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ABSTARCT

Capsaicin and phenclic compounds which having antioxidant properties, generally
found in spices and herbs that are the main component in Thai red curry paste. In this study the
effect of heat on changing of antioxidant compounds (capsaicin and total phenolic compounds),
antioxidant activities (by DPPH (2,2-diphenyl-2-picrylhydrazyl) and FRAP (Ferric reducing
antioxidant power)) and color (Hunter [.*,a*b*) in Thai red curry paste were investigated. The
paste was heat at different temperatures (60, 75, 90, 105 and 120 °C) and times (10, 20, 30, 40,
50, and 60 minutes). Heating the paste between 60 to 105 °C had a no significant effect on
antioxidant compounds and antioxidant activities, while heating up to 120 °C, the paste had a
significant higher on capsaicin and antioxidant activitics by DPPH assay. The color (Hunter
L*.a*b*) of curry paste had no effect on L* and b* value but had significant effect on increasing
of a* and AE values. The result of this studied lead to optimize the heat processing conditions

for maintaining antioxidant activity, producing safety and high quality product.
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) I L . A w d 1 a_a R

wsm‘:ﬂuwwagiuﬁqa Capsicum  UIYHDWHUT (TU  WINYNYTIMU (Capsicum

» b
minimum Roxb) Wiﬂ“dlﬂi‘ll (Capsicum frutiscens Linn.) UDZHINOOU #3n Win¥¥h (Capsicum
Y aoa '

annuum Linn.) (§1UAIIUIATIIUHAANTINATTHATIN, 2526)

= ad'l:i d .

Winsznaudiea s niiTeRATou 91AT109TUYDY Jorge Pino et al. (2006) uAz

] y o a - A
Fumiharu et al. (2006) wunasiildanudadounnuuinluisaszganinfeuny lodu
P & =) = ] a w o d A =

2. FalSumvewmllagy suandnfulilnumeiuguazszezmsnufivs  #in

%S = -~ ! =y 1 1 7 Q‘ J C‘lv
ymoiufiSinamesuml lrduszaaauionsoun uwhinsmeiugazmviy wenniilu
windagau ludwasdarTouesd, Ianiiv uazdSuavesmsisznouiuein (Deepa et al.,

2007)

HO

ZT

\O SN

O

qilfiz.1 Tassafrsueaasuml |ty (Capsaicin) (htip://th. wikipedia.org/wiki)
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fvasznaniniludiviinan lidumssanTagaieg Tavmwizmisua lsfiuoud

(carotenoid) 91NMIANYIYDY Deepa et al. (2007) 1w Yinwssndaghnylunianomn

@ o =

J Y o ] Y 4 =
(Capsicum annum L)Vyegiuwufuazssezmanuine  lassendagiwyluninlussesd

(@39ziA91N Chlorophyll uAewsngnes luilsingddivuay uaszsisngddunieduasi
amsdanszisendagualshuous
hrzlawridegunin
td 1 4
Chaiyata et al. (2003) AnyIHava NI nInyAon1suldoumlasvesszamimaluiion
Tasldoimeinsndgapuaiasiung Inandeudunsnan  udaiamsuldvuuasvesszdiu
] ] ] i d
nglaaludsaisudumsduniesdung Inaod1udyd wuNszAhnang Inawes
s c{a - =; Jl 5 ] d'l ] o o o a:'A ar b ar
prmminsinunsnnioung Inanuiudniuile T 1afunsn uazdunndasinsIdwasau
Y95 1N (Metabolic Rate) po131 oAy
Tolan et al. (2004) e suml ladu luninlilinadeniyanszaihmaluien
o = @ o = ¥ 1 oaw o A A ar ' A o
sazdsmmnsmmuszAusugiu lRedeiniddy diemeudunguatge Wiedhnnfnylu
dainaneq
. 1 = = ey 9 o ]
Sanchez et al. (2006) 1wanasumlledu Tnaauialumsdunss Taenin
annsamioniliinae Ta InGa (Apoptosis) Twmaduewiia isunsAmnludeugnynn
¥ ] o~ a o ¥ o g
uaas AU lesduansomiivnh dfamsmevsasaduziwougnmnn 1 law
n1sad1eeyyABase (Reactive Oxygen Species) uaznizqumsiiauveaoulaiunilma
: [ - T qr = T aa o -]
(caspase) Mebaaasldinun  msldasuml lvduunvynanesniimsilusanuzs sdo
. g &
gmunn Buds aunserzaemsiniydulaveuzisaluld
2.1.2 NIUNBU (Garlic)
=1 oy - a1 . . . . 4 o = v
nseeui FoN19INIMIEA3s N Allium sativum Linn. 236 Alliaceae %BBQﬂﬂEL‘iUﬂ’H
. =) . 1 A o 9N ar N 4 :’ o L)
common garlic ¥30 Allium a@auiinnlesfe Waae uiouts luaa uaninfunsziioy
= ada w = '
misounsannuInluranszifion 1aun alliin (S-allyl-1-cysteine sulfoxide ) #Rz S-methyl-1-
) o 4 4 &
cysteine sulfoxide @3 alliin 1fluensdsduvesmsIindusalunseiiion donsziougniu
@ . ° o3 Sy o o . ] = da o o = ar
wiad alliin inlgnserriueu e altinase Mldnaasiiindunaouvosnszifioy msfe
: C . - ] 2 i
NAN2AD allicin (diallythiosulfinate) Ins a3 19 luanawes allicin uamalugali 2.2 Fuduas
Tiadesenansanldow libilumsilszneuadutddw ( Miron et al. (2004))
Tavia hinszeudods idunsuliglezifviniy Eunfin Lee et al. (2006)
] ] ¥ ¥
swauh dmnsufsdinsiy ) wIoua Fnniuvesnseiisuzganlfoudiufifer vl

4 . . o aaa @ o = i ot - &
Wipann @3 isoalliin  ulgnsenunsacziiluledu  Idmsnlszoeunlulinduy 49



A A o am o Ca W Aot o P = g r o
mslsgneuiiieony  dfnerdueuland allinase 93 1des iliFde) Famsiluilyasyila
v

W ar [ 1 4 e g A d 1 =
@Aty chlorophylt msdenasznlfowdudmdsmiadibmadionnligumgiivies

122 Tnseadreuesas Allicin (hitp:/fi.wikipedia.org/wiki/Allisiini)

Uszlomideguan

HeAs (2534) 509N nssd ity delfidaemsle 1inia
waeaauSamGess taailu ey A Tafinga dudeanlsiz Tsmlszam dudu

Orekhov and Grunwald (1997) 11a¥ Rahnman and Lowe (2006) ST0WIINIsious
uauialumidumssrasnsudafaveufion (Anti-thrombosis) Msazmsamdsaniams
Srunisduiuvounamion (Anti-platelet aggrepation) MiaRizA luiu LDL uaz
Tnamnesealuden sananauduladia Tasowih 13 dannnssudmsiay
Ve Angiotensin converting enzyme (ACE)

Steinmetz et al. (1994) T2y NnszfonTiquaniansdmuziie (Anti-cancer) HaIN
nsAnAeszaIne e ldiiuanuduiusienitensys Inansafondimsaan
deslumaineusanaoria asAny IRy luTonoand 40,000 au WU NMIVT 1nA
mssifisuainsoasandssenifa liaueiied 1d148e s0% Taemadinalnfinuades
Fumsduuzdeenszdon Tdun asdiamseyyadase nihiamsiyluiemolae
MsILTEANEN MY Glutathione-S-transferase, Catalase MIsmidav1amIiIam
woaiov laingu Cytochrome P 450 s7ufamaseumumiedoaiudibue
(Khanum et al., 2004)

Bhuvaneswari et al. (2004) 18n1snaaasiunynanssfidhumed wdr 185 vmsada
INNTLMBUNHNTLWIZO 1T IRLASINLINANITORRNTSHIMMS  lipid  peroxidation 14

