= o @ ! g
TENHIVERVUTUHY TN

HAMI NI SAOANENUNNUNUTY (Curcuma longa Linn.) Tuermislanizng
ﬂ'd 7 =, [ %) Ag
‘m-lﬂﬂfn‘ilﬂ‘lﬂﬂ ANHUTEIN HATAMUNNLIMS
(Effects of Crude Turmeric Extract (Curcuma longa Linn) Supplemented in

Broiler Rations on Growth Performance, Carcass Characteristics and Meat Quality)

i lan

Ywe255%4 TuduNs (Chaiyawan Wattanachant)
g/ Jouuans (Sutha Wattanasit)

DIUNT 3§%’ﬂ}§ (Arunporn Itharat)

L JEFE TR

anInmdsaavmuniums Insuvamalng

W.f. 2553



pIIDY HAM 05 U5 AAANEUNINVIUTY (Curcuma longa Linn.) Tuennilnnizna

e

lﬂ'd v = ar ‘;
NUABNITIA nTmmxaﬂ}memmmxﬂm MAUD

o ar o a = = o o
Tyorzsn Famuduns g1 Jauding nazegons Byimi

¥
e

UNAngo

ANYUNATIAMI BT oM TAPANIIUIINVIUTY (Curcuma longa Linn.) tionguluoims
Anseng uazmsniszduns WRmmzauluemisdmiumseialonsene Taoutamsdiny
¥
o o a @ YY) I
pomili 4 MInaass dmiunsneasemratamsasavnunnviuudisenivea 95 ulesidua
pazvumatiamsnaufminzan Iaoldmsdame (enseara, Twd-TflawTsadu nazms Te@ou
a - o o A » o o A e
az3uA) narm3150919 (F12 Twaus Madamdes $1azdua wazudn Ina) diotit luwenlnoms

= o

Tanszna TaeRorsandnyasmaniomw s amsinesgiueed gniduesndndu unzning
I ' o o 2w s o
pymafiminzay w1 msasamsadanounnviiudulaenis1deniuea 95 wedidud
T ar S o d. o : wr m’ as & s o o o
IS maesadanein vy 25.5 nediFudve nhmiinviiuduns niofadu 8.35 tlofiduives
: ar Qy W & . o o e 4o <« Yy ar o o 4
wiminyiiuFuas Faesadanunifdiuinasneigiuesd 10y 26.66 wladisud uaz
ANUEIYIs aAUeYYADAsEiA1 EC,, M1 6.98 ulniniudoliaddes ninmsHaumsanane
o o o ' dqy d ye o a A td &
AumstatmMeuaz 13190993 wod1 arseoud 1uan na uaz 14 s@on exluanszay 5 1Wedug
» [] ¥ ¥ .
vosmsafanmunnvinduiinnummzaniiqa veiimnzmsmaulidnsuzite azna Iiduii
A A woyyad > w o (s f oo ' dd o A AW
it ldange soumadaihlSnamsimeigivoud (29.86 ulodidud) ganiulemounumsway
Fiipduq dmivvmaveeymafimnzay vy dimhmsasanounnuindunaum e
HIMN156Y ™ gungll 55 sssualiued uazrdmusaues 14 fnnwannsatunisluadnd O =
28.81 8471) uazinnunIoudingn (1.97%) usnainifanuhmsafiansiunnuiusunaums
= A ' e @ T A Aaa sl o o o
Fesndanuansadueyyadasziidn EC,, v 10.94 lulasniudeiinddns naziinlodiiua
W (Y o § o =) ' -
faquia i1y 90.92 nlefifud  Wedinaizvesfsznoumunil nudiihlFunalysausaw
o & ¥ o J @ "o
Tuiius 2w gelosaw 181 uaz lulasiou- WSidndunsn imifu 0.38, 5.57, 1.57, 0.40 uaz 92.09
o o o a £ o o
nlesiFuduuIUa AU ALdIdY
-

AnEmANUNIEIveId a1snnTATUBYd LAz ONEMLBDNTINTUYOITTTAAANEIUIN
wingunaymsiteaaluanizaieq 1dun e anwdou @ungiides, 45, 55, 65 uaz 85 BIm
Hd
= ' o -] o
FarFoa) wnzanuiunia-in @, 7 uaz 10) Tasimsneaenluszuznaimaiy 7 3y nasAny
anumadrluanus ufiunal 4 Weu Tavnameumd YSummanoigivesd nazgnsiu

1 ¥
ponFatu wulmas hilikademsafdonnlaiwed vazanuansalumsivdoyyadaszves



asafansuInsiuFurauaasens wambiiuimumsinedniuess anaudntes Wil
W mEusnya 13w 7 Ju nuddvesasafannunnviusuraumndenaiouiiudimies

: [ t [ ) -~ oy o - a’:
apNiAE (A1 L* 1Az b* aaad) ud linarelSuaimamosginesd uazanuaunsalumsdiui

=

o ¥ o a a
quﬁﬂﬁiz "I-I'ﬂfﬁnﬂﬁ ﬂ’]'ilﬂﬂﬁ’liﬁﬂﬂ'ﬂU1U§]1ﬂ‘\l”u‘ﬁuwﬁnﬁ1il%@%]Qﬂ]Uiﬁqmﬂﬂnﬁq (65 1ty 80

o LT}

¢ o L3

osmumaioy) Swarlidoomiaia (M L*, a* s b* anae) uazlfinumisinesyiusudaans
miﬂ’.1m%’au"lﬂﬁNa@iaﬂﬂnﬁ1mm“lun1sﬂ’ut'?muya§ﬁsz Tz isseznamsfuiiuu W 1d
FvssmsafanuiunniususmimaSenadouidesmina Wmumanofpiuood unz
anuansalumsdudieyyasdsvanas Tafunadalunguiiiu 13 lugungiys vazfimsada
. MO uFUH L s e danundvesd YT umisinefaiinesd uazawmuselu
msﬁug’qu_aﬁﬁi:iuﬁnnzr‘ﬂumﬂ spaaawT Ao aanzilunas uazidluaia pudrdy dmsy
ANuAiI tuaA1IZI59 WU ﬂ?u1mmsma‘§'ﬁﬁuauﬁ“lumsﬁﬁ'ﬂ'ﬂUmmnmﬁwj‘s’uwﬁuﬁm%maﬂ
arnad luan g annnviuiuse uaanunadivesmsinesgived lumsaianeivan
viusuda liFaa ﬁ»‘l‘frﬂ‘li]lﬂ"uNﬂlﬁﬂdlﬂiﬂﬂﬂ?iﬂmﬂ‘ﬂu%’(u ﬁm%"'uﬂmnmﬁ'ﬂuﬁnnzﬁ'wmqwﬁ'
HusendaduresmsafanonnuiFuraumsidensluaaizsa wuh miafannuen

>
a

uFnpauEsiS o1l dvesgnisueenFaFugIn UNUTURY UAA NN TARANDTUIIN

=p

il

e

as

UHU

p=4 ]

ql
R - . o [
diefApndsssduveimaaumsatarnunnviivdunimnzandmissauluoimns
1 = = ar g 1 a ] ar as o
AomussomweiivTa dnvasnnuazguaniousslinizng Tanh lanssnafuuniameadg
ar 4 a o 1) ¥ 1 ] 1 t
1y 3 e $1uau 120 7 quiddimaaemuurunaapyuqUAADA niivlAneasuily 5 nqu
' ny ™ i =y ar ny @ [ o
nquaz 6 1 WdsuemishaSumsadannunnyiuiuiiszdu 0, 0.2, 0.4, 0.6 as 0.8 nosisua
L :r H v o : d o ay
Tuanirsgainiugy atilnnaassldsvormsuaziuwudui (ad libim) DoI9UBIYATY 6
a d A2 o ] A'I =2 u’: qy = 1 - [ ny ar
Fla Sairldsiufednuiann YettwamsAny wumsiuansaianuiunnviugulugdves
yqy 1 (] ar ' (- | ' -:' : o s ey ::;
aswouluenis 1doaldnsznalugiiery 3-6 dad liliwademsminimings Usinuemish
au dszAnsamnaldoms uazdaimsmovelaoty 6 dlant (2>0.05) Tudiuvossimalania
= oW ot t [ ar ] o ot s
Sno1 wuh luiinadenuliadeniasamiu Suuiafeawd szdunoamnosoa luldon (P>0.05)
A Iva1T TBAR w0ufionanad (P<0.05) luudvaadnysizann Wt M uasananeiun
wiutulugnanildlsnseneduiindnein uazen s poUAINTIUBUG UANAIIDUNIIADA
- t 1 Ve o oy ar n: [ ci o =1
(P<0.05) ua IAnsznanguit IdsumaSumnsasanmunnyiduiiszdu 0.4, 0.6 uaz 0.8 nesiaud
=YY s [] 3 -g = Y] n’ s 1a4 [ o
HSunaleiulugeaiesgaiiu  (P<0.05) msEsvasafaneunneiuduluiinadennuilu
.? 1 .: 9 : d{ ] o ¥ ; o J
nsa-mavaaile anuawsolums-guiilveuiio AUTINAKNIUYDILLD 5o Tnasus Tuidie uag
r o ¥ ]
seaunsamaioaluiie 1nnszne (P>0.05) atha'lsinin maaiumsadanuiuoinuiudunseay
o o o a = as ~ PO I | U ¥ o i
0.08 nlofius Hnamhianitasnumioniiid fei b* qaiu (P<0.05) uazildar b* vea

+
o =

» »
lvdugeaiotanas  (P<0.05) usnpvinfints@iuaisadaveiunnviuduiszau 0.6 uaz 0.8

1



alofidud A1 TBAR voardielsanaq (p<0.05) winnirlAnaaesnduiug uashimsaduans
ﬁﬁmmm‘i’u%’uoanqwEfﬁ'mﬂugﬂﬁﬁizﬁw‘lﬁ'gfufa"lfiﬁmiﬁxﬂuaqgaﬁﬁizﬁﬂuaaadwaﬁﬁuﬁwﬁ'ﬁgma
#0A (P<0.05)
11‘5'6151miﬁﬂméﬁwaﬂmﬁ?umiﬁﬁwmumnmﬁu“ﬁuhgﬂmﬁNﬁﬂﬁﬁﬁiﬂﬂuisnmw
IyEuTa Sowmzminuazgoumndoveslinizna Taoirldnsynaiugdunda g S1uam 100
& nguidnaasaammunaasuuuguasen wilinassuiiu s nduq az 5 i1 W1dsuensh
S uEs Ao IR 0, 0.2, 0.4, 0.6 na 0.8 WaiFudluomsgasniugy Tav'ld
nnﬁa"lﬁ’%’uamﬁuazﬁummﬁnﬁ (ad fibitum) T 6 Fany wuhmsaSuasadanoinnn
%ﬁu’ﬁ’ualuzﬂﬂ}ﬂi‘ﬁu”liNﬁlJulljflﬂﬁﬁiﬂﬂ1ilﬁu1€1ﬂﬁﬂﬁ’) USmmomsinu sasinsldomisves
Iinanos (0>0.05)  uazlifnam 1A idnsznainiimingin uazoadilszneumindandug fial
LANAIAU (P>0.05) Um"iu"l'uﬁu1u°1§aaﬁ'ﬂﬁaﬁma{s%uﬁqqﬁmﬂaﬂ?mmmiﬁﬁ'ﬂﬁUmmnmﬁu‘ﬁu
i (P<0.05) wenmniidanuhmsadsmsasanoymnuiiudu Lifmidedueniidna
dunsa-aa fhmmmmsn“lumsé’fnﬁwmxf'{a Ausadai1u tazgua M Inruy dauannianu
NADA (P>0.05) HANIILETUAT wainam G nanommaeseanozmluiio uazA1 TBAR ve9
\fioanas (P<0.05) ﬁy'aﬁi:ﬁvmsm%‘nms afannumavinFuiieduinai I minumhoni

¥ . ¥
e A

AmAestu (P<0.05) smansiasuamsafanonnvivFuynszdudalinadh Iddunumemsde
Wmind ey

L



Research Title Effects of Crude Turmeric Extract (Curcuma longa Linn.} Supplemented in Broiler
Rations on Growth Performance, Carcass Characteristics and Meat Quality

Author Chaiyawan Wattanachant, Sutha Wattanasit and Arunporn Itharat

ABSTRACT

Preparation technique for extracting crude turmeric (Curcuma longa Linn) for mixing in
broiler feed as well as the suitable level of crude turmeric extract in feed for broiler production were
studied. The study was divided into 4 experiments. In the first experiment, turmeric was extracted with
95% ethano! and a suitable mixing technique with different binders (avicel, polyvinylpyrrolidine and
sodium alginate) and diluents (corn meal, soy bean meal, rice bran and lactose) for broiler ration was
obtained. Particle size, physical characteristics, curcumimnoids content, antioxidant activity, and chemical
composition of turmeric extract diluent were determined. From the study, it was found that the turmeric
extract contained 25.50% of dry weight or 8.35% of fresh turmeric weight. Turmeric extract also
contained 26.66% of curcuminoid, and antioxidant activity showed 698 [Lg/m! of EC,, For mixture of
turmeric extract with binder and diluent, it was indicated that turmeric extract with lactose and 5% sodium
alginate resulted in the best mixture because of a higher curcuminoids content {29.86%) and good
homogeneity with the diluent. From the study, an antioxidative value (EC,) of the mixture was 10.94
Mg/ml. Suitable particle size was found after the mixture was heated to 55°C and passed through a No. 14
sieve. This was due to the best flowability (9 = 28.81) and the lowest friability (1.97%). The percentage
of dry matter content of turmeric extract with diluent was 90.92 while the crude protein, crude fat, crude
fiber, ash, and NFE were 0.38, 5.57, 1.57, 0.40, and 92.09% DM, respectively.

Effects of light, heat {room temperature, 45, 55, 65, and SOOC), and pH (4, 7, and 10) on the
stability of celor, curcuminoids content, and antioxidant activity of the turmeric extract with diluent
during 7 days of storage were determined. In addition, stability of the turmeric extract with diluent at
accelerated temperature (45°C) during 4 mouths of storage was also obtained. The results showed that
daylight had no effect on color and radical scavenging activity of the turmeric extract with diluent while
the curcuminoids content was slightly reduced. After storage for 7 days, the color of the turmeric extract
with diluent was yellow-brown (L* and b* were reduced} but there was no effect either on curcuminoids
content or radical scavenging activity. At high temperature (65" and 80°C), the color of the turmeric

extract with diluent was brown (L*, a* and b* were reduced) and the curcuminoids content of the turmeric



extract with diluent was reduced. Nevertheless, there was no effect on radical scavenging activity, The
color tended to be brown, and curcuminoids content and radical scavenging activity of the turmeric extract
with diluent tended to be reduced when storage time and temperature increased. Under acidic conditions,
it was found that color, curcuminoid contents, and radical scavenging activity of the turmeric extract with
diluent were more stable than those kept under either alkaline or neutral conditions. Under accelerated
temperature conditions, the content of curcuminoids in the turmeric extract with diluent performed more
stably than the curcuminoids content in turmeric powder. However, the stability of curcuminoids in the
turmeric extract was unclear due to the influence of maisture content. The stability of antioxidant activity
of the turmeric extract with diluent was more stable than the powder form but less than the turmeric
extract.

