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ABSTRACT

The objectives of this research were: 1) to investigate duration of soaking and
cleaning rice affecting action change and bioactive substances as well as the physical
and chemical qualities of cooked riceberry, 2) to develop beverage from washing
riceberry water added with sweeteners and then study physical and chemical qualities
and amount of bioactive compounds including consumer acceptance of the product, 3)
to examine hot air inlet temperature of spray drying and the amount of maltodextrin
substance for appropriate water from washing rice affecting bioactive compounds and
powder qualities in spray drying method, and 4) to study type and amount of foaming
agents affecting physical and chemical qualities and bioactive compounds of water by
washing rice with foammat drying method.

Riceberry was soaked for 0, 2, 4, 6, 8, 10 and 12 hours, and then cooked. The
cooked rice was analyzed with the whole seed and the water from washing rice was
analyzed in color, acidity and bioactive substances. Then, the water was used to produce
an instant powdered beverage supplemented the sweeteners from sugar, stevia extract,
and sucralose at 0.012% and 0.014%. Also, the consumers sensory evaluation were
analyzed. The highest accepted formula by sensory evaluation was used to produce an
instant powdered beverage by spray drying and foammat drying. In spray drying, the inlet
hot air temperatures of 150 and 170 degrees Celsius were used, the amounts of
maltodextrin at 30% and 40% were also added. In foammat drying, egg powder,
methocel and egg white compound powder mixed with methocel were used at the
amount of 2.5, 3 and 3.5%. Both spray drying and foammatt drying, color values, melting
rate, production percentage and bioactive substances were analyzed.

The study results revealed that the water from washing riceberrry soaked for 2
hours yielded the most bioactive compounds. The time used in soaking the rice affected
the decrease of the bioactive compounds content significantly (p<0.05), and so did
cleaning (washing) activity. In the beverage added with sweeteners, the 0.014% sucralose
had higher acceptability in sensory evaluation from consumers. In addition, the drying
method using spray drying with inlet air temperature of 150°C together with 30%
maltodextrin showed higher phenolic compounds and antioxidants of DPPH and ABTS"
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(p<0.05) while drying method using foammat drying, the 2.5% egg white powder (EA) as
a foaming reagent showed the phenolic compounds and antioxidants of DPPH and ABTS*
were higher than other foaming agents (p<0.05). Therefore, it was concluded that the
foammat drying method with 2.5% EA would be a recommended method for producing
an instant powered beverage by water from washing rice, which yielded higher bioactive
contents.

Keywords: instant powdered beverage, water from washing riceberry, bioactive

compounds
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M19197 2.2 uansdnuaieUsedniuguesinlsdiues

Characteristics dnwugUszanug

AUES / Plant height 105 - 110 wwufuns / cm
a’quﬁULﬁlm / Day of maturity 130 9 / Day
Hawan / Yield 300 - 500 Alansumsls / kg/rai
% U1INaBs / % Brown rice 76 %
% FUTINIDTUANLAR / % Head rice 50 %
Usunuezlulaa / Amylose 15.6 %
gauniiutagn / Gel Temperature < 70°C

Grain Length AUYIVBILAR

1aen / Paddy rice 11 Q8RS / mm
9711nN@04 / Brown rice 7.5 HAWAS / mm
9719 / Polished rice 7.0 3@WA5 / mm

1 = gudimermanstiuazniigyguRnisrumuazldusylonidudng (2557) [8]

2.2 ayyaddsy (Free radical)
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WA AT SEWNLIN WazININBYYABATENSIINEATIaTU [9] FegeveteyLadasy

Tawn

- O, - Superoxide anion aiggasqﬂma%aaﬂl%ﬁ
- OH - Hydroxy! radical auyalansonda

- ROO - Peroxy radical ayyaiUaseand
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- H,0, — Hydrogen peroxide lalastauUasoanlan
- Lipid peroxyl, LO, 8UaLUas00n
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dasziomeagludugs vislldueyyadasslaneluwaduessname wadiinanuidenig
wazilugnisiinlsnsngg 1w lsauese milauagnasniden wnneuds fanszan uazlsndug
megunsiialsalauinisieudadasyluhaneddesiuvieudduivenyadass uastiouya

daszwaniiuluuenwadlignihane [9]
sunesinalnindneyyadasela 2 nssuis [9]

(1) wulwinsaneaiauduiveyyadasy wu teulelglilaseanluedfain

W@ (Superoxide dismutase, SOD) vizateulziiainiiaa nanilslew Weseendina (Catalase
. . ' Y] ) A fx  a < X A o

glutathione peroxidaes) usisnaneginasisliiiiesne wadduinnsuinldudu wagilediens
WU MIasansiueyyadaszazanas lurugNdnnsiineyladassduiifunainIua
A o Y a 1
Ao v lARLsAsI9Y

(2) M3lasuansiueuyadaszaINe T Wy ImIud lwauwalsiy weulnly
1iiu a1suszneuTvaiuoaniee 1wy unudu (Tannin) uAnETu (Cathechin) WWudu wenainil

v @ o

Y] = fa_ & = a a = Y a a a
ﬂﬂijﬂﬂQIﬂL@uvL%Nﬂ’JW]u (Coenzyme Q10) Y9 UUAITIINININIUU NIDARYIANUU LAz

v A &

aglunnigadvessinig vminiduwlaeuledndududnidunssudjisewaiiioadns

v 1 i

wasulus1ene adimnudiAysondtuitediuseg laglaniznaiuiileila iesainiala

fosvinumnasaial dmsuyaraniluudiisianigazaiusaadislaouludaniuliies us

Awaansatiazanauiienty 21 YUl luvagnusinansumesesnisnauliana

2.3 e3AuaYYaBasE (Antioxidant)

a139uBRYadaTE A ansusyneufianunsalesiunvievrasnszuiunmsiineendindy
fildnaneguuuy wu nszviunsesndwndunvhlimannateuady vliweyawdeudud

1%

1191a vsevilrminfuivvsiuiu d1unseuiu n13eended uiialusenie wu nsdaugans
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TUsAunazlatiuainenisfniun iy vafiwnige1nid nsmela atuuns $9887 arusinlmie

9 Y

ayyadasziulusninevesay Jsadsanudemesesiimenfinaniuiudidneiu luaudu
3sluiflansusenevanslaansnils anunsadesiunisiinesndiadulavivun wiaznalndesly

asinueyyadaszuandiulunmmeganssuIunseanginty

Ao o

nsrvIuNIseandadudunszuiunisidAgaes1eniy 8andlauainenAnUen

Y Q)

meladly emmargemsnsenelasulmdunasnudmsunisinuueseas wavinld

a 1 d‘ [

Aneyyadasulunanassls syyadasysneg Matuazyidiserduluanandidglusianie
wiu Todu TWshu Adwe iliiieaudemeseluanading d dree1e 1wy Weeyyadaszi
UfAsenuweaduea (LDL : low — density lipoprotein) 3udunaiadnosoadlaid vinliiin
sondladueaiiuea (Oxidized LDL) Fsinadngiuguduin eandladueaduea iuannenis
a A @ v [J Y a (Y A < o Y a o
Annevaeniionwaudi vliiinnisaaduveasadennaziluaimvgilmialsaila
[9]
2 1 4 a = 1 d’lj v Adou o co
wiasiueuyadasyanunsaanaudswalialasaniglsasesinduiusivems
! < o ! [ [ < 4 o

W Tsauzide lsatumanu 1saiale lseaues (19u daluiwed) 1Wudu 51uMe9ie vzae

[y a

nsrUIUNIsUNTUReUIAnAMLA BelagUnAsinisanansanidneyyadase neunduae

a < = a [ A a

duATIgUANINTaI9eRLATaTELSY YTRNNINIAUNIITNNIgIzMIneYLaBaTE ATy 22
a¥unrndemedewaduayilobeld fedmanssnusegunn arsiuoyyadaszanainy
FomeiiAnnnoyyadasele 2 n Ae

(1) annsasenyadasyluiine

(2) andumsofiinaneyyadass

[

2.3.1 winmnsiluunasihdgyuesasouyadasy
gilaom s lunasfidfgyuesansinueuyadase [9] loun
2.3.1.1 3o3ud wuluel e du ugvuden uzavnaan nInyHITen

USonlaa fnazin sanazia Tule BNy BnnaLen

29



1% 1%
a o w

2.3.1.2 30n8ud drduannayndiand dndunenniung iy Ui
T1alne Widudamdes Winendmes waamunziu wandaueud aynd1iand
2.3.1.3 FAadleunnomnimea Yamun Wedniuazdiu venll In Uan

YuNlalaain

v

2.3.1.4 Ffiueanduny duln llagianigliuns iy Nednnila

A 12

Weadunalinfidmaesdu wu dnsids dnnanede Ande wsaegn ugaznagn uzdawe

Aaa A Y]

2.3.1.5 uplsituesn (Tnualsitu gitu waglulailu) ludnnddvdesdy

WU {nenge ANNI9e Jinds Ainnes deaiagn uvaznaan uzidawme

pg14lsAnun1sUsIare e Tuns wazasesludnigaduenms

nilrewaaweseage dwsugniinngluduludonas luassuusenududsedt arsdueyya

(%
o

daszrulianunsannluaNUde e N AnTULA Y LAFINITAYEAR I AINUENERAYTIALA
yaranninannJedsndslasuansiueyyadasslinaiissdaninudesnisluudaz Tuwelviin