¢ o 1 1 w W de @ a R .
wraduzdaldeisatall FUAUSAUAUIEAY Glutathione 182 Glutathione-dependent enzymes



1 A J : o 1 (7 = ¥ o = ﬁ'
amnan Asdamunms Iiasadanszifouswsuusiiomauaaziben AT
a a il A
dyzantamliataru 1d
2 . d ] '
Oommen et al. (2004) ¥NINANOUAIT allicin HUErAANIT I9INHYUAZURHINID
allicin ausonszduiiigasuzid ufean1saionuy Apoptosis 18 Tasdanuihlinuieades
funsyuIuMsHiuveuoy land caspase
2.1.39 (Galanga)
Vo = o r
li¥an1aIneImanid Alpinia galangal (L.) Swartz 38 Languas galangal (L.)
1 o . = o o - ~ W Ao 9 3o
Stuntz. BY1UH Zingiberaceae tzgmAeITds dufrdugnussedomaion Sdduldau
» r
niosndnyusiumhidounsdoedaau Fhmaouuas ndunougu sauuormy uas
ifadou mdreou 100 nfu Tindsmdesene 20 Alaunass Sidule 1.1 a3 unaidon s
oA w al - o3 - e g [ a e o
uaoniu Wearesa 27 Nadnsy man 0.1 Jadniy wd- ualsfv 18 Tulasndu Faiuiini
0.13 Wnaniu Iniudaes 0.15 Jaansu luegu 04 adnsy Janding 23 Tadny  uaz
o w 1 = -
Iiwes srszdrdighnulusuiounnuilafe cugenol, cinnamic acid UR flavonoids U9
(19#3, 2534)
. : ‘é + = L]
Ao 1T} 1995 Mori et al. ¥981389 Tal Gautschi et al. (1999) Tinserasizimolua
WUAT monoterpene INAY laedl 1,8-cineole ;i'lumswﬁ'nlumm monoterpene Noongiau
i luann 10499178 2-acetoxy-1,8-cincole 8819 13AMIUUMINATDINY methyi cinnamate
] o
Aumsszmunnfige 48%) luthiunouszimesIng1 (Burdock ct al., 1995)
|
Yang and Eilerman (1999) WU1 galangal acetate %19 W uanntsemadgu lathde
(2.4%) Tmudanntszma’lne (0.6%) nazluladTownsn (olcoresing Y89 (3.7-4.7%) s
galangal acetate ilefosTind mszfalffselalasladangnnsedudionsa uasida
. - . A'Jc! o =y oy ey J d'l n' =y . .
1somerization ‘m.lf)ﬁﬂmﬁl.ﬂﬂﬂgﬂ‘i SMINVULUDINUUH gu"lﬁuﬁu 3-acetoxycinnamic alcohol,
, . 4 o s (oaa & A
I’-hydroxychaviol acetate 110% p -coumaryl acetate “]NE]?’I?'Iﬂ15lﬂﬂﬂgﬂiﬂ‘mdﬁm%zﬂﬂmmﬂ
2 2 &
i uuTuveuemuealumsazamRuuny
Usslavrinegunn
Oonmetia-aree et al. (2005) 5109141 A1 1’-acetoxychavicol acetate ﬁwn‘lmhﬁquﬁ
' g e
TumsaidouuaiiSe Staphylococcus aurcus
4 )
Murakami et al. (1994, 19951832000) lAnaFoUgSvRITaiRIAIOIEANBE0E I
A ¥ A Y o ¥ - . .
Hesmumermanummsalunisduuzss Tasldinailanaaey Epstein-Barr virus (EBV)
. . ‘é I g ) o 3 . W ]
activation FathinmsnaroumtuamninlumIsusmnrsrouzseludn Promotion laithiette
¥ 1 ¥
@ WuTIMyY acetoxyl uulassadwvesmisiatiifudwmagihdmssiadiguauialy

o [ a ] [ { o =
MIAMHNTS 1Az Ho et al. (2004) WuNEIFINATY Sransamieni WiRanTImuYY
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Apoptosis 14 ienaaeuiumaduziainieau myeloid leukemia N8I INa ¥ BRATINS
d’. . =1 ~a w ] 3 = 3

molunyneaesiiiiy Leukemia ua:ummmuﬁnnuunmawu;umwnmu

fienswawriialudidiumssneuld (Anti-inflammatory) Taodamadudanisadig
Nitric oxide Ua% cytokines ﬂ'Nqﬁgﬁuﬁmﬁumﬁé’mﬂm}u Interleukin itd% Tumor necrosis
factor-QL{TNF-QL) (Yadav et al., 2003)

2.1.4 alnd (lemon grass)

9 - . oA = o .

Az 1n3 w38 West Indian lemon grass UFANIIINYINTATN Cymbopogon citratus

(DC.} Staf #50H0WBIT1 Andropogen citratus (DC.) §opglunguunsfianszgangh (Poaceac)
& R - c!.y = 9 el 14 J = o A o
79f Gramineae ﬁ'luwaflumummanqnmmmmsm.! Juilune Houthunlysemsiedy
a s ° a o 1 - a
nauaa Teoldalss Tordnndrduldauiiten hmduasdnluiduniy Taommizusim
Taudu sz 10-15 wudwas) mselas Wnaunaiesiia (119615, 2534)
r » » 1
lugammnssuiimshag Indhindudawleduduiniung 193 (Lemon grass oil) il
1 ' 4 b 1 T4 o ;
Wusaoms @ ewmsnseiles wSesduinuas Wiueanssss vuamITwy HAZIATDING
W

(11913, 2534) ag adTivinlunoussive 5219 0.2-0.4% senOURILTATA (citral 80%) WoS
= o o Q =] ~
WU (myrcene) (WUNBD(menthol) 1135 (camphor) MUNIA 11511000 wia Wistiwa uazd

ﬂ y A o Aa v e Y A vl ¥ e )
Iﬂﬁ!uﬂaaa uau mQﬂﬂﬁﬂﬂuHﬁﬁﬂﬂiu']mu'lllu'ﬂﬂll'iglﬂﬂﬂﬂ Enq’llf)\‘]ﬂg AT AWK UIYD

o »
Qs - .- '

fuildasa Tavdmvealusein wnnfigeuoz lusewfiiinani g wonenis
nurdostuanmanthone Aeseiisy vewszmumniigalugguds

Uszlovideguam

glafldituenduon udiosdn Houlle Frudumie arnawdoulusenio (ieis

, 2534)

vnmsfnues qudiduazaus (2539) wuhmsadees ladlignisudamsnmudy
A¥U09 Aflatoxin B Taswafananfianuaeandeatunisanasvesmaiiauaeaen ey
Phase T (Yunevfin/douls Afatoxin nanuiiuRyans1ane) azmsataninase tndddama
Ti5inar Cytochrome P450 1 Microsome wasduunyudana iiienaaeulunananaaes e
daaannumue lumsmauvesou T aminopyrine demethylase

nnMsfnuves auana sisudSauazamy (2542) wuhmszddnlusslndfe
citral, geraniol 418% B -myrcene HnadpMTITTUVBIOU T TU phase | waz phase 11 Tudy
S l&douazd 1dlny  Taowudniieldasddy  citral MY mstauveusy la
benzo(a)pyrene hydroxylase 114 phase | Lﬁll“ﬁu uazm31fims citral, geraniol Li0% B -myrcene

» a ' . .o
Lmﬂgwﬂammﬁlﬁmuhu Glutathione-S-transferase, UDP-glucurony! transferase g quining

QI J F = g/ o 7 z o
reductase 1U phase I iWuVueiieivisidy wenvimfuminageumisatanslniday



v a4 g awa ¢ e .
uoaneged 80% lunynansuniivnirldifauauwensun a5ulnly (Aberrant crypt foci)
£ Q = d o r 1 ar ] o o
Fuunnshasmuiaunid ldlng  wuhesaseasladswaamsfauenuonsu

