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ABSTRACT

The objectives of this research were to study the effects of gamma irradiation on
the growth and proline content in rice, and study the effects of gamma radiation on
bioactive compounds of five rice cultivars underwent gamma irradiation technique in
rice. Gamma irradiation is the technique used to induce plant mutation and its effects
are both in bioactive compounds and physiological of the plant. The researcher
investigated the effects of gamma irradiation on plant srowth, volatile compounds, and
the biological activity of gamma-irradiated rice extract in comparison to non-gamma-
irradiated rice extract.

The research results revealed that the gamma-irradiated rice growth was related to
the proline content as a low gamma dose effectively induced rice growth and proline
accumulation in gamma-irradiated rice. It was also found that gamma irradiation influenced
bioactive compounds including the contents of flavonoid and phenolic of gamma-irradiated
rice that was iradiated at the low gamma rate of 60 to 100 Gy. Interestingly, bioactive
compounds and activities were stimulated by a gamma dose similar to those of the biological
activity, antioxidant activity and enzyme inhibition (a-glucosidase, a-amylase and tyrosinase)
of gamma-irradiated rice. The results suggested that samma-irradiated rice extract's biological
activity was closely related to the flavonoid and the phenolic contents of rice. The researcher
identified the variety of volatile compounds and biological activities in gamma-irradiated rice.

From the results, gamma irradiation can generate new species of rice containing
high growth rates. Rice containing rich compounds are related to the biological activity

that can benefit human health.

Keywords: gamma irradiation technique, Thai rice cultivar, bioactive compound,

antioxidant, enzyme inhibition
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donisudnanslusgninanisiasagiule uazvilarseengnd nedanin uazesdUsenou
MNAALANAS

(%

HsaulafnwmaresfidununisionisaiyAulavesdnuas nsiUasunlas

[y

NUIY
USunaulnsaudeuieitesiunisasyiulavestnl uenanni dsaulafneinavesssdunuinse
ashindinduveuiazanseangnsnIn gt Wy arsiueuladasuazansilgns

L3 5 a ¥ 1 4 a 6
fugansvihuveseulsdivisauyin i teulwdwoarihngladive ouledueaniozluaauas

wulallnls@ug Welddunumslunsuulssiusinlnidnvas faenoly
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1.2 I99Us2a9AY0INTIY
1.2.1 WieRnwnavesdsdunuansenisiasayivlnvesdn
1.2.2 \fiefnwmavesisdunusndeusnalnsiuvesin
1.2.3 WieAnwnavessduninndoriin uastiinuvesenseengrsmedanin
124 1 af nwinavesfsdunuuis easd ey adasy uaza1sdus wouled

weavh-ngledina wuleduoarh-axlaa wasieuladivlsiua

1.3 NSOULUIAAIINISIVY

¥
a v A=

v & a aa ) v A v a v o
Sedunuandumnaiianfeuldlunsusudsaiugiy Tunuideidsddmadanisanesed
wnuu e lgludunisnsedunssyiulanasAnwdnsnavesssdunuuinevila way

USunauanseangnanisdanm wsldduwuimislunisuiuugeiugdn dely

1.4 Ussleviifianadnagldsu

1.4.1 ldBnasadununiveangalunisnsgdumaaiadulavestin

1.4.2 Winasdunuivangaslumsnsefuuinalnsduestn

1.4.3 ldUsinadedununmsvaslunisnsedusile waensedunaiuUinames
anseengVBMITIN M

1.4.4 ldUSnassdunusnivanzaslunisnszdunisifinAanssuns fusuyedass
uarnsuaoulesiuoann-nglading wouleiuoan-ezluad uaziouluilvlstiua

1.4.5 annsarhmetiansanesdunuinlulssyndldlunisusulsaiugtmlviianyaey

Neusald
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2

<.

UN

%4

= a a o 174
AIFUNIIURIDITUIYNLNYIVBDY

2.1 917 (Rice)

Ul 2.1 Enwauzviluvesdng [17)

=

YoInermans :  Oryza sativa L.

= &
BDINA . Poaceae

1
1Y 1 =

% I~ [ = dl Y @ o % v} [l 4 4
Trdusyivnldluemsddyesrmiisvedian egluanand wazdnagluiadng
(Poaceae %30 Gramineae) i on1inemansaeeoalsvl 91911 (Orvza sativa) wagidudie
wiswghandauddgiilandsanuunsiene iWunilslufivomstuihnuszeinsialandey
a)f % 1 1 dl I~ (%3 1 a' =l a v % n')
uslaaduegrsunavans iesainduemnsnanlaeangegedduniviols dadnugnily
nnuseinanazdyidaldwenldiduiuidudng (indica) dugnuinluunseu Wugialuidn

(japonica) HUgnunlulwneugulaziugianini (Javanica) [18]
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2.2 99AUSZNAUNANVDIT?
aungudniidngnienthuuilaaduemsndnuesuszansiessAuszneuiidify
oun
2.2.1 mslulainse (Carbohydrate)
milulainsn (Juanslianafiddaiidussdusznevresdldinnnuia
\Huansonsudndslimdanu Uszneudne adueu lelasiou wazeendiau aslulansm uus
sandu 3 du fe
2.2.1.1 tealaanaiiien (Monosaccharide) ldurt nglaa Wyrlna nuaela
2.2.1.2 vrmaluianan (Disaccharides) ldur uoalna, uanlng, glasa Ao

| [y

uimagsdluanavedlulundnailsadnusssedulasufiseinsavuiy dluluwdnanlse

=Y

asnduluanasiafeniu 1wy nglea nsensemeiusziwanAiuasinlinuaudRng
aa 4 al 1 [ @ I3 a o =3 = @ goj yal o
MaAnduaziaiiunnaneiueie laudnanlss aziidnwuzidundnvsandsazatsunlaaisaninu
1 a v} < I3
wuRefululuwgnalsa
2.2.1.3 wedudanlsn (Polysaccharides) laun wils, lnalawau, lwaglaa
a Y H a = a ¢ 1 & a a a
Anannisdefuvesimaluananenauduaeeny ndusaalsauwuaduaeiin fe lalulng-
wgaAlse Uszneusmeuimaluanaetyiamaiiuemelsinduramlsdwaziimaluanaiien
Maeula
2.2.2 Wshu
TUsAU (Protein) WWua1sUsznaudweadl dausznaumanadnlnanisane
391NN v"v’uﬁ’wﬂugﬂmaﬂam ysalduleIINT NS INTEUILNISNI9TINeT wadnwulnadu
a ¢ a A P a a oA Y o v ) Iz \ ' & a
wodwesamune N udunsweaininezilunweudiiumeiussndlndsevitmyansuenda

v

vosluianauazvyoziluvesdnlaananisieginiunazlassainalusiududonarstd iy
fraruamtfivedlusiu viefenssuveseuluiid@ysonsyuiuniswaueddy uenaini
Tsiudaduuvasemsiisidusedns omndnildamsadanssinsnosilutmunmui
ADINITLA
2.2.3 lasiu

Tostu nunede arsuseneunatesdng sidnwuzsiudu de avarsldly
Faviazaredunidualiavaren ledulumand Ao lnsndwelsrdadulasieamesves
ndwesearuninluiunazlusimeluiu viie afngndeslagiouluiidelaa Jsadrsandu

1 ] o ) Y @ U q' LYY U IQI L
pauaunsaakuntviudwuntodulusiudusnulusiulyduss
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Tosfulue1nisAenisi a15em1ssiat 1D ukna vInIa bl ud 31 duse
ATLRTYLAULe ATUALNISININAEYABLAALND TR Fdudnsunisvinauveestanie Tusu
o v al o o P a a a o ) Y 1a a a A
fivthilumsanfsawaznisgaduvedmiuyianazargluluiu loun Iafiue Innliud wax
Fandiue 57U walsiussase Tuurensallesuainormsduaduiandud wu dniudinaes

WuuvaedrAguesinifiud [19]

2.3 n15k3ysAulnvasdna (Rice Growth)

5UN 2.2 Maasayiiulavesdnd [20]

2.3.1 dnuaeiiddredn
2.3.1.1 90 TnldBadsuiuiudielilysudy
2.3.1.2 drdu fdnvandulnsmsinaruazudseonduudosy Tneddeiu
stnaUdes Arwevesdesiuuanaiu SuuUdoszhiusunluvesduim
2.3.1.3 lu T msvduameiuaniiowdounssng 013 vuazarivoule-
sonledlnduutaiieldlunsasyiulnuazaaudavesduin Uszneusieniulusazunuly

2.3.1.6 fudny veneiugiemdnduinaInnsnausenitunasiiwazings

9

[

iy Snwaeiddmifeatunisueeiug loud 539 aendhinaswdad
23.1.5 533917 10 uvenenv03t199 1.ind Uil Tov01Ud ved ug v 18ve9

AuT1Y srersEninadesuuuvesUdesdugavheiudedovedly Sand AoTI
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2.2.1.6 aont17 dududlinasd i wazinasdnd el onauwug aend?

Usgnaume wWasnuenivgjaeurulssanuiuieierudiuniogngluld neaesddanaieuen
C% IS ) a 4
Yooy viveldiivunla

2.3.1.7 wand1 WudiuiBuuds Senin Wuleadsu (Endosperm) wazdiu

[

mlusnnzgwierulNeaUdonuenlvgasawiu Wulaalsuduwlaiisuilan Anaziludiu

A anazseneanududutinilio lumne

2.4 Yadeniinanan1sn1sasyiulnvedtin

2.4.1 Yaemesnuiugnssy

v A

Junisavauanvazueduiy auguniseigifiulawasiauins tag

& a

wugnssuaziduminvualiivusaziug Jdnsnisasgiivlauasimuinisildmilioudu

3

s =

TA8NBLAALTNUS AL ANUAINITOLUNITATUNTEUIUNITN AT AN TUD AT LANA 19N U

]

o

lnglanizag9de NMsaseasnalvaAunIsasyulatwaasiug ddnyauelsedn vesnug

3

o

WANEIAY LYW N1INBUAUDINBEINOIMITUABTAUS NTULANNBVDINUTT 1IN LAUTUUTINLS
drulvgasuannalafnindniiugiuiios [24]
2.4.2 U939 UAILINADY
2.4.2.1 WAIEI1 V1A 0INITHAIAI A DL L UVUIUNITAISAILAT I WA
$ % -dl a a [} 1 d' %4 =l v 1 &
afemnsiieldlunsatyaulawasiniuinsgiwaigndn wielgniusazggnia vise
Frauas gauawetlnefivsunasidueuaininniiggiu lnsnzssesnviowmaziludiumnia
Milvnandat1iluwnauguiinandauinnituniou
2.4.2.2 Au 1azgivlanaslinandnifn ol AuNA filey (pH) 999aUN
winngauieliadunsieglaludnuusivangauian Jagvilidiunis 9 vimdaailunig
a a (%3 1 [~3 d'
L3iulalaeg1afudn
2.4.2.3 gaun il aaumiimanvauazduaiulividnsasyiavlauay
Wawnsna eangiiniguiuluazanfuldlugeninisesnnenvzviilinendrdundu Feay
danavinlrlananansiininund 1Wudu

a o

QUM ANAUYINTEEENSIRTYLAULR TRall
1) wanden 18 - 40 sarnwaided
2) siugau 25 - 30 s LYaLTYa

3) 510 25 - 28 aAaldyd
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4) Tureed 31 ssmiwaldya
5) Kauiiug 30 - 33 saAwaLgya
6) WaALA 20 - 29 seATalTyd
2.4.2.4 9101# Tun15 a3 A UlaLarNRILINISVOIUNIABINITNAIIUALARIN
= Y a | a a vy Y @ a Ky o v
nameladsdesiionimegraiissneaialninnsmelaladegradun uenanddndifoins
& ¢ s o ¢ Y
fngpsveaulaeanlamiieldlunisdunsziiasie
2.4.2.5 17 \Judulszneundrfnyuedadidin vmtiigaussinemis audes

95 MUEEILAN 9 IR USHnan Fazinentasiewliosiufiu s1mems anuauly

i visetn Wudu [21], [22]

[ v . .
2.5 ansdnAgyTud1a (Compound in rice)
2.5.1 @sNeTeInuNITaTyRuLe
2.5.1.1 Insau (Proline)

Insdwdunsneriluvilanianignasiestuainngaium (Glutamate)
a ] Y] a a R B~ Yo a a o I Y]
Werdesnunsiai i ulnvesity Jalledglasuniuadoalnsduastiudiusuniuseiu
0alufn (Osmotic pressure) [23] veswad Welivogluannzupuininuihilulduselov

lnagas NYazinsduAsIzilnsauiesnyInanssuvawau el lnyinaueg19Unfi Yrea5nwl

1
a =

1A9A519YD YR M TIAUNL DURY [24] YN ANYEILITONUABANILAMULARLAVDINYALA AT
sennansAulale [25] ALAasstaazaIuISaNUaN1IEANULALALA AT ULABL S L AT UM T
[26]

2.5.1.1.1 5zaz90n ANMULALAzYlRAafgsang1nIUNG

4 i = =1 <@ 1 n:glj
2.5.1.1.2 S382NA190U NUALLNANITETNUINNANILAULINIUTISE o
wazSogarn1INNeYDINYILAININTEY
v 1 @ ¥ =
2.5.1.1.3 528N2UDNADN igazmmmmumamwmmLmﬂ,@qﬂ LA
NSRS LEUlAT
25.1.1.4 528£99NADN mwmﬁuﬁmaﬁiamasﬁaﬁ YMIANSHANLNATAR
Uuad SNYULWAnAUad dnalduronNanan
2.5.1.1.5 szaziAung) Wunansenuansseznlasunaunting
lunsgurunmsadalnsiuasddiuusenovvadlulasiauey

| & a a o 12 = a' & A a
Vﬂﬂ@E%Iuaﬂqugu Lﬂunmmuwm]zm ﬂqia\TLﬂﬁqgﬁIW§aULW HUINYUY QEJ'J']L{]Uﬂr]iLWN
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amsUsznevlulpsiaushonazazanansnthlulasausnldiensiiadvlnldidofivegluaniig
Unfiudr maavaulnsdudlefienuinnnzamuadoninan 3 aung fad

n) NsEUIUNTATININTAURLINITaTINgada-wNLLN-L9iioa
ilos (Glutamyl-samma-semialdehyde) warasnsldatwiiofivlasunnundon udaziinng
ffudanisiudsunganium (Glutamate) iy 2-oenenganian (2-oxaglutarate) Wil
nsadaslnlsdu-5-aduendian (Pyroline-5-carboxylate; P5C) 1fiusndy wazvinliifnns
dunreiinsdufuturuioity

U) NszUIUNITas 19 lnsdu Insdusendiadu (Proline
oxidation) gnduss Tnsduasdeunduludungmumldtraadofvldfunuaten

A) nszurunsadslusaulufivazdnas edeldfuainy
wdsnIaililnsAudiusnntuanimanueien il nssuunisaalusiviasiaduaeg

TiAnnsazanlnsau waslnsduaziinsazaunsuivasyiule

2.5.1.2 NS¥UIUNTASNINTAU

mMsdansgilnsdusuduainngaium Tnefieulvdunuun-ngaifia
Lavua (gamma-glutamyl kinase) wagtauladunuui-ngaida twddaslen Alalasdiug
(Gamma-glutamy! semialdehyde dehydrogenase) uoulesildlunsduases Uﬁﬁ%ﬂ’ﬁi
aglaarsngadawnuueddantad (slutamyl-eammasemialdehyde) wd1a1ny uLie
ns¥UIUNsAsLeen (Dehydration) mmJﬁﬁ%mﬁﬁﬂﬁlﬁlﬂsﬁu-&m%vaﬂs'?il,a‘m (Pyrroline-5-
carboxylate; P5C) uauinnszuunsinndu (Reduction) netouladlnlsdu-5-asuandians-
wnwna (Pyrroline-5-carboilate reductase; PSCR) 1 uiowulasi i 47 LU A e lile

astnsdu udalnsduasgninlidldlunssuiunisadelusiuiionisasaivlavasig [27]
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P5CS O

EC:2.7.2.11;1.2.141 EC;1.5.1.2
—_—

HO o -

NADPH  NADP H+ NH NAD(PH  NAD(P)H*
ADP L-P5C L-proline
PO *

OH

NH
L-glutamate 2

Glutamate
OAT
EC;2.6.1.13

ALPHA-Ketoglutarate

O

NH -
2

L-ornithine

sUN 2.3 Yisensdaunsgsilngau

2.5.1.3 Msaangsvadlnsau

INSAULAANITAANEAIINATLUIUNNT INSAUBENTLATY TaeLaulyiiAe
wulsilnsdusending (Enzyme proline oxidase) Wuteulesinivihuiizen udrazldanslnsiu-
¢ a o ) s = o, e\ I = a &
5-m15UaNTLan ka9 ntnlsdu-5-A1suandianasiinuiisendnduneunilslnediouludlnls
fu-5-A1suendLavialalasdiua (1-pyrroline-5-carboxylate dehydrogenase) 1147 82904
Tuudisewdledunganum Tunssuiunistiinsduaziintudlefivegluanizund wadilu
sgriaianszuiunsielasuanuedendn nszuiunsinsiueendnduavgndugdauavili
nsauldaunsoaaedila [28]
2.5.2 @1508NNIAILOUYADATY
a15eangran1TInndaudrfyseguainuysd Jagtunisadeaisesngms
a Y Q' d’” (% 1 5 vV

MBI nlasuauanladiudy waznsansadamariuaiunsalildusslevidlugnamnssy

219115 wave tlesanduseAnianlunisdueuyadase [29] a1sadnandduselevd

WINUEHEEUNMLTRRINAMUAINAIEAUATIA Lo YYadEaTE 917 Huea, waulsluendiy

U
@ v oA 1

wALsTUREA warIndy LazaAUTENRUMUANYRLUAASYNYM 19 9 917U 5190 MThaY

o

AUl TENoUVRIANTRBNENENNTINN dInalin1suTlnaANGn ugIaINT1usassinLANseiu
N ansdfgyieengvsiueyyadasy 91l a15Usznauiiuea (Phenol) #uada (Phenolic)

1%
Y A

Walaueed (Flavonoids) [30] @sansdawaniiluansiifigndnistiinin esuielassil
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2.5.2.1 a15Usgnauiluea (Phenol)

OH

UM 2.4 laseaseansusznauiluea
anrsusznauiiuaa (Phenol) lWuansusenovazlsuifnnnanlaain