£

ANUANAR UMY TENINENTITUOYYAD AT LAY OULADATE AR

2.3.2 a3AueUYadasENilluY
2.3.2.1 a1sUsenauiluedn

ansUszneuituedniluansiegd Inuldvmluluity gnudsdudieldlu

S v

nsasivlakazdigdesiuiielse visuuasdngimdnluviaioiwaddneg veaiy n1s

Fudssmuiuednluemsivselevdsoguainiieliunisananuidession1sinl 5A3a3e

Tsavaanidaniinla Tsaw1ruetan 2 wasuzidsusuia [10]

2
a

a1sUsznaviiuedniivszlevineaunin lneviuiiiluleuioand
wud nanfie uimdneyyadassiiddy lnanseuyadaszesoanda Jestunsiintuy

naun1satenenvesl)isengnly Jsaunsaneauisenla Ausdnursviagu nesdu

(Quercetin) v duansfian Yresndulessuvedany 1wy wanuaznewndiluluana
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= o v a &

ansuszneuluedndsvihmihiluanslidianasou wazilumlilalasiaussnauiue yyadasy

mewntidsaunsaidneyyaniieendauniegluguweniinla [11]

q

[

arsUseneufiueaniiunumiideyied [12)

1) ﬁaaﬂaaﬁ’uﬂmﬁmLﬁaqaﬂﬁmaﬂmaLi‘]umﬁwﬁ’w@mamﬁ’a
mauansiuenyadasy

2) dreUssiunisiialsailanazsidulafaunnluauessle
flosnntisansefiuieaiuea AolaAmDIoa (low density lipoprotein : LDL) uaglnsnaige-
150 wardeiliszivieviuoansiadnosoa (high density lipoprotein : HDL) a8f1dnainan
Foafhmzauniiadudesivgranoonly

3) freannuiulain lngansUszneufiuednazdudinisnds
wwaulesl Angiotension Conveting Enzyme (ACE) 675@L‘flumLmﬁﬂﬁﬁmmmé’uiaﬁmqq
dlosanlavdaeulasifngn

8) rwansiuiaaluden lnedudnisiauveeuls
ovluaa (Amylase) fivwihiiisnisgesluanautsuduinia

5) Yredusendnduiiintuluaues fiuednenasgreteiu
Tsadalowues (Alzheimer's disease) TngdufulansiinszdulfiAnnisazauiuuladvia
Amyloid beta peptide 191 W80 NoIwAe Fangd

6) fudutenupiiSouazaga

7) aANITONLAURIN9 UBITNE

8) yrasAudenvengadlugine esananuauisaly
NIAUODNTLATU
UszsLamvesansusznauiiuean wiadu 2 Uszuan il

1) nsailuedn (Phemolic acids) wulaluSyivununnviialag

gallic acids FznuxINTaAlut1y 119919 wazdliawan [13]
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2) Wanluegs (Flavonoids) Juntudnindd lawn waulnleen

1y wazuaulnleeniiiu (Anthocyaanins and anthocyanidins) Wussadngiiazaietinld way

q

(%
a o0 Aa a a v A

Iddusngs Wy @Ry Jiae dvun laudedunsan vlannuanntudiiwassyiy laediulng

o

wulugusidna wu Sramilead $rasuns wazd1vied weulnleerdudunqunieindu

[ '
A A a a

sindngiugruluudafisnidunsmsedn In1sfinviiieszysin uasaudnvuzvasaulnly-

q <9

@ v a

grilululnansyviAnued1eninewig Feesalsyneunanvesuaulnlgsniuludnid fe

cyanidnie-3-glucoside [14]

I
Y

dmfunalalunisiueyyadaszvesansuseneviiuednidnimvun 3

[

nala siall [9]
1) viuthmduansauan (Chelating agent) Tnan1siunse
WesuiuszlaoosAlum

2) nihilunsiusendindu lnensveaujisengnly (chain

a I

breaking antioxidant) %%’@awaaaﬁz v U lipid alkoxyl wag peroxyl radicals @15Usenau
Hueadusmlilalnsaunieuyadase

3) YaelvanidudAuanin (Vitamin E regeneration) lae

ansUszneviiuednarluifideya o-tocopheryl vadinifiud Tinduluilulnlamesea Fwh

ninMduanseusondinduls

2.3.2.2 wAlsAUBLA U

dld ¥

JadunnaanalsiussannuLINlagRNIL I UT NS

Town Fa #1929 wazduna lag Kim et al. (2010) [15] laviin1s@nwuSeulieuuSunn

a o

ualsfiuesAuiamniee Tudnadan dune Lazdnavnanlseweniva laensfnelutninass

o ¥
(% 13 ' [y i tY =

Y saaa o Y A a a ¢
NNLHARN NWUIN GU’]']UW\‘]E“HEJWUS“V]NE‘?@’]LGUlWlE:i@uu MU?@J’]WLL@HIVIIGUEH‘UU Wﬁ'ﬂ'ﬂu@ﬂﬂ e

[y

wAlsiuegfgenIHudNTFLAe Lardv1d JUSuaualsueemviniu 2-6 ug/g (0.2-0.6

) '

mg/100g) IMNMTIATIENBIAUTENBULALTIUBEA WUTT UTENaunlegiiugegawiniy 441.16-

Y 9

624.94 pg/100g T99891AD LUALALINULAZ B LYUY
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2.3.2.3 LANN0D3UIUOAIUTT

<

wnuu1eesw datduansusznauiiinansssuwnd wuluiey

1%
v o v

Wity drulugiaznuludusivestnn waziidusidnn JadefdmasoUTunaleranunifiues

[

WNUAee3YIUea lika annuwindenlun1sinizugn nseuiun1suUIIUNAINISIAYT aneniug

q

¢ aa

117 dUVeITNINANIATIEN WBMTUATIET a1sunuineeseueainuAeutgelutIIndas
Ao Cycloarternyl ferulate way 24-methylene-cycloartanyl ferulate Tudaruvessiviad

USunaudmaanditninaeaieu 10 wi winugsgaludidusidn [16]

WNULNDDIYIUDALINARADFUNINVBIUYYE AD YILANTEAULDY
natadinosealudonisanmudswasmsiialsaiila annmznmsiauim ez
lngiinalan15annisnaTuneLsamesearass Ny Larann1sdunsieinelaamesearasiu Ty
nsdiveInIsansYAUABLTANBTOAT Lﬁas’wmaammi@m%mamamaiaaLLé”J fuarlifinnsiiiy
wulasl HMG (3-hydroxy-3-methy-glutary) CoA reductase Faldlunsiiunisdansis i
aowaameasealusianiy Suildanseduneiaainesea LOL adld wazdaanuisafinsedu
Aowaawasea HOL Mduuselemisasnenield Rong et al (1997) [17] lavhnisfinwinisan
FLAUABLAALABTOA IUNUNARGY IINNITNARBINUIIUNUNIBBITIURAL ANAINTALUNTAR

sEAUABLAALMDTaTR LDL adlnsauay 34

2.3.3 Msfnwasngnuainiivssansanlunisiueuyadaseludnidvingieeg

'
1 a o = 14 =

13553n TRz lulanwanseiuY 3ung @09 @d1 Aveetidnun

Usganinmlunisiueyyadasedalunniu lneundtlenagsening 35.3 fs 214.7 lulasluasie
n51 1nA15AN®IA2875 ORAC (Oxygen Radical Absorbance Capacity) Tus191atd1veniia

wazs1Ulsdiues wud Auseansainlunisiueyyadasyasns 229 fs 304.7 lulasluasie

s 1

N3y waztileinvnaienusasqudIsuvisuivdinaldndeuaunses ey wuan 4

]

Usganinmlunisiueyydaselumsiuenydaszuinnitniou 100 w1 dmMSUNTEUIUNITNS

v Aaa i Y v v v o ° v a a v a
QJSUTJV]llﬁlI'NLmu@?ﬂ%m@ﬁﬁ?ﬂ'ﬂﬂﬂq NUIN llNaWWIMUi%aWﬁﬂWWIU@WU@H@Jﬁa@ﬁﬁ%a@IEN

e
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Uszuna$ouaz 50 useanUseansninatussuiuasniewodvnfu wiag1elsAnay 1l
NIV 1IALINUT U B UAUUIHALEINS D UALNZBUIANIWTLINVLANUTIBINAIA T1EN

fiudeniudediduiiuszansnmlunmsiueuyadaseligindn (18]

dmSudnandesiuglsdiues waziugduwman wuin Wenagnuddallansiu

q 9

a

a & M oMoy o ° = & ' g v Y
suyadaszmdseglilignanuieuinansdsduunasomsniiansinueuyadase [18]

i%
Y Y

Jagduiinideslulsema wazsinsUssinaliniudifgyrenisfinenideises

Udangiugeineg Nuszansamlunsiueyyadase lnefnwiUSunauasanuainsalunis

]

a

Aueyyadase laun a1suszneviluedin Warliused woulnleefu wasnanisAne

v

ANENTALUNNTAUDYYadaTE AN UTIRaT]