¥ ¥
a3u T 1s 1AMaludiu Initiation stage LAz Promotion stage lavaAn15iian DNA adduct 1u
a ¥ 3 o o . ] Vo o -
mucosa Y831 14 dugan1s iy e B-glucoronidase 1um‘5ﬂa“lmﬂﬂmswumaw1n
¥ Pl

NI13A018 glucoronide conjugate mﬁqwu31nqwﬁﬁ1uaqyaaﬁ‘szﬁnﬁ’w (Suaeyun et al., 1997)

2.1.5 uzn3A (Kaffir Lime)

' o = as )

UZNA #38 Citrus hystrix (DC.) 841U Rutacesc AonszaaPoIfudy (citrus
family) T¥eSonuana1aiy 19U kaffir lime, porcupine orange, leech lime #3580 mauritrus papeda
ﬂ Y ar ﬂ = ; ] = ] B [ = Aot w ﬂ
Wuau satlunriulosvssooovouguiayiou Tdna Kivewwa uazlunlidnemziu

I 4 1

lugiisewhii unljsemisuazdundunnd
F 4 ey (Y 3 ] .
uznzagan hldromsiliznen TldHusananvateviia s2uMsa13ngu Flavonoids
1u“lunzﬂgﬂﬁ'd 13 Flavanone glycoside fe Hesperidin, @017 Flavone glycoside fn Diosmin Haz
#13 Flavonol glycoside A0 Rutin [Hums ﬁ1ﬁiyﬂﬁﬂ
. o L4 : ar = o A W
Pudil et al. (1998) naavsTinIzHmsIzmyliniulunzngasindu lailidonnduy
: i =y = A 1 QF L 3 -7
Ao uduAufiguvigll 40 esruraFoa FatluanzisalunsAuiom wudnidunes
= . o =2 . r o ey . o J
SLIMUIAA autoxidation Y 1MUSuDM citronelial AADIDYNNTIALT Y AU linalool oxide WNAUYU
o =y o v w o . '
LUazouNa p-mentha-1, 4(8)-dicne N1 p-mentha-§-en-3-o0l L‘i‘luﬁ’l‘juﬁﬂuﬂ (intermediate) 9819
o el = Pl Y
599137 uanaa1o llvuzfaeonFiaduy
Uszlaviidegunin
Peterson and Dwyer (1998) 11841470 ™15 Rutin Anvluuznjanaasguauiialunis

o & a .. . . i g
é’ﬁuaqyaamz WONAToUNGTINA lipid peroxidation ¥ Hesperidin uaﬂaqmﬂnmﬁlum‘s
fumsdnry msithadies nSeemsuiniedu Taogueamidasnaimainieuneides

1 »

AuAsTLAIUATTAYIINIIIIOuYeaey lmnifidinadeeinsma ey Cyclo-oxygenase
(COX) 1ag N1SHAIES histamine Hudu

Ohtsuki et al. (2002) 5189991 @15 Hesperidin Nwuluusngaudasnueauiialunms;
kd LY - £l o A [ = Y o
awawau ladndonagaufunynansshiinnuduladagailunai 15 dilaw

2.1.6 HOUUA (Shallot)

3 = o1

HOUUALFIN I INOINAAT ) Allium ascalonicum Linn 2IN5IW91UY89 Charng-

Cherng Chyau and Jeng-Leun Mau. (2001) dauilszaoudaulngfivyluvoysudily
et o o ' . 1 = w e = '

msﬂszﬂauﬂummﬂaiwag (sulpher-containing compounds) wamfuinylunszfioy ua
asnldnduluneuuasszuanaafunssidion Taoluneuuasszilseneudvmy propenyl

Tuvasninsziiouszlszneudeny allyl



2.2 A1IUOYYADAIE (Antioxidants)
= R ) 1 daa d = o 1 a1 &
YuAdesy( Free Radicle ) Apnguuaimsiudidnasousaveniidelylddug wils
- - ] [ n’: =S - ' Y o = e [y e o
flneseUrININNT AninTlinnuieshgalumsdmini§asndumssi luagaluwad
] =y 1 L] = x r r =y
fume eyyadaszdulugazisiumelusadsznhansthumdidnaseusinluanaves
£ [ :‘ o o ] o Y = t aoo . .
eonanuy lilfari AdwylAud eywuiveseondioun 1redlfiso1 (reactive oxygen species,
) 1 -t:l’I ] = = I3
ROS) Fvasnguil 1aun eyyadaseleasonda (hydroxyl radical, OHY) qilileioon laiou
o o
lonou (superoxide anion, O,") laTasnurlosoon luq (hydrogenperoxide, H,0,) a4
¥ 1
Aaesd  (hypochlorus, HOCI)  wenvmiudeiinguveseyius ulaseuii laeilfasn
l o w ] - o .. .

(reactive nitrogen species, RNS) ﬁmﬂty'l'ﬁuﬂ Tunineenlwd (nitric oxide, NO") uag
o = o .. Iy 3 ¥ or J
nleseond 1ulase (peroxynitrite, ONOO?) iludu Hanquues ROS wag RNS dmduuvdives

T ¥

pyyadaszAidIAyuess NN oyyadasuna ldnwnnelusameuazaeuens e 1eu
a d oL s = 1o o =
wa lulanowaie Tnslylay meisonlan Tasannizyumsyudsdidnason mana

= 29 ) r] a oA o A =
waefdy vhilnlaladia wiafaninasell $9§ u1eviia wazanudey (Punchard and

[ ¥

Kelly, 1996) faunasnieusnsme 1oun vanwslueime lelou luasasen’lyd
Tulasuleoonlad du afuyn3 omusdifinsaluiulidudy vienmmanmnanining
HeILAR AT S9FIALA 7119F1IA 19U Doxorubicin, Penicillamine, paracetamol 1ag
ccl, iludu

Tuan11e oxidative stress fan1azs 1ame iausanguuazdesinlsuimves
oyyavasz Ifegluszdunaii lududunswdesrameld TasoyyadaseifilSuauiumn
3 o =i o = J r 1 - o L L
yuansadinigisedumsii luanaanglusume @y msiieeendiaduvesludiy

milulemsn Tilsau uaznsaiinndsn myadrwuszlnmauasuldsan Slusavildifa

b

14
nsiugan1siay (inactivation) vea Tlsau Wudu uazwuneoyyadaszaelfifaanizma
wets lu TsnddguaTsn Toud uzida Tsavale Tufugeduluduiden Tudodniay uazde
nszanidludu
' of P a W o 1 n:f oy A ¥ o y
sumonina lnfissiia eyyadasz maiiiles 2 58 fe 1deulwidreg lusane
(& Superoxide dismuttase { SOD ) uazmﬂa’r’m'sﬁ’mawnﬁmz
¥ = - A o ¥ A 9 & o rg = aca = al
msiueyyasasy fe asihmhndednleduismafaljiimeendndu Tau
¥
annsadudunzaiugueyyasas: il linszqumsiiml jasoeendindu AR
fATeeondasufinylusssuwall 4 1Uszinn (Frankel and Meyer, 2000) laun
1. esmoyyaddszlunguvoueulminad1dluaadswome 1dun manaa
do o o =y
(catalase) yrilofoon’loi@afiume (superoxide dismutase) wazngatlslownlesoondindg

(glutathione peroxidase) L':L" Uu ﬁ’ u



2. maduoyyadaszlunguimidy THud Imiiug Tuda Sgyivy 51 $1andes 11 uae
oG luwa 18 uazdnaa fudu

3. maueyyadasz lunguusas g iwu Fadioy unzdaned dmihiidy
Trumlaiaes (co-factors) Yasou lsidunendiadu