= I 1

a1sUszneveslsunfia oy lwudu ngdu fgaslassadimsaiifusawmuindusyius

Y

1 1Y 1

Yoauwmuuuguiivglansenda (OH) defunguaslsunfaluluianalsznaunlgisuniy
By 129 uazviylansenda 1 ny 10uisiuludnguuuy wu fuedn uazwailauesd [31)
asfueaidumsusznouiluiifienuausalunisiuoyyadase (32) avsidiquivedanm
fanunsaduuziss dudeuuaiise dudalfauazdunssnaulduasaisoangns
NG

2.5.2.2 @a15Usenauiuean (Phenolic)

HO

OH

Uil 2.5 Tassadrsansusyneuituedn

ansUszneuiluednanuisanuldegraininansluiy daudsslevi
fivarnvaterogunin arsUsznevituednvatedaideglumdndn wu nsnfluednuay
flusdndadiles [33] Tqnsfueuyadaszuasdasimanifroguanainsadesiulsasiia
Taglonglsainlavaidonuasiseuzse dmiuiivasulnsifasiueyyadass 1wu arslungy
a1sUsznoufiuedniziiansiifigns sudveuladlnlsfiuadwisrtesnsadradadveionds

o Va U 9°/ =
RN ARG R RIGE
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2.5.2.3 Wiahuees (Flavonoid)

JUN 2.6 lassarananliuess

'
a =

walhueealuasngnwalindauauifdsuoyyadase Faaliuesd

=

figndiueuyadasylusninieveaus) Ae lulevaliuesdnuluansiifdndn nald wée

v A

iy Tulduazivdenld WuusazviaazdnaliussausazUszinnluanududunsieiuly

=2

walwesdiduaisuszneviiuealsznymediiuea (polyphenol) fignslasasimnaaiiiu
2umuuelsinfndiduyleasendasiuedluluana 2 209Uy annsnavaneludld dnilvg)
ﬁﬂwuagjiwﬁ’uﬁwmaiu'g‘dﬁuaamiﬂizﬂaulﬂaiﬂleﬁﬁ (glycoside) ansusenaunailiuess taun
Wanlaluu Walau lelegatlau warliusawazueulnlesiu warlruesaursridaainisa
Aueuyadasenilonitindud wiedniusis 50 W uazdueuyadaselduinnitinniug

nimilaiuw wenantidadigussnulda drueinswikazdiunisdniauls [34]

2.6 15ALUINITY

1AM (Diabetes mellitus) 1in10319N18as19gesluudugdulaliiiigame
dl' a a al L% L4 ] 1 6" a LY} 1
WiosanndanuRaundlussaumas asasanisaatsasiulawnsn Tushuwazludulusienie
irsgauihmaludengeninunfwazgnivesnuansianenietaane ssdnisewndelanius
Uszianaaslsaiuminuesnidu 4 Ussanmuaiguenisiia [35] uaiidudgniuin
v = &
AIUAIBITUFVL 2 UTzLam AD

Tsauamnuaidad 1 (Type 1 diabetes mellitus) @ stAinannigaa luA U o UNEn
gofluudugaulile viendnlaudliiisans wuddgielsaiuvnulssinnilussinusosas
5-10 YDIHUILLUIMIUNINLA

lsAtumudnUszanuile As Tsawimnuviei 2 (Type 2 diabetes mellitus) @
Anannsiwadluduaeundngesluudugduldualiaiunsaiauls iwesandisudyayin

gosluuluszauwadiinanuiinung inliwadlianusaungleallddunmaandany swly
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famsduasgilaunaslusiulusnenield shlvseduimaludengs flhenii¥osas 90 By
Tsawmudssiand msdnwdadulufinsanssduinnialudond035suduouleid
Aeates Ioun toulwivean-nglading (a-Glucosidase) 9nanldidn wazioulesinearioy
luad (0-Amylase) 9ndiveau [36]

wulsiuearinglaBing (o-Glucosidase)

¢ a I s 1 a 9 I3 oy & ¢ a
wulwliearhnglading Wuewlwineguinuvewivvadvasaldian woulvivile

& 1 s = s = 1% 5 N = ]
fazdesimalndueanilsn delszneusmeliianavesimaliianaifeivargliana euse
fusmeiussuearlnaladfndeufisenlalasladaldduinaaluanaies wu Wnnanglea
Whgnszuadon uwagluidesdiunng q lusienie[37) lneunAuinaszidngwwadiioldidu
wasunelinisaiuAuvessesluudugiu mnnsnandugiuliiiismeseaufoinsves
$19n18 agvhlidugdurhaulaldduidmalnmaludenginasaaat vilisianiedaiiy

RaUNALAAALsAMIULS

HO OH
0
HO
HO OH 5 OH
0 / 0 0
HO X H HO
OH OH Alpha-glucosidase 0
0 EEE— N
o OH / N
HO 0 H
OH 0 0
HO HO
OH O-§- HO
Strach 0 0
Glucose /
H

sUN 2.7 maiiaufisenlalaslagaeuleduearinglading

eulgiueanesluaa (o-Amylase)

woavhoglumaafueuluiddyinuludugou uasinaiedauddumanautsiily
azansunvunlngeenduluanaiianuisogaduld deaglelnsladiusslulianavosuls
(Starch) It fivurnvesluanaidnas viTlwldiduiandniu (Dextrin) waziana (Sugar)
laudnailsa 1wy wealna (Maltose) danrozluiaa vzlalasladiuslnaladfnnieluane

wodwesvadluanavesds waglnalaau (Glycogen) Nsunusdant 1 wag ¢ wuuduvinlv
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luanavesanisouazlnalaugnlalasladlauina wu dinnavealna (Maltose) wagsoalv-

WNGMSU (Maltodextrin) 88145730157 [38]

CH OH CH OH CH OH

ALPHA-1,4-glycosidic bone
5UN 2.8 mainufiselalasladiouledueaniosluaa
mssnelsaumiutuazdunisdudinisinuveseuludviaseiin Fastean
1 = oqv o o = = U aan Y o &
nsgesanslulawmsnisilissiuiinaluifenanas Belagduilisnisinwsial
2.6.1 Ms¥nwlsAumIY
AUhelsaumulssnnd 1 ifleinduseuliaiunsoaiegesluudug fuld
=] ! o 3 Y 1Y A 7 o & v Yo a a £ |
gawesiensinimaiigiduiden gtheinludetlasusesiuudugdudilunawnilusenie
Aeuatuszezusn 9 launaendinnisdndugdu arugludunisauemsiazeaninaanied
Winga Faunngaeiiansannueinisveilsudaz ey
Adrelsamulssani 2 mssnwgthelsalumniudsziani 2 azldenind
gusandimaludenlagnisiiunisnovauewesgesluudugduliavuagsiiunislduinig
nglaalusanieundu Wy giumesiiu (Metformin) enlungudalniiagisy (Sulfonylureas)
lufalud (Biguanide) srlungulsazladfulaleu (Thiazolidinediones) 18 udawaani-ngla
2 . N - I 4 dy al a a a N a
Gina (o-glucosidase Inhibitor) LUuAY wenaniluuiestgealinisaadugdulunsdinig
Suusegnmueldlong
2.6.2 pmlEsnwilsauIviny
dusvenviesnuilsmuimiudatiueffigns sudenisieuvesoules
weanngladinauazieuledueaezleg Jaisannisgadunglaaainalddndignszua

=

\Hon Megreelimluuasiiuseansainun Aessarslua (Acarbose)
gninwlsalumnull 2 JULUU Ae eniulave Andugau fall
2.6.2.1 wumwlesiiu (Metformin) fisen 500 fadnsusodadneglunguanlun

1y (Biguanide)
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2.6.2.2 lnafilwd (Glipizide) fiden 5 dadinsusdewin dneglunquenlnaiuu-
Aanlus (Sulfonylurea)

2.6.2.3 Inlen@nlau (Pioglitazone) e 30 dadnsusowln dneglunguen
Inlondslwu (Thiazolidinedione)

2.6.2.4 7@adugdu (nsulin) dusurfUaeiumnudisuseuadsduyaulyl
WigamerunuFesnisvesssmeazisuvuiilsaunsndeunsdiu lauaznwlngen
yiasuusemulilang [39]

2.6.3 919 NTTTUYA

gagazime Usenaudeayulnsiammesiuan 29 vin swhivayulwsvdad
duguuveduuszneudasayulns dunadedu $1ufumie drauld s1naum
psaudna lannszau veieulne Fusnfen Wiy nestuds veseiia fimeanelasinn
Y1 LINKAY Uzl IBATe SINENTen auslny auefiian auewe wdimeaty WiTess winy

wilanUainue s1nue1a reuuaakee Tudunila Yarlualilen adun3e nssualald nin

98198LLVNU [39]

14 <& o a
2.7 MIAINUATLUATIUY

nszuauNIsasIulindwariiu 138031 wanluddda (melanogenesis) warfududin
aa v 2 = = @ [ aa
diasrananualuledlaeduatgTidudinsgd ununszuauniswanlwauidda loy
AnuAseneendnduldsunea-mlsdudunealavinazlauiniluy udrduaszmduded
wanfiuaeawile lun gwarfuuazilewantiy lnedioulydlinlsdiuaduiisujiseives
nszuunstl neulededadviinuunnifuagdualiinanurauninislvialann seuni
i fhuanse lunmsteinsduaseiuaniiu [40] dnssuiugiall

% < =) a
2.7.1 nszvumsasiadadmaniuy
oulayinlsdiuassufisonlensendiatuivasunealnlsdu (L-tyrosine) 1du

3,4-lalensondAdanzardunisuea-laul (3,4-dihydroxyphenylalanine, L-DOPA) 2101u
wea-lnugneendladlidulatinilug (DOPAquinone) Mnuuisdnas s duuatiiu ol

a

mefuaesia lawn gwailiu (Eumelanin) wagilawwaniy (Pheomelanin) Matlindwaniu
o 3

Meaesvafiiinsdunasizinuananaiy ndntdudediwardumaiidazgnuuddunulin

antuley Wiedudedwandlunmsdluledgeegldtuiamis [40]
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wuladlnlsBiua (Tyrosinase)

ulaiinlstiua Wweulvdinuludd@isnaneyialudaidesgniseun wouledi
finthnasradedlimiomds mu wazanluisinualdifeadesiunss viunsiindnusanaiiiagn

A a I d" 3 a 4" dl 1 aaa a LY . .
nszunn n3e¥nvu §adutouledydand s sufise1eandiadyu (Oxidation) 183
asusznaviluea laevalieulesinlsiuasznulusssund aelulassadisveaulels
noAd (Cu) Fednthfivihauswdvesndiauiiasdiugisenialms iy Felvlsduadu

¢ v A o ¢ a A D v aa ¢ ¢ a

wuleindnilunszuiunisduasmiwanfiudaneitodlaenseivaivesuywd lngeulyd gie
Hazt3aUfisenAsenlutusudureinssuiunishe 139 U§Aseveiealnlsduuas 3,4-lals
asonda-woafldaszarduliidulaniailuy vonaindlunszuarunisasradad 6l

uledvlsTiuanduduseufiisen [41]
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COOH COOH COOH
Q/\{ Tyrosmase Tyrosmase j/ij/Y

Tyrosine DOPA

o
=
HO N

DOPA chorme

/ \Qiz
HO N

H

HO

HO N
H

DHI DHICA
5.6-dIHYDROXYINDOLE DHI-2- carboxilic acid

Tyrosinase TRP-1
O, O
| N mcow

Indole5-6quinone Indole 5-6quinone-2-carboxylilc acid

R A

Eumelanin

DOPA quinone

+Cys or Glutathion

HO COOH

NH
HO 2

S

j\COOH

H N
2
Cysteinyl DOPAa

HO COOH

,L/S

1, 4-benzothiazinyl-alanine

|

Pheomelanin

JUN 2.9 nsvuvaunsdauasgiuanfulaedeuledinlstuadudianssujize

v o k4 @ a
2.7.2 N1FYULINITATNNUAFLUAIUU

v = vV @ =) a a 14 v 1
nalnniseuanlisunednisasrndedwaiduanasdlavatenaln laun
Asguganisdnasiemeuledinlsdwa T99ziinanisyinauvaaauleslnlstiualunssuiunis

asradind nSanisiTansudawasiinde n1sdudanisvudauauley n1sSudinszuIunIg

gniau wagn1sandueyadasy [42) neansansssunanldsnwidinduaiiu enfivu

2.7.2.1 915yAU (Arbutin) viminlusunisduasiesiwandiu Inevinlinag
auveseultinediueolsa (DHICA polymerase) anasauliainisaasiavanluledls was

winnafi dnersydunnldlundadusiiividessindaiudasndswaziduivieenin

lalasmiluu 9N AAANISSEAEABILesNIN
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2.7.2.2 Mluu (Quinone) afnuenlsaniis liun uasuuess vgess d1and
wazgnunidgnidudanszuiunsaadadlaeludusuouludlnlsfuasnnsadudldn
Tupouliisenmaiumlansondlilvlstusasujiteeonfnduresioalnt

2.7.2.3 @slalasniluu (Hydroquinone) dmuduiivsewadiding vilding
AELaZANgRR191I07133L6

2.7.2.4 nseinfiue (Retinoic Acid) yhlwiandawadiaiu fsoranslfiAnms
szAnefesiiuaslinauawanlade

2735 arsaifiusess (Steroids) A l¥ann1sseatoid ey ueAdsuali

Y v oa

Aoaaaugninate auduwmalviinuiwasnagiauiui

2.7.3.6 n3aladn (Kojic acid) Tnansala3nazlusutuasuilasiiudiannssves
wulwd vibieulasinenvia nsdulvgnsaladngninluldlunissnw i nse [43]

2.7.3.7 ansnqulndiluea (Pholyphenols) uagnailiuess (Flavonoid) Faudu

Insuiudnanslunguilignddunsdnau sulisaiueyyadassuasiuuesa [44]

2.8 9yyaddsy (Free radical)

a ‘ﬂ Aaa &

auyadasziduasniaiinaseuddsy (Unpaired electron) ag1suangnvesoznes

a

Tud fidiennudaildeandiaulunisdssdin asdeyyadaszreseondiau fadeain
daundeumeouenfiviiliiAneyyadase laun $sdyd Telvu atuainvieleide uazaiuyn’
Hudu Jedowardannsoviliiloyyadasudiuii
syyadaszdwlngdaalinsiuarhieuiisolasiomzodedeyyalonsenda
(Hydroxyl radical) S‘i"fﬂ%’mﬁuaﬁaan%l@ﬁl,mqq (Reactive oxygen species, ROS) fin11u304l7
asan ansadwhuRsefuansialuanadi 4 fegsevirdluiuiiignadaludehlmaa
ANUdsMsLnaInUsEnauang § veswaanielusisnigliinasidunsihaielasasniibdue
(DNA) n151Ud suaninlusiunaonaulufuvead ovuwadnionsadraiusslaiaud
(Covalent bond) fulusiuniateuledursednuilinisiuveddsiundeoulaity 1
AnUnfly d91eniedeuyadaszazauuin q onvdilldnisinlsauzsa lsanasadeniiala

TsannAudu 1sadonszan Wudu [45]
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2.10 wmalian1sda1TaAy Y7

2.10.1 lalawu (Chitosan)
lalagwdumeailafigromiunandnlaeazinlidvgaduuinazelafvu
= & a ¢ a o vy d v =
Wosnanstalaguduarsindwedsssunaadalaandenis nsgaesywazwnuniin
PensEAunsyiulnvessn wardmuianslalaeiuaiunsansequnsiasyiiulnvesiiy
Tndouwdniiy Tuld nalduasivindsoan wavanunsanszAuliiwdiunudesuasl5alad
n1sidreyniaunluvetlalagululdnalansiudeniunisiness eseinanuaiunsatunis
gogan1en1aginin nsazatglauaynisduriugs [46] wagnuindiuseaniaimanninian
Fruun synauluvadlalaguieldiluasiedninisinesslunistesiuiivanides
lalagrugaeisanisasayiivlavesiy lodmsuusuugafuiaiiusifemsiuau Usuuse
a & a & ' 1 = & o ¢ Y = Y o a ¢
AuAy waziundunsasing Hendeuwdniugiy Jestulsafiy Jostumsdndeangdunid
S| -3 =3 [
LRTEABIYNITINUINYIUAANY [7]
2.10.2 wellan130ncaBu (Genetically Modified Organisms; GMOs)
a = T | a dgvo ) a aAaa oA o ¢
wadan1sianeduremailanf ldanwlamiugnssuvesd i 1wy Wy dnd

o

aun3dn i sunisnaudasiugnssulagldmalulagwugIemnssuy (nallansansodu) Wi ol

9

AENUR Y5 0RMANUMEANUTH 9IN1TRE T UL LU AIUNIULIA IUFDANTITLING DUT]

lalwangan v e uansddyuieida wu AImduidusslendmadeansdaneduiwulelily

'
A =

a5ULU aU 915 9ansLAR LA 971D UNMSER UANNVAINTAANENI9TININ YA N BT & Nwalzdl 71T UNI

UGN NMInALUaUgNTINV0FWTInABNISUNANENUTNTTY B1) N1AIUANSNYMEALA DINT
| ¥ & A aAda A B ) aa ) a o ad vy v o~

018197 e ved WATANTIReIN1sUTUUTE I8 nsangBulivaneds ud nisldnssualnia vise

sl MsBeyManasiedeugulaglduswiuannuiaRes visensiduuaiiieddutng
waa 2 Asuaanuiuwiniu [8], [47]
2.10.3 M3R1859@LNULN (Gamma radiation)

A58 59 A LN UL NI U NI N U NAR DN TLUIUNITN AT TINS B ZTAT]

'
=

Tudig lasunmseeusuinduidiisinsa was@elialdadmsunisusudsaiugiia dwlugazii
v | @ A < = ada Ao o Al [ (%

nsaesedunuuntudiuvesudaiie WJundsdwismamenmididgildlunisuiuussdnuae

wazHandnveINyvaeyiia n1sldmalianisateSsdunuutudunumdidglunseuiunisnis

USuugeiug [48]
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2.11 WMANANIRAN859aLNNNT (Gamma irradiation)

5UN 2.10 ipT83R1855dunuwN [49]

2.11.1 S98unuun (Gamma ray; y-ray)
$edwnunn Wurduudwanlnda (Electromagnetic wave) silavdlsdaiueny
AAudu (osndn 10-13 wilums) Sedunusindsnugedgaluvssmaduusimdnlndiianue
Tunszurunsane fedtussdunuungnuantdesoanunainaistusiundsd 1dun Tavead - 60
(Cobalt - 60; “Co) wio@iTea - 137 (Cesium - 137, 1¥7Cs) Feansiusiunssivaaesiinmuautn