Suitable levels of crude turmeric extract (Curcuma longa Linn.) supplementation on broiler
feed on growth performance, hematology, carcass characteristics, and meat quality of the broilers were
determined. One hundred twenty 3-week-old male Hubbard were randomly allotted into a completely
randomized 5S-group whereas each group consisted of six replications with 4-broilers per replication.
Chickens were fed with concentrate diet containing 0.0, 0.2, 0.4, 0.6, and 0.8% of turmeric extract (ad
libitum) at the age of 3 to 6 weeks old. Broilers were slaughtered for carcass measurement at the age of 6
weeks old. From this study all crude tummeric extract supplementations resulted in no significant
differences in body weight gain, feed intake, feed conversion ratio or mortality rate of 6-week-old broilers
(P>0.05). With regard to hematology, the crude turmeric extract supplementation resulted in no significant
differences in PCV, WBC, or cholestero!l in blood (P>0.05). The turmeric extract supplementation at 0.4,
0.6, and 0.8% reduced the TBAR in blood sampies (P<0.05). All crude turmeric extract supplementations
resulted in no significant differences in carcass weight or carcass composition of the broiler. However,
broilers fed a diet with 0.4, 0.6, and 0.8% of crude turmeric extract exhibited significantly higher
abdominal fat than other groups (P<0.05). Meat from broilers that were given crude turmeric cic.tract
supplementation did not show any significant differences in pH, water holding capacity, shear force ;/alue,
proximate composition, or cholesterol content (P>0.05). Broilers fed a diet with 0.8% of turmeric extract
saw an increased b*value of the breast skin over other groups (P<0.05). However, the b*value of
abdominal fat of the broilers fed a diet with 0.8% was markedly lower than the others (P<0.05). Broilers
fed a diet with 0.6 and 0.8% of turmeric extract showed lower TBAR value in meat than those fed with 0,
0.2 and 0.4% (P<0.05). The results show that the turmeric extract can significantly reduce free radicals in
the meat of broiler chickens (P<0.05).

Moreover, the effects of crude turmeric extract (Curcuma longa Linn.) supplementations on

growth performance, carcass characteristics, and meat quality of broiler chicken were restudied. One

il



hundred i-day-old male Hubbard were randomly allotted into a completely randomized 5-group
consisting of five replications per group. Diet containing 0.0, 0.2, 0.4, 0.6, and 0.8% of turmeric extract
were ad libitumly fed to the broilers from the first day of age until the age of six weeks. At the end of the
experimental period, broilers were sacrificed for carcass measurement and meat quality study. Results
showed that all crude turmeric extract supplementations gave no significant differences in body weight
gain, feed intake, or feed conversion ratio of broilers (P>0.05). All crude turmeric extract supplementation
resulted in no significant differences in carcass weight or carcass composition of the broilers (P>0.05).
However, increases of crude turmeric extract supplementation significantly increased the abdominal fat
percentage of broilers (P<0.05). All crude turmeric extract supplementations gave no significant
differences in pH, water holding capacity, shear force value or proximate composition of breast meat
(P>0.05). Nevertheless, the cholesterol and TBAR values increased as the percentage of turmeric extract
supplementation increased (P<0.05). Increases in the percentage of crude turmeric extract in the diet
resulted in increased yellowness of the breast skin (P<0.05). In addition, all crude turmeric extract

supplementations increased feed cost per body weight gain.
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3) anuthunsa-a1a (pH)

ﬂ'm’nm’flunsa—ﬁiNmaqtgﬂﬁ'ﬂﬁi‘luﬂﬁﬂﬁmﬁaﬁuaﬂﬁqqmmwu{a Taoialandaan
dadan manudunis-anezaanied gt q sz 7.0 Wudssw 56-5.7 mwlu 68
2103 udaonagen pH qaiuszning 5.3-5.7 neluszoznat 24 $2Tue (Foms e, 2529) fleduitd
wadorauiunsa-isvaaiiadad 18us nissamsseunisei vuzeh uazndaniseh dainade
ISusvsansauandniiinennszuaunmsmolouny lildeonFouluie (Fum3an, 2529;
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manulunIa-A1 Uty (Lawrie, 1990; Warriss, 2000)
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sulfmnveaTusdu Tudu miiTulamsa lardiu uasindous Tavilifednesinnudu
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1 w o - a = Y
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¥ * »

A5 IAARTUIILD (shear force) Tt 1H1n309 Wamner-Blatzer shear 105938 UaATOU (Instron) (FeyFa,

2543) nay 11304 Texture Analyzer 1“:11114@’1’11
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1.1 viluduea 100 flansy
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& W o <
a1 111 Inaus nazs1asoun
P as = . v o el A . .
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1¥@ (avicel) Uaz TwiAvy 023UA (sodium alginate)
14



2) gunsal

21 ginseidmumsmiomazasamsnnviug 1un §ou (hot air oven) 1nFBeuANLY
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219
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23 gunseidmiunisinnsiimmnedgiueud 18un nieaiadigandunag
(spectrophotometer) 3_'u SPECTRO-UV-VIS RS 993U59% LaboMed Inc. iszimean %’gmu?m
w19U50151107 (volumetric flask) 1 Tasiinla nazinsosda W 4 fuonia

24 ‘Q‘ﬂﬂﬁﬂfﬁlH';‘H?Jlﬂﬂ:ﬁt]ﬂ§(51uﬂﬂﬂ%1ﬂfuTﬂtl?ﬁ DPPH radical scavenging assay 191in
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o o L& = ar = L4 o«
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- s -~y ar Lt ] 4 ar Qs
HenuAYRUTU tazvluguns1ne3s DPPH radical scavenging assay FaaalasnInITU0 Yamasaki

¥ )

tazAniz (1994) ndnnsveadsmsiifie ms DPPH ivegluglvesmsazaiolwensiueasziimiog
& = o 1 bk a ] P P ) [
Frannsedmnzilinaldlaomsianinmsganaunaen 520 w1 Twuas  uaziiie DPPH 5
ad = o o= v o A o
BidnAsou (hydrogen radical n3o0yyaveoendiow) winldlidoisas duiu fransimihmadey

D2 o o 2 Fe oan o
#l¥Fues DPPH 91903 sananmstiudlgnidweondiadu Wil lnuliiimanaaendall

43.1 MR EUAID619 Fadret o1 10 Jadniy vimiANoNsUBAUSYND
Tasazanoiietaiinnuduiu 1 Hadniudolanans nazivddums vt lda1sazaisa0619
Sud (stock  solution) Lazii llwIsumsasaedrethadiedaaz 5 anududu rumoduns

4
wivnmsazaiw BHT Failumsmasgiu
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- = o ey LI d' ]
ENTIUBA VIGNT 100 T0ddnT woisIo v
433 msnaden hleaisazareNdoanminagouTuluInsinan dro013az 100

» >
ulnsans smindumsazato DPPH 100 lulasAas ndann@umsazais DPPH 03’3 30 wi#

or I 2

¥ 4 R ] 4 | a
SaSamaanfunoIR0iAToq microplate reader NAMME1IAAU 520 w1 Twwws AR TaR W

fad 4w oo a =
nosiguan1souiIoYyad e (Yeradical scavenging activity) AINANNITN [7]

% Msfufdoyyadases = (A A — (A i Ayyam) % 100 [71

A

control

control

fApfAANAUIIIVeINTazIY DPPH + (DNDIUDA

control

A,,, NOMGANTUNAIYBINISAZAIUAIDUIN + IBNFINBD

blan

A, AOMAANALIAIDIMTaTaWAIDIN + M1I08018 DPPH + ON51UDA

sample
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(3) a5l
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(Natt and Herrick solution, NH) & sildulsznenuasiimimsoudmandlunniniamani 12
32 msnddmiuing e TBARS Wty nazTuifio’ln 18us M3 TBA a3 trichloroactic
acid @13 HC1 18z @17 u1A 7711 Malonaldehyde
. a ‘

33 mswddmivimsizilSonesgiivess Saaasluunii 3
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lugee1g 0 - 3 el ifugramonldnsznaiod imaasalugae 3 - 6 dalal Tamh
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intake, FI) HAZOATING 1F0 113 (feed conversion ratio, FCR) dauaaalugumsh [10]~[12]

» 1 » » 13
BWG = hminduleduganinaass — thinindasudumsneansa {10]
FI = Ysurmemisiivamua - smaemisnmie [
FCR = UFmnmemiiay (121
MInA Ny

4.1.1.3 tuinswaulnen dunnsuaulsiieelunaaziu ed1uiudnsIna1e
yoalnuaasdalad (aunis[13])

HATINITAY (%) = sunulnfnie x 100 [13]
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. Cholesterol esterase .
Cholesterol esterifies + H,0 > Cholesterol + Acides gras

Cheolesterol oxydase

Y

Cholesterol +0Q, Choles-4-ene-3-one + H,O,

Peroxidase

¥

2H,0,+ Phenol + 4-AAP Quinoneimine -+ 4H,0

4-AAP = Amino-4-antipyrine

4 w ' - A o . d M d o ) A
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v ¥ 4 4 &4 1 e o o
¥30019TUNINAUN 4 A3.11. TiyuRITUDI Counting chamber IFURLITUMs HUIARDA

TudaiGusgndrouy udrdnnusmnuiadenavinngas



75

TWBC/ pl = raw WBCs in 4 squares x 50 f15]
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MR 14 HamES I ERANeIITIAVENTUR TR g aorhmindaiy YS e ms iy
8931015 19013 uazdnsinsmuveelnnsznieiy 4-6 dlad (mean+SD)
v . . DRNIINI
21y AUmSINEann st ane Bnmemsiing
v FCR fe
@) menuanVIHTY (%) (N5Ur81) (NFNA")
(%)
0.0 418.75+25.04™ 710.42417.57 1.70+0.09" 0.00
0.2 395.00+22.91° 704.17::40.52 1.7840.06™ 0.00
4 0.4 439.17+28.09" 743.75427.33 1.70+0.07" 0.00
0.6 394,58+29.60° 726.25+38.33 1.85+0.10° 0.00
0.8 395.42428.65" 728.33+40.98 1.8540.10° 0.00
P-value 0.027 0312 0.007 -
0.0 585.56455.51° 973.00£98.04 1684023 4.17+10.21
0.2 632.92+18.06° 1,015.00564.46  1.6120.13 0.00
5 0.4 594.17+41.79°  1,055.83+132.14  1.78+0.23 0.00
0.6 624.1732.85° 974.17£133.80 1574025  8.33+12.91
0.8 532.08+39.70° 979.92493.11 1.8540.18  4.17£10.21
P-value 0.001 0.621 0.137 0.440
0.0 563.75+54.47 1,087.50495.12  1.9440.18 0.00
0.2 503.3370.55 1,080.83+40.27 217024 0.00
6 0.4 542.92489.56 1,057.08452.71  2.000.39 0.00
0.6 483.89148.88 1,089.03£131.67  2.28+0.40 0.00
0.8 560.00+47.14 1,02992491.58 1852023  4.17+10.2
P-value 0.153 0.744 0.128 0.426
0.0 1,568.06:81.01  2,770.92+14403  1.77x006  4.17+10.21
0.2 1,531.25270.62  2,800.00+95.41 1.8340.10 0.00
4-6 0.4 1,576.25+74.85  2,856.67+190.86  1.81+0.13 0.00
0.6 1,502.64£79.70  2,789.44+263.53  1.862022  8.33x12.91
0.8 14979235496  2,738.174190.39  1.8330.14  8.33+1291
P-value 0.238 0.854 0.829 (.339

LY a J w § ] o [ H o L3 & o o o
8RY3 a b ¢ lunedinivarazidehuandiuuaainaundoiinuandsusiaihivdigmisaia (P<0.05)
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medi 15 USinamsnespivesd luemsuazilSnumsinesniiuesdida i 1451 (meantSD)

SEAUNASNASANAHVOINVIUTY (%)
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0.0 0.2 0.4 0.6 0.8
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=y o o o as ar [
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FZAUANIY (mean+SD)'

ﬁ’unuﬁmmﬁ/ﬁmﬁn seumsIESNmIaRAnINUIN YT (%)
s (U/RR.) 0.0 0.2 0.4 0.6 0.8
$2301¢ 4-6 Falad 20472075 30.94x1.72'  4029:291°  51.24%6.12°  60.06+4.50°
(100) (151.15) (196.82) (250.32) (293.40)
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¥03 Fodal uazame (2547) A100U3 MaesuviuFusIfszdy 0.2 Wosisud luemisn
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¥17v941ANTENIRiIn01g 4 uay 6 dlad Taedaundomify 14.75x10° uay 13.72x10° 190da0
1uInsans MudaIdy RN ANEIved Todant uazaus (2547) 131091031 MTIES UITUTY
mafisEd 0.2 Lﬂaiwuﬂumms‘lﬁ%ﬂs mmauawﬂ:nwmuuummu"luuwaﬂamummﬂmaﬂ

112 Taolimogluas 0.86x10™10. 74x10 waama”luimam

v p o
MaN 17 mavsamssumisatannunnviiuiudesimalaiainnvesliniznioty 4 uaz 6

Flat (mean+SD)

FTAUMIAIUAIANATEILDINVNUFU (%)
TN P-value
0.00 0.20 0.4 0.6 0.80

(v d
0 4 Aot
(-1 [ ]
ANLALTOALAIDALUY (%)

30.58+0.97 30.25+0.82 29.67£1.81 29.33+0.61 31.50+1.87 0.073

- g M 3
NUALALEDAYTI (107/1))
15.9341.39 14.96+1.81 15.06£2.05 13.80+1.69 13.99+1.48 0.564

sedunaaamesaalubon (mg/dl)
118.11£2035  11851+12.13  117.17412.20 1141742266  130.00£12.76  0.540

711 TBARS (nmol/ml)
0.554+0.17 0.5220.22 0.45120.15 0.445+0.20 0.436+0.19  0.752

o1 6 dlan
[ P ar '
ANBADDALLAIBALLUU (%)

28.50+£3.62 28.67£1.08 28.08+4.32 30.42+1.69 29.75+2.82 0.638

o o 4 3
VIUAULHARDAUT (107/pl)
15.9341.39 14.96+1.81 15.06£2.05 131.80+£1.69 13.95+1.48 0.564

szAvnBlamABI0a luADa (me/d)
127.35416.97 §112.10+5.43 125.16+23.39 106.42+10.61 121.61+16.03 0.135

A1 TBARS (nmol/m!)
0.41940.10°  0342:009°°  0.274+0.10°  0.25240.12°  025020.11°  0.042

80¥3 a b ¢ HuananiulundazuowaashmmdsiinTuanauiuedihisd wymeaia (P<0.05)
3.3 seiunommeesoaludion

mavpamndsuatsadavnunnviuduluglveimsnaudessdunemmanionly
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yn31aN01g 4 naz 6 da1d (P>0.05) Tauliaunduiiy 119.59 uaz118.53 Tadniudoindans

b d
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’ ¥
Tnnszna mM31ed 17) wuh msaSumsatanounineiiuduliinaden) TBARS ludeaves

Tnnsznanion 4 Flad (P>0.05) uaiinarlia1 TBARS luifonvealaony 6 daninguitldsums
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f o

