenerative diseases: a
review of upstream and downstream antioxidant therapeutic options. Curr. Neuropharmacol. 7(1):65-74.

Wang, P. H,, Ko, Y. H., Chin, H. J. and Hsu, C. 2009. The effect of feed restriction on expression of hepatic lipogenic
genes in broiler chickens and the function of SREBP1. Comp. Biochem. Physiol. Biochem. Mol. Biol. 153:
327-331.

Yarru, L. P,, Settivari, R. S., Gowda, N. K., Antoniou, E., Ledoux, D. R., and Rottinghaus, G. E. 2009. Effects of turmeric
(Curcuma longa) on the expression of hepatic genes associated with biotransformation, antioxidant, and
immune systems in broiler chicks fed aflatoxin. Poult. Sci. 88(12): 2620-2627.

318



	ปกนอก
	ปกใน
	01_บทสรุปผู้บริหาร
	02.บทที่ 1-4 (การพัฒนาพันธุ์) หน้า 1-44
	03.บทที่ 5 (โครงการวิจัยร่วม) หน้า 45-63
	04.บทที่ 6 บทสรุปและข้อเสนอแนะ หน้า 64-68
	05.ภาคผนวก ก (ผลงานวิจัยตีพิมพ์) หน้า 69-88
	06_ภาคผนวก ข (ข้อมูลด้านการผลิต) 89-91
	07_ภาคผนวก ค (งานวิจัย) 92-98
	08_ภาคผนวก ง นิยามคำศัพท์ 99-100
	09_ภาคผนวก จ _ภาพกิจกรรม_ 100-105
	01_charoensin_ICONC
	02_LanAnh_ICONC
	03_thongsa_ICONC
	04_duanghaklang_ICONC
	05_Natthaya_AAAP