[

ol
2.11.1.1 Taveas - 60 Wuasiusunsdilasumiudeuunnindideu-137
Tnelausad - 60 1H5sdunuanfisingsay 1.17 - 1.33 wnz 3idnaseulias (Mev) daasa
T30 (Half life) 5.3 U Tnandsusedazanadlusnsndovar 12.5 aod [50] wlelavead
(-60) éuqmmaamaﬁwmﬂﬁauiﬂL‘fluﬁﬂLﬁa - 60 (Nickel - 60, *°Ni)
2.11.1.2 #i8pu-137 Wuuraesdunuaniifindsau 0.66 Sidnnsoulianiad
39730 30.1 U aanesnasaandvilindsuressidanadludnsdovas 2.3 dol Tifeu-
137 aglindenuunseanuilaiiesiosas 70 ins1eviaussaivunlng NI 1vUIAUR I
Tauead-60%sunssadunumnoenunléosas 95 edidew - 137 aneiAuanassdeudy

v A

wULSe3 (Barium; Ba) NluflaudRiduansiusiunsaddn [51]
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2.11.2 defin1saneSadunu

2.11.2.1. fianuansnsatumsunsiiueadligs Ssdunuanignunimeaneads
gausnandasiitinaedidazussluiivvie wioussadmeindAniuieieinduisis
Usgansnm

2.11.2.2. AnwannsalumainufAzemiaaiion (Low chemical reactivity)
Jufnufisenduansddgluiegnalaves

2.11.2.3. seduvesansandsluyinadinn Sadunumnislinelifnsadnndns
fvnlmAnsunennuyvdosdnTndsnulsungy sevinsUszimassdniseunsielan aadnnsg
91115 Uagnunsisanlseu1vd laasddn nsanesedemnsnieldannizaivaquiaig
Uaonsty uennidsluinelmAnnisnndns

2.11.2.4. gungiiinduidndos Funmngantundadasidlteanuiou vio
nuANTaulakif

2.11.2.5. Bunszurunisiiasad ulutuneudswvusnlugdflisududes
muputiadenansetns Ssiladefimuauenuindede fiftestladedusvoznainiy

2.11.2.6. {DuAsndmnuuAiienSoudisunmiulseansaim [52]

2.11.3 n1s2e5edunudn (Gamma Irradiation)

nsanededunuunduntdsluasnenateiusnisnieniwinuinfuasie
NTEUIUNIINIET TING AT AT TUNY NAN19YINNYBITIFUNLL 19 AIHANUDENBY Y30
Tuanaluwadity Tasianized 3d wansenudvdnioadsouyadasy Safunuanldu
mspensuinduisinmia uasdefolfdmiunisudsuulanszuiunsmeaisine uas
maFuaiilufin dnilngaginisaessdunuunluduiiduwdads Wunidddudnianienin

[

ndAgynltlunsusulanusiaziandnvesiateyin n1sldmalianisanesadunuuntiu

JunumdrAglunszuiun1In1susulTaiug iy wagn1sAnwlua1uiiugnssuvosnyiie
USulgamanan uwazdnwuziinosnisiuignatgyianeldaniizuninazanuaion (53]
=~ = ° =i v & Yo o a v 5 I o W
finsAnwmdunaniuanddiiiuiinisiesussdluliunanasudiwionandulsslevidmsy
N35SI UTIVIUEAET BRTIN1TI0N N1sATAUlavesad nanssuvesauleyd Ay
v = a A e & add v a Y - 1%
AUMUAAATER Lasnananiiy Jsnangildulsnuntymineaiunsugniteniseunisinyms
1NENY Y anruggdenainisiiuiies waglsaiiinainemns[54] Tumemsatudny

U A I3 A dl a v a o Y a = 1 L3 dl o & o b4
msmaiqaﬂumaﬂwwﬂsmmqaLLﬂmmqwﬂwmmmmaamaamﬂizﬂawm iy}“U@ﬂL%ﬁﬁV]ﬂﬂ

LARANULEL R DNANARNNY
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U oag A A ) a a sala ] o a
mimEJS\‘iasLu‘WGUaEJL‘tJumSNamau;ﬂaaaiﬂm%awmamamimmi’wﬁiﬂimu

Aanssuvedeuleyl Aruaunavesgesiuy n1swanwWdsufiigveddy waznisuanilasuiilag

£ '
v A

Puogfutiinassdiians (55] Bdluninfunisanededdesdunummardmaliinniunisuan
fvesfiiule fenannsvaeuldlaenisiudsuutasveslumsdainer awndugiu
(Polymorphic DNA : RAPD) GﬁqmaﬂaﬁﬁuﬁLé‘uLasuaﬁquLLUUfjaﬂ@aiﬂwsma%%uﬂuawg’u g
vosendidule viiefiSuenarAunardannsaliifuaiemmneneiugnssuld uenaniilen
vhinldfufivlunsiauiusnssuvesiivifianudfymansugia uagnsinues iesand

Aneanlunisnangs SsdunuunsiianudrAyegraunlunsiaguilasiugnssukasnis

% s

naeug iewauAuantAvevlaedniswauiateiusvesisnateagwugvinlid

9

UsrAnsamaslunisdunmulsanianiela [56] iWesaunsammunusunasidndenisla

'
o A !

WBnsanesduasaduniinisldansiedl wasiugianlanasainnisanesidenaidnuusdisu

[
a v a

sUsvastunLanaseanlyanniiy uaﬂmﬂummmmuﬁawﬁﬂﬁmima%’ﬂﬁLLﬂmmﬁJuﬁi{fﬂ

Y

'
U A

AUNBLANAUAIMNILATUINISVDIUNADINIT IULALIINITRT L AUIATIRNUYTR Lasdl

unumaAgylun1sas1saewus I ndaaandnfavudw@unsondaaisndaiud1fAg

o

(3

Tudandiedlduntu (53] msaeddununluwuiafivazan azvhanedeiioglundnins
ayulnslaegrediusz@ninin unegnslsinmusidunuuioadwanonunin wazu3uian
anszdrgyluayulnsliianiosdsonaldunzaudmsvayulnsuvie

desnlumaiiansaesedununiidaudonthluimuniusiveganing
WULITEVRI Zhen Jiao wagAniz[12] vinnisAnwian valeneaiTineuagluianavesniny
pumusoindefifintuainmsaiesedununvwadiluwdainne levinisaiesadunuan
Tudnnouvinnisugniiu3unaided 0 25 50 75 100 uaz 250 138 Taeldunasiiiingedunman
TAUoaf-60 nansAnwINUdn USinausean 25 84 75 insd azaninsanszduiosaznissenuas
AENvesTINANNAlY waznszduldgeandiuiinased 50 1nsd

UTT8Y93 Z Muhammad wazans [13] laviin1sfAnwinisian n1s
WiaAule wazdevaznisldnduiuvesiivdiu lnevhnisanedadunuaniivunndsd 24 8 12
16 20 20 24 28 uaz 32 Alawnsn ngldurainiinsadunuunlauead-60 Nan1sANYINUIY
USunau$add 2 fa 20 Alaunsn drensedunnuenvesiuatiu waznseduldafiaaiuiinased
2 Alaunsn uafiuSunased 24 Alaunsn de 32 Alaunsn avannisiasayiiulnvesdiu

wazdafiseauinuenainnsaneddunsuany i fives g ivinlaat uud,

Y

95191u73 98099 Akshatha K. R. [57] 1agvinn15AN®INaY0INISRNI85IERNNLIRADNISIDNNT
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a

Wwiiule wazesrusznaunedaiivesauowma lngyinnisa1essdunuinluudnnouyi

n5UgnivFunMssd 0 25 50 100 150 uay 200 1058 Tasldunasiiingsdunuunlaueasi-60

'
v A a [

HAN1SANYINUIT UTUUSIEN 25 1n3d aensedunisiasaiivlald usagdudanusunased 50

[ '
= A

911 200 138 TuvazinsaneSedununlulunang@unseduusnalnsiuligaiusey 4 e
= U 1 v a
Wieuriuldiane$ed

WaNIINITAYTIFUNUNNNONTEA UNSLRTYAULALAY Sails1891uTd8ves
Eman E. Selem waganiz [11] lngvinn1sAneinavesnisatesidunuuisonisiasunlamis
@35m0 uarduadludnuiwesan MUSuIMSEd 0 10 25 50 100 waz 200 1038 nan1sAnw

| v a S & s a = a a = a

wud1 MInesedunuunluTunaia@unsedulsnalngdy nsnevdludase Husln uas

Walusedbigelugey 9 wWudediu luvugiualsiiuesd wazraslsiadnsedulageiian

9

'
= IS

LAUSUIUSIE 100 bN5E WINUY kA bUNIINFUNAUUSUIUNIALBEADSUN IDINNNUTIzanadile
T9sUSadLnuun Wawisunu 0 1nsd

ag9lsAmuNTLAazudnaENURaANULAR LA LlesUANNNTRI8S A WNNL LA

£%
a v A

Tutsinafidnstu Tunwitedfedlamnsanesdunuuiieimminsasaivinvestn way
anseengnavnedanin Taefisteauddeves Fiti Masruroh uazamy [58] lagvhnsfinuinis
Usuugauginenlulerss (Cempo Ireng) funisanefadunuaniiuiinmssd 0 100 200 300
400 wag 500 1056 HANIANYINUTT N13R1859FunuITUTUITeE 100 1036 nTzdu

nmawasgiulavesinidntes Turwedl 300 fis 500 18 aansiasaAulavesdiwalulowss
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uni 3

A5 IUN1SIY

3.1 gunal uazansiall
3.1.1 gunsal wawiAdesilo

3.1.1.1 awlnnslnladines (Spectrophotometer)

3.1.1.2 1A30981 (Shaker)

3.1.1.3 1A309N LA (Hotplate Stirrer)

3.1.1.4 uiauswnniuans (Magnetic Stirrers)

3.1.1.5 1A30aiu81as ( Vortex Mixer )

3.1.1.6 gaaniu w3edszueAdy (Fume hood)

3.1.1.7 ﬁausu%@u (Hot air oven)

3.1.1.8 m’%laqmgum‘%m (Centrifuge)

3.1.1.9 n538n584 (Funnel)

3.1.1.10 99uvaide (Plate)

3.1.1.11 lulasUia (Micropipettes)

3.1.1.12 Unines (Beaker)

3.1.1.13 aonvuIn 15 dadans (Tube 15 mL)

3.1.1.14 laSeAnsosans vuagngu 0.45 lilasiwns (Syringe Filter 0.45 Lm)

3.1.1.15 N32AWNT8LUDT 1 (Filter papers No.1)

3.1.1.16 l3us9vin (Ruler)

3.1.1.17 nsgawanila (Litmus)

3.1.1.18 viapangm (Dropper)

3.1.1.19 wdasuanuuldlulnsiauman (CryoMill (Retsch, Germany)

3.1.1.20 m’%amsﬂwaumiﬁuﬁmmu (Multi Bio RS-24 vertical rotator mixer)

3.1.1.21 uialasulnnsf-uuaaidnlnsdines (Gas Chromatograph-Mass
Spectrometer; GC-MS)

3.1.2 @15LAd
3.1.2.1 fulgn3u (Ninhydrin reagent, Sigma-Aldrich)
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3.1.2.2 n3aLkadn (Acetic acid; CHsCOOH, Sigma-Aldrich)

3123 I‘V@ﬁu (Toluene; C;Hg RCI Labscan)

3.1.2.4 nsagalwgdledn (5-Sulfosalicylic acid dehydrate)

3.1.2.5 lnpsuoaaduwesil (sodium phosphate buffer)

3.1.2.6 axlulaa 91n3unsa (Amylose from potatoes, Sigma-Aldrich)

3.1.2.7 Weseondina nqladeandiaa (Peroxidase-glucose-oxidase; PGO,
Sigma Aldrich)

3.1.2.8 2,2-0@lu-Ua (3-tefaulsarlwdu-6-nsadalnia), (2,2-azino-bis (3-
ethylbenzthiazoline-6-sulphonic acid); ABTS, Sigma-Aldrich)

3129 dlulasi da Tad-A-nglalws lulasd (@-Nitrophenyl o-D-
glucopyranoside; 4-pNPG, Sigma-Aldrich)

3.1.2.10 twtauulumis usium (Sodium bicarbonate; Na,COs, CARLO ERBA

Reagents)
3.1.2.11 Aaslsnesu (Chloroform, CHCL;, RCI Labscan)
3.1.2.12 wosluiile (Ammonia; NHs, PanReac AppliChem ITW Reagents)
3.1.2.13 La¥iaas@en (Ethyl Acetate; EA)
31214 lagin sulansenlan (Sodium hydroxide; NaOH, CARLO ERBA
Reagents)

3.1.2.15 LWULUANA (Benedict)

3.1.2.16 \woseandina-nglaa-eandina (Peroxidase-glucose-oxidase; PGO,
Sigma Aldrich)

3.1.2.17 n3adaadn (Conc.Sulfuric acid; conc.H,SOq, RCI Labscan)

3.1.2.18 wlassnaaalsa (Ferric chloride; FeCl; Sigma-Aldrich)

3.1.2.19 lawuniia Fanenlan (Dimethyl sulfoxide; C,HOS)

3.1.2.20 Tiheulalumaslsn (Sodium hypochlorite; NaClO)

3.1.2.21 wea-34lalansend W T aueand u (L-34-dhydroxyphenylalanine;
L-DOPA, Sigma-Aldrich)

3.1.2.22 22l da-N A3 alens@a (2,2-diphenyl-1-picrylhydrazyl; DPPH, Sigma-
Aldrich)

3.1.2.23 n3npedRn (Acetic anhydride, Quality Reagent Chemical (QREC))
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3.1.3 toulwsl (Enzyme)
3.1.3.1 weulgdueani-ngladina 31ndas (a-Glucosidase enzyme from
Saccharomyces cerevisiae, Sigma-Aldrich)
3132 eulaiuoan-oxlutaa 91118 051 (a-Amylase enzyme from
Aspergillus oryzae, Sigma-Aldrich)
3.1.3.3 vouladlvnlsdua a1nwiia (Tyrosinase enzyme from mushrooms,
Sigma-Aldrich)
3.1.4 $10813 (Sample)
3.1.4.1 ¥17U32M U511 1 (Khao Prathum Thani 1) 31nAud 1784133 dn
Unasnil

fa v Y [ [y

3.1.4.2 411ugd 105 (Khao KDML 105) a1naugidedniswinuvusiil

fa v Y (% LY =

3.1.4.3 911 n¥.31 (Khao Gor Kor 31) 3nAudidedndminuyusii

3.1.4.4 917 N9.41 (Khao Gor Kor 41) 9nAugidednidaninuyusiil

3.1.4.5 913 N9.57 (Khao Gor Kor 57) 3naAugidedidaminunusiil
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3.2 J/N1INAADY
3.2.1 MIawsEueg
3.2.1.1 tuseumseieudaegnet
MawsEmand1Iugd 105 91Unus T 1 91 19.31 N9.41 uaz na.
57 iilundlulndenlelueaolsyi Wududosas 0.1 Huaan 30 it wdadradeindu 9y
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43



nEmg Afe AnsaanaulaeasazangieUieililansnaaey

B flo ANNIANGULAIYRIENTANnfIeg + a1sazanglaliiey

2) wmaaqu'§ AueuLaBaTElaglFAfiNley (DPPH radical scavenging)
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Sevaznsdugaeuluiuean-nglading (%) = (—) x100 (3.3)
A(blank)

VUGN Ay AE AMNNIANGULAIYDIATAE NN I0E1S
Acormple P8 ANNIIENGUKANVDININTINVOSOULEILOAN-NLATAE + d13F0ENS

2) negeugnstugueulasiuaai-ozluaa

Aanssunisdudaauleineant-ozluaa Insldoslulaaainduesa

a

Wuansdadu Suanifuansazatesinnsisadlunasnvuis 1.5 Nadans

a a2 e a &Y L L4
A15199 3.4 uansUSunsuesansitlunisiesgiiesazvesnisiudseulviieani-ozluas

7\ . . | seulwdiueans-

lpsuneamntwives | ozlulag 0.05 maa:qimqalmlmsuu orluaauty

Tube WOV 6.9 LUUTU iadnsuse imfﬂsm 0.05 fiadnsasie

20 fadluans () Haddns (u) Haaams () fiadans (ul)
A 90 10 -

B 80 10 - 10
C 80 10 10 -
D 70 10 10 10

a5




iludufigumnd 37 esmwadealuguauinmm 30 il 9ndu
ihludnduna 10 wiil Weasunawduduiiale Usues 100 lulasdns uazifuediiles
Aty 1 fedndudediadans Usuns 50 lulashng ndsnduiluualugufigungd
37 pemnaaidoa Wuiim 30 unit Bnafs Weasuaniluadmaganduuasiinnuenadu

475 wilung meaesesaUninsvladives [65] uasAuiniovarn13dudRINgnsnuand

x100 (3.4)

v o & ¢ Ablank) - A(sampte)
Sesavnsdudeulutiueani-ozluad (%) = (—)

A(blank)

VUGN Ay AE ANITANTULAIYDIATAE NN 08NS

Acarmple P8 ANNSANGULASVRIAINTINVOLOUlBLORYI-0E lUaa + ansiaga

a6



(%
YY)

3) npaeugvsdugeuledlnlsdiua
Aanssunisdudaeuladlinlsdiualduea-laua (3,4-Dihydroxy-l-
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Rice cultivars

91NN5URNT1INEE 105 ¥13UNusIT 1 917 n9.31 917 ND.41 wag 913 V.57
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91y 14 Ju Mihnsanessdnman 12 anuduty Wk 0 5 10 20 40 60 80 100 200 300 500
wag 1,000 4058 laefnn1un15a3yiulanisinAue1IvesTIntIeny 14 Ju nan1svnaas
LARIRIFUR 4.6 Inenui1n1saneSedunuunuTuIused 5 1nsg 89 500 e Tudiugd 105

T1UNNsT 1 917 19.31 973 n2.41 wag 117 1257 FrenTeRunsiasyiulaveasindiala
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KDML105 Khao Prathum Thanil Khao Gor Kor 31 Khao Gor Kor 41 Khao Gor Kor §7
Rice cultivars

4.1.4 nswseysiulavasdianuglveaie 30 Ju
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91nN15UaNTINEd 105 919UnusId 1 917 .31 917 n2.41 wag 91 .57
918 30 Ju fivhnsaesedvenun 12 aududu 16 0 5 10 20 40 60 80 100 200 300 500
wag 1,000 Ln58 Iﬂﬂﬁﬂﬂ’]iﬂ@jﬂiUﬂﬁmIWuLLasﬁﬂﬁ’JﬁJﬁéﬂLUﬁﬁiunﬂ 9 Fu Nt BARLNIg
Wiydvladeandniiugn 14 fu Teesevdasfamunalugasnat 30 Tu fenmsiannuen
maaﬁwé’uuamm%’nﬁLﬂ%@LﬁUT@Imaﬂﬂsﬁqﬂﬁwaﬁ’aﬂdnﬁmilﬂ%mlﬁﬂm NANITNAADILER

