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The Study of The Inhibition of Enzyme (BAD2) to The Synthesis of Fragrance (2-Acetyl-
1-Pyrroline) and Quantitatively Comparison of The Rice Substances for Its Fragrance
(2-Acetyl-1-Pyrroline), Y-Aminobutyric Acid (GABA), and Antioxidants Activity in
Germinated Luempua Rice from The Maturation Stages to Post-Harvest
Stages to Find The Effective Balance of Substance for Value Added of The
Luempua Rice Production and Healthy Diet Productions for The Elderly,

at Organic Agriculture Group, Khao Kho District, Phetchabun Province
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The Study of The Inhibition of Enzyme (BAD2) to The Synthesis of Fragrance (2-Acetyl-1-
Pyrroline) and Quantitatively Comparison of The Rice Substances for Its Fragrance (2-Acetyl-
1-Pyrroline), Y-Aminobutyric Acid (GABA), and Antioxidants Activity in Germinated
Luempua Rice from The Maturation Stages to Post-Harvest Stages to Find
The Effective Balance of Substance for Value Added of The Luempua Rice
Production and Healthy Diet Productions for The Elderly,

at Organic Agriculture Group, Khao Kho District, Phetchabun Province
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Research Title The Study of The Inhibition of Enzyme (BAD2) to The Synthesis
of Fragrance(2-Acetyl-1-Pyrroline) and Quantitatively Comparison
of The Rice Substances for Its Fragrance (2-Acetyl-1-Pyrroline),
Y-Aminobutyric Acid (GABA), and Antioxidants Activity in
Germinated Luempua Rice from The Maturation Stages to Post-
Harvest Stages to Find The Effective Balance of Substance for
Value Added of The Luempua Rice Production and Healthy Diet
Productions for The Elderly, at Organic Agriculture Group,

Khao Kho District, Phetchabun Province

Name Wilaiporn Pongpian

Co — Researcher Assistant Professor Thanomnual Promboon
Assistant Professor Chanai Mungkalaratanasri

Dr.Sompong Sansenya
Faculty Chemistry

Phetchabun Rajabhat University Year 2016

Abstract

This research aims 1) to study the inhibition of the BAD2 enzyme to increase the aroma
compound is 2-acetyl-1-pyrroline and value-added in Leum Phua rice. 2) to compare solvent used
in the extraction of the gamma aminobutyric acid (GABA), aromatic compound and the
efficiency of the antioxidant activity in germinated Leum Phua brown rice in milk stage 3) to
develop the health food products for older person in community. This research was carried out
the Leum Phua rice from Nong Mae Na Khao Kho, Phetchabun Province. The inhibition of
enzyme used gamma radiation technique at different intensities. Then, the rice was planted since
the age of seven days at harvest time until 101 days. The ethanol and water as the solvents used to

compare the extraction the germinated brown rice and developed of health food products for the



older person were rice cracker, bananas with sticky rice, coconut milk jelly and rice gruel. The
results showed that 1) the effect of gamma radiation affect the growth of rice and the amount of
the increasing aromatic compounds found that the radiation intensity is equal to 20 Gy to the
amount of aromatic substances from the most over the age of 52 days is equal to 67.13
micrograms per gram. 2) the solvent extraction of GABA compound, aromatic compounds and
the efficiency of antioxidant of the germinated brown rice in milk stage was ethanol. 3) the
development of health food products for the older person who have been recognized and effective
evaluation was the best as Leum Phua rice gruel with bean protein flavour. From this research,
researchers have organized a workshop to a group of agriculturist and interested citizens at Nong
Mae Na, Khao Kho, Phetchabun Province to promote the learning source so that increases the

value of Leum Phua rice to communities.