4. msfueyyadasslunduuosasnguindl (phytochemicals) dumsniioniied

T lsiamuuazasors wu ua lsiu usuIsWa unuiiy uazvar louoea Hudu

2.3 msiszneudvean (phenolic compounds)

amlszneufluedn Sumslungy sccondary metabolite Agnaisuieyss Tosy
TumsSyiAule uaznmewuivossusnzeia  TaoviaTiing lansonda  (hydroxy!
group) WINATHIBIMIAY 1 MMEAUIMHIUDE 154N (aromatic ring) M15UszneuNuedn
fifinylensen@aunnt 1 wyiouSenir msdszneuTndiuen (polyphenol) Tasdmlng)
mmbznetftuedniumsiiozoei  dhsawegimbaatugdinalnled  Teethea
ﬁandnﬂmﬂuﬂrmmimaqm?im (monosaccharides) ﬂymmimnqmj (disaccharide) 139 Tod
Tnuarnanlse (oligosaccharides) A 14 miﬂywmaﬁ'wumﬂﬁqﬂlu'Imaqmmamsﬂszﬂﬂﬁluaa
fie nglaa (glucose) dauthmariaguiny 18 nmanTan (galactose) usuTuer (ramnose)
TosTadt (xylosc) 02510 A (arabinose) Lmsﬂqﬁufﬂmﬂfmmmdﬁ: 1wy nsanglalsin
{(glucoronic acid) niﬂﬂmanﬂhﬁn (galacturonic acid) unzguq uaﬂmnf’:ﬁqawﬁmﬁmﬁa
fuszrinmalseneufuedndumailizneuduedniieiuess  wiesasilszneuuoindy
m7lszneudug Wy A1sUBNEAR (carboxylic acids) NIABUNTE (organic acids) BTUU
(amines) unzlud (Bravo, 1998) msadlemsUszneviuednuesivesinailosomediu
wugnssuiazRanatouduniieades uﬂﬂﬁnﬂﬁyﬂ’muiﬁ'ﬁnﬁmwﬂqﬂ TAUANNGN
nszuumuligl wiouduadinsifusnuiguiinoderTinamnlssnerfuednidy

mslsznouTwdueantiaily 2 aqulvg Ao Waloueed (favonoids) oz
uﬂuﬂmhuﬂuﬁ {non-flavonoids} (Bumns et al., 2000)

1. fenTaverd §i 12 ngudes 18un Warlou (Bavone) TolaanTan (isoflavone)
AanTuoa (flavonol) Wa1Tuu (flavanone) Wa1 Tuusa (flavanonol) #a11uDa (flavanol)
glauonlsloeiiu  (ucoanthocyanin) wouIslgo1iin (anthocyanin) ¥1aTAy  (chalcone)
la'lelasvialpu (dihydrochalcone) 88 15U (aurone) tazuaru 151 (xanthone)

2. uouna Twend Aidda14ud nsauedn (phenolic acid) F0esnsausAnfiny
wnluma i lUfe nsunadn (eallic acid) niaTilsTanAdBn (protocatechuic acid)

NTAUAN (vanillic acid) NIANI3IHUITA (p-coumaric acid) AsANDFAN(ferulic acid) 1TuAu

10
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2.4 BN IVBY
o d:‘ - ~
gninaal (2547) fAnuulSoudeugamgiinlFlumammwelsmhduwdomanud 70
P = - = ) v &t L= o
wag 95°C fisseznaniuqugamngiingd 30 Tundl wuh nmsmawes lsdnamumngil 95°C
Tarwawnsalunisdmeyyadass Usuadaiin & uazaslszneufusinanas winad
 70°C fin anasioung 3.71, 6.06 Lag 10.74 AAIRY
lsys (2547) Anwwavesdinsnaaildegunmaemiaung Tussnhamaiuns
a o ] o a = w &=
Hapszinmgnsunuamsa  uazmaneeendiaduvensaueanaiin  lunisnaansldds
¥ L T
audumsszmeluggensuassamoluon wditaadueshid pH dindhaeditusn
uazlSuunsanialaezannnh madwnie 5% wwinld pH asas uazi 1y pH T
- ] - 1 " 1 o . 9 Y qg a J
whsunladdugemsfiviou ualilinaasSinunsaidala mafdatiihmaszmuiua
a4 o 1 1=y .3’ q = J =S o o W '
szeznaIMaNuing dlTunesenldosndion  Wesuaztadzanashazeussning
d  ar . . .
MINUINYT (hitp://www.vlit.net/php/viit3/supersearch.php?gl &s=&i=&pp=40&c1=1513&c2-
1&ch=3&p=7203.155.220.217/office/cpd/me7 .html)
o 1 ) 3 [
Ahmed et al. (2002} Anwivauwarnaasmalasumlas@lupinindvaiio 145y
] ¥ 1
Anudeu (50-90°C) wuhmmalunszdunildifanmsanasuesdidvauaz Enanuaegn
o a ; 4 1 ae o a o1
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a a1 Yo ¥ a o @ o o q ¥ a
Aanvespwini lasunnuieu Snnenrudeudiinamiidarsuniledy anasnin 559
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IHBNIIEMIAY kinetic  AaRvBIRMMIMIBIANUioLUDzSuATwIINfATneendiady e
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¥
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. . . . a & v
radical scavenging activity U8® reducing power IWUEURAIY
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-3 1 = = ] 1 o
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iieldnnuaungangd 100 °c ilunat 10 wiHh srnsannzidiemaiin GC - MS WUl
ar o . & P = oo o a Aa
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MIPUOYLABASTABTS (2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) WU
gamigil 121 °Cc S anTudn avweaasalunmisdweyyadass DPPH uaz
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Wudy, mylvanuisuuaza Ph deanumsolumsiusyyadesy veamshadialavie
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] 3 1
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anuaselumsameyyadass 1unnnd msadaflivas pH ilunse  sadann lu
b A . i o o
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NSANATISDININI NN

Tnsafamsfed 114357510911 1ae Choi et al. (2005) Tnusradndanwsaunaily
k'3 1'd ar 1 [ ] = o ¥ = o
Anuseuuay mwene 1 03y laveealeludlud uda@y wswea 80% USiuims 20

e P L]

¥ L 4 .5 & = =L o 3

uandas werulvidhiudiondosmaa(Vortex mixer) mm”l‘ﬁ'amﬂgnﬁ'm 10 I HAINNTY
et lilmSouendonioanoun(cenrifuge) Anmdasen 5000 sousou i 1y
v 10 Wit udamenswzdnlaladnaeadan ufni llusudlsiaamgd -« °c sundiezih

MIUATIZH

] o o
M3ATzHumMadu (Capsaicin)
- o« = Sl o a o
mzarsgiunllodu 181958751091 180 Deepa et al. (2007) Sy nihasazats
syl logu 200 Tulasniudinfdas wauf asazas NaOH  04% 151nas 5
fiaddasuar aszazarensavoa Il Tududn 3% 1USuims 3 fadsas waulddrTudnnseq
WErU(Vortex mlxcr)mm'hqmwgwm 1 %2704 udrTamnsganduuasfinimenniu 650
uTumnsdaoinses spectrophotometer mnuuwuumMmmgmmmﬁuwuﬁﬁwﬁ'mmmﬁ
aanduuasiuSuaun Tadulumioe luTasndy
) = o = = Qs [} ot :f -
dmiumsinsienlSunaasunl lady 196 ed1emsasannimsnunauag
Wwnas 1 liaddas MmudureumiloumswSouns whnasg e ady udninii
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minszilSinamslsznou ndiuea 1819555510910 180 Choi o al, (2006)
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¥ .

tanans PSudSinasduthnanldtsinassavluuaazvasaiiu 10 Tadans Auaisazats
. . = s oy ¥ Y oa A A 3 : )

