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ABSTRACT

Sangyod rice is a native rice species with high nutritional value.
Currently, the cultivation of Sangyod rice is decreased because the average selling
price and yield per acre lower than other types of rice. This research aimed to
produce rice extract by Sangyod rice germination and solvent extraction. In extraction
process, ethanol with concentrations of 0%, 50% and 95% were used. Various
extraction times of 0.5, 1, 2 and 4 h, rice-to-solvent ratio of 1:10, 1:15, 1:20 and 1:25
(g/mL), grinding of rice at 40 and 70 mesh size sieves and solvent recovery were
studied. The results showed that the extract from germinated Sangyod rice has
higher contents of active ingredient and antioxidant activity than non-germinated
Sangyod rice and Riceberry rice. The results of 40 mesh size sieves with using 50%
ethanol, extraction time of 0.5 h and rice-to-solvent ratio of 1:15 (g¢/mL) were
optimum condition for the germinated Sangyod rice extraction. The extraction yield,
TPC, TFC, GABA and DPPH antioxidant assay were found at 6.56%, 1,627.00 + 53.08
mg GAE/100 g rice, 559.50 + 17.06 mg QE/100 g rice, 9.97 + 0.17 mg GABA/100 g rice
and 0.16 £ 0.01 mg/mL, respectively. The ethanol can effectively be recovered from
extraction with 86.33-87.33%. After make-up the used solvent by 50% ethanol, the
solvent density was found at 0.940 g/cm3 closely to the initial solvent for extracting.
The extract yield and active ingredient content by using the used solvent were

almost as same as the using of initial solvent. These will effect to low cost and



(8)

economically performing for rice extraction by ethanol in industrial scale. The results
of this study can provide new opportunities to promote Sangyod rice growers and
value added to the rice product in the form of face serum formulated with

antioxidants.
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\nwnsTiugndnadstven U w.e. 2555-2557

TP EARPEL U w.e. 2555 U w.a. 2556 U w.e. 2557
nandnwdesels (n.n.) 465.14 439.66 435.17
ﬁmﬁmwmmmma?{a (n.n.) 11.37 13.66 17.07
UIUATATOUNYAT 2,135 1,278 703

Nan: AinanununIamnInima (2558)
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Aadunsaeviilusazudlng  sawvadmumsazavansiaiiddsing q Mduusslovdse
S1aMEY answnusnlelsyIuea waransnIu 11NNIN9NIEIIHANDG 15 W aeduSunuans
nuilpewmds 15-20 fadndusediandesen 100 ndy fusinaansiiuednifiudulszana
1.5 i1 (W51050] SAUsSsU wazAny, 2556) Idulea1uns Iandud lus @y wazladu
1nNIUTENI 4 Wi waginndiud 1 annna1useane 3 Win (Kayahara and Tsukahara,

2003)

Biochemical & nutritional changes in rice through stages of growth

carbohydrate starch & sucrose chlorophyll,
Protein, fat, metabolism: oligosaccharides,
dietary fiber amylase, invertase,etc. peptides and amino
vitamins: E, B1, y-oryzanol, acid, oryzadione,
oligosaccharides 7-oxo-stigmasterol

mineral: Ca, P, Fe reducing sugars ergosterol peroxide,

amino acids

B2, niacin

Y-aminobutyric acid (GABA)

Rice grain

Pre-germinated & germinated Ma\tmj YoURg rice shoot

L

voriifians nun mam / (@I 1.34“?"\%‘“1‘”1 b}
~— _ - B

[

Ve
AN

= 2 v
ANNUTENBUN 2-4 LERINITIDNVBILURAUN

1 F5edy guana (2553)
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2.3.1 aasglevivasansludiindasian

findesten Huindustlemiinnnitdndesiilisiunissen eswinilans
U1 (GABA) wasnsangnndin drdunindeniulssmuinndesenisiiuiniudnmadon
dsuliisngunn auusslevdvssinndowenddsll (@i Uiuanas, 2556)
2.3.1.1 a1siueuyadasenguiiuea (Phenolic compouds) ansnsalu
nstesiulsasms o Tnsamelsatilaviniden uxide treansziuimaluden taeludes
mslvadsurenden viliRnssanvdsuduasudauss luduauauaisilusindagae
Judsmainiuassraeniuun
2.3.1.2 41509391408 (Oryzanal) Yreanaudsssenisidulsarala
idlesanansiueyyadasziisdesiunmihaiovasaidenloninoyyadass uenaINig
Pwananudsronisifnlsaiiinaneyyadass 1wu lsauzids disannasiaainesoa lny
msannsgaduAasiaainasealud ldiiluiudidfe lnsndwelsduas HOL Fudunisvae
anaudesenindulseiila