A95UN 4.7 TAgNUINITRIESIELNUUIN Y IUSUIUTIE 5 4058 D9 300 1058 NSTAUNIT

Y 9

a a

WigAulnvest1ne 5 angiugiileifieuiuiiliniesed winusunaiidgannisasayiuls
V099U IeIUTUNMSIE 300 1158 89 1,000 1058 aANIsLasgLAulavesaIsuTINgd 105
USu10u59d 500 tnsef f9 1,000 n58 ann1saTeYsAUlAveIdIiuT1IUMLs1E 1 913 NU.31 way
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Khao Gor Kor 31

Khao Gor Kor 41

Khao Gor Kor 57

Rice cultivars

3nN15UaNT13UEE 105 919Unus il 1917 10,31 917 n9.41 wag 919
n.57 91y 14 Fu fivhnnsarefedvianan 12 arandudu T8 0 5 10 20 40 60 80 100 200
300 500 Waw 1,000 158 lagAnnunshaseAiulnn1sinanuevessINt1ieny 14 Ju nan1s
yinaesuanadagUTl 4.8 Tnenuinnisaiedsaunuuiuiunnnssd 5 insd 89 500 1nsd Tudm na.
31 417 19.41 waz $12 nv.57 Prwnsedumaasgiuinvessindnldegifdfyilodio
futmdildanesedunann uinsanesdununiiviinasidgaazasnmseigivlavesnndgn
aneiug TugieuSunased 100 1058 69 1,000 4058 aANI5H3QYLAULAVBIIINGYY N.31 9717
USuaused 500 1058 D9 1,000 1138 aan15L3AulaueesInta nv.41 wag 911 n.57 ogsls
Anunisanesidunuuannisiasyiulavessndndngdetaisnugfe 41iuzd 105 wazdn
Uil 1

SUT 4.8 UanIn15IAN1SsYAulaeasINTINEd 105 U19Uusnil 1 917 nv.31 917 n.41

uay 912 .57 81y 30 Yu Avhnisatesedniavue 12 anandudu ldun 05 10 20 40 60 80

100 200 300 500 Wag 1,000 LN
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KDML105 Khao Prathum Thanil Khao Gor Kor 31 Khao Gor Kor 41 Khao Gor Kor 57

Rice cultivars

4.2 nsvUsuulnsay

4.2.1 Mmamvsanalnsauandaeiusgineany 3

1nnsanamIUIIalngauaIndeg1etaNgd 105 U1unusil 1 911 nv.31
411 nm.41 waw 4 .57 87y 3 Tu iinisaeseEviaun 12 enududu 1dud 05 10 20 40
60 80 100 200 300 500 wag 1,000 tn38 lasn15ld3siAndvesdulaniu uaidiasiennag
wiatlpaUnnslawm3 WIsumeuiuasumsgulnsaunudn MInnessdunuaninisnseiu
Usinaulnsduresdngiseny 3 Yu Wi g uiiUsunsed 5 insd qufls 200 136 wagnsedu

sfigavesdnuzd 105 (372,07 lulasnsusionsu) uazdmunusnil 1 (360.82 lulasniusionsu)

N

17 19.31 (311.36 lulasnsusansy) 9719 nv.41 (318.81 lulasnsusansy) way 917 Nv.57

tﬁfd

(257 lulasnsusionsu) NUSuNS9E 60 80 40 100 wag 60 LNTE ANNEIAU NANITNAFBULARS
Ae3UN 4.9 IngnudnnisangSedunuanusunnsed 5 insd 89 300 15 nszduUsalngiuy
Y9IV 5 aneug win1saneSadunuuUsunasedasi 500 1nsd A 1,000 158 vesdiued

105 ward1 Nv.41 YSuausedi 300 wnsd 89 1,000 56 209917UnN5 I 1 wazUTunausaaEn
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v 9
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13 n9.57 919 3 Fu Minsanesedvianun 12 anadudu 1éud 0 5 10 20 40 60 80 100 200

300 500 wag 1,000 w58
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810Gy
820Gy
040 Gy
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280 Gy
@100 Gy
8200 Gy
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Proline content (ng/g)

KDML105 Khao Prathum Thanit Khao Gor Kor 31 Khao Gor Kor 41 Khao Gor Kor 57

Rice cultivars

4.2.2 Mamvsanalnsauandaenusineaiy 7 T
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11 n.41 waw 4 n9.57 81y 7 Tu TiimsaneSednimun 12 anududu 1Eud 05 10 20 40
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5 way 500 1058 MMUAFU HanIMAERULARIRIgUT 4.1 TnenuinnisaneSedunuundiuiuna
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Khao Gor Kor 31 Khao Gor Kor 41

Rice cultivars

nMsaiamIUTinalnsiuandrudiugd 105 913Unus1d 1913 ne.31
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917 N9.41 Uag 917 N1.57 918 14 Ju NY1N132183598NmMUA 12 Aududy awa 0 5 10 20
40 60 80 100 200 300 500 waz 1,000 w058 laen1sleisinndvesiiulaniu uaidnsevinae
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n5) wagd1Unusd 1 (798.10 lulasnsusiansu) 419 nv.41 (810.99 lulasnsuaeansy)
AUTIFIE 10 40 500 1056 wazdnlinesdunuan mudifu Hanege LA U
4.12 Togwudn Msaneadunuaniunuied 5 insd fa 500 1nsd nseduuTunailnsduvesdn
Ugd 105 917 nv.31 wae 117 1257 watudunusid 1 wazd1d nv.41 ladiinnsnsequusunn

Insauilawisunutnnldanessd
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Khao Prathum Thanil Khao Gor Kor 31 Khao Gor Kor 41 Khao Gor Kor 57

Rice cultivars
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= a v
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fl4 500 158 Wlerfiruiuinnilianssed
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Khao Prathum Thanil Khao Gor Kor 31 Khao Gor Kor 41 Khao Gor Kor 57
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Rice cultivars
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YSinalnsdudeiieuiuiniliaieded
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KDML105 Khao Prathum Thanil Khao Gor Kor 31 Khao Gor Kor 41 Khao Gor Kor 57

Rice cultivars
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80 100 200 300 500 kag 1,000 LN58 mamiwmaamamﬁ’ﬂgﬂﬁ 4.15 TgnuINNISR1S9E
wnuaNUTuad 51058 fe 500 1038 YrenszduUTinalnsiuvestougd 105 41 nv.31
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SR

AN

=

5UT 4.15 uanan1svUTunalnsauangInd1ined 105 91Unusid 1 913 nv.31 917 nv.41

uag 912 N.57 91y 30 Yu Aviinsanesedianue 12 cmidudu TéuA 0 5 10 20 40 60 80

100 200 300 500 wag 1,000 sn5¢l

62



m0Gy
350 * * * * * B5 Gy
a @10 Gy

a 320 Gy
040 Gy
B60 Gy
=80 Gy
@100 Gy
8200 Gy
2300 Gy
B500 Gy
§1,000 Gy

300

=
-4
A
z
&
»
»

250

SRR &

200
cdii

150

5%
-
~
=

100

Proline content (pg/g)

50

AR -

o

Khao Gor Kor 41 Khao Gor Kor 57

KDML105

Rice cultivars

4.3 A15ATAFDUAITNEN AN LUDIAY

4.4.1 Fnvarwenuiadidesfurnansatetniuzd 105
mnnsAnviaagnuiedidowiuanaisadadugd 105 eng 3 u Aivinis
aeSedrionun 12 anududu ldwn 05 10 20 40 60 80 100 200 300 500 waz 1,000 158
TnefAnnmanUjiseininind nienzneuvesansataveivaindviazaieildfeumuea
Tawansiinu Ao Walauess Uinasmd wavwesUuses ludiuves wounsiadluy s luiy
afesoss waswnuiu asvaeuldnuluasadndiouzd 105 fadmlaewvnuea Tneuannanis

YAADININNT NN 4.1
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A13°99 4.1 LARINITNTIVADUAITNYNBLATILUBIAUYDIATANANETUINIUDAIINTNUEE 105
MinsaneFadnamue 12 aududu lakn 0 5 10 20 40 60 80 100 200 300 500 wag 1,000

6
6N

Dose (Gy)

Compounds
0O 5 10 20 40 60 80 100 200 300 500 1,000

Anthraquinones - - - - - - - - - - - .

Flavonoids + o+ + + + + + + + + + +
Reducing Sugar  +  + + + + + + + + + + +
Saponin - - - - 3 - - - . - . _
Steroids - - - - » - - - - . - -
Tannins - - - - 3 - - - - . - -
Terpenoids + o+ + + + 4 + + + + + +

ngmn - - ne asdeuliny + munet ATI9EEUNY

4.4.2 Fnvianswonueiifesuanansadnd1ayusd 1
mnmsfnasngnuaiidesiuainasada dnunusd 101y 3 fu s
anededvianun 12 anududu Teun 05 10 20 40 60 80 100 200 300 500 waz 1,000 LN5E
Tnefanuannufasennisiing viensnouvesansadaveruaindiagaieild@eumes
Tnwansiiny fe Waliuesd 1inna3iad uasmesluess ludwues ueunsailuy eludu
aiesoss uazunuiu nvvaeulinulumsatadnuyusii 1 fatalasumuea Tnouanina

NSNARDIRIANTIN 4.2
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A19N 4.2 LANINITATIVAUAIINANWLAT LT 9IAUVRIATANANYIVLNNIUBAIINT )

Unusnil 1 hnsanesedremn 12 ansdudu és 0 5 10 20 40 60 80 100 200 300 500

waz 1,000 LNS5E

Dose (Gy)
Compounds

0 5 10 20 40 60 80 100 200 300 500 1,000

Anthraquinones - - - - - - - - - - - .

Flavonoids + o+ + + + + + + + + + +
Reducing Sugar  +  + + + + + + + + + + +
Saponin - - - - 3 - - - . - . _
Steroids - - - - » - - - - . - -
Tannins - - - - 3 - - - - . - -
Terpenoids + o+ + + + 4 + + + + + +

naewmg - maneie asaaeuliny + viaedi fsadeUNy

4.4.3 Anwransngnueiiiiossiuainaisaind nv.31

mﬂmsﬁﬂmmswqwmﬁLﬁaQé}'umﬂmsaﬁm%’n .31 01 3 Tu fivhnsany
Sedvianun 12 aadudu 1aun 05 10 20 40 60 80 100 200 300 500 uaw 1,000 1138 Tag
AnpuanUfizennisiing vifesznouvesmsataveiuandyazaneiliieumuena Tagans
vy Ao Wanluews thmaime wazmestussd uwaluUSinassd 1,000 1nsd liwuimaiandg
wagludliuaes wounsiailuu gnludu afesesniazunuiy asrvaeuldnuluaisaint1n na.

31 NANALAYUNIUDA LALERINANITNAABIAINITIN 4.3
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A19199 4.3 LAAIN1IAIIAVAIITNGNHLATILTBIAUYDIANTANANEIVLUNIUDAIINT1I NY.31
AVNN15271959FN9IUUA 12 ANULUTY Town 0 5 10 20 40 60 80 100 200 300 500 wag 1,000

6
6N

Dose (Gy)
Compounds

0 5 10 20 40 60 80 100 200 300 500 1,000

Anthraquinones - - - - - - - - - - - .
Flavonoids + o+ + + + + + + + + + +
Reducing Sugar  +  + + + + + + + + + + -
Saponin - - - - 3 - - - . - . ,
Steroids - - - - » - - - - - - ,
Tannins - - - > 3 - - - - - - -

Terpenoids + o+ + i + 4 + + + + + +

MEWE - Mt AsIdeuliny + et AsavEeuNy
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0.4.4 Fnvarswenuadidesduanansataing nu.al
Mnnsfnwansngnuaiil ssfuanansatiadn nv.a1 01y 3 Tu fihnisane
Sedanun 12 audadu 8ua 05 10 20 40 60 80 100 200 300 500 waz 1,000 wnse Ine
AanuanUfAzensiing vienzneutesansaiavetuaindiazaeitliAevea lngas
finu e valawesd tinasid uazswesuesd luduves ueunsieiluu eluilu aiesosd
wazunudy ssaadeuldnuluasadndn nu.dl Aadelaguniuea lnsLAAINANNTNAGBIRS

ANS19N 4.4

A13°99 4.4 KARINIINITIVADUAITNNULATIUDIAUYDIANTANANEIVLLNIUOAIINT NT.41 9]

(%
[ v

WN15RIETIFNIVUA 12 AULTUTY Latkn 0 5 10 20 40 60 80 100 200 300 500 way 1,000

LN5€

Dose (Gy)
Compounds

0 5 10 20 40 60 80 100 200 300 500 1,000

Anthraquinones - - - - - S - - - - . ,

Flavonoids + + + + + + + + + + + +
Reducing Sugar  +  + + + + + + + + + + +
Saponin - - - = P - _ ° . - . B,
Steroids - X 3 - = - \ X . , i -
Tannins - 1 ¢ »/ \ - < = - - - _
Terpenoids + + + + + + + + + + + +

VaEg - Manede asaasuliny + veia asaeuny
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4.4.5 AnwiansngnuaiiiUssiuainasanatil nv.57
= a d’lj 2% U 4 % d‘ o
INMIANIE TN N AT BIRUIINATATAT1I NY.57 818 3 Tu Aivinisany
SeEavuA 12 Anatudu lawA 0 5 10 20 40 60 80 100 200 300 500 kag 1,000 1n58 lne
AnmunUisensiied visengnouvetansaiavetuInddinaraneildhsiunues lngans
Anu Ao Wanliuesn UIMIasAT LavmasUUDs TUEILYBY kaUNTIAIIUY 9lUTRY dfesaun
warLNULU nsaaulunuluaIsanatn NU.57 AENALANILDE LALAAIHANISNARDINA

A5 4.5

A13799 4.5 KARINIINTIVADUAITNNATIUBIAUYDIANTANANEIULUNIUOAIINY NV.57 9

(%
[ v

WN15RIETIFNIVUA 12 AULTUTY Latkn 0 5 10 20 40 60 80 100 200 300 500 way 1,000

LN5€

Dose (Gy)
Compounds

0 5 10 20 40 60 80 100 200 300 500 1,000

Anthraquinones - - - - - S - - - - . ,

Flavonoids + + + + + + + + + + + +
Reducing Sugar  +  + + + + + + + + + + +
Saponin - - - = P - _ ° . - . B,
Steroids - X 3 - = - \ X . , i -
Tannins - 1 ¢ »/ \ - < = - - - _
Terpenoids + + + + + + + + + + + +

B8R - - nneile asdeuliny + NUBEI ATIVABUNU
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4.4 n1swvsunaanlausen

vV

NNsanad1Ined 105 91Unusd 1917 1U.31 917 1U.41 wae 913 NY.57 91

3§ fivinisanedednavan 12 mnadudy leun 0 5 10 20 40 60 80 100 200 300 500 LA

aaa

1,000 1058 Metunueandtasainundaseimusinavesaliuess lngafeUfasen
nsiindnigifegiitlounaslsn wdrdnsgvissmedaanlnslulawmns Wisuieuivans
1ASFIATTTIL WU NseSedununTnienseduTinalaluesd i AL uAUTINY 3
20 158 Ui 300 136 waznIEAUgITignvetnougd 105 (0.83 Tadndusenia) d1aunusnil 1
(0.62 fimdnsusionsu) 413 N.31 (0.71 Tadnsusiensu) 113 n.41 (0.75 Tadnsusensu) uay
1 n0.57 (0.78 fadnusioniu) AUSuasad 60 1038 4 aewus Tudiuves §12Unusnil 1

pgNUTINSIE 100 1058 wivSuausegaagluduganisiiniuvesUsunaanliuess laefiusunu

Y

v a

T9d 80 158 D9 1,000 1nS5E L5uHN1STUGIUSUIUNN Al NReAYRIT139 UL E 105 LazU?