@ PSRV | @ ¢ d 1 1o o @
afanvIunviiudunszdu 0.4, 0.6 uaz 0.8 nlesiFud Nawinnguhldsumsadansun
A P ; ' . v oo w an
ViluFUNIZAD 0.2 118319 ud nazngualunuBtIniodAYNINEDA (P<0.05) 1INHAMINADDS
G J of 1 = ot a: o = . . R
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o 3 o' ) =Y .. . . - T ¥
WodiFua luemis¥rwaamsing lipid peroxidation Tuidoausalnnsznala

(4) waveamsasumsatavsVITuTusosn Inuazenlizna eI In

wanisAnImansisuaTaianonvInsiusuluglvesmsnauantiiminuasy
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panlszneuminuaasluas i 18 wud himindiFeveslnuaazngu luiuanaiafiu (P>0.05) uaz
nasninah wuh nlefivudvessinguuazsimbuveslnudazngu hiunnaradu (P>0.05) dmiy
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panilszneuveImIndauda  1dun iewion dulu azing e dn Tnsesie w7 Ao 91 uasudis
v : ar o o ar 1 1 1 as o
wud imlanaznlesiFudvetanilszneumindanaid iuanaisiu (P>0.05) donndeliuieay
o lé 1 - - i ar
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M5199 18 93rdszneuvoIwn lnnsenaniBuameemsinaudomsafaneueInviuFuRTEAUA 1Y (meantSD)

FEAUMSIEINTTANANETVIINVNHTU (%)

Yoy Vi P-value
0.0 0.2 0.4 0.6 0.8
Ymtingse A 2,500.00:£282.84 2,500.00+89.44 2,433.33£196.64 2,483.33£116.90 2,350.00+137.84 0.556
Mgy’ nu 1,960.93£265.84 1,963.00464.05 1,893.98=187.98 1,944.61266.86 1,855.50499,06 0.710
tlpfigus’ 78.2542.34 78.55+1.88 77.74£1.92 78.36+1.80 78.98+1.10 0.836
ST nu 1,929.73277.06 1,936.55462.22 1,860.284187.15 1,848.32487.09 1,776.53+113.86 0.451
wedigus’ 76.942.99 77.49+1.74 76.3622.24 74.58+5.26 75.58+1.25 0.509
wihensiu nu 366.58+70.87 360.05+29.68 345.18£35.94 351,12428.03 339.87+56.58 0.865
Wesidug’ 19.32:44.64 18.57£1.12 18.58£1.29 19.01:1.44 19.04+2.15 0.982
iewition N3y 324.13£62.92 318.42427.18 307.61432.58 306.35+23.97 299.06£52.19 0.853
wedidud’ 17.0443.87 16.43:1.04 16.56+1.25 16.59+1.28 16.7522.05 0.990
wisuSinmthen N3N 42.45+11.25 41.63+4.44 37.57+4.51 44.77+7.00 40.81£6.36 0.533
wofidus’ 2.27+0.88 2.1540.20 2.0240.13 2.42+0.34 2.29+0.26 0.608
lusfudeaiiag nsuy 31.28+6.93™ 29.93£3.93 ° 38.7549.44 " 39.46:8.18" 40.76+5.90° 0.005
wladidud’ 1.620.27° 1.550.19° 2.10£0.56" 2.14=0.45" 2.29+025" 0.038

4 w 2 s o Y ¥ w i ' ' . o v e '
'Lﬂai%uﬁ’ummﬂuﬂmﬂwu; lumuﬂmﬂi’auﬁl e lﬁNlLﬁmﬁ,'}; onNYTabe ﬁll‘ﬂﬂﬂ"lﬂﬂuiuuﬂﬁﬁlm?uﬁﬂﬁ?’]ﬂ"ILQﬁUﬁﬂ'ﬂULLﬂﬂﬁ‘Nﬂu@U’Nﬁu

a a

uiAYNNTTA (P<0.05)
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M3 18 (AD)

SEAUNISIASHISANARE LN UNUTY (%)

Yoya Vi P-value
0.0 0.2 0.4 0.6 0.8

Fulu n¥u 85.55+14.71 87.6046.62 80.47412.56 81.9429 42 79.1629.64 0.649
wWesidud' 4.42+023 4.5240.27 4.3340.54 4.4320.46 4.44:0 3] 0.939

azxinn n¥u 301.42249.19 284.85+22.57 273.77+35.43 286.80231.05 272.01£24.56 0.580
wefigud’ 15.59+0.81 14.7140.98 14.680.65 15.5041.27 15.3120.96 0.319

104 Y 258.65443.49 265.4849.69 252.56+27.39 252.96219.37 232.88+19.18 0.306
wesdud' 13.3940.79 13.7240.55 13.5740.36 13.6940.85 13.11£0.57 0.476

in a3y 184.09+20.68 186.52+3.80 177.07£17.05 181.37+4.93 170.35£13.90 0.303
RICHE S 9.60+0.66 9.64+0.42 9.5240.26 9.83£0.51 9.5940.49 0.848

JEFRERE ERY 454.89272.61 450.93+26.17 434.10+45.10 4252243216 415.42+26.34 0.498
wWesiFud’ 23.57+1.32 23.28+0.98 23.350.98 23.02+1.67 23.42+1.33 0.962

Fulazne n3u 144.6049.49 154.80+7.92 149.70+22.46 144.0516.15 141.32+18.29 0.607
wofidud’ 7.590.89 8.00£0.49 R.03:0.66 7.80£0.84 7.94=0.76 0.835

udaazi nu 104.71=10.75 109.3325.61 104.80:14.20 105.144.63 97.77£10.98 0.399
weofidud' 5.4820.60 5.6540.37 5.62+0.33 5.7020.35 5.5040.42 0.877

o oy o o a 4 ] [ ] [ i ] o - @a
wWefidusveniminaaby; §nus a b ¢ Aunnaeduluidaziouaasnmmdsianuunnaniuad ivsddyn19ada (P<0.05)
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MW 18 (A9)

SEAUMSIETHNATENATENUDINVRUTY (%)

toya yimiin P-value
0.0 0.2 0.4 0.6 0.8
I
o3 Ay 802.90+126.72 789.954:48.80 754.16+84.41 759.45453.39 729.14£95.10 0.603
wefisud’ 41.75%4.19, 40.77+1.65 40.53+2.10 41.08+2.09 40.9143.12 0.954
lasfusau n¥u 41.30£12.38 60.41447.00 52.60£16.76 53.2049.20 51.897.64 0.734
weodidus’ 2.1240.46 3.1042.34 2.87+1.09 2.88£0.47 2.9240.37 0.675
VEL R Ay 156,55422.81 161.15221.24 149.31224.39 15222416.57 152.88+18.61 0.885
wesiue’ 8.1420.63 8.32+1.00 8.0120.75 8.2320.75 8.60+0.82 0.762
n33QNIW n¥y 915.69+99.31 939.1115.47 899.58+92.56 896.35+51.53 848.51+45.81 0.256
wWodigud' 47.75%3.10 48.5241.08 48.371.37 48.55+2.99 47.80+1.34 0.938

o o

o ny o ) o - 1 ar ' (] a4 o T o 1 = g o
‘wefiFusvanimingndu; §nus a b ¢ Auandatuluusazunudashamioln uuand 1emet1aihiod WM DA (P<0.05)
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o

Tundveanisazanlviu wun Tansznanguitlasvmsadansnonvinduiszdy

0.4, 0.6 naz 0.8 Wosidud TSmulviulugeateagandinguin 1A5ufiszdv 0.2% uazngualugu
T = o o B oy oy Ji -: dy T
poniiiodRunaia (P<0.05) Fanan1sanyInfaiiuana1991nHANISANY1YBI AL-Sultan (2003)
o . A A e 4w s o o
fisr0aui msiasuuiudumafszau 0.5 uaz 1.0 nlodidud mnsoaalviuluania 33.3 uax 66.6
o of o o o o b Y 3t 4 o ‘:‘ Iy [] Qs

wosidud aiwddu Tavdninaudeyamynng 2543) a5 13 mmnodniiuluviivurwidy
:' =y A r ¥ W r -~ as o [ -1 o 9)::14* v [} o
1A Sz dawalfmsdesuazmsgaduluiuninoms ludr1didnvesdad 1dadu ke s fiam
NIAMIANYIVOIUIATUNT UDTAME (2547) WU MTIETUE5INDI RliuDUANTEAL 0.005, 0.01 Az

0.015 osisud hitinanesna Tniulureaios

WeRasaressdsznovvetrinlaesin Suneaniiudiuveadls Tviiu miuay
n3EgnI WU MasumsaRanounavinduluglvesmssan bifinahi Idosdds znovann

Taus A1 aRUNIEDA (P>0.05)

(5) WauBINMITIEs UEsAfAnuIuIAVIuTUA MDY IANTEN
U L d:‘
5.1 manuilunsa-Anveaio

anmsinumriiunsashaveuifo i g umaaiumsasanuninuiiusud
32UA19 @137139 19) wud danmilunsa-awie Tusdl 0 ndansain (pH,) voarite liudnzngu
Tiuandriu (P>0.05) Taufidunduniiy 6.36 FalaonAn1 pH, TA15eni13 6.4 - 7.0 (Fomsan,
2529) =‘1?w1nmivmaaQﬂizqﬁy'lﬁﬂ'mﬂn’ﬂi)%’Uﬂ'aun1iqiﬁ?"lﬁﬂa¢ia€hm1mﬂuﬂiﬂ-¢hwm1ﬁ’a Walu
doaveimzene s msvuds swdstussuiaziinah ieflestumsifaannzinioaluling
fuuziiwes daydu (2543) FauSolie pi, vouilolininmsnaasiniaiiiimeghunuanlnd
dmdumanmiunia-aisii 24 $2Tuandansa (pH,) mmléa"lfiuda:ntjil"hi:mﬂmqﬁuvﬁuﬁ”u
(p>0.05) TneTisundio A 5.93 FeiliIndiRoausamves Jawrasitha uazaniz (2002) A5 1091
NA1 pH,, ynamenthenvealinsnalin iy 5.89 Hazi1fy 5.93 MNTIWIUYD Wattanachant
uazAmE (2004) TINHANINAABIRING 1NTBARABINIAEELIDYEY Fomsad (2529)  Tefneh
pH "lmﬁm:aﬂamdn%’m DnElszI 7.0 maeszin 5.6 - 5.7 lunadszine 6-8 43 Tua
niadadmo udiSsanasgden pH qatiosznde 5.3 - 5.7 muluszozioa 24 rTuandadadne

¥ » #
uoANNTl Warriss (2000) Sanarni wiiavoudulondruiledinanes pi,, Tnondmilemiien1nd

o 1 Y A N ) 3 A o o 84 A
AATIUVDINATUHO AU (white muscle) qq %QHﬂ]Sﬂzﬁu‘lﬂﬁTﬂiﬂUUBU tUATAIRTVIHANNIALD
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3/ »
aanonnszunwlswuy lildeondioulimmin Salinavmdn pH,, Tundnutioslatiogiuaia
59-6.0

:; v A‘r 1 P d’ i1 o ¥ s ‘Qy o A:;.
i 19 anuiunsa-aisludlelnnsenaiifusdsvemsinaudroms adanuinnnviivgun

SEAUN9 (meantSD)

sdvansafaneInInviLEY autlunsas
(%) AN 24 ¥2ln4"
0.0 6.49+0.20 5.9740.06
0.2 6.21+0.13 5.8620.06
0.4 6.3140.45 5.97+0.08
0.6 6.47+0.03 5.89+0.08
0.8 6.3440.12 5.99:0.08
P-value 0.725 0.385

"4 T a8 999103 N (post mortem time)

(=" .qy 9t as a » o ] 5/
5.2 MavaAHauIenN UMY UIBN ua:"l"uuwumwm

» »
vinnsAnyIRamaesumsadanoiunnviuiu luglmswaudenidveuiieniion
wiwSnuvthen waz lviTureatos (M1519% 20) woa1 MsESeasadarno vy linade
¥ »
ML* uazala* vauiloniien miswsSnuntien uaglududeios uaza b* veanionien
(P>0.05) @IUNAADAT b* UDIMITILTHIUMTIBN WU Ms@Sumsadanouanviutuiinaii i
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° U ¢ A & v ' o v 1w
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Fﬁ L* (lightness)

ﬂ'1 a* (redness)

1 b* (yellowness)

mowihen  wifewihen  lwuveatos  ifewthen  wifawhen  luiuvosfios  sewthen  wifawen  lushiastes

0.0 65.5843.67  63.96£1.22 72.53+1.84 4914142 -1.2941.07 3.52£1.17 15.37¢1.66  9.1222.34° 23.5142.95°

0.2 62312444  63.5243.53 72.89+1.20 6.34£1.06  -1.15+1.42 3.02£1.00 14.36%1.43  9.262£193° 20.17+2.28"

0.4 61.88+4.55  62.24+3.06 71.40£1.81 5805042  -2.2040.43 3.44%1.95 15434297  9.7421.17° 18.96+2.21"

0.6 62.162221  64.88£1.55 74,1421 81 560052  -2.0120.62 2.76+1.08 15.1941.72  9.2321.08° 19.05+2.86"*

0.8 62.7244.51  64.30+2.42 74.40%1.53 5782172 -0.58£1.72 1.8320.49 15.0342.69  12484£271°  18.02+1.82"
P-value 0.497 0.458 0,058 0.334 0.129 0.234 0.919 0.030 0.019
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tadn drip loss (%) cooking loss (%)

0.0 9.7544.28" 25.85+3.16

0.2 9.79+4.44" 23.6143.30

sedumsafanTTLEY 0.4 7.80+3.29° 24.2542.05

0.6 9.17:2.89° 24.5242.25

0.8 8.39+2.84° 24.7322.24
P-value 0.020 0.005

1 4914067° 20.96+0.89"

STz IMITAY (1) 3 7.1120.77° 25.2741.89°

5 11.87+1.22" 25.68+0.65"

7 12.02+1.56" 26.46+1.20°
P-value ©0.000 0.000
izﬁumsﬂﬁ'ﬂwmwffwﬁu*sxu:nmnmﬁu 0.900 0.586

8113 a b c Aunnaadu lundazaedminansimmdsiinruandwiuesdnihivdnyneoia (P<0.05)
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DIMITRNTL (P<0.01) T 195220 I5IRY 7 11 Wai) Jaturasitha nazRIE (2002) 183109101013
qnuuﬁmfﬁzwiwﬂmﬁu Lm:msqn;n.ﬁuﬁyuﬁ'awmm'iﬂi:ﬂaummwmgfﬂ"lfiﬂ‘i:mﬁﬁmqnmﬁu
15 Taowuds Sy 4.02 uaz 23.63 tlofidud ad1du 1 Honikel 18s Woltersdorf (1991)
AR Iﬂﬂﬂﬂﬁfﬁﬂ]‘iﬁ“ml?ftlﬁyﬁzﬂ’hﬂﬂﬁlﬁﬂ uﬁzﬂ'1ﬂ1iqmu1fdfﬂ1§'!lﬁﬂdi]‘lﬂﬂ"li'l]i::ﬂﬂ‘mﬂﬂﬁ

P sl o s w2 ¥ &
uﬂ1ﬂ5§3“1m Juax 25 nJE]'ilGH‘Wl ATUAT HITDANDINUHNDNITNADNDIATIU

5.4 ASIRARIUYDITe
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110A1319% 22 wuh msaSumsasanounnviuiulugdvesnsnoyhitinai 18
-4 1 Ei ar = 1 ar 1 L - -y é
e lnnsznai 1A uomsyngasiinus wWaruuana1afun1aeda (P>0.05) 9 Wattanachant 1ay