(%

2.3.1.3 @301 (GABA) \uansdeuszamuszianasduds Snwauna

£ 1

luaneanlasunisnsgdu  Yredesiulsaierdiussuudseam wu lsadaleues lsaaudn
Helr3anasu ane1MTInning wazdiednwilsauaulindu WudnsnsHInaIyveuead
aued anAuduladin Sudwuarlestunisiinwaduzise
2.3.1.4 Tg9913 (Food fiber) @nearuausyaviinaluian Josiu
2 o v
Uz Seald

2.3.1.5 3mdud (Vitamin  E) dssiunisiinesndinduvesansiungy

Y
a = v o v

oty Freifindssansamnsinusedinduelanssdu wazdiminndAyaanaduen

YY18MADAAUI ULIAIUNITWTFI VDA DALALTILANNITILIEUVBIRD
2.3.2 NM1SHNANY1INAD999NINT1UADN

Tun1snanT121na9999n31nT1LUAN WINUILAAT1I L UANUINIZ LAY LU

galdifianisseninsednindavaneiugiissesiain1sindy Fanisindufiaduiilosiniians
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(%
LY

fudamingiueiu (Suberin) M3aansinARNn (Pectic substance) (lenaaIu YIAFNA, 2544)

a

rodliviuaINIregMIinAIneudwzinnseenta vieldisniseuigamall 50 serLgadys

Y

[y

WY 24 Ilas (WY WAduRI, 2541) avanunsaunn1sinavestiladiudasiugissue
v Y3 1 'y} 1 % < a 9 LY (Y] ¢ v dy v
n1sindwanaeiueanty Wy nduun dsgeensings 3 dav 1ndeaivgs
1 dUa9t IMTeum 8 dUA wazddInen dsrarn1sWnAIUsENIas 9 dUANY B89N
¥ LYRN'Y) % I3 3 q' dl' d‘ o Y Q’lj [ d‘
NuUsEEZNISRAR LA BLanNazisudeulUses 9 siliensinissenanas wenanidladen

) [~3 1 < % 4 1 a dy Qd‘ I 1

Judusioniseenveauingy taun gauugiuasainuiy gaumginvangauegluyi 30-40
IFTARYE satudUAanNazihumngldarsnazdutiadenludeisuass i Ussunu
1 1oy WeliruaszasindInauwazNIsIzI1INas1ans L dufoInsIvasulUasidudamang
9nNUDITWADN MneasidudaIuIentasnil 80% luArstiiunwizidudindassen
1Az liAnnauyalusenitinsnznuinliddin 3n1sveaeuilesidudnisien
anansovinlalagldnaesnanafind dUnsesiundessiensenuiivy 2-3 Fu WintUsenln

a = 901 a 901 [ =3 v v =l [ A, 1 dl' [ 9] @

nszauivylenihidindadnies Tsedwden 100 win Yndindeddlonsy 3 Tu duién

Nsonsinian g mndulaunnin 80% feintruvdensenanaiuisaidrlumnzidudinass

sanle
2.3.3 Jasslunissanvaaudndin

WA e At de N5 N NN AN IAILUAA LAY AN INLINA DY

ANBUDNAIY (V18Y 19AE, 2536)

SAaa 1

2.3.3.1 wanfsenladesdidiney (Viable) Wuinduladudrdglunissen

Y

@
YDILUAR
2.3.3.2 WAAADINUSLEZNITHNG
2 v ! v a A o =
2.3.3.3 wansesagluanimuindeuiivanzanluvue 1viinasinig a

Jadunennuaninuwinasy oA
S < g ¥ . v a aaa =
W7 Wudansgdu (Trigger)  N38UIUNISIRN NAUNMIARUASoLATiuaY

1%

N3TUIUNSUUNUBATY Unibiudenwanseuyuyiliudaneds 1Lew1nn1sve189es
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nagaduazlnslunatad Wedenwanseuyuiinlisnnsauiudenliazainuiniu