Keywords: Leum Phua Rice, BAD2 Enzyme, Aromatic compounds (2-acetyl-1-pyrroline),

Y-Aminobutyric acid (GABA), Gamma radiation and Health food products.
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ﬂTEJﬂWWL‘IJu“U’ENLﬁﬁ’JQlﬁ hliJlIﬁ uﬂmﬁwmﬂumﬁmﬂuaﬂ Lllﬂ!,ﬂ‘Uhl?il?ﬂ‘ﬂ&ﬂﬁﬂﬂlﬂﬂﬁllﬂﬂ

A A9

] 4
wsemhmaty szmodie uaz luadesdeoglugia1suSqnT (Buttery et al. 1982)

O

py

N

M 2-1 Tnseaievesans 2-acetyl-1-pyrroline

X o d =Y
@15 2-Acetyl-1-pyrroline ( 2AP ) HIYNAUATIZHFIUID polyamine Tnslinany
a I g’; ~ ] a =
HTuTnsau (proline) Wumsasdu TaeluTawuneglurwumiuvesnsaozdTuTnsauazgn
{ 1 2 g 4 o < ! 3
nlaguliegluraumiuves 1-pyrroline Fuiluiiosauny Acetyl group nazutlaeuliilu 2-

Acetyl-1-pyrroline (Yoshihashi et al. 2002)



manasunnnsaosd TuTnsanlidlu 2-Acetyl-1-pyrroline (AW# 2-2) Aparuvany
Y 1
Yunou Tuaeumsnlaoy Y-Aminobutyraldehyde (GABald) liflumsddgaesdino -
P 9 9
Aminobutyric acid (GABA) uag 1-pyrroline #alutunouiignaiuguaioou’lesi Betaine
Aldehyde Dehydrogenase (BAD2) @qgﬂutau”lcﬁﬁaluﬂaju Amino Aldehyde Dehydrogenase Tu
A~ 4 A I . . .
annzloulal BAD2 @13 GABald vzgnuaenlihiluais Y-Aminobutyric acid (GABA)
ualuvazidornuluannginaeulesd BAD2 wiswoulwitiegluzufivihaulild inactive
form 13 GABald vzgnilasuliifluens 1-pyrroline nazdvznlasulihilums 2-Acetyl-1-

pyrroline Tun g9 (Bradury et al. 2008)

o}

H
% P )W
w =) Gmp gup OH™ NH;
OH NH;
Proline

Ornithine

l
H;N/\/\/NHZ

Pultrescine

H
HzN W
(o]
Y-Aminobutyraldehyde

(GABald)

il BAD2
l Tidi BAD2
H,N/\/\"/
o Q_-<
Y-Aminobutyric acid + Acetyl group

e 1-pyrroline 2-Acetyl-1-pyrroline
M 22 uaadinmsdunsizd Y-Aminobutyraldehyde (GABald)

(Bradury et al. 2008)

1.2 Tassa¥anazviinnvestyy BADH
A A o A o ' [l A ~
suNAIURUANYMzANURNLMIMIIegUU AT InTsuan 4 waz 8 lagdu
A o [ [ = = = [l [l 1A < =
BADH1 Nehurinaeguu Ins luTauan 4 uazdu BADH2 Udwvusogunlas IuTsugh 8 &all

Tasearaazsmiinnadiondady uasy BADH2 UMIUaadosnuodounInnIey BADHI
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. = =\ o v A =S 4 1
(Amarawathi et al. 2008) 8 BADH Jinnmenvesdiauiiing 1o Inalszana 5,800 guud
v Y
152noUAI 15 Exons Mag 14 Intron a31905A0LH TUT1IU 503 62 i ldsndduiioss

awysal (BADH) liilinAuvoy (Bradbury et al. 2005 ; Chen et al. 2008 ; Shi et al. 2008)