¥ A:’ 1 T =) LY 1 P [ = [}
AMY (2004) iwqmlhm I,'Hi’)‘H‘Ll'l't']ﬂvlﬂﬂiz‘l’lﬁﬂﬂ'lll'ﬂﬂﬂﬂ"lumﬁu minu 1.73 il lansu

Ed

L] 3 1 v » 13
@SN 22 Ausaaan 1o 1AnT 2 mImasIdme 1T ARauAI0a 1T AU AV TUTUN TS A

7199 (mean+SD)

sedumTaRaNIUTINTY (%) A asaR e (nR)
0.0 1.4140.65
0.2 1.65£0.38
0.4 1.46£0.60
0.6 1.610.53
0.8 1.42+0.18
P-value 0.890

. ¥
5.5 gaunimilnruzyoiie

» »
Han1IANEIRUAINI Tnuzvenils (@1519 23) WU MSEGHESTAANYIVIN
3t ¥ ¥
siiusulugilvesmsasannunnuiiuduraumsdsi hiinaroguams Tnsuzvsuiie lanszna
s é ’ el : ar 1 i L)
(P>0.05) TOANADANUIWIIUVDY AL-Sultan (2003) F33 1011 msaSuraududu lilinadedinm

Tils@u uaz lvifursadie Tnnszna
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v }- 4 4 ]
Mmaad 23 guamielnvuz (%) veudlelinszney 6 dAlaiddosdirvemsinaudiomsaia

HOTDINUVHUTUNTEAVA) (mean+SD)

SEAUMSIES M TRANELNUIHTH (%)

318073 P-value
0.0 0.2 0.4 0.6 0.8
- 75.56+£1.07 74.69£0.17 74.57+0.60 74961047 74.62:0.63  0.088
Talsau 22.1740.93  23.1420.66 22934050 22.63+0.53  23.10£0.58  0.091
RTY 1.03+023 1124030  1.15%042  1.08+037  096£042  0.892
i 1.2440.08 1274003  1.2940.07 1332011  1.35£0.04 0.110

o o ar

o ﬁ; 13 os 1 . r lﬂl el » o’ ! el g
8119 a b c AurnAnuluusazuowaashdundolin Nuuanaatustiiidod YN (P<0.05)

3
5.6 Ezﬁﬂﬂﬂlﬂﬁlﬂﬂiﬂﬁjuiﬁﬂ

Nammmsm?nmsﬁﬁﬂ‘nummmjﬁywﬁ'u“lug_ﬂmmmsNﬁudﬂs:ﬁuﬂmﬁﬁmmaﬂmffa
(15197 24) wuh M umsasanennviuu lilnaressdunsamansen (P>0.05) F1910
MsANNIY0I Ramirez-Tortosa HazAME (1999) Whmsmsaianmenvindutloulinszdioi
T8suennsin lufuazaomamesonga wuh sunsoansziuvInommansealudenld uazen
MSANYIYBI Asai LAz Miyazawa (2001)c‘?aﬁwmimamm?umiﬁﬁmfrwﬁ'uu?qﬂ?ﬂlﬁﬂuﬁ”lﬁ?u
pasai luiussAuge nudiansoansziuvesnsiamansonluduveany ldiduiy

INHANITANY1YDA Ramirez-Tortosa IAZAME (1999) Lz Asai 1Az Miyazawa (2001} RNy ALY

1 »  » [
M15190 24  srAUADIAEADTOD LAZA1 TBARS 1ulﬁﬂvl.ﬂﬂ‘i$‘lﬂQﬂlﬁﬂiﬁ')ﬂﬂ1ﬂ1iﬂﬂﬁuﬁ'wﬂ1i?fﬂﬂ

¥ »
MUIBINVTIUFUNI LAUA T (mean+SD)

SSﬁUﬁT‘iﬂﬁﬂﬁfﬂU'ﬂ‘ﬁu‘F‘u izﬁuﬂammmiaaﬁmnﬁa ﬂ"l TBARS ’UEN!'&O

(%) UNJ100 N3 tiipae) (un. malonaldehyde/nn. )
0.0 22.85+1.27 0.80+0.08"

0.2 21.20+0.67 0.79+0.10"

0.4 22.54+0.77 0.64+0.07"

0.6 20.79+1.46 0.62+0.06"

0.8 21.6120.83 0.6120.11°

P-value 0.355 0.044

o o ] w L] W (L o e 3 & [ MM W o W o &y
YT abe mmnmqﬂu11u.maxﬂaauuuﬁﬂﬂ'nmmauummtmnmqnuammuumﬂtymmm (P<0.05)
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MsafaviuTudeszRUABlamADI oA dxifiud HaveImTARAv UTUABT LR UADIAMART DAY
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5.7 A1 TBARS ¥8a1ii0

mavesmTEIumsatanounnuiiudulugilvesmisnauden TBARS vodtiio (A151
1 1 v ] i a’ ar A o 4 wr ¢ a1
i 24) nud I8nsznenguit IdFumsafanmunnuliuduiszdu 0.6 say 0.8 nlosiFud a1 TBARS
cf N 1 VoAl Yo o o 7 o o u 1 A o o oo
Twiitedndngui 185 ufiszdv 0.2, 0.4 nlesiwua uazpguaivgueiIlivd YN 1IADR (P<0.05)
¥ L] ¥ s
ffifisannnmamespiivess luvinduiignidueendindu vrodesiumsiinl jsu lipid
R . & o Y o A w ¥ .
peroxidation deﬂuﬁuﬁﬂwﬂﬂlﬂﬂﬂ”l'iﬂu‘llﬂﬂﬂmullﬂ (Ramirez-Tortosa et al., 1999; Sharma et al,
b4 » »
2005) HAZVINATTNABBIATIHTINUY D MSETUEITAAANOIUIINVUUTUTINITOHIORANTINA lipid
. . ] JE: G L} o) 2 - 4 1 { o o
peroxidation luideaveslinsenanieny 6 #lanildwusu FinsuiTanilelinsensifinl§nsen
lipid peroxidation #19zdNaRADAYT Inn Nallilleannmsanniveddinion lipid peroxidation
= - A o d o o A @ a o w
aunsoannnuivalumaiialsanaeaidonialonvsds Tsaialevimdon uayTsauzise anfads

) ar 3 dy d‘l = Pov-y
utlesfumsidonanmusuiobe (lues wazAiissn, 2548)
o d @ oft d:'
5.8 szAUvEINIADIRIIUDLA luIiD

ninn1sAny nunsieneiilinamsineigiuesaluiienuiTmsvos THP

. s s A MY e e A . s A y
(1995) himuisaasrawudisinesgliusdluield Mallowiisannnlfiumsinesgiivesa

Y

¥ o1 . » » ¥ .
huiiteiiiviormn niodamanlfuugivesmsinedgivosaluiile il Sharma uazame (2005) 14

Py 9 [P w o

o A o = = ) ] W ]
s deasinedglwdiginaniodad exinanlavumnlasmisyianiig 1aun

tretahydrocurcumin,  curcumin  sulphate, curcumin  glucuronide, hexahydrocurcumin 0T
L ¥
hexahydrocurcuminol ~ #91fu M3nTI9iamesniiuasd luiieT4n235 1955 HPLC (High Performance
L, A Ao b oo o v A o s -~ P
Liquid Chromatography) HIUBDATITINNITAINGY) IWE)’Jlﬂ‘)"IZH'H'I‘lJSl.l'l'ill‘lﬁ)\iﬁ']‘ilﬂﬂiﬂuuu Hazanl

& ” « d o & : o
tretahydrocurcumin FafiueyRuindnuormsinesgiiufiiaiulusianovesdad (Sharma er al,

2005)
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¥ Ed ¥ v
o a = oo = tos Y 4
M3 26 szAUMISTRANIBYILTURDHAMIATI9BUIIE InhdugnudT (meantSD)”

sz A . iy o 2 o2 . mmmele
. ALY A YA pauviindu
VIUTU (%) Topsn®
0.0 3.58+0.50 2.07+0.27 2.98+0.66 1.46+0.37 3.03x0.17
0.2 3.5320.40 2.33+0.38 3.13x0.54 1.40+0.48 2.9440.35
0.4 3.4220.20 2.2840.51 2.97x0.72 1.560.46 2.63+0.47
0.6 3.58+0.33 2.19+0.59 3.23x0.61 1.46+0.40 2.710.25
0.8 3.67+0.35 2.28+0.48 3.15+0.63 1.38x0.35 2.67H).66
P-value 0.4931 0.8684 0.9403 0.8894 0.3956
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thunan 4 = Infuviiudumnn, 5 = induviiuduntoiiae; o szAvazuuuaunelelagsay Bawidy

t=welunn, 2=wels, 3 =nelamnaig, 4= hiveu Minals, 5 = Wvouwnn Miwelown

oy

»
v Anmavesmsasumsadanovnnviindulugtvesmsnaniuve s

»
Innsznalusisey 4 - 6 dla annsoaguealddail

(1) mswsumsadanouonviuiulugilvesmsway hifinanemaminsimiioda Usuu

{ ar or ar 4
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peroxidation hufoavealAnTznaiieny 6 dlanianaa (P<0.05)

= a a2 e { w o =4
() muaTumsasanoueiniusulugdvesmsaauisedn 0.4, 0.6 uaz 0.8 ulesidudiing

o 3y ¢ e as 1 £y 4: ] -~ [ a: ar ey
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LAV (0.6 1Ay 0.8 nlo31dud)
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(& muasumsadannunnviuduluiinanIfideaaiiszduaziuuveshile adwioln
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ar ol =

(6 muasumsasanounviiusuluszduigauisaiifdunudemsgeiumudidy

o o1 9

U VoA as o @ d
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1.1 19gnAnsznamad Wugdnnsa (Hubbard) o1y 1 5u $1u7m 100 72
Y dy g as r ar o = = b1 P
1.2 1¥emsidvslndmsuingasery 13 dland mwsioaziduansay3lunisain 27 waz
Tuws 3-6 dlad lasugesormsildmuswaz@oniszy 13 Tuarsieh 10
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= : @ ar L) L) a ¥ 4 = 3/ o
Wasuaniming YSinwmsiuems uazdasimisldemis auswazdoaiiszy 13 luumi s

do4.1.1

MmN 27 dautizaeuuasesndizneumanivessimns lansznetaeiy 13 e

IEAUMIT@I NEIARARIUNINUINTY (%)

ngan
0.0 0.2 0.4 0.6 0.8

17 1nn 553 55.3 55.3 55.3 553
mnéandes 29.5 295 29.5 29.5 29.5
danlu 8.5 8.5 8.5 8.5 8.5
vty 35 35 35 35 3.5
Tausadonromwa 2.3 2.3 23 2.3 23
infietiu 0.3 03 0.3 03 0.3
ussmnaiing” 0.25 025 0.25 0.25 0.25
N ing 0.25 025 0.25 0.25 025
Auea-wnnlefiu 0.10 0.10 0.10 0.10 0.10
57U 100,00 10000  100.00 100.00 100.00
Thauzfidiam (%)

A 11,58 11.58 11.58 11.58 11.58
Tals@u 23.12 23.12 23.12 23.12 23.12
sty 274 2.74 2.74 2.74 2.74
e ly 301 301 3.01 301 3.01
) 4.68 4.68 4.68 4.68 4.68
unaldon 1.22 1.22 1.22 1.22 122
WoaoTaldlse Tumild 0.81 0.81 0.81 0.81 0.81

waaenldlse Tonl1d AlaunaeSAlaniu) 315547  3,15547  3,15547  3,15547  3,15547

Tadu 1.39 139 139 1.39 139
w1 Todlu 0.56 0.56 0.56 0.56 0.56
oI5 Todlu+ Faiiu 0.77 0.77 0.77 0.77 0.77
N3 Tarviu 0.28 0.28 0.28 0.28 0.28

1/ ussmwitng (un/mn.) Usznaudiy FeSo, 239 fiadniu 11359 Ze0 70 lndniy ussW Cuso, 19 HAAN3Y U3 5W MnSO, 120
fiadnsu; 2/ Fauniing wnsen) Uszneudie Smiliu AD, 30 adniu Iy E, 20 adeiu Imiiu K, 3 Hadniy Smiiv B,
2 odnfu imiiu B, 44 Hodndu Imiu B, 6 Hadniv Imilu B, 8 Fafniy pantothenic acid 4.4 Tndniy TusFu (niacin) 20

{infin31 choline chioride 1,000 iGN folic acid 0.05 Haan3 W biotin 0.05 iadn3y
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43 MIAATIEHN DA

0 n ¥ & a . X .
u"l‘llﬂigﬁﬂulﬂ‘Mﬂﬂ'liﬂﬂa’ENﬂ 3 s 1EiIntunlsyiou (analysis of variance) (D%
rufoumuuanataueniunaoTaes Duncan’s new multiple range test (DMRT) MnI5M17v03

Steel and Torrie (1980)

= <
HAKAZ INNIVHANTNAADI
] i
(1) seflszapumaniveagasemisildicosln

2INM3IAT1EH Bt TZ NI DM UATIVEIGATOIMIT INNTENIYIBIY | -3 uaz 4 - 6
Fla aSuasadanonnuiuduluglassauiiszdumeg (13199 29) Teowudn ommusias
gastiuFunu TnsuzIndifvaiu fe o1 Tusaa 3 dulmiusn HTdsAuogluse 24.60 Ba25.12%
=1 o ' ' =3 P ] ' = . T o o
Hlutusmoglusie 3,12 894.06% uazfitelosmoglugia .03 fa 3.22% dluzaes e
E] - o ' ' = “ o ' ' - a A '
gathy HTusAueglugaa 2318 S 23.58% i lulusaweglugae 4.01 fa4.54% unziiivelosauey
. = > & ' a s d o o &
Tug213.12 §1 3.65% Miiomsnngasveaisasasreginlesidud lviuuazwdnus vy
o < o T - a w =
mwszAuMIRumsHarmsadannvnnviiusumuty. Fh)lufemadeadusansdnyluomi
o n’: =5 ] 9 P ar a .3' d‘ o = 4
5 daiu Sand1a1dd msimdanusaulugasomsmuiudluraiioanainssdunan Inadgn

td [ 1 3
inldiuasdenalumaeSsumsadanomainuiiuduiilFnsmugeiuiue

e: o = = o 3 o oasey a a 4 1
AN 29 mmJizﬂaumqmumnmmﬂ51314111146aﬂgmmwmqmmﬂﬁﬁm‘su"lﬂﬂszm‘ma

o o
01y 1 -3 uaz 4 - 6 fald

Thvus SzAUMHTIHAIANANENVDINVIUTY (%)

@ Tuanmuislaisinnuig 0.0 0.2 0.4 0.6 0.8

[} as rd
¥Wow 1 — 3 drfar

AT 14.56 14.8 14,98 15.12 15.34
Tuls@usqw 24.89 24.92 25.1 24.99 2429
laiusm 4.05 4.15 421 413 3.98
e los e 3.12 3.25 3.03 3.32 3.54

i 4.15 4.02 4.10 4.05 392
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f1513% 29 (AD)