P51 waz 13Wad (2553) [19] le@nwinisiwmesvesd Ysuruiusdnianus

wazUTunaieunleenduludiiateiiugiigg 31w 51 aeiug wudt Ysunaduednnimvue

o w a o

wazkoulnlwenulivsinaunndeiuedeiideddgy laedeaglugig 0.194-8.702 dadnsy

(% (%
o Y 2/

auyansaunaandendy (wtinuie) uag 0.0012-6.676 fadnsusionsu (ntinune) audy

2 a 1

o Y Aaaa = a @ ) Ly ™
miaﬂW\]1ﬂﬂqmsﬂW’JVlﬁ,JamJimquaaﬂm‘wmm LLaSLLE)UI‘I/]VL‘UUﬂuuﬁﬁm’]miﬁﬂ@mﬂﬂQiJ“U”l’JVLiJ?,J

Y

a

= v IS o A a = a Q’Jl a
& lngrnwmilenmdusunaiueaniianun LLﬁSLLEJUIVIl‘UEJ']UUQQVIﬂ@

q

aing1dl wazAug (2555) [20] lAnwignsaueuyadasyvaslusuaulnly

%9 9

a = 14 =

gnilunaziaulnleenfiuaintiild 4 vlla Ao Mrawnilensn (91) Taveuta (Fan) 1aduy @
uAa) uazddmen Fdes-uns) defiiazais 6 via Ae tindudesas 1 nsandeluin
ndu lemueadesar 1 nsanasluleniuea oxdlau wavsevay 1 nsandeluezdlay lnowa
msnaaes nuin Tnsuyfiatnsesesas 1 nsmndeluleniuea fusinaueuulvleedunay

= [ a o 1

NSA1UBUYABATY %DPPH scavenging activity g49ian induseuay 0.184 fadniuse

q

)

f08ans (mg/ml) wag 49.718 muainu Uuteamianamesesay 1 vesnsandslutingu
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) I a a o o 1A

nuI dUsunaweulnlaefuasias windu 3.741 Jadnsuseiadans washanamiesaay 1

Y 9

nsandeluleniuea WU Ngvissueyyadasegeiign Aeseway 53.144

q

' 1
v a a <=

Ryu et al. (1998) [21] lavins@nwrdnidlnenuindniinaulaainnisazau

QJ =

Y a ] = 9;
suaﬁammmmimﬂm fiddey Ao durmageu (Procyanidin) dvun (Peonidin) uagdtindy

(Cyanidin) ssafmgilFainnszuunsdaameivanliuess weulnlesniiu) Tududhfiwuann
A .- . I .. . B a a A A
fA® Cynidin-3-glucoside 589a911A8 Peonidin-3-glucoside IngUsunameulnlgedurindudn

v ¥

wuludnfiufinasnniierosunndstulutusgfuiuging

'
a aa

Zhou et al. (2004) [22] I@AnwInsiUasuLUasUsunaasusenouiiueaniil

'
a = = a

Namﬁf\]’]ﬂﬂ’]iLﬁU%ﬂH’] %QWU’j’]ﬂWﬁ‘UiZﬂBUWUBﬂﬂWﬂﬂﬁ]iﬂuﬂ%mﬂmﬁﬂﬁﬂ@’mi%ﬁ%L’Jﬂ']ﬂ?iLﬁ‘U

Y

a

Iy & 9 v Y o Yy A& a = a
3ﬂ°lﬂ’]‘1/l\ﬂusln'3ﬂaaﬂLLag‘sU'TJGUWGU'VJ IWSSUWQV]LﬂUV@ﬂJVQN 37 A galwed Usunauansusenau

Huednazanatuinninfiivgangll 4 sswngalea lagannandnuiannsiiaufizen

pondwduvadiviuludnszninenIsiAius i

Shen et al. (2009) [23] l¢fnwi1vTuafiuednienun Usumumailiuosd
favun wageuansalumueyyadasylundading uazarudiiudiuivonuda vun
voudnuazivindefesidnvesdin Inenui USuaifluedn wagvarluesdludnegd
U%mmqﬁuﬁméﬁuﬁa 91n%19917 (White rice) 417uns (Red rice) wazd13ei1 (Black rice)
SloRnsanUiinadtusdniisvusludng 481 dreg1e wut Teroglutag 108-1244.9 fiadnu
augadnsaunadnde 100 n3u (Wmiinuia) nd1afe F1advriuiiviinafiuednianuneg
Tuthadausd 108-251 fadnfuauyadninunadnda 100 n3u (wdnuie) d1ounsious 165.8-
731.8 fednfuanyadnsnunadnee 100 n¥u (mifnuds) wagdiddidaus 841-1244.9
fadnfuauyadnsnuandnee 100 n¥u (dhndnuie) Ussifufiundannogiedade nu
Auduiusluianieausendnee a* Auauanansalunsiueyyadase wavanuduiugiy

AAneuinseninedn h® duanuaunsalunisiueyyadase Nelunaudivnwaslungudna
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und Faludandliiuinaunsainanudunusivadlvlnduaasiilasoenlun1sAndeny1ini

ANNENNIAtUNTIUBYYadaTgeq NasihunldnauveusulTaiugle

Kong and Lee (2010) [24] lov1n15@n®11U1361 2 @1eWug (Heugjinjubyeo
uag Heugkwangbyeo) lagiird1ialudng Tilddiuressidn drduwdn (@1indes) 41190

917 (Endosperm) uathusagaiuluinusunuaisusenauiiuedn Wailiueus wagueulnle-

gflugaiign sesaenAaludINaes dIutITaviiuTInueNTan

q

Zhang et al. (2010) [25] vnsAnwUSunaasUsenauiluednlugusingg Tu

[
a o v 66 o = f o

117 14 aneiug Ivsaneiuddnuazdvny (WS Gulnongzhan wag Huldao) wuinanewugae

9 9

| [

foranuluusunansindu 2365-7367 me/100g Bnniinusis LaraewugdaiuTuau
a1sUsEneuiiuedngeUIunauiiu 654.0-718.6 mg/100g UMTINUIAY ANTaYAMINATINUTN

LY fl 0 a a a a 1 Y 6 1
auNUgAnINUINNAETUIZNDUNUEANENNINAEWUGATIUTENAL 5 11

Choi et al. (2007) [26] lans2aTiAsIeRUTU METALOYYADATZAININER

Sy wasAnwianuduiusseninafanssdlumsdusuyadase wasUSuuasiusyyadase

|

Tuansain Felown asusenauuedn wAlsHUesR wazdniud nun Usunafuednludniig

= £

fuinageiian sesawnfe 91fiitadh Gamulutiina 733 way 313 fadn3usotmiingaesng
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[ 1 o Y

100 N3 MnE1dy YSunaualsfiuseanuuInfgatunaed wiiiu 102 Tadnsusdeuvin

Y

Mag1e 100 N3U uazllethansiueuyadaseind i luinseussansamlunisidneyya

a

das¥A18 DPPH radical scavenging assay way ABTS' assays A&l UAISAIUANSLARA

L4

sandindulunsalaluiadn warAuausatuni133mg (Reducing power) WUIN@13AUBLLA
dastludnvng wagdddn danunsalunisiueyyadasylunsalaluadn wagaiuaiunsaly

mMs3mdgeninfimuludnien 9nuidied wazduden

dwsumsAnwandfinisiueuyadasy Ly wsUsenn uagauy (2555) [27]
= = ' wa = v a o P IRETOPN oy
WiguilguseniteaudAniaainienin wazn1saueyyadaseresdawenililid uasid

lne?U17819 et 1vieunas vuneds Praddenimiuiudiily umnseuliiinnissenvesdnd

36



lFas01m136199 ndendndudrluluwdnd1inginig [28] Fansusenn uasAus
(2555) wui1 1119191UfALAE L* b* chroma (c°®) kazA Hue (h°) 11nn119198d (p<0.05)
TuragNINddln g a* ualsfiuess weulnlveniiu Wuedn Waliusen Un1a3AIG wazAn

1

Ferric reducing ability of plasma (FRAP) gani1911819laiild (p<0.05) drupAudu Jewmes
WaNFIf Wnuilu uaz %DPPH inhibition vesi1Ivisaanguuanvegeliiideddgynisaia
(p>0.05)

uenniivian wassedaas (2555) [29] SsldAnumautssUwiadnilneidie
WinnaantAnsiueyyadaTLATa1508Ng VBN 9T M (Bioactive Compounds) Tutlne
4 wiin loun aenued 105 9ramilen (n.6) Prawmdeadn wazdriuas wusuiludhandessen
Fmens wartam wdhunatnssienueadosay 80 MntuTwhumegeuianssunsiy
auuﬂaaaiﬂ@a%% DPPH radical scavenging assay Wag Ferric reducing ability of plasma
(FRAP) assay LazUSinaansUsenauiiueaniaunlagia Folin-Ciocalteu method wudn 417
veNuzd wazduasildinisuusslifudnes uaztnndeseniifonssulumsdueyya

daszganintnindesedeliteddnyvieans lutawmilem wud ezt amileaniiunisuls
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1% - a =

suiludmndosenvintuniifanssusueuyadaszadu wazainindiandes 41ndssenes

Y Y Y

&

a 14 v

1veuNed uazd1igansenvastiiwaaitty Mlansusznauiiuednniuaiingaduiile
Wiguisuiudnandesiliiiunisulssy nmsudszulagisn1saatiu wudi dnaseianssusiiu

auyadassuarUTinuasyseneuiluednuasiimnateiiugtesinnidlsiUSeuisuiunisuys

=

sUieviINaeenuazd1Ie

Tumsuusguihndundnfausidun W wsespudsagy Tae Saun (2554) [30]
Ieuusguindifia 8 wiug Mgnluneld fio dweu (KN) neunsedsn (HK) dduen (SY) telsl
16 (CMP) n3uusa (KR) inilgaunesia 96060 (RWRI6060) U1iniledssiia 96025
(BWR96025) uazdnaniloassia 96044 (BWR96044) iteviuadosdin wuih thatnuesindge