AnuaAguesrNtuludeiidunedesiuamuiifinveandnsie

aaa =

gaunll IAnuddgIInseNTIsAIUANKAEERIINSIAAU AT TNAL B9

o

fnasonsiasgAulavesiivnIuul auauLanaYestiauazdunlinvesiayinluie

sl }

[

ANUFBINITRMgRTInzaudnsunIsIoniunna1eiy Ingudaiugusazylindsea

c

gumgiigaanuazsaniudnanunsasonldunnensiuansdansnad 2-5 gumgiifivanza
Preliudagaiuansdinssuiunisentesudainiulgung iy audmiufioud
azviinliviiiy lnsgamgiifimnzauvesiiviliesfeudengenitgaumgifimnzavesiiy
Flowum gamgiifivanzauiiandie aumgiinannsaseniiiuaziiesifuinissengsan

'
| al

15197 2-5 gaumglisgiusng o Nwdenugiiveiinnne 9 awisasenta

. N HHEGERILRIGEE))
YUANY T

AER NGB 90
U717 10-20 20-30 40-42
117LNe 3-5 15-20 30-40
41unsiad 8-10 25 40-44
U188 3-5 15-20 30-43
fandes 8 20-35 40
UzIWoLnA 20 20-30 35-40
ggu 10 24 30
wAURIYU 16-19 20-30 45-50

PNz 9TUNS AINHS (2529)
< d' q' a :.'; ¥ 1Y | ] < d' q'
was wandlosueninsdesnisuasiazlddesnisuas dulnguaniiions
] v & a o & Y] P < v A2 v P
saninlufaeniswas usnantwasinnudndundsanniuansenwarvaeNdudunan lae

N o q vy Yy & a a ya
LLa\TWW@LV]JJW%‘V]'WIVIG]Uﬂa']LLGUQLLiQLLﬁ%LQimLWUI@l@@
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20n313U Wasusenwdnsuniglauiniu fededldeandaulunszuiunis
mMetiaiiiioidounlasansomsiasauliiluansang q Mdundenunazarsidulade

dAydmsuniseen

2.3.4 N5TUAUNSIBNVDUNANT &I 3 Tumeussil (1ey 1aAa, 2536)

1%
a a v

2.3.4.1 JUABUMSAUAINISHURURUAINITLALLALASTINGT TURDU

She

[

a1ainTusazdugaluszesaniiosdu q Wuwnfinietlus TussuilEuiusiwaniinisge

(%
= o [

Fuuvhlideniuudnseumasuazislanaraduiinsgaundusadidunalinszuiunis

FuAs1zsieng o anglulraaisurinemu Lﬁuleuﬁ%agﬂa%ﬁﬁmmzLmﬁmﬁwé’uaﬂngﬂL'i'ﬂﬁag
Tuannnsguiibiinnsdunszieuladlusfiunis 9 DNA wag RNA wasuazdedldly
nmsdaasgieulsdnialusiunig q aglaunanlulasrouie Jefintnfindn ATP Biluiinis
WLSRIIN1sNElaTRULENDE19TIALE

2.3.0.2 JURDUNITYDULATANTAILALY LNANISERYFANYAITBIMISNAT AL
Pluwde wu Wiy anslulawnseluiilofoazaude wwulaadsunazimesadsy lnaans
mmiﬁgﬂsiamﬁmﬁumimzﬂaudw 9 1T UnnauaznInagiily gﬂé’%ﬁaﬂﬂé’amuﬁﬁwé’q
WwigAule laun dudnng Ao d@unsinazsentesdnl isldlunisiasyiiulavedlaseasng

L3 v Y} 1

Wwaskazlasiaseedengll

2.3.4.3 JUADUNTAULAT9ANAE WaANNzlASUANTEINNSTE DAY
WANTZUIUNITHUBDAA LAZLAANISEAAIVDUTAALNATUNTINLINLAA VINLATINWINLANEAF

= ¥ I3 | a a o vV [y = a =

LazunseanINUTenvuLEn duganisiasqiulnvesaisuludnnazma Plumule finstn
fuazmsiiulafinlunsn wazinuvesinazduldluideadulndulelulafia (Hypocotyls)
drumnileludssasgdudiladia (Epicotyls)

o

2.4 @15Usznauiuadn (Phenolic compounds)

1%

a15Usenaviluedn Ae arswelinqulngiganivainy  lasilasaiis

v

Usgneumevlansendinivediursmuuuiy aslunquilddinuandanasaeuilaany
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Ialuite #n wazwaldivialy (Margarita et al,, 2001) @unsaswunsiavesasusznauilug
nilungalvg 9 sondu 4 ngu uansfanmuszneud 2-5