A Ao Y A 9 J I o = = =
suniihmiadaeu el BAD2 ihidudanuuuIas TuTysugi 8 Failsznou

T1@28 15 exon tiag 14 intron Iasmruasianisaseldsaulsznoudle nsaoziilu 503 42

[

(Shi et al. 2008) NIANTUAINAUNAANURALAAVDIE AV 19U NFvIare Tiveadiay

4

LASIUIU 8 1A (8 bp deletion) VTN exon 7 (Vanavichit et al. 2004) vzaanaliiton la

S Y v = 14

A y X ' 0o 9 vy ay o
BAD2 WQﬂﬁi’l\‘]elluinulllﬁ']ll']ﬁfwnﬁinﬂ f ﬁ\iwaclﬁsll'nllﬂauﬂﬂll Llagiﬂﬂﬂﬂ@ﬂl']jﬁWﬂwu‘ﬁ

q

[ '
=~ a

=) 1 a a o o =) [ 1 1 Y 4 ~
N llllﬂﬁuﬂ'ﬁ]ﬂﬂgvlﬂ‘w‘]J‘ﬂ')’liJW@]‘]Jﬂ@]'ﬂuﬁ’lﬂﬂlﬂﬁﬂ]'ﬁ]\iﬂuﬂ\?ﬂﬁ'n ﬁQWﬁGLWLE]uVlG]ﬂJ BAD2 ngn

gy X o v L o=y v X
ﬁ'iNﬂJuNTﬁ"liJ'liﬂ‘VI'N'luulﬂ A1310U 2-Acetyl-1-pyrroline ‘NthQﬂﬁiN‘Ulnﬂ

2. MU1 (GABA)

]
v 1A

I~ o 1 a Aa aa . .
01U ( GABA ) 1 ua8eNVIINAI ATALNULIZH TUTINT N (gamma amino butyric

1 [ 1 =

. 3 Aa AY o a o J

acid ) 1fluanseisndgua e lasuimsniinauunsnate lupdasusiemsguam §

9 9 ' 9 A o a -

winludensen tazdeanuluaiuvesayninavieanny muuialumwaadnanmas
. A 2 = A = = 3 9 A A 3 9

390 (malting) N1l aglinmsasuutasmeaFuailuwaatn Suniadetunsmily

< Pz < o { < <

Tumdadna sgnszquldonlmilumaadihau - arsermsigninu 1 luwaadieggn
] = = 4 ] I 3 <]

gosaaie launszuauminnduall m15lulamsanvzgndoaiuiiaialuanaanas

1 a . 1 < a

(oligosaccharide) 1182 11AE3 A (reducing sugar) 11sAuszgndoslmilu nsneziilu uaz
4 dyw A o w 1 1 =

il Ing wenninfdmumsmsazauasiaiidinnaiee wu unuulo lssiuea Inlailsoa

= . =Y A dg! d‘ 9J =\ v

(tocopherol) ttaz InTa1nsduea (tocotrienol) YsuamurvziinIuiedIseniiony 1-2 Tu

9 v
NONIINUUITAAAN Iﬂi\iﬁ%ﬁ\ﬁm\ilﬂﬁ"u@ﬁﬂ1ﬂ1 LEAIAINING 2-3

O

HoN MOH

d' Y =
HNN 2-3 Iﬂiﬂ’diNﬂNLﬂNﬂl’ﬂQﬂ1U1
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£ I o 2 Ao w Yo 9
NI1UT 1NVIITINNDON L‘]JUU'NIﬂﬁﬁJTT“LN“I/IanNllﬂﬁﬂﬂ')'mﬁucl%ﬂWﬂl’d‘]Jiﬁﬂ@‘U
9
1% J I ] a
ﬂ'lﬂl’é]ﬂﬂﬂ!“l/l\iuh/l‘EJLL@%@INTJ?%WWMJH@‘EJNNWﬂ NIUINAANINNTSUIUNIT decarboxylation