Tnvuz sydumsSumsaRanmuIn YL (%)
% Wanmudalsifinimmm 0.0 0.2 0.4 0.6 0.8
Tulpsisudiangunsn 49.23 48.86 48.58 4839 48.93
WEIWT N (A launaed/mn.) 4,755.19 4,698.05 4,797.25 4,809.00 4,84135

r ar [ 4
¥90w 4 - 6 A

T 11.07 11.35 10.95 11.21 11.56
Tds@usw 23.58 23.20 23.32 23.39 23.18
Tsiusau 401 4.43 4.32 4.54 429
@olus 312 3.34 312 3.54 3.65
i 3.07 3.43 3.24 3.02 3.05
Tulnstaunsidndunsn” 51.68 51.20 51.67 51.77 51.56
WU (R launasd/nn) 4,735.35 5,011.50 5,102.25 5,122.56 5,126.25

o ]
17 M lms I nadnsn = %DM — (% TsAu + 2% Tutiusaw + %siia oz + cid)

2) waveamaasumIasannviiuFuaemsnTadvInveslinszna

a1s1af 30 nrmemsnlfountasenimings YSinamsAuems wazsasins ems
o lnnI s g umsafanoiuniniudulussdudiie Fafininmsany i masumsada
norwnnviudy Wiiagenismnimings Usuemsiu'ld tazsasn1s e msvolAnAnoena
Tusrausn (1 - 3 FUaD) nazdafians (4 - 6 dland) vesmsinu v{ai’:uﬁaéuqmwmmﬁﬁnm
Tnnsznainiimingunao Ay 2,028.65 nfu Fafimdinwamsanmluunii 5 (245333 n3w)
22468 050 auuangsludosihingfndssiuaaminedenveslinaaessaziidnuiina

P oW - = ) 1 & = y =2 o 4
wanaatu Taomsdnyrluund 5 duiums ludrudounarnuiuiiuggiu daunsdneinisileg
Tushadeuimnusadiomadon wasdnam IlstiUTinumsduldanas Mmldaussnmmaidnla

' ¥ ' o 4 Ay va o @ e
yoalnanaidae ednlsiaiu nanmisanuadeiilndifoanusioriuves g¥da (25517 NAAN
ausromwmsiavTavealnnsznasiug cobb s00 TauTilaldsuomisiiiTsfu 21% uazwdaau
1150 Alaunaoi/nn. Tuaeeigo — 4 dlard uazldsuemnsiliTusau 19% uagwdaaiu 3,200

] » [
Alaunasd/nn. Tomamiumhwindudonty 2, 4 uaz 6 dlai 1y 434.03, 1,185.35 uaz 1,961.24 nu

AUAR
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] » 1 ¥ ’
MINA 30 HEMIOSUTITARANITUVINVIUTUNTEADA T il aouIMuNANHY wazlInme s

fnu dasimsleoms vealanizniony 1 - 6 da (meantSD)

GY| szAUMSEIHAsAIR dwind  vhwiladadin USnwemn
(Fan) WML (%) (n3u) (NSW/A7) iR (M51/A) FCR
1 0 14458158  101.68+2.09 145.7424.81 1.43:£0.06
0.2 143.8042.95  102.1543.66 150.63+3.73 1.48:£0.04
0.4 141.83£2.90 99.48+2.73 150.50+5.03 1.5140.07
0.6 143.25+4.48 99 50+4.26 144.65+7.85 1.46+0.13
0.8 143.63£125  100.71+1.79 145.433.90 1.44+0.06
P-value 0.73 0.6} 1.23 0.63
2 0 416.38+4.64  271.804603  425.688.90 1.57£0.04
02 418754862  274.95+7.65 435381031 1.5820.05
0.4 41600£548  274.1847.56  416.00+12.59 1.59+0.07
0.6 41475£1090  271.50+832  42530+17.51 1.570.06
0.8 416.25+8.06 272.63+7.65 431.90419.66 1.59+0.08
P-value 1.00 (.95 0.16 0.97
3 0 768.00+10.68 351.63+7.18 525.13+4.36 1.49+0.03
0.2 768.25¢6.90 349504802  518.86+13.38 1.4820.05
0.4 768.50+8.81 352.50+11.90 520.63+15.33 1.48+0.09
0.6 768.00+9.76 353.2549.18 517.50+15.29 1.47+0.04
08 767.25+2.86 351.00x10.00 518.33+14.95 1.484+0.06
P-value 0.07 0.98 0.93 0.97
4 0.0 1,181.75+6.40 681.80+9.54 681.80+5.42 1.65+0.04
0.2 . 1,183.00+8.37 689.63411.44 689.63+14.51 1.66+0.08
0.4 1,182.7514.92 689.78+13.55 688.98£13.40 1.66+0.06
0.6 1,180.75+£7.22 687.85+13.62 687.85+£7.96 1.67+0.05
0.8 1,183.50+5.92 687.15+5.56 687.15+12.98 1.65+0.04
P-value 0.98 0.9% 0.12 0.45
5 0.0 1,567.75+5.56 386.00+11.75 800.00+5.35 2.0740.06
0.2 1,574.25+9.54 391.25411.09 807.75+13.02 2.07+0.04
0.4 1,571.25+5.32 388.50+3.87 799.25+5.44 2.06x0.03
0.6 1,572.00+14.94  391.25x17.71 796.25+5.56 2.06+0.09
0.8 1,572.2543.95 388.75+9.29 795.25+£7.63 2.05+0.06
P-value 0.88 0.97 0.24 0.95
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m319#i 30 (A0)
D) FTAUMIATHIISATNA vimtingia vimindady anens
(Fla) HETDIN VI (%) (n33) (N3/A) Ay (SN FeR
6 0.0 2,030.25437.64 462.50+5.00 933.28+5.62 2.05+0.02
0.2 2,02625428.12  452,0046.14 934.86£5.16  2.05+0.02
0.4 2,026.50%£15.15 455.25+7.15 927.79+4.50 2.02+0.03
0.6 2,029.75+29.84 457.75+7.16 931.39+7.56 2.0410.04
038 2,030.50+22.04 458.2549.77 930.90+11.81 2.0410.07
P-value 1.00 0.99 0.97 1.00
1-3 0.0 768.00+10.68 725.10+10.18 1,096.5449.54 1.510.02
0.2 768.2546.90 726.60+7.18 1,104.87+6.57 1.52+0.01
0.4 768.5048.81 726.1589.27  1,087.13%11.45  1.500.03
.60 768.00+9.76 724.25+9.93 1,087.45x16.47 1.50:0.02
0.8 767.25+2.86 724.3442.53 1,095.65+21.18 1.51+0.02
P-value 0.07 0.98 0.88 091
4-6 0.0 2,030.25437.64  1,987.35£38.74 3,511.6146.64 1.77+£0.04
0.2 2,026.25+28.12 1,984.60+27.58  3,537.11x27.04 1.78+0.03
0.4 2,026.50415.15  1,984.15415.83  3,522.51412.32 1.78+0.02
0.6 2,029.75£29.84  1,986.00+:30.43  3,502.94+]19.83 1.76+0.02
0.8 2,030.50+£22.04  1987.59+21.17  3,508.954+32.60 1.77£0.01
P-value 1.00 0.97 0.93 0.99

o wr s * L4 d. t L 1 ] EI. = 1 L L = e ot o
Bibiabece 111ﬂi]ﬁIJ'L.I'IJ’PJMIHﬁ:ﬂ'l‘ll?]'ﬂlilﬂflP'I'Nﬂ'ult'ﬂﬂ\‘l’]'m'uﬂﬂﬂuﬂ’l'lllllﬂﬂPI'I\Iﬂ'lJﬂU'I\UJHﬂﬁTﬂﬂJﬂ'Nﬁnﬂ (P<0.05)

i3 mussanwmsiay Tavesldnsznandnm luamilasdsonmamsanuluumi s
uarams AN IuBU M A a s asans Ny i radinamsAu 1 uazaussanwms
@uTavealfnsenaii@oaluannznd Sauandraninsanisdneives Jotend uazams (2547) #
e maSunnviuviuduns 0.2 wefidudluems Innsenaluscery 22-45 Fu rofivms
m?tytﬁﬂmm"lfiﬁm%fmﬁﬂﬂuumuu’uqq"lé' STATANA INRAMIANY YDA ARALT LaTANY

(2548)

a ar = o o o J A s J ' Y ~
dmsulSutumsimesgivesd luemsusazgesh Innaaoadasngy 950 (13199 31)

1 < L) o 1 A 2! = a1 3 2 W ’ a
Wl USnmmsmesadiussd luemisurazgasii lAnnmiimszdimIndinsetumioinns i
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wazithu T lufsmadeaduranmsaneluuny 5 @15190 14) Warthmdananmdulinuems

d = P "W Ve T A a = ] L] Y o ' Py Y Qs
inospiuoan 1 I8 ulurrsfininsine nunlusseiy | - 6 dlan Innaasanguildsvmsania

nLRINVIUTURTERD 0, 0.2, 0.4, 0.6 uaz 0.8 Wodidud 1dsumsmedpiiueva My 0, 22991,

o U s a o é L] = - H U L -
405.09, 630,53 uag 789.51 nTuAed1 Ay Funaninfinaweigiiuosdit inneaseldsuluun

fi 5 idfSusunespiiuesAiiny 0, 235.92, 304.52, 523.44 uaz 622.81 NSW/HI MG IAY

P = 4 o o - s = /A o Vo
MmN 31 PSinumsnesgivees luemsuazilnuaisineigiiuosdndnd 165U (mean=SD)

3/

o = ar A" ar
FEAUA T THNTITINANETIVOINVUHTH (%)

‘Il?)ﬂgﬁ
0.0 0.2 0.4 0.6 0.8
Pinanesgiiusedluemis (nfw100 Alansuveramis)
INNTIATUIN 0.00 0.06 0.12 0.18 0.24
NAMTIRTIER
BIMITTIN -3 0.00 0.050.01 0.120.02 0.17+0.08 0.22+0.06
Flawt N
BIMITFI 4 -6 0.00 0.080.03 0.11+0.04 0.19+0.02 0.23£0.08
flav
Wnanneigiiuesddi 185 (nFud)’
81y 1 dlad 0.00 7.5344.21 18.0643.79 24.59+5.40 31.99+5.70
91 2 Falad 0.00 21.7745.93 49.92+47.50 72.30+5.55 95.0246.28
91y 3 dlani 0.00 25.94£5.01 62.48+5.32 87.9847.10 114.0348.11
01 4 da 0.00 55.17+4.43 75.79+4.70 130.69:6.81 158.04+7.98
01y 5 dlami 0.00 64.62+7.05 87.9249 54 151.29410.50 182.91:48.50
a1y 6 fam 0.00 74.79+7.83 102.06+9.23 176.9649.53 214.1148.53
81 1 - 6 dland 0.00 2299142553 405.09+2550  630.53x31.54  789.51+25.79

I/ fnannntSusamisitues liudazngu

4
(4) HAUBIMSIATUAITANANOIUUVLUTUANHUSHIN

¥ »
pamsanwiwamsiasymsadaneivannviudulugilvesaswandoiiminuaz

a4 by 14 = - 4 e 2 o e1edn 1 ' |1| ] a
panlsznovmintduandtfluained 32 Wellwudniminiidiavealnudaznquluuanaieiu

] LY

= ar A 3 a
(P>0.05) mﬁﬂﬂﬂﬁaanuwﬁn1iﬁﬂu11uvww 5 uMMsmmimindives

@

»
Tanaaasluuniezdeonn



T [ 1 ¥ '
M319N 32 ﬂﬂﬁﬂi:ﬁﬂfJ‘lJ“UBQ‘I"ﬁ'lﬂvlﬂﬂiSﬂQﬂlﬂﬂ%ﬁ%ﬂﬂ]ﬂﬁﬁﬂﬁﬂﬁ')ﬂﬁ'l3ﬁﬁﬂﬂﬂ'mi)'lﬂimu%uﬂizﬁﬁfm\m {(mean+SD)

Hndn

szAUMSESUMTANANUNNVIUTH (%)

%’aqa P-value
0.0 0.2 0.4 0.6 0.8
HmrindiTie N3N 2,028.00+40.42 2,030.00+22.10 2,035.48+20.15 2,029.25+19.92 2,033.89+28.51 0.089
WINGH” NI 1,536.25+39.78 1,539.24+51.43 1,540.32420.05 1,526.05+18.40 1,528.88426.32 0.060
wosifud 75.75=1.09 75.821.58 75.63+0.89 75.20+1.08 75.17£1.05 0.700
sy 1u? nfu 1,515.04148.82 1,512.30£143.13 1,492.65+121.25 1,488.9118.15 1,491.57426.45 0.082
Wesidug 74.69+1.12 74.49+1.50 73.331.24 73.37+1.02 73.33%1.24 0.525
Tniugeaios a5 27.12+4.38° 26.9243.54° 26.87+3.65" 27.54+5.86" 29.2344.78" 0.045
wosidug” 1.79+0.13° 1.78+0.20° 1.800.22% 1.8320.15% 1.9620.27" 0.050
den n3u 292.40450.80 285.67+40.44 282.56+32.41 283.19£18.54 282.95420.53 0.095
wedidud” 19.3044.52 18.89+4.81 18.93+3.45 19.0241.43 18.97£1.75 0.075
dulu N3y 65.0946.13 65.18+7.35 66.42+5.58 66.55+5.81 67.1245.02 0.093
nlesigud ¥ 4.30+0.42 431£0.35 4454031 4472028 4.5040.19 0.058
azInn nfu 229.53348.11 227.00£30.51 224.35%25.52 223.04+19.04 224.48420.18 0.570
Wesidua 15.1540.99 15.01£2.01 15.031.53 14.98+1.28 15.051.09 0.125

ol



A1319N 32 (91D)

L2 = L Av ar
FTAUNTTIHTVIANAHNUIINVNUTU (%)

ﬁaga ﬁmﬁn P-value
0.0 0.2 0.4 0.6 0.8
IGEY N3y 205.59423.24 203.42%17.35 196.59+19.46 203.98+19.50 199.68+18.92 0.060
wWodidua 13.57£0.26 13.45:0.55 13.17+0.47 13.70+0.45 13.3840.50 0.350
Un Ay 144.69410.52 143.97£12.51 146.58+10.83 145.90£8.55 145.1248.75 0.155
(Woesiua 9.550.72 9.52+0.45 9.800.35 9.79+0.31 9.7340.20 0.065
JLEEE SN a¥u 352.8160.35 348.00+40.51 349.7330.52 345.4322.12 346.05+17.83 0.170
woefidud™ 23.2841.60 23.01£0.95 23.430.33 23.20+0.30 23.2040.25 0.850
Wiuazne s 114.54£7.73 117.8046.45 116.4446.50 117.9745.13 116.95+5.58 0.078
wofidua? 7.56£0.49 7.7920.45 7.80+0.52 7.9240.50 7.84:0.70 0.055
udasazii A3y 81.3624.92 83.93%5.10 83.44::6.58 81.5947.11 81.5445.83 0.082
wefidud ¥ 5.3720.52 5.55+0.43 5.59=0.34 5.48£0,35 5.4740.30 0.070

i w o A . o o =3 E o o o 3 VoW T L 4 ]
1/ i wmtindudlasnoms; 2/imiinsns il ae udsuau; 3/ wesiudvenimingindy; SauT a b ¢ Auand i luuAazuawans A un delinnuuane e

fusdialivodign1aada (P<0.05)