[
v @

n9.57 USu10u39d 80 Lnsd a 1,000 138 fudaviunamailivesnvestniunusii 1 uay
USUNUS9d 1,000 4058 SUgaUSunaumatiueenvedny nv.31 wag 9717 Nv.41 wiafisuiuyn

am M oy o Y] ~
AlAa18598 NANIINAFDULAAININITIN 4.16
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AT9R 4.16 uanaTiamtanhuesdnasataveuandugd 105 T1Unusi 1 41 .
31 917 nv.41 uay 912 NU.57 90y 3 Tu Mhnsanesedvianun 12 avwdudu 16u 0 5 10 20
40 60 80 100 200 300 500 waz 1,000 LN5E

* * * * * 0 Gy
I [ [ [ [ I ®msGy
ab, 810 Gy
a 320 Gy
080 ) a : 040 Gy
y ] b B 860 Gy
? & be b = 880 Gy
: ; @100 Gy
8200 Gy
2300 Gy
@500 Gy
§1,000 Gy

0.90

0.70

=
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»
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020

Flavonoid content (mg QE/g dw)
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KDML105 Khao Prathum Thanil

0.00
r Kor 31 Khao Gor Kor 41 Khao Gor Kor 57

Rice cultivars

4.5 nsvnUsunainuein

v

1NN5anAYIINEd 105 UUnusid 1 917 NU.31 917 NU.41 wae 913 NY.57 91

[
o 9

3 U NYINN5RIYSIFNIANA 12 ALIUYU bALkn 0 5 10 20 40 60 80 100 200 300 500 way
1,000 38 mgwnueakaidiansainaniiasziviuiiinveiuein s isinau-laleunay

wariasgimewataannslulawys WisulieuiuasunsgIunInawnaannuin Meanesed

¥
=

WNUENININ T uUTINUYe I U AN IS LT UAYITITE 20 1058 Auile 500 158 wag

nszsuaIngaveatiued 105 (58.73 dadnsusiensu) ¥1iuvustil 1 (37.80 dadnfudeniu)

9717 1%9.31 (39.06 Haansusansy) U173 nv.41 (45.04 Tadnsumonsy) way 9717 nN9.57 (46.29

!
1 o dﬂq v

Tadn3usonsu) MUSuused 60 138 4 aneviug ludwves T1uvusdl 1 egNusunmsad 100

v
& U (9

N38 WAUSHS9ET 1,000 1058 ugdeuIunailuednvestniugd 105 T13Unus il 1 uavdd

A.41 Waeunutnlua1e59d wan1snaasuLandnInIsIen 4.17
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ATeR 4.17 uansUiinailuednainansadane1uanndnangd 105 9nuyusid 190 nv.31
¥ n9.41 wag 911 19,57 07y 3 Fu vhnisanededvianun 12 anudadiu 1én 0 5 10 20 40
60 80 100 200 300 500 taz 1,000 tn3e)

m0 Gy
a5 Gy
810 Gy
820 Gy
040 Gy
860 Gy
280 Gy
@100 Gy
8200 Gy
B300 Gy
@500 Gy
1,000 Gy

o

cd
i cd

Phenolic content (mg GAE/g dw)

LA

Z

L

U R S N NN

%2

3 N AN
KDML105 Khao Prathum Thanil Khao Gor Kor 31 Khao Gor Kor 41 Khao Gor Kor 57

Rice cultivars

4.6.1 qNEAUBYUADHITLAIYITANNLEY (DPPH radical scavenging)

NN1SANWIVEAUBYNADATE (DPPH) A nansanatiugd 105 41iuUnusiil

TvY

[y

1971 n9.31 913 nv.41 wag U1 .57 81y 3 U nsaneSadviavan 12 Anudady Tawn

0510 20 40 60 80 100 200 300 500 way 1,000 158 NaAsIBLNIUGE U1 NTAesed

' [
Y a =

~ v Lo a \ a o oAl ¢ = ¢
LLﬂﬂJm&Jﬂﬂiﬂis&luwﬁmuauyjaaaiz VLWN%UIU%QQU?NWN?Q&W 10 N8 AU 300 tNFY LAy

v

nagfuldgegnueasazanenug laun 91ugd 105 (59.98%) Uriunusill 1 (42.86%) 913 n.

s

31 (46.50%) %12 N%.41 @6.05%) way 917 n.57 (47.53%) 7USU1uSd 60 1058 4 anesius

9

6

Tudiuves 11Unusnd 1 egNusunassd 100 1058 wivSuasadn 500 e way 1,000 15
anN1EUgIN1IAUBLYADATEYRIUINEE 105 911 N9.31 913 NV.41 Uag 913 NV.57 d1udn?
Unusiil 1 1USuased 300 1nsg war 1,000 1058 ann1sdudanisitueuyadasyilaiiiey

AUt NN lURNE5IE NANISTNAADULARIAINISIN 4.18
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A15199 4.18 LanaTegazn1IiUueYLAdaTEAEISAN oY INaTaiane1uIINTIIULE 105

[%
[

F1Unusdl 1 913 1931 919 n9.41 war 917 V.57 918 30 U Nivinsangsednmue 12

ALY bebkA 0 5 10 20 40 60 80 100 200 300 500 way 1,000 sn5E

m0 Gy
% * % * B85 Gy
810 Gy
820 Gy
040 Gy
B60 Gy
280 Gy
8100 Gy
8200 Gy
@300 Gy
500 Gy
1,000 Gy
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4.6.2 gnsAUaUNadHIEA283I@UNIeE (ABTS radical cation decolori-

zation assay)

v

NN1SANYINTAURYLABATY (DPPH) A nansanndniuegd 105 413Unusndl

o
[ Y

1977 N0.31 977 N9.41 kag 977 AY.57 918 3 U NYIN5ANUTIENNUA 12 ANUTUTUE Lok

3.

[

0510 20 40 60 80 100 200 300 500 way 1,000 N8 NarfnfluMIUea WUI1 NTAIYTIE
wnuadn1snsEA unzawenyadasliiuTulugaeUSinausedN 10 1nsd audia 100 158 uae
nszAulageiignveusiazatenug laun 913ued 105 (54.35%) 113UMus1d 1 (40.77%) 9713

3

N%.31 (45.89%) 113 N.41 34.58%) wag 913 N.57 (39.02%) MUHU5IE 60 1038 4 aneiug
Tudnves 9Uvusdl 1 eguSuased 100 1058 wrUTuausedn 500 1nsd uag 1,000 1058
annN"sugaNTsinUeYYadaszYastigd 105 913 Uar nv.31 YSuasedin 200 1nsd s 1,000

138 ann1sfugansinueuyadaszvesduyustl 1 wardn nv.41 uasUTinuSeEn 80 1nsd
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f14 1,000 4058 aAN15EUEINITA1UOULATATEVRIT1ITIT NV.57 NANITNAGDULAAY

A9M15199 4.19

M19199 4.19 uansiogazn1saueuyadasemeISieliiiea nasaiane uand1ined 105
Irunusll 1917 nw.31 91 N.41 wag 913 NU.57 81y 3 Tu MnseesEnvue 12 Ay

Wyt Tawn 0 5 10 20 40 60 80 100 200 300 500 wag 1,000 LNS5E

T ] ] [ [ 210 Gy
D20 Gy
040 Gy
860 Gy
280 Gy
8100 Gy
8200 Gy
@300 Gy
@500 Gy
§1,000 Gy
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ABTS inhibition (%)
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0 EE

KDML105 Khao Prathum Thanil

i = :
Khao Gor Kor 31 Khao Gor Kor 41 Khao Gor Kor §

Rice cultivars

4.7 nsgugananssuvaau el

4.7.1 NM3AATIERToarn1studsiansaeululuaani-ngladiag

[

NNsAnwTegasnsdugeianssueulsiuaani-nalagnanansaingi

[%
[ Y

Uzd 105 91Unus il 1 917 nv.31 913 nU.41 uag 91 nu.57 91y 3 Tu ivhnsanesedvianun

v ¥

12 a1adudy Tawn 05 10 20 40 60 80 100 200 300 500 wag 1,000 1ns8 Matamqe

a o 1

wimuea nudh lumsveseuluannsfientu @rnududuvesinedis whiu 0.1 fadinfu

findans) mame¥dunuuninisnssdunisdudsiansaueulusiuean-ngladinaliifinduludag
US1nau$add 40 1nsd audia 200 138 uaznsesuligeiigavesudazateiud leun 41ougd 105
(48.05%) T13UNUET 1 (39.44%) U171 N.31 (45.93%) U1 NU.41@2.11%) uae 913 N9.57

(39.06%) MU0 60 1058 4 aneug Tudiuves 11Unus ll 1 agNusunased 100 e
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' (%
v aa v a

wAUSHS9EN 200 1nse B9 1,000 g8 annisdugaianssueuledieani-ngladinavesdny
wgd 105 917 917UnNsd 1 wag nv.31 USuauseddl 100 1nsg 819 1,000 1058 annsduds
Aanssueuleduoani-ngladinavestnd nv.31 wasU3uiased 200 nse 89 1,000 1058

anN13EUEINNTAMUBYLATATEVRIUIUT NU.57 NANITVNAHDURARIAIRNITIT 4.20

A15799 4.20 wansseazn1sdudsianssueuledieai-nalagiag nansaiane1uIINgI)

Ugd 105 41Unus il 1 9713 NU.31 913 nv.41 wag 913 NY.57 918 3 Ju IvihnnsaneSEiavan

12 AMULUTU bokkn 0 5 10 20 40 60 80 100 200 300 500 W@z 1,000 LNS5E

60 B0 Gy
85Gy
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| 1 1 1 1 1§26y

- . 040 Gy

860Gy
880Gy
B100 Gy
8200 Gy
8300 Gy
as500 Gy
81,000 Gy
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u-Glucosidase inhibition (%)
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KDML105 Khao Prathum Thanil Khao Gor Kor 31 Khao Gor Kor 41 Khao Gor Kor 57
Rice cultivars
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4.7.2 A15ASITHSReazn1sgugsnanssuaulatiwaani-azluag

IMNNSANYSearn1sdudIfanssueulaikean-azluaaaNnaNsanAv1INLd

[%
Y

105 417Unus il 1 917 nv.31 913 NU.41 wag 913 1U.57 918 3 Ju Minisatesedianun 12

¢ v v

AMUUTY bawA 05 10 20 40 60 80 100 200 300 500 wag 1,000 tnN58 NANANILUNIUDE

a a

nu TunmsneaauluannefeIny (eNUUTLYIRl19819 Winnu 0.1 Taansuseladans)

n1saesdunuandnisnsedunisdudsianssuenledueari-oluaalinuyulugicdsunn

v aa

$987 201056 9ufls 100 158 waznsedulegafignvesurazatedug Idun 41ugd 105
(29.80%) ¥13UNusT 1 (27.05%) 917 N.31 (29.48%) 913 N.41 (30.50%) Uag 913 NU.57

(25.40%) NUSu0TaE 60 18 4 anetiug luduves T1Uvusll 1 egiuIunased 100 1nsg

WAUSUIWSIEN 100 NS¢ D9 1,000 1058 ann1sdudenanssueulasikeani-azluiaa ¥v83917

[
LYY

1¥8 105 97173 USUauSadR 300 158 9 1,000 4058 annsdugenanssueuleduwaani-azluias
vosiUnusl 1 uard1n nv.41 uagUSnusadn 200 1nsd fa 1,000 1038 ann1sEuEIRINTIY

wulvikean-ozluaaueIini N.31 ka1 NY.57 HANISNAADULAAIAINIT A 4.21

(%

A1519% 4.21 wanasasarn1soudenanssueulusivaani-ezluiag nalsananeIuaINg1?

[
Y

128 105 41Uvus il 1 9713 nU.31 913 nv.41 wag 91 NY.57 918 3 Ju IhnsanesEiavan

12 ANUNTY batkn 0 5 10 20 40 60 80 100 200 300 500 wag 1,000 LNS5E

noGy
35 ¢ * * * * * a5 Gy
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. a 2 040 Gy
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KDML105 Khao Prathum Thanil Khao Gor Kor 31

Khao Gor Kor 57

Rice cultivars
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4.7.3 N5z agazn1sguaenanssutauladinlsdiua

¥
o v v a

PNNsAnwITerazn1sdudgnanssueulellnlsdiuaainaisaint1iugd 105

€

YUl 1913 nv.31 91 A4L wag 913 NU.57 81y 3 U MiinsaneSednaiun 12 Ay

] v YV I
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v a = v aa

FedunuundinisnszAunsdudsianssueuledlnlsgiualinuaulugieusuiusadn 20 wnse
e 200 1058 waznseRulagagnvetusarateiug taun 11ugd 105 (40.60%) 11iunusil
1(30.96%) 912 n.31 (35.88%) 41 N0.41 (37.26%) Uag 111 n.57 (31.68%) NUTuNTE 60

n3g 4 angiug Tudiuves 919Unus il 1 egNuSuused 100 e uauTunsed@in 100 1nsd
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819 1,000 w058 ann1sgugenanssuaulaslioulailnlsdiuavastniugd 105 913 USUNusaadn
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300 1038 89 1,000 1038 ann1sdudsianssueuledioulsdlnls@wavestniuyusid 1 uagdna
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LYY

n9.41 wazUSuausad@n 500 wnse D49 1,000 1158 annisdugenanssutaulasioulallnlsgua

99717 N9.31 WALU1? NU.57 NANISNAFDULEAIAIAITIN 4.22

A1519% 4.22 wanasasaznisdudenanssueule st uaanasanavenuaIntiugd 105 91

(%
Y

Unustil 1 9m .31 913 Nl ke U1 N.57 90g 3 T IYinmsaneSedriavie 12 Ansdiudy
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= a Q‘ = v
4.8 ﬂ’ﬁﬂﬂ‘i&!’l?ﬂ!ﬂ‘ﬂE]Qﬂ']iﬁ)ﬁ]ﬂi]‘i/lﬁ‘i/l'l\‘i‘lﬂﬂ']‘i/\llu%'n

NPT RIINEAvetEnseaNgviyetIn Wl seg W Tred 105 Irunuenil 1 97

nu31 917 N4l wag U1 Ne.57 91 3 T Avihnsaesadriamn 12 emdutu lawn 0 5 10 20 40

60 80 100 200 300 500 way 1,000 158 el At Audalasulansm-weaiunlnsiwes wuin bie

s dLnuInLaiansuvianaansly waslulsasam Ut ureIniIsanes @ wnuunnUs e

Feliwiiuddinensgiulindsansuiad s wndl edsuiuiteg i ianesd wan1svedeu

WARAF 995199 NSANw il avesenseeng g mludnd wed 105 (nyen 4.6) Trunusnd 1

@597 4.7) 91 nv31 T 4.8) 411 N4l (NseT 4.9) uay Tm nv5T (BT 4.10)

A13199 4.6 N3ANwITlinUeIanTERNgMNENITININIULIY UEE 105

Volatile

compounds

RT

10 20 40 60 80 100 200 300 500 1,000

Ethanol
1-Butanol
3-Methyl-
1-butanol

Butyl
butanoate
2=-Pentylfuran

Acetoin
1-Hexanol

Acetic acid
Furfural
Benzaldehyde
Ethyl nonanoate
[R-(R*,R*)]-2,3-

Butanediol

11.553
24077

27.462

27.724

28.210
31.028
34.665
38.722
39.167
41.788
42.643

42911

+ o+ o+ o+ o+ o+ + + + +
+ 4+ + - -+ + + + +
+ o+ o+ -+ o+ + + + +
p . - L 2] - - + - -
e e L X/ + + + +
A NG S A + + + +
+ o+ - = -+ + + - -
LLLFL Y 7+ 4 + + + +
+ o+ o+ o+ o+ o+ + + + +
+ 4+ o+ o+ o+ 4 + + + +
- + + - - - - - - -
+ o+ o+ o+ o+ o+ + - + +
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Volatile

RT 10 20 40 60 80 100 200 300 500 1,000
compounds
[S-(R¥,R¥)]-2,3-
44.494 + + o+ o+ o+ + + + + +
Butanediol
Butanoic acid 46.191 -+ - - - - - + - +
1-Nonanol 47.679 + + o+ o+ 4+ + + + + +
(E,E)-2,4-
53.239 - H - - - + + - + +
Decadienal
2-Tridecanone 53.246 - = - -4 - - - , -
Tridecanal 53.504 - A - - - . - , ; -
Hexanoic acid 54.345 + o+ o+ o+ 4+ + + + - +
3-Methyl-6-
54.42 - - -+ o+ - - - - -
propylphenol
4-(1-Methyl
propyl) 54.421 L @ np- - . - . i }
phenol
Dodecanoic
54.422 R S - - - + -
acid ethyl ester
2-Methoxy
54,777 + - -+ - + + + + +
phenol
3-Hydroxy-2,
4,4-trimethyl
55.327 + - N7/ @ . - + } _
pentyl 2-methyl
propanoate
Phenylethyl
56.622 + + + o+ o+ + + + + +
alcohol
Tetradecanal 57.048 + + o+ o+ 4+ + + + - -
1-Dodecanol 58.429 + - - - - - . + . i
Phenol 59.295 - - - - - + - B, , -
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Volatile

RT 10 20 40 60 80 100 200 300 500 1,000
compounds
2-Penta
60.027 - - - -+ - + - - _
decanone
2-Methoxy-4-
60.117 - -+ 4+ - + + + + +
ethylphenol
Penta
60.244 + 4+ + o+ 4+ + + + + +
decanal
Dihydro-
5-pentyl-2(3H)-  60.322 + - -+ o+ 4 + - - +
furanone
Ethyl tetra
60.803 + + + + o+ + + + + -
decanoate
Octanoic acid 60.970 ey — 7, S + - - +
Hexadecanal 63.128 S ) S - - + +
Ethyl penta
63.551 e S L - . - + _
decanoate
Nonanoic acid 63.807 + + o+ o+ o+ + + + + +
1-Tetradecanol 64.067 T\ E= AN A\ + + + + +
1-(2-Hydroxy-
5-methyl 64.513 + o+ o+ 4+ o+ 4+ + + + +
phenyl) ethanone
Ethyl hexa-
66.158 S —— + + o+ + + + + +
decanoate
Cis-9-Hexa-
66.411 - - - - - - - + N _
decenal
(2)-T-Hexa-
66.412 -+ o+ o+ - - - - . _
decenal
n-Decanoic acid 66.418 + - - - - - + . - ;
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Volatile

RT 10 20 40 60 80 100 200 300 500 1,000
compounds
n-Penta-
66.578 S + + + +
decanol
1-Hexadecanol 66.583 + 4+ o+ o+ - - - - - -
Ethyl 9-hexa
66.757 + + + o+ o+ + + - + +
decenoate
2,3-Dihydro-
69.054 - - - - + . i, i .
benzofurane
Methyl
cis-10-hepta 69.209 -+ 4+ + o+ - - - + -
decenoate
4-(1,1-Dimethyl
69.504 + o+ o+ o+ 4+ + + + + +
propyl)phenol
Benzoic acid 70.210 L @ p- - - - - - +
n-Hexa-
70.268 + o+ + o+ o+ + + + + +
decanoic acid
2,4-Bis(1,1-
dimethylethyl)
70.790 - 2 A/~ \\\ . i _ i} n
-6-(1-phenylethyl)
phenol
Ethyl 9-octa-
71.217 A F N\ @\° /+ + + + +
decenoate
Benzo-
71.337 POV~ 4 - - + + +
phenone
Ethyl Oleate 71.396 -+ o+ o+ o+ - - - + -
9,12-Octa-
decadienoic acid  72.309 + 4+ o+ o+ 4+ + + + + -

ethyl ester
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Volatile

RT 0 5 10 20 40 60 80 100 200 300 500 1,000
compounds
Ethyl 9,12,15-
octadecatrie 73950 + + -+ - - ; i} _
noate
Tetra
76.573 + o+ + o+ + + + + +

decanoic acid
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M19199 4.7 M3fnwvliavesaseangnsnetanmludrauyusii 1

Volatile

RT 0O 5 10 20 40 60 80 100 200 300 500 1,000
compounds
Acetone 6.338 - - 4+ - + - - + - - - -
3-Methyl-

9876 - - + - - - - - + - - -
butanal
Ethanol 11.663 + + + + + o+ o+ + + + + +
Hexanal 19.761 - - 4+ - - - + + - - +
2-Methyl-1-

21135 - - - + + + o+ + - - + +
propanol
1-Butanol 24371+ + - + e + 4 - - + + +
2-Methyl-1-

271406 - + - + gy D4 + - + + +
butanol
3-Methyl-1-

27586 + + + + + o+ 4 + + + + +
butanol
2-Pentylfuran 28.026 + + + A DT 3 + + + +
Acetoin 31.178 <F ASagA & + “f ) + + + + +
Octanal 31.290 0 V'\{/ Y, \ = - ~ + + - - +
1-Hepten-

31.906 \\ 23\~ ’ > - s - ¥ - . }
3-one
Nonanal 36.336 - -+ - + - - 4 + - - +
Tetradecane 36860 - - 4+ > + - - + + - - -
(E)-2-Octenal 37957 - - + = - - - + + - - }
Aceticacid  38.690 + + - - - + - - . + . }
1-Octen-3-ol 38999 - - 4+ - - - - + + - - )
Furfural 39172 - - - + . + - - - . } -
2-Ethyl-