ﬂ’iﬂﬂgmﬁﬂ (glutamic acid) AIAUNIT

CO,
*HaN )\ACOZ' decarboxylation H;
N~ N0,
— > "H3N CO,
glutamate

y-aminobutyrate

I 1 = = o o o ¥ A g A
Mo Elumsesnguldsau szlunumdaglumsimihaduasaelszam
X [ I A U g)-’ . PO
(neurotransmitter) 1UszUVUszamaIunaly Wuarsaelszamilszianarsgues (inhibitor)

o Y Ao AN Yo Y = 1 o Y a 1
I@fﬁﬂg1/]TH‘L!TI/I5ﬂ‘]eﬂ’ﬁllﬂﬁiuﬁh@ﬁ%qﬂiﬂﬂ1iﬂi$ﬁ]u Glf\?%')ﬂﬂ'liﬂﬁﬂﬂﬂlﬂﬂﬂ'ﬁW@uﬂﬁ1ﬂl!a$

'
¥ o Y A A

o 2 {1 Y Y1 . L. & o Y
UOUHAUTUY %ﬂ‘mmmwmﬁ%wﬂiz@umﬂwa anterior pituitary HINTHUINHNOHN

k4
a

¢ A a o g ¥a y XA A ocqv v A&
803 luungielunaniguaula (growth hormone ) Wldinamsaituiiowe Mlvnaiio
a % [ a & Y a . . 2 g [
MANNNATLFU Teanunsinasisesld tazinaais lipotropic Failuastiesnumsazay
o I o Y I o A A
T Tumamsuundumaihnarsmu I s uevazSoe lsanszuvdlsseam wisdaan
(schizophrenia) ¥a18137 017 15A3anndda weu luvdy avdn Femnldsuarsnuiedis
] A' = ] 9 [ a (% Eldag ] 9 o
aolloanazifieanoazairelianuaularinanad vourau laaauu ¥elin1sniauues
1 1 9 I 9 a g’/ v 1 g o =\ a o 1
sumelunguigeegiiull1dng negisrearunumimin uazlisiwaumsivsewnasm

@ a Y 4 Ia % a J < Y
11 ?f”lil”liﬂ‘ﬂ’f)x‘]ﬂ‘l!ﬂ?ilﬂﬂjiﬂﬂﬁll"”lﬂll@i WTNHUTY L!ﬁ%ﬁﬂﬂ”lﬁlﬂﬂl‘ﬁ)’ﬁﬁﬂgliﬁnlﬂ

3. asiueyyadasy
Y a . . A ~ o ¥ (aaa a o
ﬁ”limumfga;]aaﬁiz (antioxidants) A® ﬁ?ﬁﬂsﬁgﬁ@ﬂ'ﬁﬂ‘ﬂﬂﬁﬂaﬂﬁfl'li’)@ﬂ“ﬁmslfu ﬁ'Jllllﬂ
= a Aaan ] gz 9 ~ o Y a aan 1 g =
ﬂﬂﬂ]ilﬂﬂﬂgﬂiﬂ]gﬂi%’ EIJ@Q?T"IS@Q@u%ﬂ?iﬁlﬂﬂﬂgﬂiﬂ?@]ﬂ‘]“Ili’)\u‘ﬁfaai"lﬂﬂ"lﬂ 3’31]11‘]Jﬂ\1
o = 4 o A Y £ a Y9y
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1 a ] I 1 1 o
Tusnmediszuudeyyaddsy uiedilu 2 nqulng q fe Usznusniosiuns
a a ' 4
NATITOYYADATE 1&un toular] superoxide dismutase,glutathione peroxidase, catalase,

A aAa A

peroxidase, cytochrome C peroxidase 1044a4 d4nzd Bation TsAudlinowasedluluana
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v H Y
(ceruloplasmin) @udnilszinnilsfieo msaueyyaddsz lunguiviaielfnsergn Tail