Ll wagtunfleaivsassaeiugivsunm waganuaiusalunisiueyyadaseainiigl

[V

afnd1fiddug samglinsatnauinalivsunavesudaimualuatiaiivunyuegidl

Y [

Wodnfny (p<0.05) uagdwalvdainsdesiureiuasanas viediduanasaungiinisanai

v ¥

Y Y =

WLYUTUY9 60-100 D9ALALIEE HNALMAUIANALINTL USUIULALAIIUAINITOLUNITATY

v o w

auyadasyveshannnniaiuueglidudfny (p<0.05) wiazaAuaudRraiiazanasd

U v
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aaunil 120 asrwai@ea Wuigdtuiusnlazauaisalunsiueyyadaseia

Y

1Y

anaseg9litbdIAy (p<0.05) Tnsannzunzaulunisainfe 100 ssrwalud lneddnaiu

¥ ! sg v a 96’ L% 96’ L% a o w
YMINDUALTTYLLIAINITANAN 115 (WINUN/UINUN) kag 25 U AINaInUy

2.3.4 UNEININYDIEN AU YYADATE

a a

udsTnvesansiueyyadasil 2 uma éun
2.3.4.1 a1391UDUYADATEHUATIEN (Synthetic Antioxidants)
#1390 UAUYADATEAUATIEMANIINAITNTEUIUNTHUAT IV WAL
dulngareenuuuliiluanarwiadn Semiunlflugaamnssuemsifiedudeniaia

Uffsereendinduvedluiuiiluanngndiliemsiindu @ wazsavfasuntasly ads

o

dupsgitidianmasiinitansinueuyadassansssued wilddedndalusuanudasnsdely

[

nsuslna segeansiueyyadasedunsgiissil [31]

n. Trolox %38 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic

Y aa o

acid fignsluananiundl fo CioHi0, (N MA 2.2) WWusyiusueindudidauadlaseasng
a =

Tnensdeuaedaiau Wunansvendan Jgnslassadsmilifianuanunsaazanglafiui

U

witlesannAuausatunisazatednlas Jsviilinisesnguoiinininifiud lnednfiuddes

Tdaunududalumdeduiu Tuvaed Troiox sengydiisuaziuiiluisnsnsivdeunaleds

ee

Tuns3delleuld Troiox awnsagiulunisasiagnsiueuyasas

HO
HO 0

Al 2.2 Tassadeamaaiives Trolox
fiun : U3an (2559) [32]

2. Gallic Acid %39 3,4,5-hydroxybenzoic acid Juansuszneudunsd

nilgnsluianaviaaiifie C;H,05 Gallic acid (nwil 2.3) Wudiuuszneuveawnuiiu wuunby

'
1 A A

adu lurdenlil8auazivaus lnemiluagldineatugnaimnssunien Auaudfves Gallic

q

Acid fa @unsadudutes welida wasiauaudiduaiseusendwndulan
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OH
HO OH

O OH

A 2.3 Tassademnamiives Gallic Acd
fiun - Ulan (2559) [32]

2.3.4.2 d1391UDULABATEAINGTINYA (Natural Antioxidants)

' o
a Adda

YN TIUDYYadaTEINTITNMAmINsanUlAluASTInvaisuaz

o & =

dnd Faduldviaeuley Fandiu wen-ualsfin (B-carotene) saudenguinafiuedn wu wails-

upeR (Flavonoids) #laluswiuees (Phenylpropanoids) waznsaiiuedn (Phenolic Acid) 1Uu

v

AU

a v

A0E19ENTINUB YA TATEINTTINYIA Teiall

. 331 TUSSSUTIRTNUR N IUFA LVNTY babufivarliansusenauwals-

[ Y v

Ausysnatusadsududoniuels daduaisdduianiue Senin Wandiute dnnulu

v

Nudn Tuen duazkalinddvasasoddunns

a

%, 3pfud Femuniiin nsaweanesda (Ascorbic Acid) Wuinfiufiavansld
Tuth azaaeddognanuiouniedsiiluemaiiaiutu Ianduddauifiduarsdiu
songndu lngavidvihuisedulalasiaudsseenled auya Hydroxyl wazayya Peroxyl
uenamIsiudaunsnidwiufisenfueyyadassudn duhmididusdaaduuszdnsam
VOIANTANUDONTATY VOIINAUDAIY

[

a a a g a a A o < £ a A o
A. INTUUD L‘Ummmumazmﬂlmulwumumimuaaﬂ%Lmjumm

[

o 1
a a A o | [ ¥ a o o A 1 a a a aa a < 2/ a a a1 (%]
AAUBYIIUTINAUE I UeONTTY MaDue WU Induduazdaidey Wuau Ienfiudtieusu
s19n1eausaeIandiueuld deazaislunistestuarsidununinauiannlany

i lusssumfiiafiuvaitevile Jagduuvadu 2 ngulug Ao nlafisea uas nlafiuea

wiazngudwenluimiudoss 8n 4 wia laud dan(ol) we(p) unuu(y) uazinasi(d)

Fnfiud vimhidudmililalasiaunteuya Peroxyl
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o 1% ~

Fadoy nownd wazdanzd Wuaisdrusendatuniesey 1iesannsdy

a

| ¢a o v a g 4 a [ = = a v 1
drutsznavvesulsinivthiduansiueendiadu dn1sAnyITeLEnsIn
n. MslTaLten wazginluduiurieiinyszansnmusinisdesiunisiin
IsAuziSaunerda Fonulaluomsmusssunaiiiosainaisitueendinduintininaleeei
1 o Y A g aa & @ v W 1 a Y A Y a aaa a o
wiu vimhluanssing Wuiduldeuyadaseduiulessulanssdiiinugiseeendndu
AgntNae Al i lvidinananisveasrsedudinsiinuise1oendnty w3a1unsa
aaa | o 9 v & aa a A g A 1o aaa a U a
neaufisengnlauazililuasifisnuaiios vseluasiliiujiseteendindusnsely
| I a [ 1 a
wsauansililyeyyadase
9. Naluees Wuasusznaungunediiuea JsUsznoumensezlsuifin A
2 290Ul Taedinnsduiuansueuuay Aromatic Hydroxyl lassainawazgunuuiluvesmianls
LA
Warlauews 1Wuaisusenavilusdnfinuiinviinuils aznuunnluisinuay
Y a v A | & & Y] ° v A Aa A Ao °
Haldl Iniiiaesegne Aelusiaing Mmiiinsasuasniaiug1IAauNTINIZIIzIuas Y

Y v a ) o w a A a &
ninfiansiueendndu lagluidneuyadassiiatuluwadiivesnluainuaiuisnvesnis

iueandnduiuagiulasainwemalivess uazauaudiveaaliuess Saunsatiuan

¥
d A

nsonau Yrelvvasadenudein vinldnisinaisudenfau seduwuaiiseuaslisa an
TAlaawesen waztislaiun1mieuesiniud fMedrsaingy warliuesdfieangnisiu
a%aaaizﬁﬂmuiﬁ] (NNl 2.4) LU o3 ETIU (Quercetin), 913 TU(Apigenin), wATITY
(Catechin), wnalawa7du (Gallocatechin), BLATNITU (Epicatechin), 8NunalauAiau
(Epigallocatechin, EGC), 8funalawafigu-3-unaan (Epigallocatechin-3-gallate, EGCG) uarg

#lodu (Luteolin) Wumu [33]
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catechin

OH

epigallocatechin-i-gsllate
o ) ' ' saa Sw a
A 2.4 fMegdaansnguilanliueyaiigsiueyyadase

fiu : Ulan (2559) [32]

2.3.4.3 MTIATIZRNEAIUBUNADATY (Antioxidant Activity Determination)

AU

BnsiesIggMsaueyyadasrausaLUtesndu 2 Ussan A

LK)

6

NTIATIENONTAIUOULATATLAMAMN LazNITIATIEGVEAUBYLadaTEITIUTIIM Tuus
= ady o o= | aaa ° W\ (o Ao qu a1 Y
azUszimilnangdsmeiu Feusazdsianudnnisuansitaiy lngunadnldvaiedssiuiuly