40.746 - - - - - - - + + - - -
hexanol
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Volatile
RT 0 5 10 20 40 60 80 100 200 300 500 1,000

compounds
Benzal-
41791 + + o+ + + o+ o+ + + + + +
dehyde
(E)-2-Nonenal 42580 - - - - - - - - + . B, B}
[R-(R*,R*)]-2,3-
43073 + + o+ + + o+ o+ + + + + +
Butanediol
1-Octanol 43.616 - - + - 2 - - + + - . ,
[S-(R* R*)]-2,3-
a4.665 + + + + o+ o+ + + + + +
Butanediol
(E)-2-Octen-
4589 - - 4+ ) 2 - - . + - . B,
1-ol
1-Nonanol ~ 47.678 - - - L 4 - - - + - - ,
(L)-alpha-
49.167 - - - - ) K y - n . _ }
Terpineol
endo-Borneol 49.326 - - - " > S > ) + - . }
1-Hexa-
49.337 [ P/ SNE . f A \ ) - . . B,
decanol
Methoxy-
51343 - - + Z + - C + + - - -
phenyl-oxime
Ethyl
phenylethan 52227 - - - = = . - . - + . )
oate
Hexanoic acid 54.358 - - + - - - - - + - . }
Dodecanoic
acid ethyl 54442 + 4+ @ - + - + + - - + + -
ester
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Volatile

RT 10 20 40 60 80 100 200 300 500 1,000
compounds
2-Methoxy-
54.780 - - - - - - + - - -
phenol
Phenylethyl
56.638 - + + + + - - + + +
alcohol
alpha-
Ethylidenebe
57.224 - + + o+ 4 - - ¥ + a
nzeneacet
aldehyde
4-Ethyl-2-
methoxy 60.126 - + - - - + - - . a
phenol
Tetradecanal 60.257 - - - : - - - - . )
Pentadecanal 60.257 + + N &R (oA + + + + +
Ethyl tetra
60.831 - + NGNS + - + + +
decanoate
Ethyl 9-tetra
61.480 H > S . ) - - . B, }
decenoate
2-(4-Hexyl-
2,5-dioxo-
62.244 o) . - ~ = - B, - . }
3-furyl)
acetic acid
Ethyl 13-
methyl-tetra  62.698 - - - - + + - + + +

decanoate
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Volatile
RT 0 5 10 20 40 60 80 100 200 300 500 1,000
compounds

6,10,14-
Trimethyl-2-
62937 - - 4 - - - - i - . B,
penta
decanone

Ethyl penta
63574 + + - + + o+ o+ + - + + +
decanoate

Nonanoic
63811 - - 4+ - . - - - + _ . i
acid

1-Tetra

64.082 + - - ! - - - - - - - -
decanol

1-(2-Hydroxy-
5-methyl-
64.527 + + + + 4+ + o+ + + + + +
phenyl)-
ethanone
Methyl 2-
methylhexad 64914 - - - \ = d \ Y . . + +

ecanoate

Methyl hexa
65.199 + - 4+ 5 = - + + - - . i}
decanoate

Ethyl hexa
66.214 + + + + + o+ 4+ + + + + +
decanoate

Ethyl 9-hexa

66.614 + + - + + o+ o+ + - + + +
decenoate
Ethyl E-11-

hexa 66.794 + + - + - + o+ - - + + +

decenoate
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Volatile
RT 0O 5 10 20 40 60 80 100 200 300 500 1,000
compounds

Glycerin 67480 - - + + + -+ + + - . .

2,5-Dihydro
6789 - - - - -+ - - - - . _
thiophene

Ethyl hepta

68.514 - - - + - + 4+ - - + + i}
decanoate

1-Hexa

68.962 + + - - - . - - - - _ "
decanol
Methyl cis-
10-hepta 68955 - - - + -+ o+ - - + + -
decenoate
2,3-Dihydro

69.068 + + - - - = - - - _ _ i}
benzofuran

Methyl 8-(2-

hexylcyclo
69.205 et 7= > Z = 2 2 . - + _

propyl)
octanoate

4-(1,1-Dime-

thylpropyl) 69520 + + + + = \_ SN/ + + + + n

phenol
Butyl hexa
70220 - - - A A . Z . . B, ) n
decanoate
n-Hexa
704271 -+ o+ - + - - + - - - .

decanoic acid
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Volatile

compounds

RT

10 20 40

60 80

100 200 300 500

1,000

2,4-Bis(1,1-
Dimethyl
propyl)
phenol
Methyl 17-
methylocta
decanoate
Octadecanoic
acid ethyl
ester
Ethyl 9-octa
decenoate
Benzo
phenone
Ethyl oleate
Ethyl-9,12-
octa
decadienoate
D,L.-Meva
lonic acid
lactone
Ethyl 6,9,12-
hexadecatrie

noate

70.769

70.781

70.787

71.246

71.351

71.429

72.340

72.838

73.028
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Volatile

compounds

RT

10 20 40

60 80

100 200 300 500

1,000

Ethyl 9,12,15-
octadecatrie
noate
Diphe
nylamine
1-(3-Hydroxy-
4-methoxy
phenyl)
ethanone
Tetra
decanoic acid
Myristoleic

acid

73.975

74.100

75.100

76.589

77.826
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Volatile
RT 10 20 40 60 80 100 200 300 500 1,000
compounds
Acetone 6.654 + - + + + - + + - +
Isopropyl
11.898 + + + + + + + + + +
alcohol
Ethanol 12.080 + + + + + + + + + +
2,3-
14.267 - - . + - . - - B, B,
Butanedione
Ethyl
17.855 - 2 = - . - . . i "
butanoate
Butyl acetate  20.018 k S < { - - - - - ;
1-Butanol 25.480 N+ Sy VA + + + + + +
2-Methyl-1-
27.972 277 \O)N\ WG _ _ _ _ _
butanol
Butyl
27.987 + + - + + + + + + +
butanoate
3-Methyl-1-
28.343 AW S % 35 + + + + +
butanol
2-Pentylfuran  28.886 N » = + / y - - . _
3-Methylbutyl
30.799 - ) - (2 » . - - B, B,
butanoate
Acetoin 32.026 - - - + - - - - + .
4-Heptanol 38.818 + - - + - - - + i, .
Acetic acid 39.440 - - - + - - - - + +
Tetramethyl
40.713 - - - + - - - - - -
pyrazine
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Volatile

RT 10 20 40 60 80 100 200 300 500 1,000
compounds
3-Methoxy-2-
42.473 - - - - - - - - - -
butanol
Benzaldehyde 42578 + - - + + - + + + -
[R-(R*,R*)]-2,3-
43.629 + + + + + + + + + +
Butanediol
[S-(R¥,R*)]-2,3-
45.088 + + + + + + + + + +
Butanediol
Butanoic acid ~ 46.868 + - % + - - - + + +
4,5-Octanediol  49.945 + + + + + + + + - +
Ethyl
54.979 - Fo ey - - - - - +
dodecanoate
Ethyl benzene
56.395 + + + - + + + - + +
propanoate
Phenylethyl
57.286 + + + + + + + + + +
alcohol
n-Butyl laurate  60.563 1 + 3 - 5 . - + . _
Pentadecanal  60.697 + / N 2 4 + + + + n
4-Ethyl-2-
methoxy 60.769 . » = + 4 / - - . ;
phenol
Dihydro-5-
pentyl-2(3H)-  60.805 + + + - o+ 4 + + + +
furanone
Isopropyl
60.945 + - - - - . + ¥ B B
myristate
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Volatile
RT 0O 510 20 40 60 80 100 200 300 500 1,000

compounds
Ethyl tetra
61.277 + + + o+ 4+ 4+ 4+ + + + + +
decanoate
Octanoic acid  61.505 - - - - - + - - . ; i .
n-Butyl-6-
phenyl 61994 + + + + 4+ - + + ¥ + + n
propionate
Hexadecanal 63564 - - 4+ + + - + + - - + +
Ethyl penta
64.001 - - - - 1 - + + i, i _ n
decanoate
Cis-9-Hexa
64.271 - - - z 3 X - - . - + _
decenal
1-Tetradecanol 64523 - - - - - ) - - - - . n
2-Methoxy-4-
65.136 - - - - . W - - - - , i
vinylphenol
Butyl myristate  65.930 + + + + + < % % + + + +
Isopropyl
66.204 + 4+ + + + - + + + + + +
palmitate
Ethyl
66.571 + + + + + + 4 + + + + +
hexadecanoate
1-Eicosanol 67.019 - - - + = - - . - _ - -
(2)-13-
67.023 - - + - . - . , . _ + n
Octadecenal
Ethyl 9-hexa
67.029 - + + + + + + + - - - +
decenoate
Ethyl E-11-hexa
67.199 - + - - + - + + + + + -

decenoate
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Volatile
compounds
alpha-(Phenyl
methylben
zenethanol
Methyl cis-10-
hepta
decenoate
Methyl 8-(2-
hexylcyclo
propyl)
octanoate
4-(1,1-Dimethyl
propylphenol
alpha-(2-Methyl
propylbenzene
ethanol
Butyl hexa
decanoate
Butyl 9-hexa
decenoate
n-Hexa
decanoic acid
(E)-Ethyl 9-
octadecenoate
(E)-9-octa
decenoate

Ethyl oleate

RT

69.571

69.635

69.637

70.102

70.283

70.641

71.234

71.644

71.652

71.826

71.838

10 20 40
+ -+
+ o+ 4+
- _|_ i}
+ o0+ 4+
- S ¥
FUNF o+
+ o+ 4+
+ -+
+ o+ 4+

60

80

100 200 300 500

+ + + +
+ + + +
+ + + +
+ + + +
+ + + -
+ + + -
+ + + -
- - - +
+ + - -

1,000
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Volatile

RT 10 20 40 60 80 100 200 300 500 1,000
compounds
Ethyl-9,12-octa
72.795 + + + + + + + - + -
decadienoate
Ethyl 9,12,15-
octa 74.507 - - + - - + - - - -
decatrienoate
Hydrocinnamic
75.289 - + + - + + + + - -
acid
Butyl 9-
76.322 - + S - + + + + - -
octadecenoate
Methyl cis-11-
76.323 - 2 S % - - - - - -
octadecenoate
Tetradecanoic  77.324
- - - + 4 - - + + -

acid
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Volatile
RT 0 5 10 20 40 60 80 100 200 300 500 1,000
compounds
Acetone 6.329 + + + + + + + + + + - +
Isopropyl
11.369 + + - - + - + + + - - -
alcohol
Ethanol 11.611 + + + + + + + + + + + +
Ethyl
17177+ - - - ! - - - - - B, i
butanoate
Butyl acetate 19.382 + + - - + + + - + + + +
2-Methyl-1-
21.170 - - + + - 4 - - - - - _
propanol
1-Butanol 24322 + + + + + + + + + + + +
2-Methyl-1-
271375 - - + + - X - - - - - -
butanol
3-Methyl-1-
271.526 + + + + + + + + + + + +
butanol
Butyl
21649 + + - - 2 Yo - o+ + + + +
butanoate
2_
28100 + -+ + + + + + - + + +
Pentylfuran
Acetoin 31.089 + + + + + - + + - + + +
1-Hexanol  34.656 - - - - - - - - . - - +
(E,E)-1,3,5-
Unde 36.784 - - - - - - + - - - B, i
catriene
Acetic acid 38.671 + + - + + + + + + + + +
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Volatile

RT 10 20 40 60 80 100 200 300 500 1,000
compounds
Furfural 39.152 - + - + o+ + - + + +
Benzal
41.773 + + + + + + + + + +
dehyde
[R-(R*,R*)]-
2,3-Buta 42.977 + + + + + + + + + +
nediol
[S-(R*,R¥)]-
2,3-Buta 44,501 + + + + + + + + + +
nediol
Butanoic
46.151 + + + + + + + + + +
acid
(E,E)-2,4-
53.231 + - - £ - - - - , i
Decadienal
Ethyl
54.413 + + + + = + - + - -
dodecanoate
2-Methoxy
54.765 + - S + ~ + - + + +
phenol
Ethyl
benzenepro  55.739 > S = - / . + - - ;
panoate
Phenylethyl
56.613 + + + + + + + + + +
alcohol
alpha-
Ethylidene-
57.198 - + - - . - - - B, i
benzeneacet
aldehyde
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Volatile

compounds

RT

10 20

40

60

80

100 200 300 500

1,000

2,3-Dihydro-
1H-indene-4-
carbal
dehyde
4-Ethyl-2-me
thoxyphenol
Penta
decanal
Dihydro-5-
pentyl-2(3H)
furanone
Ethyl tetra
decanoate
Octanoic
acid
2-Methylpro
pylbenzene
propanoate
Ethyl 13-
methyltetrad
ecanoate
Hexa
decanal
2-Phenoxy

ethanol

57.199

60.109

60.227

60.318

60.793

60.967

61.425

62.670

63.118

63.239
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Volatile
RT 0O 5 10 20 40 60 80 100 200 300 500 1,000
compounds

Ethyl penta

63543 + + + + - + + - - + + -
decanoate
Nonanoic
63.801 - - - - - - - - - ; + _
acid
1-(2-Hydro
xy-5-methyl
64501 - - - . i + + + - + _ +
phenyl)
ethanone
Butyl
65.486 + + + g + - - - + - - -
myristate
Isopropyl
65.792 + + - - + 4 + - + - - _
palmitate
Ethyl hexa
66.161 + + + + + + + + + + + +
decanoate
n-Decanoic
66.409 - - - - ! r ) ), - ; + _
acid
Ethyl 9-hexa
66.563 + + - + + + r = + + + -
decenoate
Ethyl E-11-
hexa 66.744 + + + + + + + + + + + +
decenoate
Ethyl hepta
68.490 - - + - - - - . - . _ _
decanoate
Methyl 9-
hepta 69.022 - - + + - - - + - - - +
decenoate
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Volatile

compounds

RT

10 20

40

60

80

100 200 300 500

1,000

alpha-
(Phenyl
methyl)Benz
eneethanol
Methyl cis-
10-hepta
decenoate
4-(1,1-
Dimethylpro
pyUphenol
Butyl hexa
decanoate
n-Hexa
decanoic
acid
Ethyl octa
decanoate
(E) Ethyl 9-
octa
decenoate
Benzo
phenone
Ethyl oleate
Ethyl-9,12-
octadeca

dienoate

69.050

69.203

69.497

70.222

70.375

70.766

71.212

71.321

71.385

72.295
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Volatile

compounds

RT

10

20 40

60

80

100 200 300 500

1,000

Ethyl (Z,Z,2)-
9,12,15-
octadecatrie
noate
Butyl 9-octa
decenoate

Tetradeca

noic acid

73.936

75.702

76.575
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Volatile

RT 10 20 40 60 80 100 200 300 500 1,000
compounds
Acetone 6.331 + o+ o+ o+ o+ o+ + + + +
Isopropyl

11.311 - + 4+ 4+ o+ + + + + +
alcohol
Ethanol 11.549 + O+ o+ o+ o+ o+ + + + +
Butyl

19.392 N U . . . n "
acetate
2-Methyl-1-

21.123 ARG - - - - . , i}
propanol
1-Butanol 24.148 RPN Y+ + + + ¥ +
2-Methyl-

27.373 + - 3 - - - , i R
1-butanol
3-Methyl-

27.469 +  + o+ 4+ o+ + + + + +
1-butanol
Butyl

27.744 -+ o+ o+ o+ + + + + +
butanoate
2-Pentylfuran 28.219 = NI 1// 3 - . , _
Acetoin 31.032 INAS=N\) /2 + + + . +
(3E,52)-1,3,5-

36.806 Do S=~SEN\Y A - - . , ;
Undecatriene
Acetic acid 38.699 + O+ o+ o+ o+ o+ + + + +
Furfural 39.159 + - - - - - - . , i}
Benzaldehyde 41.785 + - - -+ - + + - ,
3-Methoxy-

41.941 - - - - . . i "
2-butanol
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Volatile

RT 10 20 40 60 80 100 200 300 500 1,000
compounds
[R-(R*,R*)]-2,
42912 + o+ + o+ o+ o+ o+ o+ 4 +
3-Butanediol
[S-(R*,R¥)]-2,
44.462 + + + + o+ 4+ + + + +
3-Butanediol
Butanoic acid 46.164 ¥ O+ o+ o+ o+ o+ + + + +
4,5-Octanediol 49.365 - H -+ - + - - - -
R,S-2,3-
49.367 - -\ - - . . a i n
hexanediol
8-Hydroxy-
53.243 + BB - - - - . . , _
neomenthol
Ethyl
54.417 e a1, S - - + - -
dodecanoate
Ethyl benzene-
55.774 - + o+ o+ - + - + + +
propanoate
Phenylethyl
56.620 + o+ + o+ o+ + + + + +
alcohol
Tetradecanal 57.041 MY g ) | 3 , i} _ -
4-Ethyl-2-
60.108 R D Y/ - . . ; _
methoxyphenol
Pentadecanal 60.239 = N/ + + + ¥ +
Dihydro-5-
pentyl-2(3H)- 60.315 o+ o+ o+ o+ ¥ + ¥ n n
furanone
Ethyl
60.797 + + + 4+ o+ + + + + +
tetradecanoate
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Volatile

RT 10 20 40 60 80 100 200 300 500 1,000
compounds
n—Butyl—B—phenyL—
61.444 -+ o+ o+ o+ 4+ + + + +
propionate
Hexadecanal 63.128 -+ o+ o+ - + - - + +
2-Phenoxy-
63.245 + 8 - - - - + - . i,
ethanol
Ethyl penta-
63.546 + 5 - - - - - + , i}
decanoate
Nonanoic acid 63.799 - S - -+ - + - B, i
Cis-9-Hexa-
63.816 PIEBRP. - - - - . + +
decenal
1-Tetradecanol 64.061 - . S - - , i i
2-Methoxy-
64.508 h =) B -7 - - . . B, i}
4-vinylphenol
Tetrahydro-
6-pentyl-2H- 64.867 A\E"S A\ - . - - .
pyran-2-one
Butyl myristate 65.491 =\ 2 )3)= ) R + + n "
Isopropyl
65.802 - + 4+ + 4+ + + + + +
palmitate
Ethyl hexa-
66.137 LAY 7+ o+ + + + +
decanoate
9-Hexa-
66.409 - - - - - - . . i}
decenoic acid
(2)-13-Octa-
66.411 - - -+ - + - . B, i}
decenal
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Volatile