1&un 3318 war-uaTsiu I1UE ubiquinone, uric acid, bilirubin, albumin, sulfhydryl

=\

a . <~ ] = 1 &I v thiyw
groups 1un3nvziTu cysteine @alog 1uTlsau wu iedad uennnIsHsINaIIUsznoY
a . 1 . {3 a {
fluodn (phenolic compounds) 1Az a13ngH flavanoids Miluasdueyyadaseiraulidie
9 Y A Ao Y oA . A A g 3 9 =
d1ndesseniidiulszneuidinny 1Aun mesIA (pericarp) AD WoRMMAATY &4
1 g 3 a <] a
dauibanlUdrearsdueyyadasy ludindessennie Hueadn (phenolic compounds)
A d = a A £ 9 a o
M 2-4 sz lesiaeguninaisidizneviueanaresilalignslluamsdiueondagu
. . < 9 4 . ~ A
(antioxidant) 118z UATAIUMNITNAYWUT (antimutagms) VATTHAVNAADTUAIN A1WITDNS

o < = o Y Ao o a .
teosnuTsaugide Tasmsszneviluea szsimrhnmsnoyyaddse (free radical) 1ag looou

v

~ U a aan a @ A Y v I
ﬂl@ﬁiaﬁgﬂﬁ'lll'liﬂﬁﬁﬂ'ﬁ Lﬂ@ﬂgﬂiﬂm’aﬂcﬁm%uﬂleﬂﬂmu L!agiﬂlﬁﬁ]ﬁ'ﬁ]uqIﬂﬂi%@nl'ﬁ]\uﬂu

) a . o Y o g’/ aan 1A a I [ 9
15URYYADAIE (free radical) 1 1NduEIURATE N Ty NRoYyava szt uaINg LATITAIY

a o Y
ayyaddszazgniay lidae

2 3y v ~ & o o Y
pnnaindesseniimnuag loennsun Fsmnermsiyetesnulsanesynuay
3 o ' 2 = v R A @ @
wzi5ea 1d v lduennll unaounazWoaweFaaaii ludindossendiauisatosnuns
a S o ) ¥ ' YN Y
anziFea 1d lng luszozisudula

v
[

2 9 Y a1 A o a A <
uonantdindesseniidviszneundiay wonls loertiu s 2-4 1w
astlsznovlnalaled nSewdalnalalodraeglunguussaisdsyneuiluedn (phenolic
=4 o

gJJ [ A a J d’dd a d’ Y gJJ
compounds) ﬂQﬁMﬂWUﬂlu‘ﬁfy’Wﬂf&BuﬂﬁNﬂ NUTLUAINIAN TﬂﬂWUNTﬂUSL’JmLﬂ@PjM%H‘H@ﬂ

4 gi I [} A A
(pericarp) tazi@oRuTUIY (aleurone layer) vouwaaNs 1wu lee1taii-3-nglalea uaz
a a 4 a a a . I {
#lotiati-3-nglnled a151lsznoufueadn (phenolic compounds) IMAY E Failuasiil

o ¥ Y
ﬂmaumazmﬂuﬂm
OH
OH

HO O

i/

NS

OH
M 2-4 Tasaasavoauou Inlyeniiu

4 [}
(fudins0918903a011115AT1UI995. 2010)


http://www.foodnetworksolution.com/wiki/word/0188/antioxidant-%E0%B8%AA%E0%B8%B2%E0%B8%A3%E0%B8%95%E0%B9%89%E0%B8%B2%E0%B8%99%E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B8%8B%E0%B8%B4%E0%B9%80%E0%B8%94%E0%B8%8A%E0%B8%B1%E0%B8%99
http://www.foodnetworksolution.com/wiki/word/2254/free-radical-%E0%B8%AD%E0%B8%99%E0%B8%B8%E0%B8%A1%E0%B8%B9%E0%B8%A5%E0%B8%AD%E0%B8%B4%E0%B8%AA%E0%B8%A3%E0%B8%B0
http://www.foodnetworksolution.com/wiki/word/2254/free-radical-%E0%B8%AD%E0%B8%99%E0%B8%B8%E0%B8%A1%E0%B8%B9%E0%B8%A5%E0%B8%AD%E0%B8%B4%E0%B8%AA%E0%B8%A3%E0%B8%B0
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a . <3| A A wa 9 a aaa a o
uou ITn lae11iu (anthocyanin) 1 uenshliguanialumsdumsnalgnseeondadu