ﬂ’ﬁ@i’mﬁ@‘ULLﬁSﬂ‘é‘UNﬁ

2.3.4.3.1 FMTATIRRgMEIueuLadas TSI

Dr«

ﬂ’]'ﬁ’JLﬂi’]u‘Viﬁ]Vlﬁ ma%a asumﬂsmmﬂumsamiwﬁlﬂa

1 Qdd

mUSuuvesansiueyyadastludegaussianeng 9 3ndeu lawd n15imsegnsau

pULABATEAEITNTYINANgaUYadaTEATiNLeY (DPPH) 33 swendeuyadaszioliliaa (ABTS)
a 4

N153tATIEYAINAINTalUN1TSAdEesINVeIa1TAUaYLADATY (FRAP assay) kA

Cupricreducing Antioxidant Capacity (CUPRAC) %Qﬁ%ﬂﬁi@fﬂﬂén%’hﬂﬁu%ﬁmm%ﬂﬂa‘%a

dasevIuANUTNTUALUAULAT AT IEANANTAlUNTEUEY vTefdne uuaBATEYRY

a13iegneiaula nirgvesnsimseigrsaueyyadasslsUTunauandld 2 wuu Aa(1)

wuuUSinamududuvesansiueyyadaseniludiege Feadiavgaiuanindgnsai
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auuadaTEas kag (2) WuuUSuamutuduYesansieg1evilvasouyadaszanad 50%
(IC50, 50 % of Inhibitory Concentration) lagAdilavieuansindlgnsiueusyadasyege 9
dosnuvatusauansniiglanainuaie laun uM/mg, mM/me, pM/mL, mM/mL wag

mmol/g tJusu [34]

2.3.4.3.1.1 MTIATIVNTAUOULADaTEAIE TN SYINa g yYadaTY
ALY (Diphenylpicryhydrzyl (DPPH) Radical Scavenging Assay)
I3 Y aa P v A= va &
Wunisnaaeumeisnaaiilagldasidanaudfiiduoyya
daszlunilf AooyyadaszAfivey (DPPH, Diphenyl-picryhydrazyl Radical) 3aiduans
o s a d' o Aot 2 1 v A
dunsgvinegluslouyadasenasiiasifinaunsaganiunadlagegalagldinsasaunlalv
In33mas (Spectrophotometer) MAN11E13ARY 515 wilwwas e DPPH viUfAsenduans
inusyyadaTyiazatefieenuea (@15Nlusidnaseu) wviliduinias 9 aududndes

AN 2.5

|‘““m:¢'}ﬁ J f""E“‘wf” AH A ~F “N Sy

=

f
W OO

|
MNH

= MO~ - NO

N%Lf 78 ETAT 2
= hﬁ/

N'Ct2 N':'z

AW 2.5 wansufisensemiveyyadaseaiiiewinuisenduansinueyyadasy
¥ : Vlan (2559) [32]

[ %
Y

= ° o 44 a vaa @ A A 9va aaa o § v

FanouthurinAn1sgandunasnsiia Lindiadunan 30 unil wieliinujisen vilvaunsam
nsuansiueyyadaszvedasniegeliainn1sAuIndneneesni1sduds DPPH dns
AnalaanmsiainsganaulasianasninnislameiafiguiuAn1sganaunan iy

(nouldanssiegng) nadl

DPPH radical scavenging (%) = [(Ag— Ag)/Agl x 100

42



g Ag = AINIYANTULEAIAIA

A = AINIAANTURAIVRIINIANENTFIREva TR sg U ldly

S
¢

naLflsugvdssueyyadase Ao Insdend wansrdu TEAC

fofivns 351 Ao 41w avaan wazsanisr drudeide fo DPPH AeudhuafiosldlioufAse,
witeusyyadassiiintuluitaniesis JuhlfAnufaseldd lvainslinsesiqnisu
ouyadasyiinldtesnitannuduaie uazdeasSonasazarsluihazaeiidunoanosed
Fogvililusiunnazneuialiianunsaiinseiludesaiiludenld Snvsansuiiouuas

L4

langazsuniu (Interfere) Faausaidusisaduayvinlvidves DPPH ansaalaiguiu

a

2.3.4.3.1.2 MyIATIRRgVTAUeULABaTEMen1silandeyyadassied

1Y

led (ABTS radical cation decolorization assay)

a

Lflu%%msi’mmmmmmiumiﬂ/\laﬂﬁaumaassLa‘ﬁﬁl,aa

h‘ddd

(ABTS*, 2,2-azin-obis(3-ethylbenzothiazoline-6-sulfonic acid) radical) luasdauns1zinia

Feauthduannsnganduuasldgeaninruemadu 730 wiluaes oswndves ABTS Unf

Y q

A£AAINITANNAUKAIES 9009110151931 ABTS sreaamadvlivlas 9antuil ABTS v

UAA3iuansfiieg 19aza1emIeleNIUeala e N idaas AunInd 2.6

AH A

T | + “‘

| S % _~50H 50,H

N+ N= ﬁ m N W
= g & .f

HOaS 3

AN 2.6 LLamU@ﬁ%mideaugﬁmzLaﬁ‘ﬁLaamﬂg]ﬂsmﬂumsmua%aaaiz
¥ : Vlan (2559) [32]

=

wazsandlifieliAnUATen Jsamnsamauduasiuoyyadasyresansiegldainnis
ﬁwmmﬁﬁmaawaamsé’uQ’jqa%aaaﬁz ABTS' F93Bnmsuinuazm s uiuasunnsgu
Trolox nagviutufeatuds DPPH dofivesiBnisil e ABTS' azangldfluthuasiaharas
funsdiviujisenldedimnsa wariufiselanlugag pH ne diudeide fe ABTS' lu

JuanssssumaiinulussmenieluwadvesdsdidinuassdosdinnsiuAzenduansduneud

auinlueyyadase [35]
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2.3.5 waulnlaeniu

woulnlvenfiubusiadng (Pigment) sllanilafinuegluwifileavesiiv Jasng

3

narelsiladuazualsiueend Negnielunaslsnanad uazlaslunanan [36] ssninguaazyiin

(%
v A v A

aa W o A a o Ao
fiamaiumulassadsluanaiiuaeull nsvlinvessaningdAgyqiiaad

9

=

Cycopene tJusandng (Pigment) %ﬁwmﬁwuagﬂimmimmqiu NLUDLNA
anunsalesduuswiongnmunnla

Betacarotene 1usaningilviddy wumnnlunzazne wasen Sauadfdediu
BULADATTUALYILANTLAUARBLIELABTOR

Lutein fussaingitlidndes wumnlutnlne drelesiuaenidey

Chlorophyll LHussaingiliaiden wuannludnluden waldfifddendy wu
ide avi veng Tiun deuaudRiueuyadasy

Anthocyanin {lussainaifldthaintu numnnluaendydu nenduhs unde
14 ogu g TnuandRduoyyadasy [37] anmndedunisiAnlsaiila annissniauves

nszinzdaanizuazanmudusnalsndunim [38]

2.3.5.1 lassadraueulnlygiiiu
woulnlzardulusningfiddisunamsoundu dmduaisuszneu
Walauesd(Flavonoid) Tunguiluedn (Phenolic) Ingarsnanliusedil asUsznaulusae

¢ N = 1 A v 3 ) a
ANTUDU 15 Dymadl NV;;IJL'UUSZJ'U 2 V%NWL%@@JG\@ﬂu@Qﬂﬂ’ﬁU@u 3 DEABDU ANATNN 2.7

3
2 S 4’
Q. :
7 = - .
1 2 ¢
6 o

AN 2.7 Tassas1tanaliueen

#ln : g3 (2550) [39]
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'
1 a 1

woulnlegduinannsiwaulnlweudaunluateslusssuna duy

Y
[

Uanannduludwnia?l 3 w3e 3, 5 voswaulnlwenfinu [40] d91Y (Aglycone) Tuniamdl

)}

weulvleeniiu fe lnalalesues Flavilium wie 2-phenylbenzopyrylium wiewinlelnadaazlé

weulnlgenfunavinaasgedes 1 luana Aunmi 2.9

A 2.8 Tassasravaawaulnloeniu W R1 waz R2 Wutea

flun : $aun wazszam (2532) [45]

drnaftufuueulnlesrfudrulugidudiaialuianalien
(Monosaccharide) w1 Glucose, Galactose, Rhamnose wag Arabinose NNUUSLIUATISUBU
fuvted 3 vesueulnloenfuiane v1InTarsnuTisLvLed 5 #e dusumisinutiesie 7,
3 wag 7’ [41] wenanisawviiaialuianag (Disaccharide) wagtiimialutanaany
(Trisacharid) Tuluanavesneulnles1fudie dedmamdiiazdasli Agycone wo
woulnlwenduiiiadosn ity (esanueulnlsednuldfinuamy Snisavarorinlyls 3s
ﬁﬂ‘wuLLauImisamﬁaui’]’Ué]’aagﬁ’lmaﬁ%uauuﬁqLam woulnleerduanunsaazanstilaudlsl
avanelushazaneviinlalith (Non-hydroxyl Solvent) wu 8wes exdlau raslsviasy wasiuy

&y Judu [42]

2.3.5.2 yfawaulnloeiu

Jagtuneulnlgefdulusssuvaliuinnda 15 viia d¥euwnnsiiaiu

1%
[y

Fuiusunisivglansenda (Hydroxyl, -OH) uagniuveanda (Mathoxyl, -OMe) Mdnuine
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fulassassvesuoulnleeiu [43] dannd 2.9 weulnlsetuninuveslusssuydiiey 6 viin