I
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a A vy g A a < sl ' g ' ' '
smunmauanoTuie1idedu deRessndudesiFudvesnnguuazannduveslinaass wunla-
[ (= d o o b o of r:1 [ ] o = = 3
naapaudaznduiilosdudrnguiazn]ofaudiiu hiunandafiu (P>0.05) Taslinumdumnu 75.51
o w £ o ] P s @ [l v . 4
HAT 73.84% audey Fadndwanisany luuni 5 dmsveantlsneuveasinaiua q 1aun le-
¥ o 3 =, ] ar 9 ¥ o’ o o ol o o
wihon dulu oz Tun Ued Un Tasesa %9 ae 1 uazuds Wy imintazidesiuavessansznon
Qr . r L at L] L) L . A LY ‘; 4 g ’ {
ppaenatn liuandisiu (P>0.05) AuuaiSua v luresnes FaihlSnumuiuielnnaassh
9o w a2 o & & -5 = a1 o = P &
Asumsasanornaviivsumuiu (P<0.05) Jaihullludamaderduramsdnuluuni 5 Fa
t I s A A w - d 2 o 9/ =t
wnziluwamsnszdundsnuluomsaduswiunamamlSuauan Inaimiun ¥ lumsiaTon

TITRAUTTITANANEILVINUTUTU

¥ 4
(5) wavesmsiasumsanannunInviudusoguawiioveslnnTzn

‘ ' 4
5.1 mmmti’lunsw—mwmma

nnmsanyinnnuiunsa-arsvsaita lnn ldsunsiaSuensadanoiuanviuduh

]
A o

or r lﬁ' 1 1 1 lﬁ. QII ) ﬂ’ L) ] 1 L

3ERDA (19197 33) w1 eanuiunsa-anfidn Tuadi o ndamsai () voudie Tiudaznguli

T ar 1 4 4 o é = 1 el 1 1 LY
HAnA19AY (P>0.05) TaoTaundomiiAy 6.43 ¥alanlndn1 pH, M13zndn 6.4 - 7.0 (Fomsad, 2529)
& - ETEY =
Fuihu T lufanmaBordumsdnmnluumi s

-=; ’ df ’ -:i ; }4 o g ar 4: Qs d.
man 33 anutlunsa-anluilelnnsznsiidosdse s inoudremsadavanuninviiugui

FTAUA ) (meantSD)

SeUmIRPANLN U amuilunsana
(%) 0¥ " 24 50"
0.0 6.530.12 5.80+0.06
0.2 6.45+0.07 5.79+0.04
0.4 6.30+0.08 5.730.11
0.6 6.5040.09 5.800.05
0.8 6.35+0.10 5.76£0.07
P-value 0.099 0.089

1/ %7 139Md391nM590 (post-mortem time)
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¥ )
dmium pH,, wui tile laudaznguilar iuandrafuguiu >0.05) Tnolidunae
1 ar é =i ¥ o ol
AL 5.78 dalin1 lndifuaiuseauves qady (2551) (5.68) uaz Jaturasitha (azAME (2002) (5.89)
a7\ Wattanachant 1aZALE (2004) 378974 1 pH,, vouiiesndruusnveslinsznsiinuniy miy
4 § o ' ¥ v ' i v
593 oils TuFeanisnifoundad pH voudlelmiu warrss (2000) T¥ariud) ndniiolnil
w v ¥ A - B o o » A ’ &g oo =
Fadauroandmiledu17 (white muscle) qa Saimsazawinalanudeos dislAnwdmdansauanin
g ¥ ~ 1 ar S = o 3t =S o 1 9t L] )
snnszuaumolouny TdlFeendouliuimin Salinaii Ida pH,, Selimiaoudage Taveglunia

59-6.0

»
5.2 maveaflonthon misuSnumbhen nazluiureiios

¥ ¥

nanissumsaianersnviiviuluglmsnaudefveniieninen misnu
o 1 o 3 o * =y o .: ar ey
wihon vas lusugeanesdauaaalumstan 34 uaealiifiug msaSumsadanouninviiudu iyl

] t t 4; 9 a - t a ' 3 ' df L
WA L* uasfl a* vouilennon misuinavihen uazlviiugeanios tazal b* vealeniIan
¥ v
(P>0.05) M v s afanmunnviuduisah misnSoamhenies luiulugesiswedlnn

< oA A 4 A o a A R w = oS e ’
ANHIHAHADUNUVLUUBTZAUNTITTHINY (P<005) ‘ﬂf&ﬁﬂﬂﬂﬁﬂQﬂ‘UN’dm'ﬁﬁﬂ‘Hﬂu‘UWﬂ 5NN

]
[ -]

»
Mt ymsasanmuvnvinsuiinaiildmiansnumienvedlnnguin ldsvarsadanounn

a

qy o e o o eyt 1 ' 4 ] s oo o aa 5
yiTuRsEau 0.8 nlodiFuaiing b* 1nnngudug ehehiedAyniada (P<0.05) wamsfinuma

»
o A @

M Yy @ A R LY Ao @ AL A 2 s
aosnfatutuanududuvesasadafuanaium A Idduamiaid lafulidmde wnndu 1l
o P S oa s = v e > a4 A A w ¥
seRunsazaNveImIsineiniesdes T nuiuana iy Matidlesninluviiudilszaeuldae
S - o & ey Y o A& A
disnespiueus suifuaisilszion Tnduea azmw1alulviu (Aggarwal er af., 2003) Balimsnzany
vina luiuldfiamisveslsnseme uamsaSumsadanoansiudulivafiuandrsesn lildmiy

td 1
Abe vedlviugeatos Tasnui mamsumsafanouoinviuduluszduga Aofisedn 0.8
o o 9 =ty N ] 1 4 - v B ] o 1
Wofidud Tuavn IR b+ dindingubuq (P<0.05) ao1atsimm nalnmsuanswadanaradalingiu

It

» )
<4 L] -

5.3 msgapdniniivannmsliznovemis
d' L] L o o : at [ L] = : d.
A13137 35 uEemHanoM IS UmsEiANLTUINVILFUADAIM STV NIBIRINMT
» » »
Jsenenomsveuiieduenveslinszng Taowui maasSumsatanmuanuiuiuhiiivldile

» » []
daenveslinsznaiimims quioiuideannmsilsznouennsuanaieiu (p>0.05)  lavlinundu
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M51an 34 Maveutowilion misuSnamihen uaz luiuresowed Innsenanidusd e mis inaudsasasanuuInuiuduisgius1e9 (meansSD)

A1 L* {lightness) Al a* (redness) A1 b* (vellowness)
dowshen  wianthen  lwifuvesdes ewden  wiwnhen  lufuveados dlewdhon  wiawhen  lvihavpavies
0.0 63384239  64.5621.03 70.45+¢1.54 5.3342.12 -1.0140.25 2.1540.75 12.35£1.42  8.761.44 22.81£1.35°
0.2 63.66+3.54  64.4242.03 70.89:£1.90 5.93%1.34 -0.95+0.22 2.95£1.05 12.54£1.65  9.05%1.56" 20.45+1.80°
0.4 62584377  64.0542.95 69.57+1.42 5.89+1.60 -1.1120.25 1.9340.99 14.02¢172  9.76x1.35% 19.95:1.85°
0.6 62.3622.81 65.78£1.05 69.78+1.35 6.0241.47 -0.13£0.08 2.530.97 13.984¢1.07  10.31x1.40" 19.0321.54"
0.8 63.0243.51 65.90+2.03 70.17:+1.43 6.10:£1,50 -1.0520.10 2.04£0.75 15.10£1.62  12.92+1.22° 19.11£1.33°
P-value 0.532 0.550 0.158 0.075 0.083 0.095 0.067 0.050 0.048

o o [l a ¥ Y o [ i A [l ar 1 Ly o -
BfYiabe ﬂllﬂﬂﬂ"ﬁﬂu‘h—luﬂﬁxﬂﬂﬁlmlLfTﬁ\l'ﬂﬂTLﬂﬁUilﬂ"ﬂl]lmﬂﬂwﬂu?)UNﬁuUﬁ'lﬂﬂﬁm'Nﬁﬂﬂ (P<0.05)
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T ar A ot = ai = qr U = ar
MRy 23.95% Falpdmuanunantsanuluund 5 (24.59%) usnoinidaiam lndifvaiuswauans
g3 (2551) (23.79%) Jaturasitha MDTAME (2002) (23.63%) uaz Honikel 1Az Woltersdorf (1991)
(25.0%)

ci 3 Vv :; Af ] d’ 9 i ¥ s
MIsi 35 A numuso lumsuiweadio latidsadse misinaudwmsadansiuea

YUUFURTTAVA 9 (mean+SD)

e —— A cooking loss (%)
0.0 23.42+4.02
0.2 23.01x2.78
0.4 24.46+3.11
0.6 24.90+2.56
0.8 23.9612.69
P-value 0.077

Y ar

$nu7 a b ¢ Ruanannulundazpediaasha undsiinuuana uiuedItudaymDa (P<0.05)
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5.4 AMTIRARIULLD

wan1sAn tua1sad 36 weasldisiun msm?umsﬁﬁ'ﬂmmmmflywﬁu?ugﬂummi
wera e Wile Tinsznat 1§ uomanngns i s sdaruuanaafumaada (2>0.05) Taod
AunBovessus WAk LAY 1.55 nn. FaladiRvsiumamsAouluumd 5 Aswami mseiums
afanunnviusulussdy 0, 0.2, 0.4, 0.6 uaz 0.8% MifarWile lnasened 185U s ngas
s iR uuAnmaRuMEda (2>0.05) Taslisuniomifu 1.51 an. vaizi qudy 2551 swawh
1f'1’aanﬁ':uueﬂmm"lfiﬂi:mﬁu1{Cobb 500 s siARURAONIAY 1.46 An. Talin)wuANA 1D
fimﬂﬁﬂphwmﬂé’mném1nﬁmi’mﬁmﬁmﬁu?j’uagﬁnﬂﬁwmmh:mi ¥y WugnITY 01guBadad
ﬁumﬁwam‘fﬂﬁdnmmnﬁ’ﬂ m3ldsuauouveaiio ﬂ?mmn‘fmﬁ'mﬁ'mﬁuﬁgmsna;j (Miller,

1994; Warriss, 2000)
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@13 ¢} (mean+SD)

SEdumTARANENLVITY (%) Ausasan e (nn.)
0.0 1.59+0.27
0.2 1.5240.41
0.4 1.5540.62
0.6 1.49+0.57
0.8 1.60+0.29
P-value 0.102

»
5.5 guamainvuzvouile

» )
ranmsanmguaIe Inruzveaiis In (115199 37) wud1 mnaSuasafaneiuin
¥ » »
viiufuluglvesmsafannunnviivunaumsdsshilivasenaima Inruzvouite lanszna
(P>0.05) Wudmduwanisdnuituumi 5 dauledidud luiuvesilomTontinun Titudaaag
[ » ) ¥
>0.05) WelnlATumsadansrunnuiuduiniu da AL-Sutan (2003) 183131 msasuma
» [ »
viudunsza 0.5 uaz 1.0% sunsoan lufuluann 1y ualinadetiUSum Tsduuaz luiuveile
] & ] o 3 - Ls | Hf & W o
Innszme vash aglsia doyavinmsinsziquams Insuzveuilombhenlndifosfunonu
o 5 U 4 ] I A 1 3 9t -
493 gy (2551) NagU dleendimuuenvesliniznidagnaitiery 6 dland Tulesidudnauiiu
Tsau Tudiu uazid iy 74.27, 2035, 2.85 une 1.98% ATUA19U YuLH Wattanachant UazAE
» ' ] »
(2004) 31037171 teBndiunenvealnnsznafignaniieny 4 dled 1 iwesiFudarndu Tulsdu
Tuiiy wazidh iy 74.87, 20.59, 1.68 uaz 1.10% mudw uazdoandoaiudongilues Najdawi uaz
[ > »
Abdullah (2002) fberuedn 1ife lalinnsduoghusie 69.7-74.2 nlosisud Talsdu 20.4-22.7 Wosidud
o 7S 2 Y cd o o ' p = F
Tuiiu 2.8-9.2 wlosiHud nazidh 0.3-1.3 nlefidus Wailnnuuananvesssddiznoumaniuoails
* » "
PordoaruAMnNATIMIRUENI TN (Xiong et al, 1993) vt e TsAunaswdaauluomisi

17145 (Smith ez al., 1993)
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- s ] o - nao - . R & a = as
sandindusunsosastloafiunafial §isu lipid peroxidation Fuflugungildifiansiuvesluiy

14 R IfunNan1SANEIY 3 Ramirez-Tortosa et al, (1999) 11az Sharma et al. (2005)

AuNuAILINS

dlefivisandadunumemsdmiumseialninszninasaszozmAFnm (MT199 38)

] 1

» - ¥
Taunuimsias v naeas asanuisInviudussinai Ins o Innsznadidunusioinisa

4
>

dmindaiinlndifatusamsaninluund s sdnlsfaw msmSumsasannunnviudulugy
msuanfinai idunuaonsdstihminduiugann sudhuwainnndumsnioumsnaumsaiia

senunnviusuntisags sangramineue udaTuuni s

MINh 38 sedumsiasumsasannunuindu USinaensilanu nazdunudieinis

(mean+SD)
8 sydumamdumnaatn  Wanaemai i dunum  Auyumems

(Flai) BNV (%) U (n3Ne) (i (hn)  IMIT (UM) WW/on.)
] 0 145.74£4.81  101.68+2.09  1.6920.11 16.600.41
02 150.6343.73 102154366  2.54%0.13 24.9140.55

04 150.50+5.03 99.48+2.73 3.34+0.22 33.59+0.40

0.6 144.65+7.85 99.50+4.26 3.9810.43 39.99+0.92

0.8 145434390 10071179  4.7720.26 47.4140.86

2 , 0 425 68+8.90 271.80+6.03 4.93+0.21 18.14+0.05
0.2 435.38+10.31 274.95+7.65 7.3540.35 26.75+0.22

0.4 416.00+12.59 274.18x7.56 9.2440.56 33.68+0.18

0.6 42530£17.51 271504832  11.70+0.96 43.09+0.91

0.8 43190£19.66  272.63+7.65  14.18+1.29 52.0141.82

3 0 525.134436  351.63+7.18  6.08+0.10 17.2940.42
0.2 518.86+13.38 349.50+8.02 8.76+0.47 25.07+0.19