Y
A v 1

. . A o Y a A 1 @ a 1
(antioxcidant)  NWu1ueu Inlsenfiuiivnuindenstlesdumsiialsnisesaniee wu
A @ A @ . . < dy
Tsamenuviaoaaontiale (cardiovascular disease) 13ANZIFY 15AIMAIIU UONINT
Aa a a 4 a A o w . .
dszansamvesuon Inloeniiululniuadilsz@ansnnlunsnida Reactive oxygen species
Y
U U a = % = d
HazdugINsINAeenTAt YA 1N 1U5AY (lipoprotein) ~ LAZNITANAZNDUVDUNAALIADA
aa o J A o
(O3B IFIUATA. 2554) UBNIINUSIAWITNAAADIANADTOD IATNAYD 156 LAINUTZAL
high density lipoprotein (HDL) luifien uazdalinanenisyiiauvesaonldanes ins
a 4 = a % ] g’; a 1 =)
AnszrasmdTunadisueuInlseriuludiedianvua 76 sia wud JUSuw
a 1 1 A a o 1 o EY = o v 9 A o
souInlwentiu oglugie 2.44 - 39453 Tadniuae 100 N5y uazdruniienmls (G1auia)

HlsuameuTn leetiugaga (uiivg gnlaiios. 2552)

a I I [ { e o ] 1 J I
pou In lyentiuiuilusiningiazateildsaeglunguilanTaiuesailuas Iddam
a a { I 1
55506 Tagdvesuou Inlserivszlasundasldauannzanuiunsa-araenInly
a o Y g = g I . A
priuli Tnseadrailunuy c6-c3-c6 ¥uilulnalalydues 2-phenylbenzopyrylium 430
] Y H
flavylium cation NiRIenUMaIeFiia ualog 6 FHAMIMUNNULDY 141N pelargonidin
cyaniding delphinidin peonidin petunidin (l81¥ malvidin TumsazarednaraeuIn lseniiv
o Y Ad a a o < : Lo A g Y ~ o Y ¥ a A
winmihndusuaamesiaanuilunia-a19 (pH indicator) Ao 1WauaN pH ¢ T aRUN
3 TAA A o Aa 1A = a A
anzitlunatauaz 1l pH gelasthishlinaneduazanuadesvesouIn laetiune
@ =\ ara d 1 Y a I 1 A Bo’
JavemunluazWand 5y Inseaing gamgl anuilunsa-an nsauadnoitiniiaia uas

Jadeaun
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mngan Tasuou Inlueniuamsaananniialang 539 Taseaie Tasldmsana msvinld
a £ a d Y a A ax a PPN YA 9
Usgnsuazmsunszimemaiin lnsun lansisinnz ity ldnemsuenaisaie
matnlas 3J”II@]ﬂS”IWLL‘]J‘]JLLN'u‘]JN(Thin-layer chromatography ; TLC) tiaig High performance
o a 14 o w

ligid chromatography (HPLC) (gudasaumeinemansuazimalulas dninvedyauas

guamsaumeinemnaasuazima ulag. 2553)



14

Y 1'% v A o
4, mnnamaanmmmﬂmum

U

4.1 171390/

¥ A o A Aa o v ~ ° A Y o 3 9 Yy 9
“GU'I’Jvl,iﬂiJW’J” NIDNLTINNUI “VUNUVHIIAT 1190 “U1INT” LiJ‘L!"]J'I’Jﬂﬂ@Q‘U'I’J

~ AA o A A A a A4 2 YR o ' %
WHHIINUANDHUSWIAYUNAUNDY TTBINDIDY mamﬂaﬂzgaﬂuuuawmmuwum 120017}