Folin-Ciocalteu 51as 0.5 Naddns wanlfdhduduniomay (Vortex mixer) fana'l

¥
= - Y- o =
angiiies 5 i aminAumsaozmeTn@eumivoma anudady 10 % USias 2

gng
o Ay ¥ Y ow g ] = 3 3 n:f L] = g -1 ¥ o 1 -
unaans weulihfumsniewwmuBonsa dsita3qamgives 10 uif uariasmsganiu
i . - : @ w o
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o s = ) o Y T o @
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AIEIN3elun1siIueYyyada sy DPPH (2,2-diphenyl-2-picrythydrazyl)
minszianuanse lumsiueyyasaszorra 181955751091 TA0 Murakami
et al. (2004) Fefindnmsao 1392M0VBNOYYABsE DPPH sxiifiuine Higanduuasld
#i 517 wilues “luﬂm‘iﬁ'mthammﬁ‘ﬂﬁﬁqnﬁdﬁlumsﬁmwaqgaﬁﬁsﬂﬁ'ﬁ v lnaung
iAWBemIazaTy DPPH 9vaeldinnndhdedwmsadaniignilunisiaweyyasuss 14
wou mineassFunalinaaisazate DPPH anududy 0.8 faflumyd ($3 DPPH 0.0158
niu avawluesuea 95 % UiudSinas ity so Saddas) 0.12 Janaas ldnasanaang
udMlladdremseda uaziesoanuidudu 40 % ud USRS YoM azaiivh
UgFsnswmuaily 12 faddas wern I udunoamea(Vortex mixer) aaia’ls
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= ey
mﬁamwﬁﬂ'ammmmc!um‘ﬁm«ﬁﬂaﬁn (Ferric reducing antioxidant power, FRAP)
e 'd oaa o a H
MyInsRHanuannsalumsiamwesn 1814957500 lay Benzie and Strain
- al - | = 4 ar ] s A o o' I+
(1999) UnanMsfe ATIVIATIZHATNTINIDVBIAIBENMTanaTumsI Adessn (Fe™)

o Lnrad o

ar é 3
Wihueda (Fe™) Favzvhu§ATndumisnzats TPTZ (fron Reagen nwldantzfiihunsa
= S d'd:! : =3 - =

hamsUsznouFedauniitiniu uazmusnganauuas 187 593 i Tuwas
= =y =y =y ) d& ¥ ] =,
mamsoun nasgaiing - Jalamsagawnasgdafivias1dnniess
LR ﬁﬂ!ﬂﬂg (Acetate buffer) i pH 3.6 AU 0.1 Tllﬁ'l;("lh sodium acetate trihydrate

. ¥ 3
3.1 M3 WAURY glacial acetie acid 16 fiadans UsvSwasgroinduldidly 1 Aas)
ooy o
a2 WTPTZ (Iron Reagent) (2,4,6-Tris(2-pyridyl)-s-triazine) ANty 10 gadlua1s lu
Hel anududu 40 TadTuard (FITPTZ 0.156 n$u azawly HCL Anududy 40 SasTuand
o4 = = ey - a
udnlSulSinms iy so fiaddns) unzansazate Fecl, 60,0 mududu 20 SadTums
r | 4 0 »
(39 FeCl,6H,0 0.27 n§u azowlmihndu udnsulSunsldifiu so Haddns) wauianua
ar F = o =§ } = 1 o g 1
lusasidm 10 : 1 : 1 TaelSnas awddn FaszdounSonlminniu oniiumldnase
nanoa Teolduaaznasaiinmududu 3, 6, 9, 12, 15, 18 Tulnsndusiasans udlsy
» ]

VinmsdwinduliiSasonludaznaeadly 01 Taddns Wumsazay FRAP
1 ¥ W [
reagent 13305 3 Gaddas wanlidhdofudmnSeanay (vortex mixer) #aRie1%i

qungiides 8 il udriarmimiganduuasiinnuenedy 593 wlumasminsseuns

@ o

ANUANRUSIEHINMgANAumItuLTIadmiudlunieluTnsny
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1 2 ]
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N'Slﬂ'l‘iﬂﬂﬂil@lmzﬂ'l‘ﬁin‘iﬂjﬂﬂ

a’ 1 = Iy 4 ;v o
1u‘u‘nmznnnﬁ~: Hﬂﬂ1iﬂﬂﬁﬂw‘l!ma“,ﬂ'lﬁ'.ltﬂ'i'}zﬂHﬁfl'li‘l’lﬂﬁﬂ\“ﬁﬂqlﬁﬂ?']ll%’ﬂuu'l'ﬂiﬂ
UNMAIIQUURL 60, 75,90 , 105 4AZ120°C A1 10, 20, 30, 40 , 50 HAY 60 W

»
audwy TaHan1snaaoIRtl

4.1 WBwnamsumflodiu (Capsaicin)
A . a ) ‘ﬁ 4 @ 2 a o (]
tasnnnInuNIuAsinInuentseneundnia 35 % uazlunSndawuhiians
- L] A = o o~ (=) = A A =
undlzdueguin  Fsesuad ledudadumstszneui Tufnsianisdaianumansoly
¥ = ~ e ot =
MsAueyyasaszuasiassununilyse lemidogquaiw (Sontaya, 2543) USnmensunalla
= : = ar - A v a7 a (e - A g 1
duluiminunuaumasdagli 41 dietia limuanudondivSurawa) ledusuduwidy
3.24 (Madnf WAt 1 n3y) uaziioamufoufigauugi s0°c Huiar 10 nag 20 wd
' = = a -3 d ¥ o 1 L SV WY r oA ¥ 3
wuhdTnamsund ladumuiuaniosd iuandeiwiiioddy  uailelianuou
= ] q. J ! LY @ 4 ~ 9 :‘ o
Wunm 30 f1 60 wiFt YRnamsun laduszRugetueteiieddydefiousinimsa
unauaft bildanudou dieldanufouiinamad 75, 90 uaz 105 ¢ Wuhmnyiounlas
voulSinamsunilladuiivun Iugudndu Aelinnudoudunm 10 wifl PSumas

(=] c‘u J 1 @ 9 o 1 ' = (=)
uellaFuszinugeinedihied iy uadennudoudunm 20 §1 60 wif USumms

o

untllwdiues liuansseteditod iy deldanufousigangd 1200c dunm 10

.
S e o o 24

=) = - J 1 a =£ ) =
UTinumsuad legussugeiuoiaihivddy vaziomsunaniy 20 83 60 wiH PSuw
- ql J 1 &N v o o r T o a 9
maund laguazimugeinedaliiod Wodlmuidy 594, 6.12, 6.38, 6.45, 6.45 amumay
= oa W o T 'Y A o ga 1 A A 14 [ % s o
aanswaese 1 i) wldTnsnnahiyonsd Weannanudeudina limiusadues

Awrgnihaedwaifmsiuoyyadaszeanu118(Choi et al., 2006)
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= oAl
4.2 1Eu1ﬂlﬂ1§ﬂ§$ﬂﬂﬂmuﬁﬂﬂdﬂﬂﬂ (Total phenolic compounds)
mssznevi TudniivarsiiylFlunsesydo TauazSelinweunso lunsdu
¥ > ¥

oyyodesy dwmenludminunauasszdsznonli§reeyn Insnateeiia daiulusmsn
& o = =) ] = = o qy = LY
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ey = o : = 3 1A o - A A b 3
nemsilszaeud luanianueiivun Tusudedu fe demunmiumsidanudou