2.4.1 ﬂfjm'imﬂuaaﬂ (Phenolic acid) fanain hydroxybenzoic acids
o eallic acid waznsailludndiunain hydroxycinnamic acid léuf caffeic, ferulic waz
coumaric acid uanaianmUsEnaud 2-6

o w

242 vialuewd (Flavonoids) Llungudrfyresansuszneuiiuedn
Town miﬁﬁqmﬂmqa%ﬁu@u C6-C3-C6  wangawaanlimdunarangu lawn Catechins,
Proantrocyanins, Anthocyanidins, Flavones, Flavonols, Flavonones Wag Isoflavones
flavonoids @nansanuldogneninennaaits fn naldsiustieriesmuieIoanainie 1wy
¥ %awumsﬁwﬁ’@umsaaﬂqwéﬂu Antioxidant ez Chemoprevention

2.4.3 nawaadu (Stillbenes)

244 nguanduuavindwesvesdnduy  Andu (Linin)  Andwdy
a15Usgnauseninemsveu telasiaunareandiausiududundlvgesvaresie 1Ju

asUssnaulsoudiaudfldazaiein Invdniu waglaauaveliwaglaailuaisusznound

agfluntiuwadiytugs Usunudniunilegluwadiivuszana 20-30%

Phenolic Compounds

lignins L&z stilbenes flavonoids phenolic acids

Twanes

i ||gn|ns | | Derived from Cinnamic acid
or Benzoic acid

~I Isoflavones + Isoflavanes I

Ferulic acid
Flavanones

Flavonols

Flavanols

Caffeic acid

Chlorogenic acid

Gallic acid

p-Coumarinic acid

Gentisic acid

ANUsENUN 2-5 kansuseinnuesansusenauusaniinulunie

fian: Aot ynay (2011)
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= G, OH

a HO, o —{; _
\ i v
W@*n« o 54 Yo Ny |
h— |
7 o “OH [‘"\‘:l] HO OH
OCH: o o OH OH
vanillic acid ellagic acid hydroxybenzoic acid hydroxycinnamic acid gallic acid

quercetin 3-(6-malonylglucoside) rutin querceatin
OH OH
H O "N‘@OH H HO
T H
o HO ©

OH OH

catechin kaernpferol quercitrin

ANUIENaUN 2-6 1AT3a519989 phenolic acid and flavonoids

fian: Fodiy ymeu (2011)

2.5 @1snanlausen (Flavonoid)

a1sngumanlaueed (Flavonoids)  ungudiwusiniigelusssuwnd dany
ununnduvesisaussin §1du Tu aen waznaluaslidlufiy walwesdiduansdund
Usztanlnaddluea (Polyphenol) ﬁimqa%ﬁqﬁugmLfluim?\lﬁaiwul,wu (Diphenypropane)
Waﬂ:}uawﬁﬂumiﬁﬁqmauﬂmuﬂﬁﬁué’qusLﬁﬂﬂg‘jﬁ%maaﬂ%m%'uﬁﬁmﬂummiﬂizmw

ludunaglodunandt Tassadravesanslungdunailiueeaiinodrteaiunisdudanis

[
= 1

aufiseneenfaduiiuegiuny OH AUTLINWMIY B fanmUsenauil 2-7a fiuseai C2

Y

way C3 ﬁﬂaugl,ﬂmaguiﬁ’umgm%uaﬁa (C=0) NALUUY C4 V99U C AININUIZNOUN

2-7b wazinfiuselalasinuveaansuetiadn C4 veaesuniu C agiuny OH Nidumis C3
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P39 C5  AINMUTENUN 2-7c  NMsulaguwladlassasamanyiuy  C vlainiswen

s

Walusedoendungusig 9 uaznisiin hydroxylation Taumu A waz B viliAneyius

voanalIuesAviinty 9

r""-““-“" Driphenylpropane

© OH ".‘
i O
oy = 4,
H R
‘."‘0 4

(a) by ()

ANUTENOUN 2-7 TAs9as199e9a1sauaandwmtuluansusenaunanliuaen

a1 Shi et al. (2001)

2.6 nIALNNN-TTUT3N (Y-aminobutyric acid ; GABA)

nsawnua-Leiludnfisn wie n1u (Y-aminobutyric acid ; GABA) datdu

nsnueiiluiilildlusiiu Ysenaumeansusu 4 azneu dvidarsuenda (COOH) uayvuaiily

[y

(NH,) ag9ae 1 vy sloagiuaniuauaynan asewiurisnuu-a1suey (Y-carbon)

flansluanafa NH,(CH,) COOH waalutanaminfiu 103.12 flassadaduas

A a

1% a . ! ' Y i wa U
wuadglnsau (Proline) uavedlagliinizedivluanadu dauaudilunisazareiilan