RT 10 20 40 60 80 100 200 300 500 1,000
compounds
n-Penta-
66.564 et - - . ; i
decanol
(2)-9-Octa-
66.565 - - oo . . a i n
decenal
1-Hexadecanol 66.573 + o+ - - - - + + + -
Ethyl 9-hexa-
66.743 + -+ -+ - + + + -
decenoate
Ethyl E-11-
66.747 - -+ o+ - - - - - _
hexadecenoate
1,2-Dimethoxy-
69.055 TSy -4 - - - . + _
ethylbenzene
Alpha-
(Phenylmethyl) 69.056 -+ o+ o+ - + - . - _
benzeneethanol
Methyl cis-10-
69.202 GN = M SR\ + + + + +
heptadecenoate
Methyl 9-
69.204 Q= A /] . . . n -
heptadecenoate
4-(1,1-Dimethyl-
69.500 + + + 4+ o+ + + + + -
propylphenol
Butyl hexa-
70.225 + + + 4+ O+ + + + + +
decanoate
n-Hexa-
70.376 + o+ o+ - + + + + + +
decanoic acid
Butyl 9-hexa-
70.619 - -+ -+ + + - + -

decenoate
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Volatile

RT 10 20 40 60 80 100 200 300 500 1,000
compounds
n-Propyl 11-
70.823 e - - - . ;
octadecenoate
Ethyl oleate 71.210 + o+ o+ o+ o+ o+ + + + -
Benzophenone 71.329 + - - - - - + + - +
Ethyl 9-octa-
71.384 - -+ - . . n n n
decenoate
9,12-Octa-
decadienoic 72.294 +  + o+ o+ 4+ - + + + -
acid ethyl ester
Methyl cis-10-
73.288 - S+ o+ o+ + + + + +
heptadecenoate
cis-10-Hepta-
73.294 L ~) Al - .7 - - . . ; i
decenoic acid
Ethyl (Z,Z2,2)-9,
12,15-octade- 73.935 S\ ) WL - - + . i
catrienoate
Ethyl 9,12,15-
73.940 ST NA /] . . . _ i
octadecatrienoate
Hydro-
74.535 =4 S + - - - +
cinnamic acid
(E)-9-Octa
decenoic acid 75.714 -+ o+ o+ o+ + - - - -
methyl ester
Tetradecanoic acid 76.570 + - - - - - + i, - -
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Gamma dose Biological
Compounds RT Rice cultivars Ref.
(Gy) activity
3-Methyl
9.876  Khao Prathum Thani 1 10, 200 Antioxidant [66]
butanal
2,3-Buta
14.267 Khao Gor Khao 31 60 Antimicrobial [67]
nedione
10, 40, 100, 200,
Hexanal 19.761 Khao Prathum Thani 1 Antimicrobial [68]
1000
Khao Prathum Thani 1
2-Methyl-1- Khao Gor Khao 31
27.406 10 to 1,000 Antimicrobial [69]
butanol Khao Gor Khao 41

Khao Gor Khao 57

105



Gamma dose Biological
Compounds RT Rice cultivars Ref.
(Gy) activity
Antimicrobial,
10, 100, 200, [70],
Octanal 31.290 Khao Prathum Thani 1 antioxidant,
1,000 [71]
antidiabetes
KDML105, Khao Gor 10, 20, 100, 200,  Antimicrobial,
1-Hexanol  34.665 [72]
Khao 41 300, 1,000 antioxidant
10. 40. 100. 200 Antibacterial
Nonanal 36.336 Khao Prathum Thani 1 [73]
1,000
Antimicrobial,
Tetradecane 36.860 Khao Prathum Thani 1 10, 40, 100, 200 [74]
antioxidant
(E)-2-Octenal 37.957 Khao Prathum Thani 1 10, 100, 200 Antibacterial [75]
1-Octen-3-ol  38.999 Khao Prathum Thani 1 10, 100, 200 Antibacterial [76]
KDML105
Khao Prathum Thani 1
Furfural 39.167 5 to 1,000 Antibacterial
Khao Gor Khao 41 [77]
Khao Gor Khao 57
Antioxidant,
Tetramethyl
40.713 Khao Gor Khao 31 60 anti- [78]
pyrazine
hypolipidemia
(E)-2-
42.580 Khao Prathum Thani 1 200 Antioxidant [79]
Nonenal
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Gamma dose Biological

Compounds RT Rice cultivars Ref.
(Gy) activity
(L)-alpha- Antibacterial,
49.167 Khao Prathum Thani 1 200 [80]
Terpineol antioxidant
Endo-
49.326 Khao Prathum Thani 1 200 Antioxidant [81]
Borneol
Gaucher
disease
treatment,
R,S-2,3- antiviral,
49.367 Khao Gor Khao 57 1,000
Hexanediol cytopro (82]
tectant,
skin diseases
treatmen
(E,E)-2,4-
KDML105 10, 100, 200, 500,
Deca 53.231 Antimicrobial 183!
) Khao Gor Khao 41 1000
dienal
2-Tride
53.246 KDML105 80 Antimicrobial [84]
canone
Hexanoic KDML105 5 10, 300, 500,
. 54.345 Antioxidant
acid Khao Prathum Thani 1 1,000 [85]
KDML105
2-Methoxy 10, 60, 100, 300,
54777 Khao Prathum Thani 1 Antioxidant
phenol 500, 1,000 [86]

Khao Gor Khao 41
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Gamma dose Biological
Compounds RT Rice cultivars Ref.
(Gy) activity
1-Dodecanol 58.429 KDML105 10, 300 Antimicrobial [87]
Wound
closure,
2-Penta collagen
60.027 KDML105 5, 80, 200
decanone deposition, [88]
and fibroblast
proliferation
2-Methoxy-4- Khao Gor Khao 31 Anti-
64.508 60, 100 [89]
vinylphenol Khao Gor Khao 57 inflamlmatory
Antifungal,
(2)-7- antibacterial,
66.412 KDML105 20, 40, 60 [90]
Hexadecenal antiviral
activity
Inherited
Pent 80,100,200,300,50 human
n_ en a ’ 4 ’ )
66.578 N7 peroxisomal [90]
decanol 0,1,000
Khao Gor Khao 57 disorders
Ethyl octa Antioxidant,
70.766 Khao Gor Khao 41 10, 20, 40, 60, 300 anti- [91]
decanoate
inflamsmatory
Ccis-10-
Heptadecen 73.294 Khao Gor Khao 57 20 Antioxidant, [92]
anti-cancer

oic acid




Gamma dose Biological

Compounds RT Rice cultivars Ref.
(Gy) activity
Dipheny
74.100 Khao Prathum Thani 1 10, 40, 300, 1000 Antidiabetes
lamine (93]
(E)-9-Octa
decenoic Anti-
75.714 Khao Gor Khao 57 20, 40, 60, 80, 100
acid methyl inflammatory  rgq
ester
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Gamma irradiation is the technique used to induce plant mutation and it has affmed both (he physiologiul and
biochemical compounds of the plant. Some new rice lines are also created th h the g
We investigated the effect of gamma irradiation on plam gmwth. volatile compounds “and the biological acﬂvhy of
gamma-irradiated rice extract compared to non: diated rice extract. The results reveal that the gamma-
irradiated rice growth was related to the proline content, as the low gamma dose induced rice growth and proline
accumuhtion in gamma-irradiated rice. We induced the bioactive compounds, including the flavonoid content and
of g irradiated rice, through the low gamma irradiation dose at 60-100 Gy. Interestingly,
bioactive compounds were stimulated by a gamma dose similar to that of the biological activity (antioxidant activity and
enzyme inhibition) of gamma-irradiated rice. The results suggest that gamma-irradiated rice extract’s biological activity
was closely related to the flavonoid and phenolic content of rice. We also identified the variety of volatile compounds in
gamma-irradiated rice and they were also reported for the biological aﬂivlty Our results can generale a new rice line
that exhibits high plant growth and is rich with bioacti pounds such as fl dand p i pounds which

related to the improved for human health.

©2021, The Society for Biotechnology, Japan. All rights reserved.

[Key words: Gamma irradiation technique; Bioactive ds: 2-Gl

Thai rice cultivars|

Rice is a food staple globally, especially in Asia (1). Rice con-
sumption slightly increased from 2016 to 2018 (i.e., from approxi-
mately 476.74 to 499.18 million metric tons). In Asia, China was the
top country producing rice in 2019, followed by India, Indonesia,
Bangladesh, and Vietnam, However, Thailand was listed as the fifth
country producing rice (The United States Department of Agricul-
ture (USDA)). Thailand has many rice varieties, especially local rice
groups. Local rice means that rice is cultivated in a specific local
area that is suitable for that rice cultivar (2). However, Thailand has
Khao Dawk Mali 105 (KDML 105), the most famous rice globally due
to its characteristic aroma. Moreover, the Thai rice market also has
more rice variety, which has similar characteristics to that of KDML
105 such as Khao Pathum Thani 1, Khao Gor Kor 6, and some
glutinous rice cultivars (Thai Rice Exporter Association (TRED)).

With the increasing rice demand, rice production must be
enough to supply the rice market. Researchers have studied the
increasing rice yield using several methods such as rice breeding
and rice mutation (3-5). Furthermore, the newly generated rice
line has also been studied to determine its special characteristics
such as tolerance to stress from the environment and plant disease
(6-8), the increase of aroma intensity in rice grain (9), and the
increase of bioactive compounds in rice grain for human health
benefits (10). The gamma-irradiation technique is easy to use for
induced plant mutation and this technique has not got any

* Corresponding author.
E-mail address: sompong_s@rmutt.ac.th (S. Sansenya).

idase and ylase inhibitory activity; Tyrosinase inhibitory activity:

regulatory restrictions when compare to other technique such as
GMOs (Genetically Modified Organisms). The gamma-ray can pro-
duce reactive oxygen species, causing damage to the DNA and
generating mutation in plants (11,12). In rice, the gamma-
irradiation technique has also been used to generate the new rice
line for improved special characteristics. Sansenya et al. (13,14)
used the low gamma irradiation dose to improve 2-acetyl-1-
pyrroline and y-aminobutyric acid content. Hwang et al. (15) also
reported that gamma irradiation could induce tocopherol accu-
mulation in the rice mutant line. Moreover, gamma irradiation also
affects rice growth and rice grain yield (16).

In this study, we selected 5 famous rice cultivars in the Thai rice
market, including KDML105, Khao Pathum Thani 1, Khao Gor Kor
31, Khao Gor Kor 41 and Khao Gor Kor 57. We investigated gamma
irradiation on rice characteristics, including rice growth and
bioactive compound changes, antioxidant capacity, and the inhib-
itory activity efficiency on «-glucosidase, z-amylase, and tyrosinase
of the rice extract (gamma-irradiated and non-gamma-irradiated
rice). KDML105 is fragrant rice, and this rice is very famous due
to its aroma intensity and characteristics. Khao Pathum Thani 1 is
hybrid rice generated from rice cultivar number BKNA6-18-3-2
with rice cultivar number PTT85061-86-3-2-1 (development by
Pathum Thani Rice Research Center, Thailand). Khao Gor Kor 31 is
also hybrid rice generated from rice cultivar number SPR85163-5-
1-1-2 with rice cultivar number IR54017-131-1-3-2 (development
by Suphan Buri Rice Research Center, Thailand). Khao Gor Kor 41 is
hybrid rice generated from F1 hybrid rice (rice cultivar number

1389-1723/$ — see front matter © 2021, The Society for Biotechnology, Japan. All rights reserved.
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Shoot length (cm)

Khao Gor Kor 31

Rice cultivars

FIG. 1. The shoot length of five rice cultivars (gamma-irradiated rice and non-gamma-irradiated rice). The different bar colors indicate the differences in gamma dose (0 through
1000 Gy). The error bar is expressed as mean + standard deviation (n = 5).* indicated within a cultivar by the same letters above error bar indicate no significant difference (P >

0.05).

CNT85059-27-1-3-2 with Suphan Buri 60 rice cultivar) with RP217-
635-8 rice cultivar (development by Chi Nat Rice Research Center,
Thailand). Khao Gor Kor 57 is hybrid rice generated from Suphan
Buri 1 rice cultivar with IR64 rice cultivar (development by Suphan
Buri Rice Research Center, Thailand). KDML105 and Khao Pathum
Thani 1 are fragrant rice, whereas Khao Gor Kor 31, Khao Gor Kor 41,
and Khao Gor Kor 57 are non-fragrant rice, and all of these are
white rice, This research study is expected to discover a novel new
rice line that contains a wide variety of bioactive compounds that
benefit human health.

MATERIALS AND METHODS

Chemical reagents The enzymatic reactions include #-glucosidase from
Saccharomyces cerevisiae, z-Amylase from Aspergillus oryzae; and tyrosinase from
h and we obtained all chemical from Sigma-Aldrich (St. Louis,

MO).

Plant material The rice seeds, including Khao KDML 105, Khao Pathum Thani 1,
Khao Gor Kor 31, Khao Gor Kor 41, and Khao Gor Kor 57, were obtained from the
Pathum Thani Rice Research Center. The rice seeds were sterilized with 0.1% NaClo
for 30 min and then washed with distilled water. Finally, the sterilized rice seed's
moisture content was decreased by less than 13% using a hot air oven. Fifty grams of
rice seeds were packed with a polyethylene bag. The rice seed was exposed to a
gamma-ray with a gamma dose of 0 (non-gamma-irradiated rice), 5, 10, 20, 40, 60,
80, 100, 200, 300, 500, and 1000 Gy, and the gamma-ray source was 137Cs. The
Gamma Irradiation Center and the Nuclear Technology Research Center Faculty of
Science Kasetsart University provided the g. irradiati peri

Plant growth i One hundred rice seeds (non-gamma-i d and
gamma-irradiated rice seeds) were soaked with distilled water for 24 h. The soaked
rice seeds were germinated using germinating paper moistened with distilled water.
The germinated experiment was carried out at 30 C and sprayed with distilled water
(250 mL) every 12 h until harvested. The rice seedling was harvested at 3 days, and
the rice shoot and rice root were separated and measured (Fig. 51). The rice samples
(gamma-irradiated and £ irradiated rice) were kept at - 20°C for the next
experiments,

Proline quantification Rice shoots, including gamma-irradiated rice and non-
gamma-irradiated rice, were ground thoroughly using a mortar and pestle with
liquid nitrogen. The proline content of the rice sample was determined using the
modified method (2). The homogenized rice sample (0.01 g) was extracted with
2 mL of 3% sulfosalicylic acid for 1 h. After that, the extraction was centrifuged at
6000 rpm for 15 min, followed by filtration using a 0.45 ym syringe filter. The re-
action mixture was mixed with 3 mL of 2% ninhydrin solution and 2 mL of glacial
acetic acid, after which the mixture was boiled for 20 min. Finally, the reaction
mixture was extracted with 4 mL of toluene and shaken for 5 min. The extracted
solution was measured at 520 nm using a spectrophotometer. The rice sample’s

proline content was calculated using the calibration curve of the proline: y = 0.0505
X ~0.0048 (R” = 0.9992).

Rice extraction Rice shoots, including gamma-irradiated rice and non-gamma-
irradiated rice, were ground to fine pieces, similarly to the section on proline
quantification. The homogenized samples were extracted with methanol, with a
ratio between the sample and solvent of 1 g:5 mL. Then, the extraction mixture was
shaken for 24 h at ambient temperature. After that, the extraction mixture was
filtered with filter paper (Whatman No.1). Then, the methanol was removed from
the sample by evaporation in a hot air oven at 50 C. The crude extract was kept
at -20°C untif bioactive compound quantification, antioxidant determination, and
enzyme inhibitory activity assay.

¥l id content ination by Dowd method The rice samples’ flavo-
noid content was determined using the modified method (17,18). We mixed 300 L
of the sample solution (1 mg/mL in methanol) with 200 L deionized water and
30 L of 5% NaNO; and shook it for 5 min, This was followed by adding 30 pl of 10%
AICH; and shaking for 5 min. Then, the reaction was mixed with 200 mL of 1M NaOH.
The reaction’s final volume was adjusted to 1 mL by deionized water and stood at
room temperature for 15 min. Then, the absorbance was measured at 415 nm. The
total flavonoid content was calculated by the calibration curve of quercetin (y =
2087 x -0.0174; R* = 0.9991). The results of flavonoid content were expressed as
milligrams of quercetin equivalent (QE) per gram of dry weight (dw).

Phenolic content determination by Folin-Ciocalteu method The rice samples’
phenolic content was determined using the modified method (17). Briefly, 1 mg of
crude extract was dissolved with 1 mlL of deionized water to make 1 mg/mL of
sample concentration. The 1 mL sample solution was mixed with 200 uL of 10% (v/v)
Folin-Ciocalteu reagent and shaken for 3 min. The reaction mixture was mixed with
800 yil. of 20% (w/v) sodium carbonate, followed by incubation for 60 min in the
dark, and absorbance was measured at 765 nm. The rice samples’ total phenolic
content was calculated by the calibration curve of gallic acid (y = 0.0214 x -0.1531;
R® = 0.9990). The total phenolic content results were expressed as milligrams of
gallic acid equivalent (GAE) per gram of dry weight (dw).

DPPH antioxidant assay The rice samples’ capacity was d
using DPPH (2,2-diphenyl-2-picrylhydrazyl) with the modified method (19). One
gram of rice sample was dissolved with methanol. The sample solution was added to
0.1 mM DPPH solution to give a 0.1 mg/ml final concentration of the sample. Then,
the reaction mixture was incubated at room temperature for 30 min in the dark. The

bsorbance of radical inhibition was d at 517 nm with a UV/Vis spectro-
h The p age of inhibition was calculated by [(Astank = Asampie)/Avtank]
*100 (Apuank = absorbance without sample; Agumpie = absorbance with sample).

ABTS radical scavenging assay The radical cation assay (ABTS: +) was deter-
mined using the modified method (20). The ABTS-+ solution was prepared with
7 mM of ABTS and 2.45 mM of potassium persulfate with a ratio of 1:0.5 v/v. The
reaction mixture stood for more than 12 h in the dark or until the absorbance was
stable. Ethanol was used to dilute the ABTS- + solution to the absorbance of 0.700 +
0,02 by measurement at 734 nm. The inhibition of ABTS + was determined by
mixing 10 uL of samples (0.1 mg/mL final concentration) with 90 uL of ABTS + so-
lution, then letting it stand at room temperature for 6 min. Then, the absorbance of
the final product was measured at 734 nm. The inhibition percentage was calculated
similarly to that of the DPPH assay.

q
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FIG. 2. The proline content of ga d rice and ga adi

Khao Gor Kor 31

Rice cultivars

d rice. The different bar colors indicate the differences in gamma dose (0 through 1000 Gy). The error

bar is expressed as mean + standard deviation (n = 3). * indicated within a cultivar by the same letters above error bar indicate no significant difference (P > 0.05).

a-Glucosidase inhibitory activity TM enzyme mmblmly activity was derer-
mined using the modified method (21). p ph ide (4-pNPG)
was used as the substrate. The enzymatic reaction was mixcd with 0.1 mg/mL of
samples, 0.25 mM of 4-pNPG, and 0.0025 mg/ml of z-glucosidase. The reaction
experiment was carried out at 37°C for 20 min, The enzyme activity was stopped by
using 0.5 M Na;CO;. The absorbance of the final product was measured at 405 nm
using a UV/Vis spectroph The inhibition percentage was calculated by [(Ay-
A)/Ap)* 100 (Ay = absorbance without sample; A, = absorbance with sample)

a-Amylase inhibitory activity The enzyme inhibitory activity was di
using the modified method (21), Amylose from potato was used as a substrate, The
enzymatic reaction mixture was mixed with 10 ul of samples (1.0 mg/mL), 10 uL of
amylose (0,05 mg/mL), and 10 uL of z-amylase (0,05 mg/mL), The reaction mixture
was incubated for 30 min at 37°C. After ll\al the mzyme reaction was stopped by
boiling for 5 min. The glucose content was di ined using a p d.
oxidase assay, and the absorbance was measured at 475 nm. Thc lnhlbitlnn per-
centage was calculated similarly to that of «-glucosidase inhibitory activity.