Lﬂydﬂzﬂl

Aaa U A 9 A A [ a A 1 Y =\
samanesosil Iiunmvesredn Mllonssonsulsemumausnnua auna 13 1d e
A 1 A % " v 1 o Y A a A 9 = Y =\
Avasesauaudd luldwueanunsuldsemundrinzduand @ <9 lsduin” dgnifie
o ldvhauuies luTomail luivesnguindesls Tasiledudadldmiisanouriolunes
[] 1] [ 3,’ 9 9 A Bo’ = 1 6"/ o 9 =
g1 launen Sudszmunindes wudunnu wieaa Sondn <097 deguiu “41a 15w
% Yo a I 1 =\ o a g’/ 9 =\ o o [
i1 1a5uanuteumiluediann Imsihunus Taanwuodrmiieiiesulsemunverns

9 Y o Y 1 ' o 9 < A A A 2 =
perudnanh1diauseeuarsny Kulumd1Inmu pearl barley W3oIA3RIANNLLUT

J

Jd A ax 9 v oA [ A
Hoanegaaysolsimnueanagen NAAMNUNNEITNN AININD 2-5

a g 9 o JA W
HNN 2-5 ARV INUTAUND

' Yy A o A 9 A A A o aa A )]
YAUAUVDIVIIANRD LN@HQQ’ﬂL!aUﬂgﬂJ AAUNDN NINU THYINA HNsAoIUDYYa

v A [ 1

PATTIFUALINUIMNNUD uAguautAAnI1 1199910 Insead wuesansdragiividuninng
a a A o 9 =< L a a A 2 ' A Y o 9 <
Tudaniiueg Mmlvimssamziuiilssansnmunuu seluisesdsnszan uazdalaiue
v 9
SnunTsnawgidynitesdu neemsanideoandinaoa lsatossiaz Tsardmiiauag

<3 FF)
nzi5a1dane



15

4.2 11InA0939N
9 Y . . A Y A an = ¥ a
VIINADINDN (germmated brown rice) A9 VNINHIUNTIUIATNITHLNIIATIUAYY
A A o qYY A A wA 9 A 9 3 9 ° ' Y
e laen (unav) @@ﬂllﬂ‘I/IﬂWﬂJTJT]L‘?m’E]ENM%HﬂGIJTJ HAZEDYUINAAUTI (31) 0YATUNIU
Y o qu o 9 v Y o qw o Y v Y ~
Mnnuumlaen lasivnndeanurinyilven lualrvndsaueslszneualeassinisn
Haumsiuauan wu nsalan Jaiiud Ta1lud uazd1501071 (gammaaminobutyric acid
GABA)
4 9 Y = o 1
AatlszTewianaynd1Indosenlas GABA 1hjszuulszainuazrou
] Y a ] Y Y 9 o d' 1 a a =1
AmeaNey eliinannuHounats ueunau laa nszduses luuielumsnigaula i
a a =1 a a =~ Y a 9 dy d‘ 9 dy a % [
Joiuduazieiutsan  IMinanisad1aiiege nauiienan11unTE ¥y doanu
lugiu - desrumsrhareanes aungueslsagadonnunsai
VUADUMIINZV1INABIION
1)
9 o [

~ P-4 Aaa A A Ad A " a A an 3 v A
Nlﬂ@ﬁl“ﬁuﬁﬂ’lﬁ\i'[’)ﬂﬂﬂﬂq@ﬁSﬂla'ﬂﬂﬂn?‘i’llﬂﬂlﬂﬂaqﬂlﬂu 2-6 1A 'J'ﬁﬁﬂlﬂ@’l'ﬂlﬂuﬂ]’nclﬁuﬂﬂ

Y Aw Aaa ] A Yy ad A 1a o o
1INADINYINTINDY mim@ﬂmnmﬂmﬂm'lumu 2 dilanvi o

e

v = Yy 9

[ ] 12 A o A 9 F) < 9 IS
liilugjonag ifinsmiaaveuddendinlugednn daradadnidaion d1dussgluge