WUIRUnY Rs Uag Ry F9AN51991 2.3

Ry
OH

-+
o
HO ‘ ) )
Z on

CH

R, =H;

R; = OH;
R, = OH;
R, = OCHj;
R; = OCHs5;

R, = H:

R, = H:

R, = OH:
R, = OH:
R, = OCHs3:

Pelagonidin
Cyanidin
Delphinidin
Petunidin

Malvidin

dl o 1 I a &Y a ¥ a
AN 2.9 ¢ LLMUQ“U@QﬂQﬂJI@@ﬁ@ﬂ%a wazwendalulassasswoulnlyeniu

#un : 39 (2550) [39)

A15199 2.3 Useanvaenguieulnleeiiu wenanungu R3 way Re

Anthocyanidin Rs Rq Visible color
Pelargonidin -H -H Red
Cyaniding -OH -H Magenta
Peonidin -OCHj, -H Magenta
Celphinidin -OH -OH Purple
Petunidin -OCH, -OH Purple
malvidin -OCH, -OCH, Purple

flan : Timeberlake wag Bridle (1980) [44]

2.3.5.3 Uselgwivawaulnlyeniiy

1. M dnanemslugnamnssusing Fadundndueifinnsssuwd

a

2. dreanansonaulumaiudaane Taglddnvneluliwuafisen

Mliasan1sonaulumaiudaannzinientansenietaansle

3. \uansdueyyadaseiluaimsueansnensisy Favaasnanieas

gnanauseanseyyadaszaunsaldeu DNA Tusimeliluwaduziidldnasnian lng

waulnlwendiuazredudinisairadudoadaslulrluidewvaduzisele
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4. 981Udsu LDL-cholesterol fidulnwiossnisuasifinu3un
HDL-cholesterol #aduusslowisosnanie Tnaduiidanisiineendinduves LDL Jadush
daeylurvaunsiinunulasiu

5. frsannsmnsadufouvenndaiden (Platelet Aggregation) Favh
Tideainuduiosas Jasdulsaiilans wazdungnyla

6. \Wuasinulsagluining1en

7. sumeannsaldinnfudldinniuifveulnleduegie

8. Prelidudondonudausedu uasnuvidulafindesiigninany

9. inUszansanwlunisuendiu Jostulsadefiu uasdonszan

10. “U"JEJijENﬁJUﬂﬁQigL%EJ@T]@JV]N‘\T?‘J%Bzguiuilﬁleﬁi’l

11. 978aR91N150NLEUDULLBIANNLEULRAUBA [42]

2.3.5.4 @hgsninvotweulnlyeniiy
ﬂ’J’]lILﬂaﬁlisuax‘iLL@UIWI%EJ’]‘E!UR]%Lﬁﬂi%ﬂLﬁlaﬁm‘Jj Methoxyls 11429 B-ring
Kty LLaz%amanLﬁ'aﬁmg Hydroxyls Liay §h‘17iLaaaiﬁqmauwu‘lw%mﬁﬁuﬁa Malvidin
971U Peonidin, Petunidin, Cyaniding wax Delfinidin [45] wazwuinueulnlseduaziaios
ﬁqm 7 pH Wunsa n1siin Glycosylation kag Acylation %QQTE’]G]’]@?]%VLULﬁuﬂﬁmﬂaﬁli‘ﬂaﬂ
waulaleeniulne Diglycosides aziafiasunnin Monoglycosides [46]

Tuasazasuoulvleeiiu dnnvegluzuiiugiu 4 3U Ae Flavylium
Cation, Quinonoidal Anhydrobase, Carinol Psudobase i@ ¥ Chalcone Pseudobase 375&
dnduvesnisninduagiudl pH Flavwlium Cation agtAntuiioasazarsegluaniondu
nsauriile pH LiuTu Flavylium Cation FeilAunsasidsuluoglusuuevlnlserfiuwuudug
90199 AvolufAlY Tuagiuag Aring uay B-ring TuAnnisreuginavialsl

7 pH < 2 woulnlwenfiuaveglusuves Flavylium Cation (AHY) Fad
ued tile pH st Flavylium Cation agmgluagnesiniga esmniinmsfdlusneusenain

ny ~OH 711U 5, 7 wag 4 Mliiinlassaineiisendn Quinonoidal Base 1aseasngil

a

& PP { d' oA i
mmm@mﬂauuaﬂlﬂﬂwm ‘V]f"’n']llEJTJ?I@UQQWJ']LN@@EAIUEUT@QLLQW"L@@@U

q
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2.3.5.5 Yavsfiinaseoidnesninuaskaulnloedu

duoueulnlegsfiuazivdoulunu pH vesasazaneiuoulnlysniiy

v

azanged [47] luanelue weulnlwenfuazedluzu Flavylium salt iludauuin vinle

a & [V

a1siidiuns daluannendueing woulnleenfuaveglugudunlalvidiiaune aruduiug

w94 pH Audvesiaulnleeiiiu w1 2.4

] LY A 1 I 1 a a
A9 2.4 ANUAUNUTTEMINNANUTUNTA — ANY LLaZﬁGU’E]\‘lLL@‘UIVIVL"'U?ﬂuu

pH Color

1.0-4.0 Red
4.0 - 6.0 Bluish red
6.0 - 8.0 Purple
8.0 -12.0 Dark blue
12.0 - 13.0 green
13.0 - 14.0 Yellow

fan : Foudu (2544) [42]

#IUAIAUENIATUYDINITAANTULAIGIEA (maximum absorption) H#n15uUsHUAINAT pH

L

£% '
= A

MY NANAD A1AIUENIAAULAIGIEAILNTY HEINNTWRUWUAIAT pH fn19197 2.5

o oA ! A a a
$1979N 2.5 ALY ATNIIOANAULEN (‘U'WI‘L!LZLIG]?) wazdvewmeulnlyeniiy

pH Maximum absorption(nm) Color shade
a4 520 Red
4-6 V71053 e Violet to violet blue
6.5 570 - 575 Blue
9 590 - 600 blue

Y

fian : Soing (2538) [48]
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2.3.5.5.1 afted (pH) dnavilulassadiauazdvesuoulnlegduuasunlas

foil
pH < 1.0 red flavylium salts
pH=4.0-5.0 non-color pseudobases
pH=50-7.0 purple quinoidal anhydrobases
pH=70-8.0 dark ionizedal anhydrobases
pH= 2> 120 brown chalcones

wuweulvleeniuaziafiosnmaiiloogluamsazanofiiien pH duazdidely
nansauaiildannueulnlesiufe dunsdeing fududveseulnleenduly pH Mlunse [53]
wonanMaasuulamessyiud aua pH a7 AIALTNTEIE (color intensity) azuUsHuU
AINAT pH AIY NAIAL ﬁmmwﬁumﬂﬁqmﬁ oH 1.0 uazanasgnesinsadiominmsifintu &

A 2.10

Af 2.10 Fvesnaulnlaedunaieudneiy
31 : g3 (2550) [39]

a

2.3.5.5.2 gaunnu (Temperature)

Y

'
=

gaunnliduladundrdgdadenienviliueulnlesduaaisd lag

9 Y

a

! A av vo ] a = & a5 I - Y a
W'U'J']LL@UIV]IQIEJ']UUV]I@TUFI'J’]@J5@14"\]3L‘Uaﬂu’ﬂ’]ﬂaLL@ﬂLﬂuau’]mqa Iﬂﬂuﬂﬂﬂiﬂﬂam%UﬂuquQm

ASLAUSNY G198l [49] 7 3.5 °C WU 1,536 YU way 38 °C winiu 80 Ju 3gLiiuINAINY

[y

wdesvesansueulvlveiuiuedivenmgilunsfivinw [50] fe Welivansueulvleeiug

9 Y

a

samgfisnezliaiassdiauinninisiivansueulnlseiulineamvglias Tugeamnssuiemis

Y
uansuaulnlvenfiuiililugamgiiinnit 8 esmwaldua [51] uax [44] Anwraaumginenis
gangiivaawaulnlyeiu lneaguinuisuaunavedlassasiseulvlogiulugunegduiu
gauull Mnfiansgeluvndall

9 Y

Blue quinonoid===> Red flavylium ===>»Colorless carbine===>»Colorless chalcone
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2.3.5.5.3 audfinsganfuuasasiaulnlggiu

asusznevlungunailiusesdazlvainisganduuasgegail Aauen
A 2 23 fio 240-285 WluiuAs (nm) (band 1) WaEHa 300-550 WiluiaAs (nm) (band 1) &
mi’mﬁ 2.6 %ﬂ%%uaq' JUSTTUYIALAY oxygenation pattern 294lAT9E519U03a15UTENDU
walauses

A13199 2.6 N1sgAnduLaveskaulnlgeukarasUsznouanlueeAau 9

Band Il (hnm) Band | (nm)  Type of flavonoid

250-280 310-350 Flavone

250-280 330-360 Flavonol (3-OH substituted)
250-280 350-385 Flavonols (3-OH free)
245-275 310-330 Isoflavones

320 peak  Isoflavones (5-dehydroxy-6,7-dioxygenated)