= =y 3 Q. J 1 q 1 o

ninamsdszneri Tudnnmusssmvindntes uadelinnufoutioungd 12000 iy

= Ll = = g = Q. J L] = w o 4 =
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14 ¥ ]
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Llﬂvl.l]uﬂﬂﬂ'NElU'NlJNUﬂ1ﬂﬂJ menzumqwuammuUmﬂtymﬂﬁmmsauﬂqmﬁgn 105°C
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lotal FRAP FRAP
temp.(C) | time(min) Tep capsaicin DPPH

phenolic Ascorbic Trolox
1 3416 | 2623 | 25665 | 1324 | 1443
0 2 3063 | 2399 | 25643 | 0897 1,225
3 3.24 2511 | 25654 | LIl 1.334
| 3867 | 2688 | 28714 | 167 1.873
10 2 3455 | 2519 | 27868 | 1318 1751
3 3661 | 2602 | 28291 | 1.4% 1.812
| 3878 | 2439 | 27267 | 1634 | 1913
20 2 3303 | 2393 | 25505 | 1322 | 1.681
3 3591 2416 | 2638 | 1478 | 1797
I 4613 266 | 29219 | 1763 1.866
60 30 2 4202 | 2585 | 27653 | 1236 | 1.745
3 4408 | 2623 | 28436 15 1.805
1 4678 | 2706 | 31903 | 1789 | 1.964
40 2 4345 | 2658 | 30052 | 1.146 1.554
3 4512 | 2682 | 30978 | 1467 1.759
| 4782 | 2681 | 32698 | 1816 | 1977
50 2 4.42 2652 | 30074 | 1195 1.635
3 4601 | 2666 | 31386 | 1505 1.806
! 4873 | 2867 | 31751 | 1884 | 2057
60 2 443 275 | 30069 | 1321 1.804
3 4651 | 2812 | 3081 1.602 1.93
| 3416 | 2623 | 25665 | 1324 1.443
0 2 3063 | 2399 | 25643 | 0897 | 1.225
3 3.24 2511 | 25654 | LM 1334
" | am7 | 2624 | 27309 | 207 2481
10 2 444 2581 | 26328 | 152 1.875
3 4629 | 2603 | 26818 | 1795 | 2178
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lotal FRAP FRAP
temp.(C} | time{min) rep capsaicin DPPH

phenolic Ascorbic Trolox

1 4,79 2.806 31355 2,195 2.78

20 2 4.653 2458 30.899 £.503 1.725

3 4.721 2,632 31127 1.849 2.252

[ 5.035 2.756 30.636 2.247 2.841

30 2 4.637 2.597 28.799 1.543 1.775

3 4.836 2.677 29717 1.895 2.308

I 5.241 2.797 31.835 2.227 2.767

75 40 2 4932 2.697 31.279 1.561 1.84
3 5.086 2.747 31.557 1.894 2.303

1 5.051 2.789 31.662 2.216 2.831

50 2 4.747 2.762 31.584 1.527 1.736

3 4.899 2.775 31.623 1.872 2.284

| 4.543 2.801 3038 2.152 2.661

60 2 4.522 2.594 30.22 1.489 1.762

3 4.533 2.697 303 1.82t 2212

1 3416 2.623 25,665 1.324 1.443

0 2 3.063 2.399 25.643 0.897 1.225

3 3.24 2511 25.654 1.111 1.334

I 4713 2.613 27.131 1.708 2.056

10 2 4.545 2612 25.83 1.408 1.74

3 4.629 2613 2648 1.558 1.898

” 1 4.823 2.643 27.358 1.636 2.131
20 2 4.561 2.534 25.818 1.465 1.668

3 4.692 2.588 26.588 1.55 1.899

1 5.017 2.668 28.547 1.717 2.194

30 2 4.797 2.648 26.764 1.494 1.735

3 4.907 2.658 27.656 1.606 1.964
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total FRAP FRAP
temp{C)} | time{min) rep capsaicin DPPH

phenolic Ascorbic Trolox

1 5.298 2.635 28.499 1.745 2.137

40 2 5.026 2.594 26.899 1.448 1.856
3 5.162 2.614 27.699 1.597 1.947

1 5.023 2.716 29.24 1.646 2.233

90 50 2 4.761 2.636 26,837 1.489 1.623
3 4.892 2.676 28.039 [.568 1.928

! 4.743 2.716 29.806 1.724 2.199

60 2 4722 2.586 28.242 1.503 1.748
3 4733 2.651 29.024 1.613 1.974

L 3416 2.623 25.665 1.324 1.443

0 2 3.063 2.399 25.643 0.897 1.225
k! 3124 2,51t 25.654 1.111 1.334

1 5.106 2.653 29.573 1.795 2.078

10 2 4781 2517 28.663 1.423 1.831
3 4944 2.585 29.118 1.609 1.954

1 5.601 2679 29.704 1.782 2.119

20 2 4.627 2,511 29.087 1.462 1.83
3 5.114 2.595 29.396 1.622 1.975

1 5.441 2.731 31.548 1.907 2.229

105 30 2 475 2.543 30.685 1.506 1.917
3 5.096 2.637 llle6 1.707 2073

1 476 2.765 32643 1.97 2.386

40 2 2.572 2.537 31.448 1.601 1.964
k! 4.666 2.651 32.046 1.786 2175

1 4828 2771 33432 2.077 2.467

50 2 4.786 2.631 32.583 1.536 1.914
k! 4.807 2,701 33.007 1.806 2.191

i 4.965 2.803 34318 2.183 2.64

60 2 4.797 2.67 34.238 1.593 1.943
k! 4.881 2.736 34.278 1.888 2.292
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total FRAP FRAP
temp.(C) | time{min) rep capsaicin DPPH
phenolic Ascorbic Trofox
I 3416 2623 25.665 1.324 1.443
0 2 3.063 2.399 25.643 0.897 1.225
3 124 2.511 25.654 L111 1.334
I 5.403 2977 30.705 2.001 2.409
10 2 5173 2.535 29.014 1.69 2.089
3 5.288 2.756 29.859 1.845 2.249
1 6.015 2977 34,038 2.145 2.65
20 2 5.86 2617 32.747 1.854 2.233
3 5.937 2.797 33.393 2 2.441
1 60.21 2976 35.356 2.228 2918
120 30 2 6.189 2.738 33.643 1.911 2.157
3 6.199 2.857 34.499 2.069 2.537
1 6.488 3.055 37.092 2.654 3118
40 2 6.289 2.886 35.715 2276 2.522
3 6.388 2971 36.403 2.465 2.82
| 6.524 3.064 40.047 2.518 3218
50 2 6.378 2.942 38.876 2.083 24]
3 6.451 3.003 39.461 23 2.814
1 6.512 3.21 40.678 2.583 3.094
60 2 6.397 2.824 38.836 2.053 2.546
3 6.455 3.017 39.757 2.318 2.82
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=

ﬂQmHQNH'ﬂ:nﬂ‘Iﬁ‘Nﬂ
temp.{C) [ time(min) rcp L* a* b* AE*
Standard - - 29.14 3594 48.74 -

I 29.48 35.55 48.7 0.52

10 2 29.89 356 48.66 0.83

3 29.93 3506 49.6 1.22

1 29.75 35.53 48.68 0.74

20 2 2992 355 4921 1.01

3 30.15 35.25 49.89 1.68

1 29 .86 3544 49.12 0.96

30 2 30.34 35.62 49.55 1.48

3 30.26 3548 49.63 1.5

60

1 30.06 35.68 50.21 1.75

40 2 304 35.73 49.94 1.75

3 30.51 35.69 49.78 1.74

1 29.63 3543 48.94 .73

50 2 30.18 35.72 49.86 1.54

k) 30.24 3537 49.11 1.29

1 30.17 35.75 49.68 1.41

60 2 30.28 3561 50.09 1.8

3 30.35 35.56 49.82 1.67

1 30.53 3511 49.35 1.73

10 2 3095 34.89 48.38 2.12

3 30.94 356 50.74 2.71

1 31.55 3529 50.81 324

75 20 2 31.75 35.18 50.86 345
3 32.37 346 46.76 4.02

1 32.15 34.49 47.61 353

30 2 32.49 34.04 45.23 5.21

3 32.37 34.62 47.26 3.79
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temp.(C) | time(min) rep L* a* b* AE*
1 32.33 34.75 47.64 3.58