0.4 520.63+15.33 352.50+11.90 11.56+0.68 32.79+0.28

0.6 517.50+15.29 353.25%9.18 14.24+0.84 40.30+0.29

0.8 518.33+14.95 351.00+£10.00 17.02+0.98 48.48+0.03
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Y sfumaedueaia  Uhnmewshi  smiindafin duyum dumusems
@) vewonviudu ) Bu (ndst) (n.) oM (UM)  (/nN.)
4 0 681.80+£9.42 681.80+9.54 7.90+0.22 11.58+0.02
0.2 689.63+14.51 689.63+11.44 11.6540.49 16.89+0.15
0.4 688.98+13.40 689.78x13.55 15.3040.59 22.17+0.01
0.6 687.85+£7.96 687.85x13.62 18.9240.44 27.51£0.45
0.8 687.15612.98 687154556 22564085 32834071
5 0 800.00+5.35 386.00+11.75 9.2610.12 24.00+1.14
0.2 807.75+13.02 391.25+11.09 13.6420.44 34.87+0.85
04 799.25+5.44 388.50+3.87 17.74£0.24 45.67+0.29
0.6 796254556 39125+1771  21.904031 55994330
0.8 795.25+7.63 3IBB.7548.29 26.11+£0.50 67.16+1.92
6 0 933.28+5.62 462.50+£5.00 10.81+0.13 23.3710.22
0.2 934.86+5.16 452.00+6.14 15.79+0.17 34.93x0.56
c4 927.79+4.50 455.25x7.15 20.60+0.20 45.2440.98
0.6 931.39+7.56 457.75+£7.16 25.62+0.42 55.97+0.84
0.8 930.90+11.81 458.25+9.77 30.56+0.78 66.69x1.15
1-3 1] 1,096.54+9 .54 725.10+10.18 12.70+0.22 17.5110.19
02 1,104.87+6.57 726.60+7.18 18.66+0.23 25.68+0.20
04 1,087.13£11.45 726.15£9.27 24134051 33.24+0.15
0.6 L0B7ASEI647 724254993  20.9240.9] 4131012
08 1,095.654£21.18 '72.4.34i2.53 35.97+1.38 49.66+1.57
4-6 0 3,511.6146.64 1,987.35+£38.74 40.66x0.15 20.46£0.72
0.2 3537.11427.04  1,984.60427.58  $9.7420.91 30.1040.38
0.4 3,522.51+12.32 1,984.15+15.83 78.20+0.56 39.41+0.35
0.6 3,502.94+19.83  1,986.00+30.43 96.37£1.09 48.5240.94
0.8 3,508.95£32.60  1,987.59+21.17  115.20+2.14 57.9620.16
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21 stdumsiEiuasaia  naemsh shindin Funum  Auumos
(Flonsh) HENURINVRUT (%) DU SHAY) () BIHII (L) (LW/AR.)
1-6 0 4,608.15+32.36  2,712.45197.84 53.36+0.37 19.67+£0.57
0.2 4641986722 2,711.20489.52  78.40+1.14 28.9240.32
0.4 4,609.64+47.54  2,710.30+£50.20  102.331.06 37.76+0.31
0.6 45590.39+72.60  2,710.25:80.72 126284200  46.59+0.65
0.8 4,604 60+107.56  2,711.93247.40  151.17+3.53  55.74+0.33
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0 36.89+£027  36.89+0.27 36.8910.27 36.89+0.27 36.89+0.27
1 36.62+0.10  36.98+0.16 36.30+0.14 33.73=0.068 31.79+0.77
AnafaneIm 3 36244042 36208009 3545:0.27 32.73:0.50  29.01+0.65
i 5 363140.65  36.74:028 3577£032 3127:0.59 2691+1.14
7 36.39+0.17 36.31+0.18 34944019 29.54+1.42 26.53+0.47
0 23.82+0.18  23.82+0.18 23.82+0.18 23.82+0.18 23.82+0.18
1 23314015 2348022 2287:007 22.4610.69 22.08£0.32
mfui?um 3 23.08+0.36  23.73x0.50 23.35£066 22.29:0.51 22.24+0.8]

5 23.6230.02  24.12¢007 23.69£048 22.78+1.12 22.23+0.75

7 23.1440.42 24143034 23.6640.62 23.00+099 21.27+0.91
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1l td
ﬂ1‘§1&ﬂ1ﬂﬁ‘lﬂﬂﬁ 6 NaﬁJﬂQﬂ’JTN%'ﬂuﬂi)ﬂ']’lllﬂQ(Fal")‘l.lﬂﬂﬂ"l b* OIS AAANUIUVINVIUF UMY

¥ ¥
215199919 AT ADARTUDINVHUEY HAZUHUTUNS

o FTHIM amaiifiAy (sansaiium
et
mstfin () gaungiifioa 45 55 65 80
0 49745088  49.74x0.88 49743088 49.74%0.88  49.7420.88
1 49.45£1.00  48.84:1.00 4727+030 44.75+0.86 44.41:0.38
AFAAANEIVIN 3 4826093 48602097 46.11x1.37 44.3320.17  41.3320.69
siFurtumtens 5 48654061  48.81x1.14 4844055 44224095 39.86+0.57
7 48474039 49214077 48.02£124 43.64+2.41 38.94+1.49
0 5338£1.13 53384103 5338113 5338+1.13  53.38+1.13
1 54.09+0.55  52.46£0.99 5242042 45.94£116 38.67+1.58
Asafianu 3 54.3540.83  5361£1.15 50782020 45.77+0.50 37.4040.56
anviudu 5 53.0141.54  53.882050 53.02:1.00 44.10+120 37.65:0.97
7 53.83:0.52 53744059 5267088 45.75x1.46 37.86+1.24
0 48.78+089  48.7840.89 48.78+0.89 48.78+0.89 48.7810.89
1 48.66£093  49.73+0.56 48.6410.80 47.07¢1.07 46.1620.50
viudum 3 4735+127 49413045 4940044 46.20+0.72 4520%1.11
5 49814022  49.77x0.46 49.90+0.40 46.53+0.89 44.36+1.34

7 49.65£1.37  50.78+0.93  50.1820.36 46.85+1.80 42.77+1.67
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M3mARInd 7 wavesnnudoudoniunsiivesmsineiglivesdresasaianeIuan

AT ﬁﬁﬁﬁ'ﬂwmumnmﬁufﬁu T
0tha FzuzMm qmﬂqﬁi’]sﬁu (DI NFANTEIE)
msdu (W) gamgiivies 45 55 65 80

0 29574058  29.5740.58 29.57+0.58 29.57+0.58 29.57+0.58
1 29324237  29.1320.26 29.38+0.58 29.91x1.41 29.97+1.48

AFABANIVN 3 27.0143.52 25764268 25.5542.38 2520£1.4] 25.87+3.13
AR Eng 5 25481267 2653189 25614228 26.15£1.76  25.44+1.45
7 26134108  26.75t1.87 25.92+0.81 25.03+4.82 21.52+3.08

0 26.70£0.71 26704071 26702071  26.70:0.71  26.70+0.71
1 28.76:0.61  29.66+1.16 29.28+1.27 29.60+029 27.56+1.17
mefaney 3 27704170 29284151  29.28+0.54 26.68:1.73  27.49+0.99
L 5 2295£0.60  24.76+0.96 2331130 26.46:1.16 26.17+0.77

7 19.55:0.86  18.41:0.95 19.10+1.98 20812021 19.88+1.64

0 11.94£036  11.94:036 11.942036 11.942036 11.9420.36

1 11.8940.85  1156£1.26 10.91+0.41 10955120 10.95+0.45

i 3 10136023 10294165 10.11£1.19  10.96+0.63  9.85+1.09

5 10.48£1.16  10.96£0.49  11.00+0.78 937082  10.91+0.20

7 1071:1.06  10.78£0.94  10.67:0.42 1030£1.06  7.79+0.34
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MINMANUINN 8 WATBIANUTBUADAIIUAIAIVDIGNEAIUBOATIATUYDITTHAAMLIIN
» ¥ L
VUFUNAUAITID0919 FIAAANYTUDINVIUTY HAZVHUTUHA Tau

' ‘ﬂ sd o v o - ] v o
swnuaiily wesiFuamsduiteyyadaszinududu 100 lulasniy

Uaaans
o FrHzIM qmﬂgﬁﬁ!ﬁu (eanuvaITum)
A8} . o —
NN (W) QNHQNNBQ 45 55 65 80

0 79.1940.51  79.19+0.51  79.1920.51 79.19£0.51  79.190.5]
1 80.23+1.35 7855112  80.5920.90 78.65+136  79.90+0.54
msafanoiuin 3 78924075  77.6240.41 78.7820.87 78.62%1.17 76.41%0.79
ViuSuraumsans 5 79.75+0.83  79.8941.20 76.46+0.92 78.87x137 79.72:0.74
7 78794021 76344238 76.76+0.76 75.37+0.61 77.4242.07
0 88.9740.66 88.97+0.66 88.97+0.66 88.97+0.66 88.97x0.66
! 87.09:093  87.65+0.63 87.77+0.76 86.68£5.00 85.92+0.81
F13ARANIL 3 83.40£022  83.65+0.96 85.57:0.85 83.96+123 84.83:0.49
SN 5 83.724159  82.16£2.51 82.69:0.90 83424078 82.64+1.79
7 80.68+1.17  81.7240.84 78.16+0.53 78.86:1.54  79.080.93
0 79.70+1.88  79.7041.88  79.70+1.88 79.70+1.88  79.70:1.88
1 79354190  80.62+1.42 79.612129 8031+2.04 80.591.14
AT 3 81.18+097 7734146 79.5242.13 81.05:0.84 80.4843.19
5 81.26+0.79  78.67+0.56 80.89+0.73 B81.58+1.62 80.49+1.39

7 79.44+1.10  77.1120.78 77.27+0.65 75.54+2.02 74.60+1.27




[ » > »
MINMANHING 9 HaveR NI A-A1ADA NLAIR VIR FVOIM T AAANEIUINTIUFURTUA 15100978 M5 AFANINYIUTU UAZVIUTUNS (meansSD)

o 1 s2UsM AL (lightness) fi1 a* (redness) M b* {yellowness)
089 c  w
MY (IN) pH=4 pH=7 pH=10 pH=4 pH=7 pH=10 pH=4 pH=7 pH=10
0 97.38+0.10 78222039 22953041 -15.56+0.14 12242066 60.66+1.49 130.3620.15 123.6740.55 39.87+0.95
1 96.76+0.04 88.57+0.29 23.82+0.82 -15.2740.08 7.41+£080 58.01£0.57 130.22+0.11 127.03+0.13 41.1120.90
MIANANGIUIIN 3 96.37x0.02 86.08£0.64 27.91=0.64 -1523+£0.09 7.03x086 60.44+£0.31 129564013 12533032 47.87+1.08
ﬂffu%’uwﬁnmnﬁamq 5 97.2630.06 85.68+0.24 29.40:0.57 -153740.09 8.39+047 61.31£0.29 130.54+£0.07 125.53x0.17 50.40=0.98
7 96.40+0.05 84.90:0.30 30462041 -1531x0.08 7.95£0.73 61.40+0.19 12932+0.09 124.26x0.16 52.31+0.7]
0 94.37+0.25 5495x1.13 6.48+0.26 -5.73+0.02  53.98+£0.76 36.88+0.67 137.35+0.04 93.53%1.83  11.02+0.38
| 93.570.02 73.09+£0.12 7.92x040 -5.45+£0.09  31.34+0.68 13937058 136.94£0.04 119.74=0.13 13.52+0.64
ﬁ?iﬁﬁﬂ?‘fmumﬂﬂﬁ.ﬂ%‘u 3 03.25x0.02 6838038 10.1640.34  -5.51£0.06 34.07£1.05 42324036 13641+0.11 113.062046 17.47+0.6]
5 94.06+0.04 67.36+0.25 10.88+0.32 -5.5840.08 35.79+0.38 43.43+0.47 13724+0.16 111.63x0.38 18.59+0.53
7 93.22:0.04 66.2640.62 11.62+0.29 -558+0.04  36.03:0.9] 43.97+0.35 136.25+0.07 110.09£0.75 19.87+0.50
0 96.09=0.32 7236+1.25 25.11+£0.66 -13.42+043 36.96+0.44 53.88+0.60 132.31+0.62 117.89x0.57 42.98+1.00
1 95.5540.03 87.28+0.55 28.07£0.39 -13.18+0.33  6.89+0.55 53.19+0.80 132.15£0.48 128.2430.15 48.09+0.8]
ﬂlf;u%uﬂ\i k) 94.85+0.25 85.58+0.73 32.39+038 -12.89+033  9.35+0.63  51.65+1.35 131.224041 126.80+0.36 55.5320.56
5 95.76+0.12 84.05+0.34 33.71+0.38 -12.973032 12.05=0.89 51.26+153 132384059 126.17+0.21 57.760.64
7 94.54£0.32 31.95%0.24 35.00+0.74 -12.77#0.32 13.92+0.24 48.70x1.67 130.8410.56 124.24£029 59.93£1.28

vl
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o e

4 1 ] ar L3 o
ﬂ]i'l\‘lﬂ"lﬂﬂ‘l-nﬂﬁ 10 Nﬁ‘UENﬂ'J’]Nl‘ld.IHﬂ‘iﬂ-ﬂ?ﬂﬂﬂﬂ’ﬂllﬂflﬂ'.l‘l.lE)Qﬂ']‘ilﬂﬂ'iﬂuuﬂﬂﬂ‘llﬂﬂﬁ'ﬁﬁﬂﬂ

U

L d
) s

¥ »
Hmumﬂwm?ummms{%‘amq MTANANNUINVBUTU HOSZVHUFUR

o s FEi e L) mmmniunia-an
DU a o
5N (I1) pH=4 pH=7 pH=10
0 28.67+0.54 25.63+0.86 1.19+0.10
1 16.17£0.29 3.0240.12 0.13+0.01
TIANANIINDIN 3 9.04+0.08 2.020.24 0.110.00
siusuraumTdan 5 3.10£0.03 2.94+0.10 0.12£0.01
7 2.9340.11 2.76+0.23 0.11£0.01
0 27.97+0.53 24.54+0.62 0.43+0.02
! 16.6240.37 4.2120.28 1.19£0.01
AIAAANLI 3 8.2910.08 2444016 1.01£0.04
IS 5 4.1120.02 1.8320.31 1.01+0.02
7 4.02+0.04 1.3320.23 0.99+0.06
0 11.2240.51 9.62+0.49 0.21+0.01
| 4.9840.59 1.18+0.02 0.02+0.00
iudung 3 2.39+0.10 1.21£0.03 0.0240.00
5 1.2240.07 1.15+0.05 0.02+0.00

7 1.1920.09 1.1740.08 0.02+0.00
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H L] ) -T2 QJ ~ as L3
MINMANUINN 11 warpInNudunIa-A1eRenNuAIAITIgN BAIUDDRTIA T UYDImITAAR
¥ s b
HOTUINVIUFUHTUEIIID1I TITAHAUUNNUVLUTY LA VIUTURNI

' e d & v o a a ¥y ¥
Iﬂﬂi’lﬂ\?'lﬂﬂ‘llﬂu l‘]_iﬂ'ﬁL“Hu@’lﬂ”ISU‘I_IfJQﬂiﬁgﬁﬂﬂiﬁﬂﬂﬁ]‘]ulﬂuﬂlu 100

lslnsniuiiadans
o szozal manuiunsn-aia
U o
SN (W) pH=4 pH=7 pH=10
0 67.68+4.34 51.5242.35 40.23+4.10
1 65.39+2.94 27.55%1.13 26.0243.08
msAfanIIIn 3 42.67+10.51 9.6142.92 -65.53+1.69
ViuFurana e 5 30.80+5.37 -7.16+0.67 -80.5242.78
7 16.6125.67 -16.0742.83 -88.3142.13
0 82.95+4.38 81.12+0.99 95.0743.82
I 73.0746.86 27.06+5.82 87.16£0.85
mIafnavy 3 70.32+11.55 3.74+0.61 90.78+4.31
TN 8 5 52.65%11.27 -49.30+6.80 88.6249.62
7 41.69+5.93 62.8749.54 68.84+1.80
0 70.2446.23 49.5741.46 26.9944.78
I 71.4245.91 28.90+3.59 18.88+0.84
T 3 41.10+3.18 20.3245.51 -45.12+4.82
5 40.9649.89 5.88+1.58 -43.2249.54