275-295 300-430 Isoflavones & dihydroflavanols
230-270 380-430 Chalcones

230-270 465-560 aurones

270-280 Anthocyanidin & anthocyanins

i : Markham (1982) [52]

] a d' a v o s o a a 2 = a
ﬂqﬂ’]iaﬂﬂauuﬁ\‘]w 530 nm QgﬂJﬂ?qNaﬂiWUﬁﬂUﬁLLﬂﬂmLﬂm"\]qﬂL@J@aGUENLLE]uIV]VLGUU']UU

[53] wazidunToednsUsunauasanswaulnlesndu [54] fan Wi 2.11

Anthocyanin

Ralstive Abzorbants

400 00 EnQ 0
oo D N
‘Wavelength In nanometers

MW 2.11 nsganduuasassaulnloendulugiuawiieg
131 : g3 (2550) [39]

-
B
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2.4 AN NT1IEIY

AIULINTFIUNITEIDBNTIIVBINTENTWIIAYE TASAINUA AN IZANBULNNNIBATN
WU USinaudnindownndn wanmneg wuadiin swdsusuaudatiisdaduiidelu A
Ao v v a PR & Y] P P v A Y oA
azenndniameUsinaEndaly ANNTY warIERUNNSE Bansiadeulaing 41AuNNG Fasll
ANUNANVDIUAATINNEAASIITY 1 (WAAT1ITAIINE1ININATT 7 TadNns) F1uuun 9717Tu
¥ a v 4' a % [y [ < % 1 4' o ¥ =
Vieswanalianwaeiierenaaieqiu kiiasludivssianlawsidoinlunaduenainanin
UReGIRTRNIINEAY L?;Iusﬁ'nmﬁemgm (B0 UULE) T1780UNTOVIVIINLTAT LAaZT1ILTY NT0

(%
Y

v v & A & v wa ! U = o 8§ Ya o o v ]
el veilidesanwdndadiauaudivesdsinu fuiiliandym nsduduiudasia

wugvisersytinvestnanludnsd ludusudeunsanugeinunguilaa Mleud1iay

AN Aady Pravewnd Feu@ednaianiviaglatigniumilenaziinduvey n1s
Juiudniduuenannaziii tiaesinunimddsuld dadnalinduvenantiosasdnsiie

AMINNYDINITNIRUKAZNITUSLARYBIET (Cooking and Eating Quality) Lunmn g

[
&

Huslaaduldlunmsdnaulaidentendnsinm MetmsAuvouTaAazAULANAITY AMAN
¥ U ¥ 1:941 wva IS . .
nsyeRtuazsuUsEnIuYestall aunsannazulilagnaaudiniaad (Grian Chemical

Properties)

2.4.1 NSUITN-F-1UAS (The soak-boil-steam dry methods)

nsguunsiniuitusnilélunismdndnisdisagy auisves Ozai-durrani
(1984) [55] Fsusznaudie 3 Junou Ao Msuddmans milviarwsoudlevinlyd anuagnisii
wis Fnstignihanfannusuussiolunaeds wu manerenariilfaudadn Aesesiiimn
Y denalwlothunsnfuriudngudad1lfiedu dof Ao dreannalunisveiy msuddn
(Soaking) Im8‘171"31‘1Jmnmﬁ'%ﬁﬂﬁmﬁm%’m@Jm:fwuﬁ AmuTulssnadosay 28 miﬁ%’ﬂ%@m
Fuhlfinntestuduegiussssauargamnd vesiflunisus Mansuderautsesnidu 2
78 Ao mswilagldanufounaznisudlaglilly arudeu Tusendranmsudensiimsiduansiad

lnegnUszasa fe eusulassaiieves Wsiulaenisanvseanglaswaialusiv el
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anilduintu arsafiifenldlawn Disodium phosphate, Sodium tripolyphosphate @

Y

Calcium citrate MIRLAIS189UNIE FINSEMTUNTTUITAITHYTN F19i

U (2551) [56] Minanisviuistnsdnusaguriusiald 2 38 loun
1. n1sviuisludumewien Wunisviwianldainuieuldgaunn
Uszanad 70 asrwadea usl Tdszagnatunudsyanm 2-3 9alua

2. mevwisuuvatetunsu Tuduneuusnidunisldainudouss
aelusgernan dudu ielilasadedda o1aifia Case hardening neluwandiaziing

wyurwInlngy windwnumenisldoumniinn daasdielilassasegdlaendilulng

2.4.2 Yadeyinlviiniugenes daaunmuestigniunndieiu taun
(1) Usunauwaiilaa leevhluiindeuwlsuseinandnlasde waiilaawd unan Tu

udstanaziveilaaUseunadosay 10-34 wazduiwde Wudseunauoilaimnafusnsidiu

yasueilaauazueilawaiiu udadudrdivilvdnaniauautiuanateiulsunaueilas

9 9

Wuanmgvilidnanianumieadssamsesiuuinduy inlidayuilesas 4fidueiiladas

Aauazae1eUsuInsluseninamsesulaunndtakedlaad Asudinanldlunisms

v A

AudedrunsenunseiiounuAmnIngIIgn Wi I1andueidlagnidesnisuntes vnldunly

'
£ % aa

Ysunamuiniiuluinanaziasiay uadmsudninivsuiaseilaanin arldauiusunain
Sudrndvsunanedilaaaazladaisnuisnszaiwnn (mun13199 2.6) [57] 1lieeain

wa Y] \ a B < 0§ Yy Ao
AaNURANSAUAY (Retrogradation) wWaguulasnnanmazateuntmduvewds viliging
weillaggallonsanissiuniwazudendndniivedlaan [58] a1unsawusUssinnvesdnan

Usunaunedlaalananisnan 2.7

a o S v da a N v
A199N 2.7 ﬁ@ﬁ"]usﬂa\‘iuqG]@?J']’JV]@J‘Ui@J']mLLEJ@JIaaWWQﬂU

YAYDIU et (aetmiin)
Frneiilags 1.6-18¢9 1
Irueiilaguiunand 1.9-2069 1
RPGHIGERK 1.9 - 20 el

flan : aduy (2539) [59]
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TulszimaitelilidnidaunmitAfigamuanmuestin wu 9nifuedlaags
aldunnnirdnueilaam esndmilanusuuds lusswhsnmasdusdadmasgaiily
dowdnanudusdsivuvdeny desadudelusndnag wwvielvisdagaduiildunniy uazan
Auudanszinesimgnadla

annsafwum Ui fiungasdmiunimeiudnans Wnaunis
swioludl [57]
W = 0.62+0.626A : R? = 0.73**
do W = dhsrdnlasthwiinvesiivedu | 41ans

A = USunauueillaa asdusesazvastivindnians

¥ ke a A a = LY =
nEun1seRumndvsinanelaaiis sadeainetaiunsaldlunisanaziy

Y

Wlpguinuein sie tnnwzaulaglaalndlfss 73 Wesidud (Ra1sanainal R?)

3
o
-
fo I

a |

T v A daa ) ! H v
YUY Qllf]"i]"i]EJ@UV]@JEW]ﬁWﬁWaamiqﬂﬁuur]IUﬂ']ﬂ/lel

1 ¥

(2) aunssvasutegn (Gel consistency) Liuladudrdymanaunindign

9

[ '

Y  ada a a o = 3 % ! v o oA A = Y
SUWQWNﬂﬁﬂJWmLL@MIaaWHﬂu@qf\]llﬂ']']llLLGUQGU@QGIJ’]']E‘jﬂLW]ﬂG]’NﬂUVIQH Lu@ﬂﬁ]’]ﬂLLﬂﬂfﬂﬂuﬂ'ﬂqﬂJﬂﬂ@?

Ty anuesivestianiinanimuananaiuiuediudnsnsivesufisenisuiivesuds

¥
v v =

gnilevilndu vliudwdeds wazinanennuind1ign ddudsaunsaldarunsdivosuds

gnlun1smnaziunuantRvestlanta [58]

nsmeuasiiveskilan ardurannisvilintela lnensauluansazane

P

wa waibmduiigaumgives warinszeznaiudsivaliidionnavuiiusivanduidedns

9

W@ [60] ladnnuausesnndninunnuasiiudgnamised 2.8
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M13197 2.8 NMsHUIUsEIANTIRLAITIveILTEn

szazneaiutalya @adwns)

AUAIIYDILTSEN
’ (s 100 sadndu Tu KOH 0.2 N. 2 ua.)
Wl foenin 35
Aaudauds 36 - 41
Junang 41 - 60
99U 17NN 60

fiun : IRRI (1972) [60]

¥

(3) szozianlun1snedu (Cooking Time) n1suanand1lignenaldiaan

Uszanas 14 - 24 widl wieliuiedngnludlaveswdafiu szevanfiluediugamginvihli

Y

wdanansiuiaa (Gelatinization Temperature) wagtuasuaindnwusAvuanduluseda

gaungiludeaniinnuduiusivszesiainay Inedndigaumgiudangsldiiaveiuuiunii

9 U

v °

Fandgamgiutaand lunsnszauresgamaintanieldnismeainisaarewdadiians

q U

Tuwa (Alkali Test) Gadudsnlddsenn wazanusansiaaausiagslansiazuin
(1

$%
[y

WidszegIa1enuIsued ivaun)iulaniainanid1eiy WinuNUIes

a

wandriidesdanavedueantudn wu d1unfigamgiutanyiiiu 4nfiwdaunazdes

9 Y

'
=

Tdamssuuiunindnuanuie luiueadeaulusAugadinnmuusn aRiuenve9udnens

Duglassalunisusiurenh wagvilinamssuuiueenly [57]