Tyrosinase inhibitory activity The enzyme inhibitory activity was determined
using the modified method (21), We used 3 4-Dihydroxy-I-phenylalanine (1-DOPA)
as the substrate. The enzymatic reaction was mixed with 10 ul of samples (1.0 mg/
mL) and 10 uL of tyrosinase (0.5 mg/mL). The enzyme reaction mixture was incu-
bated for 15 min at 37°C. After that, 5 uL of 1-DOPA (5 mM) was added to the mixture,
Then, the mixture was incubated at 37 C for 20 min. Finally, the absorbance of the
final product was measured at 492 nm. The inhibition percentage was calculated
similarly to that of 2-glucosidase and z-amylase inhibitory activity.

Volatile compound identification The volatile compound profiles of gamma-
i rice and ga irradiated rice were determined by the modified
method (13,14). Rice shoots were homogenized using the CryoMill (Retsch, Haan,
Germany) with liquid nitrogen. The homogenized samples were weighed into a vial
with 20 ml of headspace and capped. Then, the samples were preheated at 80°C for
50 min. After that, the volatile compounds of samples were extracted using SPME
fiber (50/30 um DVB/CAR/PDMS, SUPELCO, Bellefonte, PA, USA). The volatile mixture
was sep d by gas ch hy-mass spectrometry (Agilent 7890A GC-7000
Mass Triple Quad). Finally, the volatile compounds were identified by comparing
mass spectra with NIST mass spectral libraries (National Institute of Standards, 2011
version).

istical analysis The analyzed data were d as the mean + standard

deviation (mean + SD). The statistical significance of differences among experi-
mental groups was determined by one-way analysis of variance (ANOVA), and a post
hoc analysis was performed using Duncan’s multiple range test comparisons. The
significance level was set at P < 0.05.

RESULTS AND DISCUSSION

The relationship between proline content and rice growth of
gamma-irradiated rice (five rice cultivars) The rice shoot length
of gamma-irradiated rice (0 Gy) and non-gamma-irradiated rice
(5-1000 Gy) was measured and is shown in Fig. 1. The results
revealed that gamma irradiation at approximately 40 Gy-100 Gy

significantly (P < 0.05) stimulated gamma-irradiated rice growth
compared with non-gamma-irradiated rice. A decrease in rice
growth was continuously observed at the high gamma dose of 100
to 1000 Gy for KDML 105, at 200 to 1000 Gy for Khao Pathum Thani
1 and Khao Gor Kor 41 and at 80 to 1000 Gy for Khao Gor Kor 31 and
Khao Gor Kor 57. However, the gamma dose of 500 and 1000 Gy
largely affected all rice cultivars' growth compared to non-gamma-
irradiated rice. Fig. 2 shows the proline content of gamma-
irradiated rice and non-gamma-irradiated rice for all rice culti-
vars. The significantly (P < 0.05) highest proline content of Khao
Pathum Thani 1, Khao Gor Kor 31, and Khao Gor Kor 41 was
determined from 80 Gy, 40 Gy and 100 Gy, respectively. In com-
parison, the highest proline content of KDML105 and Khao Gor Kor
57 was obtained with 60 Gy. A decrease in all rice cultivars' proline
content resulted from high gamma dose ranges of 100 to 1,000,
with similar effect to that of rice growth.

In plants, proline is synthesized from glutamate and via pyrro-
line-5-carboxylate (P5C) intermediate (22,23). Proline plays an
important role in plant development, such as plant growth and cell
wall synthesis (24). The accumulation of proline in plants is affected
by various environmental stressors (25). One type of environmental
stress is radiation. This stress creates reactive oxygen species and
causes DNA damage in plant cells (11,12). Gamma irradiation is
related to growth and proline content in plants. Sansenya et al. (26)
reported that with a low gamma dose and salt concentration,
growth and proline content are stimulated in Thai rice. Some other
ionization radiation, such as X-irradiation, also induced growth and
the proline content of Phoenix dactylifera L (27). Our results indi-
cated that the low gamma irradiation dose seemed to stimulate the
rice growth of KDML105, Khao Pathum Thani 1, Khao Gor Kor 31,
and Khao Gor Kor 41 in the range of 40-100 Gy. Also, a gamma dose
of 5-10 Gy can reduce these rice cultivars’ growth, However, every
gamma dose seems to inhibit the growth of Khao Gor Kor 57. A
decrease in rice growth was observed at high gamma doses,
especially the dose of 500 to 1000 Gy (Fig. 1). The growth rate of
some plants affected by gamma radiation is similar to our findings.
Asare et al. (28) reported that Okra's plant height could be induced
by a low gamma dose, while a continuous decrease of plant height
was observed after 600 Gy, and especially at 800 to 1000 Gy. Al-
Safadi and Simon (29) also reported that the germination and
plant growth (plant size and root weight) of carrots was induced by
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alow gamma dose (5-10 Gy), while at a high gamma dose, the seed
germination and plant growth were inhibited. In some plants, such
as maize, a decrease in plant growth resulted from increasing the
gamma irradiation dose; especially at 500 Gy, the plant could not
survive more than 10 days (30). In some Thai rice cultivars, such as
Thai black glutinous rice and Thai upland rice, the plant growth was
stimulated by a low gamma dose, while a high gamma dose
inhibited the rice growth (13,14). Our results indicated that the
trend of proline content stimulated by gamma irradiation was
similar to the rice growth rate (Fig. 2). The low gamma dose stim-
ulated the proline content and rice growth rate, while the high
gamma dose inhibited the proline content and rice growth rate.
This indicates that rice growth is closely related to proline
accumulation.

The flavonoid content and phenolic content related to the
antioxidant capacity of gamma-irradiated rice extract In addi-
tion to plant growth, some bioactive compounds, such as flavonoid
content and phenolic content accumulation in plants, were also
affected by gamma irradiation (31). Our results showed that the low
gamma irradiation dose seemed to stimulate the total flavonoid
content and total phenolic content. On the other hand, the high
gamma dose seemed to reduce the total flavonoid content and total
phenolic content. The significantly (P < 0.05) highest total flavo-
noid content of KDML105, Khao Gor Kor 31, Khao Gor Kor 41, and
Khao Gor Kor 57 resulted from the gamma dose of 60 Gy (Fig. 3).
While the highest total flavonoid content of Khao Pathum Thani 1
was obtained from 100 Gy. A similar effect was also observed from
the total phenolic content. A significant increase in rice cultivars’
phenolic content was induced by a gamma dose range of
60-100 Gy (Fig. 4). The research by Najafabadi et al. (32) also
supports our findings in that the phenolic content of Jujube was
stimulated by gamma irradiation. Flavonoids and phenolic com-
pounds are the bioactive compounds found in many plant species
(33). The antioxidant potential of plant extract was related to the
flavonoid and phenolic content. Jing et al. (34) reported that
Rhododendron anthopogon extract's antioxidant potential was
related to the total phenolic and total flavonoid contents. Afzal et al.
(8) also reported a significant correlation between the flavonoid
content and wild vegetables' phenolic content with antioxidant
potential. Our results indicated that KDML105, Khao Gor Kor 31,
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Khao Gor Kor 41, and Khao Gor Kor 57 had the significantly highest
total flavonoid content and total phenolic content from the gamma
dose of 60 Gy. Along with this, the highest total flavonoid content
and total phenolic content of Khao Pathum Thanil were deter-
mined from the gamma dose of 100 Gy. The antioxidant capacity of
all rice cultivars was determined by DPPH and ABTS assay. The
significantly highest antioxidant capacity of all rice cultivars was
determined from a gamma dose of 60 Gy, except for the rice cultivar
of Khao Pathum Thanil, for which the highest antioxidant potential
was determined from the gamma dose of 100 Gy (Figs. 5 and 6). The
results showed that the gamma dose that gives the highest flavo-
noid content and phenolic content of rice extract also gives the
highest antioxidant capacity. As previously reported, and as our
results indicated, the antioxidant capacity values of plant extract
might be due to flavonoid and phenolic content.

The «-glucosidase, z-amylase, and tyrosinase inhibitory ac-
tivity of gamma-irradiated rice extract compared with non-
gamma-irradiated rice extract In recent years, others have re-
ported that much of the inhibitory activity of bioactive compounds
in plants inhibit the key carbohydrate hydrolysis enzymes (a-
glucosidase, z-amylase ). Many bioactive compounds that contained
a high inhibitory percentage on both enzymes were in the flavonoid
compound and phenolic compound groups (35,36). For example,
apigenin and apigenin-7-O-glucuronide are flavonoids that show
high «-glucosidase and z-amylase inhibitory activity (37). More-
over, some flavonol compounds such as quercetin, catechin, epi-
catechin, and myricetin also show high inhibitory activity against -
glucosidase (38-40). We reported that Thai rice cultivars' flavonoid
and phenolic content could be stimulated by gamma irradiation at
the gamma dose range of 60-100 Gy (Figs. 3 and 4). Previous
research reported that some flavonoid compounds, such as apige-
nin and apigenin-7-0-B-glucoside from Chrysanthemum mor-
ifolium, were induced by the low gamma irradiation dose of 30 Gy
(41). Quercetin, catechin, and epicatechin were stimulated by
gamma irradiation in the condition with CO, which was identified
from Centella asiatica (42). We also reported that gamma irradiation
stimulated the enzyme inhibition activity on 2-glucosidase and «-
amylase of rice extract, a similar gamma dose trend to that of the
total flavonoid and phenolic content. The gamma dose of 60 Gy
stimulated both the highest inhibitory activity of z-glucosidase and
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g-amylase and flavonoid content and phenolic content of
KDML105, Khao Gor Kor 31, Khao Gor Kor 41, and Khao Gor Kor 57,
while the 100 Gy dose stimulated both the highest enzyme inhi-
bition potential and flavonoid content and phenolic content of Khao
Pathum Thani 1 (Figs. 7 and 8). Our results indicated that the
enzyme inhibition potential (z-glucosidase and 2-amylase) of rice
extract was related to the flavonoid content and phenolic content,
and a low gamma irradiation dose can stimulate flavonoid and
phenolic content and enzyme inhibitory potential of all rice culti-
vars. Moreover, previous reports indicated that some compounds in
the group of flavonoid and phenolic compounds were related to the
inhibitory activity on =-glucosidase and z-amylase, which are
compounds that can be stimulated by gamma irradiation.

The tyrosinase inhibitory activity of the extract from all rice
cultivars (gamma-irradiated rice and non-gamma-irradiated rice)is

shown in Fig. 9. The 60 Gy rice extract of all rice cultivars showed
the highest tyrosinase inhibition percentage, except for Khao
Pathum Thani 1; the highest tyrosinase inhibitory activity was
obtained from 100 Gy rice extract. The tyrosinase inhibition of plant
extract was related to the variety and content of flavonoid com-
pounds and phenolic compounds (43). One flavonoid from com-
pounds isolated from Geranium purpureum Vill showed inhibitory
activity on mushroom tyrosinase and had higher potential than
standard inhibitor kojic acid (44). Two flavonoid compounds,
artocaepin E artocarpanone and steppogenin, were isolated from
Artocarpus heterophyllous and showed a stronger tyrosinase
inhibitory activity than that of kojic acid (45). Previous research and
our results reported in the section above indicated that gamma
irradiation stimulated flavonoid content. Our results showed that
gamma-irradiated rice extract's highest flavonoid and phenolic
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FIG. 6. The scavenged ABTS " free radical (% inhibition at 0.1 mg/mL) of g irradi
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significant difference (P > 0.05).

content were obtained from 60 to 100 Gy gamma doses and
showed the highest tyrosinase inhibitory potential. Thus, the re-
sults suggest that gamma irradiation can stimulate the accumula-
tion of flavonoid compounds and phenolic compounds that exhibit
tyrosinase inhibitory activity in rice.

The volatile compounds of gamma-irradiated rice as related
to biological properties As previously reported, the volatile com-
pounds that accumulate in plants can be stimulated by gamma
irradiation. Shim et al. (46) reported that irradiated samples’ vol-
atile compounds (medicinal herb, Paeoniae Radix) showed changes
when compared with non-irradiated samples. In rice (Thai upland
rice), the gamma irradiation dose of 20-300 Gy was affected by the
volatile compounds of gamma-irradiated rice compared to non-
gamma-irradiated rice (14). Some volatile compounds identified
from rice have been reported to have pharmaceutical properties,

such as 2-methoxy-4-vinylphenol, vanillyl alcohol, and 2-pentyl
furan, which have shown antioxidant activity (47,48). Also,
vanillin has shown tyrosinase inhibitory activity (49) and guaiacol
has shown z-glucosidase and z-amylase inhibitory activity (50).
These volatile compounds were also identified from the gamma-
irradiated ricel4. The volatile compounds identified from Thai
rice cultivars (KDML105, Khao Pathum Thani 1, Khao Gor Kor 31,
Khao Gor Kor 41, and Khao Gor Kor 57) varied in number and va-
riety (Table S1 through S5). The total volatile compounds of
gamma-irradiated rice and non-gamma-irradiated rice for all rice
cultivars were in the range of 58—78 compounds. Sansenya et al. (2)
reported that 14 Thai local rice cultivars also showed variations in
variety and number of volatile compounds. Our results showed that
under gamma-irradiated treatment, some volatile compounds
were stimulated. The volatile compounds from irradiated rice had
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FIG. 7. The 2-glucosidase inhibitory activity (% inhibition at 0.1 mg/mL) of the extract from all rice cultivars (g

d rice and 8 irradiated rice). The different bar

colors indicate the differences in gamma dose (0 through 1000 Gy). The error bar is expressed as mean + standard deviation (n = 3). * indicated within a cultivar by the same letters

above error bar indicate no significant difference (P > 0.05).
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colors indicate the differences in gamma dose (0 through 1000 Gy). The error bar is expressed as mean + standard deviation (n = 3). * indicated within a cultivar by the same letters

above error bar indicate no significant difference (P > 0.05).

been previously reported on for their biological activity (Table S6).
Some activities had interesting side effects, such as anti-diabetes
obtained from octanal and diphenylamine. Some obtained from
R.S-2,3-hexanediol were also reported for Gaucher disease treat-
ment. Other compounds have shown anti-hypolipidemia, which is
obtained from tetramethylpyrazine. Some compounds related to
hemostatic treatment were obtained from 2-pentadecanone, Most
of the compounds showed antioxidant, antimicrobial, antibacterial,
antifungal, and antiviral activity. Our results suggest that gamma
irradiation is a suitable technique for generating a new rice variety
that contains rich bioactive compounds.

This study investigated gamma irradiation on plant growth and
the biological activity of rice extracts (between gamma-irradiated
rice and non-gamma-irradiated rice) of five famous Thai rice cul-
tivars. The results showed that gamma irradiation could induce

plant growth and proline content at a low gamma dose (especially
for a gamma dose at 60 Gy) for all rice cultivars. In contrast, a high
gamma dose inhibited plant growth and proline content, especially
at 1000 Gy. The bioactive compounds, including flavonoid and
phenolic content, were also induced by gamma irradiation at 60 Gy
for KDML105, Khao Gor Khao 31, Khao Gor Khao 41, and Khao Gor
Khao 57 and 100 Gy for Khao Pathum Thani 1. Furthermore, a high
gamma dose, especially at 500 and 1000 Gy, decreased both
flavonoid content and phenolic content for all rice cultivars. The
gamma irradiation also affected gamma-irradiated rice extract's
biological activity compared to non-gamma-irradiated rice extract.
The antioxidant capacity of rice extract (gamma-irradiated rice and
non-gamma-irradiated rice) was determined using DPPH and
ABTS,; the results indicated that the antioxidant trend capacity of
gamma-irradiated rice extract was higher than that of non-gamma-

Gy
% * 85 Gy

Tyrosinase inhibition (%)

KDML10S

Khao Gor Kor 31
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880Gy
010Gy
#0200 Gy
B0 Gy
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FIG. 9. The tyrosinase inhibitory activity (¥ inhibition at 0.1 mg/mL) of the extract from all rice cultivars (g

d rice and 8 diated rice). The different bar

colors indicate the differences in gamma dose (0 through 1000 Gy). The error bar is expressed as mean + standard deviation (n = 3). * indicated within a cultivar by the same letters

above error bar indicate no significant difference (P > 0.05).
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irradiated rice extract, of both the DPPH and ABTS assays. The
highest antioxidant capacity was obtained from 60 Gy for
KDML105, Khao Gor Khao 31, Khao Gor Khao 41, and Khao Gor Khao
57 and 100 Gy for Khao Pathum Thani 1. The inhibition of carbo-
hydrate hydrolytic enzymes (z-glucosidase and z-amylase) and
melanogenesis-related enzyme (tyrosinase) of gamma-irradiated
rice and non-gamma-irradiated rice was also investigated. The 2-
glucosidase and z-amylase inhibitory activity of gamma-irradiated
rice extract seem higher than that of non-gamma-irradiated rice.
The tyrosinase inhibitory activity also showed a similar trend with
the inhibition of carbohydrate hydrolytic enzymes by the highest
tyrosinase inhibitory activity obtained from 60 Gy for KDML105,
Khao Gor Khao 31, Khao Gor Khao 41, and Khao Gor Khao 57 and
100 Gy for Khao Pathum Thani 1. The gamma irradiation also
stimulated the production of volatile compounds that exhibited
biological activity found in gamma-irradiated rice. The volatile
compounds identified from gamma-irradiated rice showed various
biological activity, such as antioxidant, antimicrobial, anti-
inflammatory, antidiabetes, and anticancer properties.
Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jbiosc.2021.06.011.
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