40 2 32.58 35.05 49 3.56

3 324 35.56 49 3.29

1 31.68 34.64 49.29 29N

75 50 2 32.39 34.57 48.81 353
3 33.27 33.23 41.02 9.17

1 3392 33.29 41,55 9.03

60 2 33.76 33.62 42 8.49

3 33.87 33.51 4217 8.45

I 32.03 35.36 50,93 3.67

10 2 3225 35.87 52.2 4.65

3 3192 353 51.06 3.68

| 3295 333 427 7.61

20 2 31.8 34.99 50.83 3.51

3 32.09 34.78 50.63 3.69

1 3147 34.55 49.49 2.81

30 2 32.03 34.8 50.94 3.81

3 31.94 34.85 50.55 3.51

90

1 31.66 3535 51.2 3.57

40 2 31.77 3551 52.02 4.23

3 31.84 34.78 50.39 337

1 31.74 3596 51.24 3.6t

50 2 31.73 35.07 50.2 31

3 31.94 35.09 50.96 3.67

1 31.24 35.15 50.28 2.72

60 2 31.84 35.21 514 3.86

3 31.97 35.25 50.36 333

i 32.03 35.6 51.7 4.15

10 2 32.14 35.8 52.36 4.7

3 3233 sn 51 392

105

1 321 357 50.83 3.63

20 2 32.18 3593 52.11 4.54

3 32.11 35.73 51.7 4.2
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temp.{C) | time(min} rep L* a* b* AEg*
1 31.87 35.65 50.83 3.45

30 2 32.21 35.66 50.55 3.57
3 32.44 356 51.67 443

1 31.81 3577 50.92 3.45

40 2 32.07 36.02 50.75 3.55
3 32.24 3571 51.65 4.26

105

1 31.99 3545 51.03 3.69

50 2 3234 35,88 52,08 4.63
3 3232 35.81 52.01 4.56

1 3227 3513 51 3.87

60 2 32.11 3571 51.76 4.24
3 222 35.76 51.87 439

1 31.25 35.85 53.79 5.47

10 2 3241 3573 53.25 5.57
3 3222 36.12 52.98 5.24

I 32.31 37.1 51.65 4.46

20 2 32.56 36.98 53.39 5.87
K} 32.13 36.68 52.77 5.07

1 32.27 36.75 52.17 4.71

30 2 32.39 36.52 52.19 4.78
3 32.94 36.35 52.79 5.57

120

1 3272 36.13 51.48 451

40 2 3237 36.71 52.32 4.88
3 32.64 36.64 52,91 5.49

1 32,24 36.81 53.58 5.81

50 2 3295 36.69 53.96 6.51
3 32.7 36.53 53.42 591

1 32.35 36.32 5237 4.86

60 2 32.22 363 5258 4.94
3 32.56 36.21 52.76 528

HUNBIH:

L* HUEHa AInLEIN
- ]
a* WUIBDg A1duAg

b* HUIEHY ATHMADS

AE* vueda A nuuanaasiueesd
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NINFHUIN 7

» ] k4
M99 A1 wamaSeufsuanunnnaesnmaouesllSunnicapsaicin lInhinsnunsuas lng

1
= o=

Huns Ianuiounguvnlinazain1eg 4297% Turkey HSD.

Subsat
Temp/time N e
a b c d [ T g

105/00 3 3.2397

12/00 3 32397

60/00 3 3239

75/00 3 3239

90/00 3 32397

/20 3 35907 3.5907

6010 3 3.6610 3.6610 3.6610
105740 3 3.5993 30093 30093 3.9993

60/30 3 44077 | 44077 4.4077 44077

60/40 3 asme 45117 45117

75/60 3 457 45327 45327

75/10 3 45953 | 4.5953

&0/50 3 Cas010 | 46010

90/10 3 46290 46290

060 3 ; 4.6513 46513

90720 3 1 4.6920 46920

75120 3 ; ; 47213 47213

90/60 3 : 4.7327 4.7327
105/50 3 48070 48070

75130 3 i 48360 4.8360
105/60 1 48810 4.8810
90/50 3 4.8920

75/50 3 48990

90730 3 49070
105/10Q 3 4.9437

75/40 3 5.0863 5.0863
10530 3 5.0057 5.0957
105720 3 5.4140 5.1140

90/40 3 5.1620 5.1620
12010 3 5.2880 5.2880
120720 3 59373 59373
120130 3 i E 61993
12040 3 " 6.3883
120750 3 6.4510
120/60 3 ; 64547

Sig. 0210 0114 . 0059 0.052 0.053 0.076 0.503

Means for groups in homogeneous subsets are displayed.
Based on Type il Sum of Squares

The error term is Mean Square(Error) = .074.

a Uses Hamonic Mean Sample Size = 3.000.

b {Alpha=.05.)
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M3 a2 kamsnlSeuifiouaumaa1snunAvye31es Total phenolic compound Tu
[ '
viwinunauaslasrums anudeuiigumgiiuazianidng

A07B Turkey HSD.

Subset
Tempftime N .
il b c d e f

60/20 3 2.4160

10/50 3 25110 2.5H10

12/00 3 2.5110 2.5110

60400 3 2.5110 25110

75400 3 2.5L10 25110
90/00 3 | 25110 25110
105010 3 2.5450 2.5850 2.5850
90720 3 2.5883 2.5883 2.5883
10520 3 2.5950 2.5950 2.5950
60/10 3 2.6017 2.6017 2.6017
75/10 3 2.6027 2.6027 | 26027
90/10 3 26127 26127 26127
90/40 3 16143 2.6143 2.6143
60/30 3 2.6227 2.6227 2.6227

75120 3 2.6320 2.6320 2.6320 !
10530 3 2.6370 2.6370 2.6370
105/40 3 2.6510 2.6510 [ 2.6510
90/60 3 2.6510 26510 2.6510
90130 3 2.6580 2 6580 2.6580
60/50 3 2.6663 | 26663 2.6663 2.6663
90/50 3 2.6760 2 6760 2.6760 2.6760
75430 3 26767 26767 b 2.6767 2.6767
60/40 3 2,6820 2.6820 2.6820 2,6820

75160 3 2.6973 2.6973 2.6973 2.6973 2.6973
105/50 3 2.7010 27010 2.7010 2.7010 2.7010
105/60 3 2.7363 2.7363 2.7363 2.7361 2.7363
75/40 3 : 2.7470 2.7470 2.7470 27470 27470
120610 3 2.7560 2.7560 2.7560 2.7560 2.7560
75/50 3 2.7153 : 2.7753 2,7753 2.7753 2.7753
120120 3 2.7970 2.7970 2.7970 27970 2.7970
660 3 24117 2.8L17 2.8117 28117 2.8117
120430 3 2.8570 28570 2.8570 2.8570
120/40 3 2.9707 2.9707 2.9707
12450 3 3.0030 1.0030
120/60 3 i 3.017¢

Sig. 0,12% | 0.076 0,190 0.067 ¢.064 ¢.147

Means for groups in homogeneous subsets are displayed.
Based on Type Il Sum of Squares

The error term is Mean Sguare(Error) = .009.

a Uses Hamoenic Mean Sample Size = 3.000.

b (Alpha = .05.)
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M3 .4 YoyanlTouMeuneanavenlSna anuawnsalumsdueyyadass FRAP

¥ ]
Tulwaunsuaa Tasriuns danuieungamglinesia1A13942078 Turkey HSD.