=) J < J 2 1 a = J < 4
gAYl IFuANITI9ND9 50% uan1nussylugulnaszinlesigudnisen

=
NN 25%
E 1

> o y L
2) i lusinlszanm 4-6 529 Taeldiin Inamumed1ad1 azifiaiii ve

Yy v A 1 a L gy < ~ Ay A Yy Y A
AIYWIVIIUIN maclﬁclum%ugﬂﬂm"hmu 6 "li’JIZJ\‘i‘V]'E)ﬂ!TTQiJTT'EN LUDATULIATIAINUIIDN

Q

A

g’/ < % ] Y 9 J a Qal Y @ A 9y
AT AIAAUT HBAIYNIVIIUN maiaiumﬂsugﬂﬂm%mu 14 GK’JIZN LiJf]ﬂ‘i‘UL’)ﬁ'li]ZUlﬂ
3 9 Y = ady Y Yt I’ ~
HAAVIINADINDNT A GINQELIWQMﬂﬂl?’)ﬂ’d'ﬁ)\?ﬂ$\1f]ﬂllﬂﬂi]&"é)gﬂﬂigiﬂm 30-40 93A s LBY T

(T1INUBA. 2557)

5. AUMMAAFINTOIHNISVBITIANA

v H Y
I A o w a

< 9 A v 9 a a 9
maﬂell'l')ﬁllN'JL‘]JLl’f]ﬂ’ﬂi‘1/]’8'2@1]llﬂﬂ')ﬂﬁ']i'é)']ﬁWillﬁ$3ﬁ1uuﬂﬁ1ﬂmﬁﬁ18%uﬂ 33UN

9

AAAA o 9

' A <] ' { o
s lunquuesweailuea Tuwaatnaangniluemsvesau lnednniddwazdnduag

Y] (2

= 1 A I~ a A a 4 = < A =~ Y
%3Mﬂmﬂ']ﬂ']\iiﬂcb'u'lﬂ'ﬁﬂl@ulﬂquﬁH AANITLUBDUATICUNUNU Qlﬂﬂlﬂﬂjﬂﬂu'lﬂ 2552 Ulﬂ

A9915199 2-1



d' a 4 1 9 A &%
AN 2-1 Wa’Jlﬂ31$Wﬂﬂ!ﬂ1ﬂ1ﬂjﬂ%u1ﬂ1ﬁﬂlﬂﬂ “GllnllimJW’J”

16

UM INATDL ani 1do) ani (un9) HUE
-Saturated Fat 0.76 0.78 g/100g
-Monounsaturated fatty acid 1.16 1.03 g/100g
-Polyunsaturated fatty acid 1.19 1.09 g/100g
-Unsaturated fat 2.35 2.12 g/100g
-Omega 3 33.94 30.83 mg/100g
-Omega 6 1,160.08 1,057.55 mg/100g
-Omega 9 1,146.1 1,021.72 mg/100g
-Vitamin B1 0.05 0.17 mg/100g
-Vitamin B2 0.035 0.043 mg/100g
-Niacin 6.48 6.07 mg/100g
-Dietary Fiber 2.33 4.87 mg/100g
-Vitamin E (Alpha-Tocopherol) 16.83 16.58 mg/kg
-Vitamin E (Gamma-Tocopherol) 6.48 4.72 mg/kg
-Vitamin E (Delta-Tocopherol) 0.39 0.34 mg/kg
-Gamma Oryzanol 490.49 508.09 mg/kg
-Phytate 4,801.15 6,086.04 mg/kg
-Iron (Fe) 84.18 17.70 mg/kg
-Calcium (Ca) 169.75 172.10 mg/kg
-Zinc (Zn) 23.60 31.03 mg/kg
-Manganese (Mn) 35.38 23.79 mg/kg
-Protein (dry basis) 10.63 - %
-Antrocyanin (as cyaniding-3-glucoside)  46.56 14.35 mg/100g
-Total antioxidant 833.77 401.63 mg Ascorbic

acid/100g

(MBATBUALWAIUII ATUAITVN. 2556)
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