(4) 35n15veny Tumsvedu AS@EaINg 9r3IN1T5EMEVDIUUTENINITU
Auvzanas JaresanUuiaiidiuiianiaindy wazadsusuiininvesdnanazin il

Ysumsiiveazainlunisuidsely

(5) NM3veEfiIvanNint1Ian (Volume Expansion) Tusgninanisyanuiuén
11agveneiieanseumulagamzaue Inevluguslnalisndiusngadilauinningn

Y

sala vy v AN u Yy A A v o & v oa X o & c{'
‘W‘Uﬁq‘VlEJW '31@ Y SUW'JQﬂV]EJ@m’JVL@NWﬂ LLaSVLEJLWUEJ'JGW]ﬂu "UWLTJUGU'TJVWNEUUWQJ@ UBDNYINUNIIN
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wiasvenedalunnvibiidenglulusalddawiu wazdrelidyuunniu dnsinisveneiives

wanmlanndadiuvesrue1ivesdgnienue1vestEs [57]

(6) NAumax (Aroma) 11 lealianssewenaleriln 31nn15iAsIeilenla
INMINT1LATENTT vesgUunuidansedninfosviin delsenausisanslalasaisuey 13
¥1in woanegea 13 viln weadlen 16 wla Alau 14 ¥l nsa 14 ¥da Lagduq [57]

(7) Ysuaulushiu Tushulagianizlusiufiegdiuuenvesudniidiuvinla

v 2 v 1 & = A & v oo = 5 v @
seeaMRLNantIlanuIwIL Wesnlusiududitarimstuvesidiluneluwén

1%

917 nMsiudadilshuissesay 10 viidiidaaadwazanuinanad

2.5 3311919917

[

a a o v & o ° v < 2 = aa g &
aulvellenusinatudnduewnsvaniaginunysligniaudn S5yl
2.8.1 euuugaU

SuAulnga1wIe It vInHuNLarduUanUaaNs1e aanaunTENIll

Y v Y % a o a v D I Aw & 1 Y & Y a v ]
a'NSU'Tﬂ,a LLa'ﬂﬁNL@]ﬂJu’]UiﬂJ’]mur}ﬂanU G\NIML@I@@ Ium\‘]uma\‘iMMU@H@SWIML@J@@%’]’J@@HUMM@

suandadraufevan Wedunaviwadaddadilegulugandng eganelu Wsuindrieen

wiloldnadnuuuidnihidsdesdiyaesiauazindodoiyegnsaninans wandauildlddn

U

Hngde Mvhanlilliunsesyvdouasiivide Wewmdaimintieenaunun wadailuasuuln

goue Ut NIned13sdagldtnaeiunioduunuuds Sandn 91269 i 2.12
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Ml 2.12 nsysdrwuudaid (n), nsustuuulddenh wwundensdnluih (@) waznis
VUNAY (A)

lun : aanduAdedng (2542) [61]
2.5.2 yetruwuuliivinu

waIngtIRaIRANdIngliwenegdiuing diluduauan waadnivzen

FUUNUWAY N15TITBUAUMesRsdlvinuelunsAInAzLUTINMagauTau Wi n1sldin
A A o = = 3 N v o i ¢ %

wserlensuuiuieyssununudnveni v3eansi (anlwlideuas) gunsaivedialu

adunoudnldndenu seunduldsunnlunisegliioy uwasiuuinndu wlonsdalndiag

seuusabilounluniiows fanwg 2.12

st nlEIsnednaziilagyiuins
Tg917a1smlU (@19en7) du fevn 1 % - 2 diu
Tg9ansvenusa (@1L00) 1 @3 Mol 1 v @

Tg91@1597lU @7luad) 1 8 setn 1 du

#179713 TdumuuSunaidrue diluvslundelndin Wetnanvdeassdnlu
lngdnluds AsUdeglvidninanuaiegluniienstnilnididn 5 - 10 ui welidinanseed
179873 1 demadlonadutaeazlednn 2 % drene [62] dwnsadnndesiiiisadeiu
a A 2 o o Y v Y = O a -
AouuINASINUAMUanUaBLeandenou Waze1IU1IAIELAdURAZIUT LTEIATUFET LD

Tdldedanduluiuineg1its
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msnstnndestusadainmnniinmsdnenund desmndnndesdsiide
Fuidnmagaduih awsrnnirdefeddnatlunsedmuiund dulumaysdiandes 1 dw
Famafuiiuszana 1.5 i onaglviusendaanlunismenisuginindesnaunalssann 5 -
10 wnit ilewdadyaiuisiungs Weandnfesnsuwa wardildamuaunnnittndsd

U173

[%
&Y = 1 N o

dmsudnlminiedruniuy azdinananisnesy 9lmissiidnvazudndin
Anfunn dwudnnndensgnnisfadiuvesudndiieziosndi Wesindvnaniudndiiee

wisndgalud deiudsiliuieesinisetilaglduninfueravilvdnnddnvusuas w3

FULANANIINAL noudeIarsatuguigdndudruniniedilug wagldurlulsuiun

wingauiutnivedslatnanungiunisiuuseniu [61]
2.5.3 AUl

I3 ' 5 A v Y v s v = L %
Junsnslagldinv3unamin Manuseusuudadigniudeglutidnio

wiadnanagnittnmeiFendt 41 fdnmi 2.12
2.6 MsiUAguLUaIRUAIMISlATUINITYRITIINEN

nswasuduangdddnusgnisullanvinlmfansiasunlanuamislaguinis

= 1

Y9ITNIIN NINRELNEs 20 Wl iagdeaaamialaguinisidegiaunn tnsanizn1se

AUT13U 1 ANTFYLFILINATINTIANLIINADY V198098 MITUAN TNNETU UWagiNFoS B9

SNUALLDUAFINITIN 2.9
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A15197 2.9 N1sgaudenuAIINN1TAKazetd (Uasidus)

NFVRIUATTAN nsvelaglisunisans
A1501113 . ——
Millied rice Kakilge 1INFD

i 5-9 2-6 1-2
TUshu 2 0-7 4-6
Tasiu 50 36 - 58 2-10
fal 16 - 25 11-19
drnnadase 40
Tnauaalsa 10
uAALTYL 1-25 21
Noanasa 5
Wan 23
Tnenfiu 11 47 - 52
Islurlaniu 10 35 - 43
Tuszdu 13 45 - 55

flun : fawdasann Juliano (1993) [63]
2.7 NSRS UUNUEDY

2.7.1 NMSYINLIAG

[y

NSV Bunede nMsanewvesal (Liquid) Wy Wesnannveswdaniotan

q

X%

A (Wet Solis) Tugamanlaidusi (Unsaturated Gas) 10U NNSAINWIANAILARN AINUSIUINN
waswanvinliinluemssemeeanluluainia ausienaleunissirgesnuiluaniantnues

91T YOIITWIANLEITU [64]

a av v ° Y o Y o
ﬁﬂmlﬂﬁ]qﬂﬂqiﬂqLLﬁﬁ LFENBIITILIAN U 2 Uselan
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(1) Dry food Wuemsialdiidanudus ianisnsuanegralsils wu
AN

(2) Dried food tJus1msiiléannnszuiuns Dehydration tun151a1294
FWnsvhuia 1wy ndremn ndreeu gnngu gnina uduy

v

UsELNNVDWATDIVIIWIAY wuslavianeuin fadl

(1) wsmisliausou
v ¥ ¥ 1 I
a. Tanusoumean uuadu
L WUURWIENN kA Luunaes guuunaessiinliakiuwuy
Wadladiun
.. | P Yoo I3 v v
i, wuusaiag lawn wuuain wuuglued wuuliaiiuieu
naneu WuuRswiamesly
i, wuulnariu lawa wuunyueialadiu wuunassdu wuy
nyendn wuunyurlialiniudoulaenss wuununey
oA a s
wuussialiles wuungdladiun
b. Tmnudeulaanisih uladu
L BUUENIEIR LA LUURINELINTA WUUNTENSLUY KUY
VYUFYINIA LUUNTINTZUDN NN
ii. wuuseLles akn wuuvyuinlinuTaun19gey wuY
NFINTLUDNTINNIU WUV Screw Conveyor WUUNADIFUY
WUUASH LUUNTINTZUDN
(2) wusnNTlaNan AR lgvIL
a. Dryer For Solid and Pastes tawn Tray Dryer, Screen Conveyor
Dryer, Tower Dryer, Rotary Dryer, Screw Conveyor Dryer, Fluid
— Bed Dryer, Flash Dryer

b. Dryer For Solution and Slurries lgin Spray, Thin-Film, Drum
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2.7.2 wewhuiswuununes (Spray Drying)

[ QAI o w d‘ -] Y Y I . .
aNNINEALY : asnazthuneuwidesagluanin Solution, Gel, Emulsion
=) Y o a o 4 [ =) [d [
139 Slurry nseuwiafialaen1silvveavalunnnszaeiluazess viselluneaan ael