Ascorbic
Subset
Temp/time N [ = o
a b c d €

105400 3 11107
120400 3 1.1107
60700 3 11107
T5/00 3 1.1107
S0/00 3 1.1107
60/40 a 1.4673 14673
/20 3 14780 1. 4780

60/10 3 14540 1.4946
£0/30 3 1.4997 1.4997
H0/50 3 1.5053 1.5053

90/20 1 1.5503 1.5503 15503
20/10 3 15580 1.5580 1.5580
20/50 3 1.5677 13677 1.5677 1.5677
20/40 3 1.5967 1.5967 1.5967 1.5967
50/60 3 1.6023 1.6023 1.6023 1.6023
90/30 3 L.eD57 1.6D57 1.6D57 1.6057
105/10 3 1.6090 16090 1.6050 1.6090
/60 3 16133 1.6133 16133 16133
105120 3 1.6220 16220 1.6220 1.6220
105730 3 1.7067 1.7067 1.7067 1.7067
105/40 3 1.7857 £.7857 1,7857 1,7857 1.7857
75/10 3 1.7950 1.7950 1.7930 1.7950 1.7950
105750 3 1.8063 1.8063 1.8063 1.8063 1.8063
T5/6D 3 1.8207 1.8207 1.8207 1.8207 1.8207
120/10 3 1.8453 1.8453 1.8453 1.8453 1.8453
75120 3 : 1.84%0 1.8490 18490 1.8490 1.8490
75/50 3 1.8717 18717 1.8717 1.8717
105/60 3 1.8880 |.B8BO |.8880 1.BB80
TS40 3 1.8940 1.8940 1.8940 1.8940
75130 3 18950 1.8950 1.8950 1.8950
120120 3 1.9997 1.9997 15907 1.9997
120430 3 20693 2.0693 2,0693 2.0693
120/50 3 2.3003 2.3003 2.3003
120/60 3 23180 23180
120/40 3 24650

Sig. 0.067 0.355 0.056 0.056 0.149

Means for groups in homogeneous subsets are displayed.

Based on Type 1l Sum of Sgquares

The error term is Mean Square(Error) = .054.
a Uses Harmonic Mean Sample Size = 3.000.

b (Alpha = 05.)
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3 b e =) 9 ~
31N a5 YoyanSsuhouneadavestlTum anvawnslumsdaueyyadass FRAP u

» ]
nsnunuas Taorkuns s feufigamgiinaznmaise

Trelox
Subset
Temp/time N e
a b c
150 3 1.3340
12/00 3 1.3340
60/00 3 1.334D
75/00 3 1.3340
20/00 3 1.3340
60/44 3 1.75%0 1.7590
6020 3 1.7970 1.7970
60/30 3 1.8053 1.8053
60/50 3 1.8060 1.8060
60/ 10 3 1.8120 1.8120
90/1Q K] 18980 1.8930
90/20 3 1.8993 1.8993
90/50 3 1.9280 1.9280 1.9280
60/60 3 1.9303 1.9303 1.9303
105/10 3 1.9543 1.9543 1.9543
90/30 3 1.9643 1.9643 1.9643
90/60 3 1.9737 1.9737 1.9737
105/20 3 1.9747 1.9747 1.9747
90/40 3 19800 1.9800 1.9800
105/30 3 2.0730 2.0730 2.0730
105/40 3 21750 21750 2.175¢
75/10 3 2.1780 2.1780 2.1780
105/50 3 2,1907 2.1907 2.1907
75/60 3 22117 2.2117 22117
120/10 3 2.24%0 2.249%0
75/2¢ 3 2.2523 22523
7550 3 22837 22837
105/60 3 22917 22917
75/40 3 23033 2.3033
75430 3 2.3080 2.3080
120420 k) 2.4413 2.4413
120430 i 2.5373 2.5373
120/50 3 2.8140
120/40 3 2.8200
120/60 3 2.8200
Sig. 0.067 0.203 0.057

Means for groups in homogeneous subsets are displayed.
Based on Type lli Sum of Squares

The emor term is Mean Square(Error) = .077.

a Uses Hamonic Mean Sample Size = 3.000.

b (Alpha = .05.)
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MAAUIN 3

L] Ed
m9A 9.1 JoyanlSvuioumeadamanuaing (L*) vead ludminunauas Taenums

v
=1 L]

Tanudoufigumgll uaznn1aendav33 Turkey HSD.

(L*)
Tukey HSD
Subset
VAR00001 N a | b ¢ d
NO HEAT 3 29.1400
60/10 3 297667 | 297667 |
60/20 3 299400 | 29.9400
60/50 3 300167 | 30.0167
60/30 3 30.1533
60/60 3 30.2667
60/40 3 30.3233
90/60 3 31.6833
90/40 3 317567 | 31.7567
90/50 3 31.8033 | 31.8033
90/30 3 318133 | 31.8133
120/10 3 319600 | 31.9600
90/10 3 320667 | 32.0667
90/20 3 | 322800 | 32.2800
120120 3 323333 | 323333
120/60 3 323767 | 32.3767
120/30 3 325333 | 32.5333
120/40 3 325767 | 32.5767
120750 3 32,6300
Sig. 0.087 0.735 ‘r 0.074 | 0,090

Means for groups in homogeneous subsets are displayed.
Based on Type 1T Surn of Squares

The error term is Mean Square(Error) = .092,

a Uses Harmonic Mean Sample Size = 3.000.

b Alpha=.05.
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& 9 =1 Y- = : 3 L] LY
ATINN 4.2 ﬂaymﬂ?uumuummnﬂﬂwmmma (a*)1uu’l‘l"ﬁﬂllﬂﬂllﬂ#‘liﬂﬂﬂ’lun"ﬁiﬂﬂ’}’m

H o [ [ =
SounguvngiiuasinnieqAw3T Turkey HSD,

(a*)
Subset

10001 N a b c d i e f g h
420 3 34.3567
30 3 34.7333 34.7333
160 3 35.2033 35.2033 35.2033
/40 3 35.2133 35.2133 352133
V50 3 353733 35.3733 35.3733
V20 3 35.4267 354267 35.4267
150 3 35.5067 35.5067 35.5067
V10 3 35.5100 35.5100 35.5100
¥30 3 355133 35.5133 355133
¥10 3 35.5833 35.5833 35.5833 35.5833
Y60 3 35.6400 35.6400 35.6400 35.6400 35.6400
40 3 35.7000 35.7000 35.7000 35.7000
10 3 35.9000 35.9000 35.9000 35.9000 35.9000
heat 3 35.9400 35.9400 35.9400 35.9400 35.9400
/60 3 36.2767 36.2767 36.2767 36.2767 36.2767
/40 3 36.4933 36.4933 36.4933 36.4933
130 3 36.5400 36.5400 36.5400
350 3 36.6767 36.6767
)20 3 36.9200
ig. 0.095 0.059 0.262 0.061 0.057 0.063 0.192 0.483

Means for groups in

homogenecus subsets are displayed.

Based on Type Il Sum of Squares

The error term is Mean Square(Error) = .100.
a Uses Hamonic Mean Sample Size = 3.000.
b {(Alpha = 05.)
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(b*)
Subset
VARO0O01 - a b lc d ;:

90/20 48.0533
No heat 48.7400 48.7400

60/10 48.9867 48.9867 48.9867

60/20 49.2600 49,2600 49.2600

60/50 49.3033 493033 49.3033

60/30 494333 49.4333 494333

60/60 49.8633 49.8633 498633 49.8633

60/40 49.9767 49,9767 49.9767 49.9767

90/30 50.3267 503267 50.3267 50.3267 50.3267
90/60 50.6800 50.6800 50.6800 50.6800 50.6800
90/50 50.8000 50.8000 50.8000 50,8000 50.8000
90/40 51.2033 51.2033 51.2033 512033 51.2033
90/10 51.3967 51.3967 51.3967 51.3967 51.3967
120/40 52.2367 52.2367 522367 52.2367
120/30 52.3833 523833 52.3833 52.3833
120/60 52.5700 52.5700 52.5700
120/20 52.6033 52,6033 52.6033
120/10 53.3400 53.3400
120/50 53.6533

Sig. 0.105 0.050 0.054 0.076 0.109

Means for groups in homogeneous subsets are displayed.

Based on Type NI Sum of Squares

The error term is Mean Square(Error) = 1,985,
a Uses Harmonic Mean Sample Size = 3.000.

b (Alpha = .05)
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