7 17.18+7.32 4.50+1.45 -64.38+12.59
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FNAHUIN A

Foyad 1MIUNIINAARIT 3 1oz 4

MIHNMARKINT 12 d2UlTnDuURZNITIATUNA 1T AL IUUUALDLI885 N (Natt  and  Herrick

solution,NH)
ganlszren CRITRYY

NaCl, n¥u 3.88
Na,S0,, ATY 2.50
Na,HPO,.12H,0, N3y 291
KH,PO,, 7Y 0.25
Formalin (37%), uQ. 7.50
Methyl violet 2 B, N3y 0.1

-

a_ 3 :’ o o o a 3 3/
hdumauvanuaazawtiutiingu 1,000 ya luvaaud5ulSuIas (valumetric flask) hal3deau

1 9
naznioInoulsd

arsamamnni 13 Tlsupsumsviadulesiulsaveslnnaass

a1 () Fndutteanlan Fi1td
4 Saguflsafulsniinmdauaznaonaudniou (NDHB) afadt 1 HYDAM
8 Saguleadulsaduiuls asom afed 1 voeahn
15 Saguileatulsadululs asD) adadi 2 nweathn
18 ndutlosiuTsatlary (fowl pox) umiln

)
21 1ﬂfﬁu1’]mﬁ'uTiﬂmﬂmwmmwaﬂﬂauﬂmﬂu (ND+IB) AN 2 HusANT -
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MINMARUINT 14 drulsznouvesots lAnsznagaseny 1 - 3 dlas

Inghu plansu

v 55.3
pndandes 29.5
tau 8.5
Vit 3.5
lannarFounoave 2.3
indotiu 0.3
ussgwiiing' 0.25
Siiuwsiing 0.25
Auea-umnladlu 0.1
uoa-la%u 0
PRI 100.00
5991 (/Hlan3) 11.84
Tneusfisnan (%1uﬁmmtﬁaﬁmm"§u)

- 11.58
Tlsdu 23.12
il 274
iHely 3.01
1 468
upatdon 1.22
Weanosaldusz Tomi1d 0.81
wasmldlsz Tonild Alaunaed/Alandy) 3155.47
ladu 1.39
wn'lsletiu 0.56
wn 15 lediu+raaiu 0.77
031 Touvly 0.28

1 ussgwiind n/nn) dsznoudie Feso, 239 Sadniu uisw Ze0 70 findndy uistw CuSO, 19 Hadniu ussw MnSO, 120
fadndu; 2/ Smiluniiing @wnsnn) Uszneudao Jaiiu AD, 30 Tadni Smiiu €, 20 Hadndu Imiiu K, 3 afnin Imilu B;
2 fadndu daiiu B, 4.4 Tadndi Gariiu B, 6 findniu Imitu B, 8 fadndu nsmumu Infiingantothenic acid) 4.4 Tadniy Tuosdu
(niacin) 20 fiadniu TABu Aae3# (chotine chloride) 1,000 fiafiniu nsaTwAn (folic acid) 0.05 iadndy TuTedu (viotin) 0.05 Hodniw;

sy nuns@uasadaneuninviindusmasdeanlugasomisamiiy 0.64, 1.28, 1.92, 2.56 aaiiud lugasoms
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4 ar = ar oLl
MINMARKING 15 Simingavemsdainldsznougaseimis lunisnaaed’

Tngav Tiagay (um/dlaniy
M ina 07.80
nmndamdes 12.71
tlanhu 28.00
Vi 23.53
Taunaidonomna 06.60
et 05.30
usswwIing’ 64.76
FmiiunTing 88.94
fuoa-un InTailu 25.00
uoa-ladu 73.00

ar - ar o = @ a o 4
'i'lﬂ’I’Jﬂf.}ﬂ'lj‘éﬂﬂ'liﬂﬂ{ﬂ‘ixi‘“ﬁﬂﬂﬂf}'ﬂﬂ'lﬂﬂ 2549 'gl"N'ENil'IﬂH!J’Jﬂﬂ'IH'I‘i'KTﬂ’; MArEIvAIRItasT

yrTInedsasvaunsuns nvuanialng

MmsumanuIni 16 ssmlszneumaniinnmsimsed lutouljidnsvesgasemisdmivln

oy 1 - 3 dlevd

Tawue oluanmuiabifinnwihy 1-3 flant
- 12.02
Tds@usaw 25.34
lufiusw 4.05
wolosm | 3.12
i 7.15
TulasiouSidndiunsn 48.32

WAL (D launasi/mn laniw) 4,765.19
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4 » E [ ¥
MSNMARUINN 17 mind iminduny USmemsinu uazals=ansnmms e misves

P

Innsznaong 1 -3 e RAvedwe M1 IATAIVAY (meantSD)

8y ﬁmﬁnﬁﬁqﬂﬁm vimindain Uhnaemsiau danmIny
(Flarny (N3 NS/ (nSus) FCR (%)
1 180.30+7.17 124.816.09 141.8845.56 1.14£0.04  0.96£2.72
2 458.98+18.06 278.68+15.42 373.459.79 1.34£0.05  0.96£1.78
3 866.65+92.27 407.67£18.06 601.67+22.18 1.48£0.11  4.0020.09
1-3 866.65+92.27 811.15+1.38 1,117.00431.44  1.38+0.04  5.85+2.85

MsRmMenuInd 18 A ladiainnvestanszniey 2 dlar (meantSD)

M3 1
Aniad oaunIsauLiy (%) 29.07+3.02
o - k]
VLA BAV T (107/ul) 11.20+1 21
szAUnBIadnDsoa luden (mg/d) 103.90+16.60

11 TBARS (nmol/ml) 0.564+0.12
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MARUIN 3

MNUFAIM e lnnszna

dlant

4 . @ I ¥ o 5 o ' v
AMNMARUINNT 7 ATLBLENYURE) (1) uazgilnsal i uazemis (v) dwmiulanaassaneey 3-

6 dalenvt

AF L8l LA g,

AMMARKINI 8 Iinaaesiiony 4 e (n) uaz 6 dila1 (¥) vunswVLERTIRY?
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MARUIN D

o X
MNLTAIENHASFINIAZIHBYINENUBIINNIZNY

AMmAmni 10 dnuaizann linaaenguit IdsumsigSumsasanouninuiiugu 0.2 nlesidud

DU (N) HATHAL (V) MIAAUAILIN
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'. a : 1 1 | as = Y c:f ar o
AMNMARKINT 11 dnvizann laneasnguin lasumsiaSumsaianeunnuiiugu 0.4 wleosiFud

oY (1) HAZHA (V) NMTAAUAILIN

ammaRandi 12 ansaizannlinaassngui ldsumsaSumsananouninviiugu 0.6 nlesidua

ADU (N) LAZHA (V) NTAALAILIN

ﬂi ar ] oA o = o ar < o o
MNMANUINT 13 ﬁﬂ‘lalN$W1ﬂ1ﬂﬂﬁﬁﬂﬂﬂqu‘n‘lé"i‘lJﬂ'l‘il,ﬂiﬂﬁ'ﬁﬂﬂﬂﬂﬂ']ﬂmﬂﬂmu%’u 0.8 ﬂJ'ﬂil‘lﬂm

AOU (N) LAZHDA (V) MIAALUAILIN
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T . ’ ¥ = ¥ v
AMMARNG 14 lenthenveslanaaesn IdsumsS ymsadaneunnuiiuduniszau 0, 0.2,
o s ; \J Al
0.4, 0.6 uaz 0.8 os1Fud (n-9) muddy uazuSouiouiionthonvesliuday

aguissanngneliun ()
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Awuraualy

HANISLEINFTEINANYIVINNVNNWTW (Curcuma longa Linn.) @iaqmmmﬁa‘lﬁns:m
Effect of Crude Turmeric Extract (Curcuma longa Linn.) Supplementation

on Meat Quality of Broilers

a o 1 as Q- & 9+ as nf s e &,
yigle dradng, legagsm Tamduns,? g51 Tamand® uazasuns dgiad’

Khwanchai Damsawang,' Chaiyawan Wattanachant,” Suta Wattanasit® and Aroonporn Itharat’

UNAALd

nwﬁnma%\aﬁﬁ’fﬂqﬂi:mﬁ Wadnurflanarasssaiiane uanuiiuiu (Curcuma longa Linn.) daﬂmmm‘f’:a
1a3linizng lasdulinszneduiaumniamay a1y 3 FUAW 91U 120 67 LTIMARBIATMUHUNARBILDUFUARDA
(completely randomized design) wiislinaaaailn 5 nsjwmm:ﬁumﬂa‘%wmmﬁwmumnmﬁvuvﬁ'u’kug‘mimms
lnudaznguutisaaniiiu 6 T 9 8z 4 §1 IINARIE 5 §A7 Ao mmﬁm’%umsaﬁwmumn’uﬁuifmauagﬁizﬁu
0,02, 0.4, 0.6 U8z 0.8% ‘lﬁﬂmaaannﬁﬂﬁ%’ummma:ﬁmnmﬁnﬁ (ad libitum) uda1uasy 6 Flav 3oinlaih
Wednwann kamsAnswui1 madumsatansunaiuiulidnadennuiiunsa-ag mmmmm‘lumiafmf']
fussdarn Banalnrus ussszdunalasinaTasvadiioninen (p>0.05) WA I IER AN INUINY BuT U TEay
0.8% fnannlinitauSnaninaniiand b* (Finias) ganimﬁaﬂﬁ’ﬂan‘uaﬂn’maaaﬁ‘l@ﬁum‘saﬁ’wmumnmﬁwﬁuﬁ
320U 0, 0.2, 0.4 Uaz 0.6% (p<0.05) WONINHMILFINAIRAARIUNNUIUTUATESU 0.6 uaz 0.8% fedluavinle
TBARS 2831italianas (p<0.05) ndﬁ‘lﬁﬂ@aaanéjuﬁu 9

ar

ANENAT: FIFENARIUIN VU UTU Qmmmﬁa 1rinszng

i

7 9np el YNE 2553;29(3):308-315

Abstract

The objective of this study was to determine the effect of crude turmeric extract (Curcuma longa Linn.) on the meat
quality of broilers. One hundred and twenty 3-week- old male Habbard broilers were randomly allotted into a
completely randomized design. Broilers were divided into 5 groups according to the level of crude turmeric extract
supplementation. Each group consisted of six replications with 4-broiler per replication. Broilers were fed ad libitum
with basal diet containing 0, 0.2, 0.4, 0.6 and 0.8% of crude turmeric extract and were slaughtered at the age of
6 weeks. The results revealed that all crude turmeric extract supplementations gave no significant differences in pH,

water holding capacity, shear force, nutritive value and cholesterol level of breast meat (p>0.05). However, broilers

" dndnwSygaln, 2 dramanarsd us: * seamaaTe1sd NMATMERIAIERT AMENINEINTTIINTIA YR INENFUFIVIIUATUNS,

* spumanTansd a1vrirntsuwndunuingyszynd aacuwngmani yn IndusTINaIaa qudiidn Smlalnumi 12121
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University, Hat Yai, Songkhla 90112, Thailand.
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fed diet with .8% of crude turmeric extract had significantly higher b*value {yellowness) of breast skin than those

received 0, 0.2, 0.4 and 0.6% (p<0.05). Broilers fed diet with 0.6 and 0.8% of crude turmeric extract exhibited lower

TBARS value of breast meat than other groups (p<0.05).

Keywords: crude turmeric extract, meat quality, broiler
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Table 2 Colour of outer breast meat, breast skin and abdominél'fét from broiler fed with diet containing 0, 0.2, 0.4,

0.6 and 0.8% of crude turmeric extract (CTE)

Level of

L* (lightness) a” {redness) b* (yellowness)

CTE

Muscle' Skin®  Abdominal fat Muscle’' Skin°  Abdominal fat  Muscle' Skin®  Abdominal fat

0.0 65.5813.67 63.9641.22 72.53+1.84 501142 -1.20+1.07 3524117 1537+166 9.12+42.34° 23512295

0.2 62.3114.44 6£3.5223.53 72.894+1.20 6.3421.06 -1.15£1.42 3.02:1.00 14.36+1.43 9.2641.93° 20.17+2.28°

0.4 61.882455 52.24:3.06 71.40+1.81 5804042 -220:043 3442195 15434297 9.7421.17° 18.99+2.21"

0.6 62162221 64.88+£1.55 74.14:1.81 569:0.52 -2.014062 276x1.08 1519+1.72 9.23x1.08° 19.05:2.86°
- 0.8 62.72+4.51 64.30:2.42 74.40$1.53 578+172 -0.5841.72 1.83+0.49 15034269 12.48+£271° 18.02:1.82°
P-value 0.497 0.458 0.058 0.334 0.129 0.234 0.919 0.030 0.019

" Quter breast muscle; ° breast skin; *°

(p<0.05)

means on the same column with different superscripts differ significantly
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Table 3 Level of crude turmeric extract {CTE) and
storage time of broiler breast meat on drip

toss and cooking loss

Drip loss Cooking loss
(%) (%)
Level of CTE 0.0 9.75+4.28°  25.85+3.16
0.2 9.79+4.44°  23.61%3.30
04 7.8033.29°  24.25£2.05
06 9.17+¢2.89° 24524225
0.8 8.3042.84"  24.73:2.24
- P-value £ 0.020 0.095
Storage time 1day  4.91:067"  20.96+0.89"
of meat' 3days 7.11+0.77°  2527+1.89°
5days 11.87+1.22° 2568t0.65°
7 days 12.02+¢156° 26.46%1.20°
P-value 0.000 0.01
Level*Time 0.900 0.586

! Storage at 7°C; *” or “*“ means on the same column

with different superscripts differ significantly {p<0.05)
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Table 4 pH, shear force values, proximate composition, cholesterol content and TBARS of breast meat from broiler

fed with diet containing ¢, 0.2, 0.4, 0.6 and 0.8% of crude turmeric extract (CTE)

Crude turmeric extract (%)

Items p-value
0.0 0.2 0.4 0.6 0.8
Breast meal pH
pHO 6.49:0.20 6.21x0.13 6.31£0.45 6474003 6.34+0.12 0.725
sz4 _ 597:0.06 5.86:0.06 597:0.08 589:0.08 599+0.08 0.385
Warner-Bratzler shear force value (kg) 1.41£065 1652038 1.46+060 1.61+0.53 1.42:0.18 0.890

Proximate composition (%)
Moisture
Crude protein
Crude fat 1.03:0.23
© Ash 1.2410.08

75.56+1.07 74.69x0.17 74.57+0.60
2217+0.93 23.1410.66 22.93+0.50
1.12+0.30
1.27+0.03

74.96+£047 74.62+0.63 0.088
22.63+0.53 23.10+0.58 0.091
1.08+0.37 0.96:0.42 0.892
1.3320.11  1.35:20.04 0110

1.1520.42
1.29:0.07

Cholesterol (mg/100 g meat)

22.85£1.27 21202067 22.54+0.77

20.79+1.46 20.61:x0.83 0.355

TBARS {mg malonaldehyde/kg meat sample) 0.804+0.08° 0.794+0.10° 0.641+0.07* 0.620+0.06° 0.613+0.11° 0.044

** means on the same row with different superscripts differ significantly (p<0.05)
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