9

[ YY)
Y

o1y Zwitter ionic A TMITIUINWALIIAU @AN8FIN 195 DIALwALReE (Bown and

Shelp, 1997) wanslunimusznaud 2-8
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co,
o) )
S US WDY
HO OH NH:\/\)'\
L-Glu GABA

AmUsznoul 2-8 Tassadavengmiun (L-glutamate) WazanNsnu1 (GABA)

#a: Liu et al. (2005)

ﬂssmumsmmuaé%maamm%Lﬂﬁauﬂqmumlm%u%’ﬂ%mm
(Succinate) #9158n71 GABA Shunt fananslunmusenoufl 2-9 (Shelp et al, 1999 uay
Bouche and Fromm, 2004)
FuRBULTN WJunszuirunisueann-Aasuendiadu(a-decarboxylation)
suaaﬂqmLamL{‘Juﬂszmumsﬁlajmmsasﬁ’uﬂé’f‘u Ingreulaingaiiunfnisuendiaa

(Glutamate decarboxylase; GAD) imsduniuwazaisuaulaeanles (CO,) Faaulwsi GAD

i fAnudnnnziungaium wazdl Pyridoxal 5-phoshate (lulaunnines pH Mmunzay

[
= 1

voseulusitlegiiszana 5.8

Suitaes Wunssuiunsiidunduld Tnewoules] GABA transaminate (GABA-
T) audsun1uiluidu Succinic semialdehyde lngld Pyruvate 5o a-ketoglutarate W
Amino acceptor

fugavie Wumsurunmsiidunduldld Tasweulssl Succinic semialdehyde

dehydrogenase (SSADH) agean@lad Succinic semialdehyde Uiy Succinate
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Glutamate
NH»
— HO \/\/'\/ OH+——u____ a-Ke:o acid
CI; ('_", NAD:\ + Transaminase
= Dehydrogenase &, ~ NADH+H*
/ Glutamate O, - NH3 /’
/ decarboxylase H {
J -
/ Y-Aminobutyrate Amino acid Isocitrate
'l HO \I./\/\ NH2 (GABA) \‘|
| ° |
'. Pyruvate - -~ a-Ketoglutarate <~ a-Ketoglutarate
\ GABA: S GABA:
\ pyruvgte ' a-ketog Iu_tarate GABA Krebs
\tmnsamlnase ., transaminase St cycle
+ Glutamate <-~~ —+ Alanine .
Succinyl-CoA
Succinic
L% Naps  Semialdehyde
(0] dehydrogenase
Succinic semialdehyde - Succinate

NADH + H* -

AwUsEneaudt 2-9 nalnnsdaasiginiun (GABA Shunt)

7 : Shelp et al. (1999)
2.7 ASTUIUMSENANQEAINazane
2.7.1 35n15anA

msanmlaeltfivinazaie (Extraction with solvent) favinazaneNdeulyuin

nanfe Ulnsideudines (Petroleum ether) o13ldfaviavanedu Wy wodlnu lwmiuea

(%
aada

Lazuoaneged \udu I5svauangangilvedlugildiiu 50  ewrnwaidea Jude
= ~ ) ) & v P a ° v & ~ P
Wisuiguiunsadauuugeniandnedldaungiigs vinlvesdusenaumaniiiudeuudas
A a a AV va o aa o Yo o Y ac )

warinauRaluansssuER 39kesn1s1Isnsanalaeltfivinazale saedsnunadludaniu
i lglunsgnavinssy wdnnisvesnisanafe  n1skddviasateivanzauazatga i
AB9N1T0BNUIINNANSHANTINTANALITN1TAI

Solid/Liquid ~ Extraction Junsld@iasaneiuuisauazatsas

1%

Aesnseenunanasandulurewds nisadnasiinlannselitusgiunisavalevesdign
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avanglumaiavisedvinavargveumad wazalslunisaia Lanldasdunsouiuiueg

'
(% Y v A

fudnuazvosiignazanedieglumsiedisveands  mniignazaneifissgaduiiiives
Yosudinsainazldnatdesusmnignazarsegluneluveaniazdedldiiaminniiues
mnmsnszneresiainazaenisluresudafnduldtunn suludomavenddianen
neuvhnsainazyilisvhazaredudaduvewdelds Bnsadnveandsanunsavitld 2 33

=

A

1) windagnaraisegluaisfeveudufisudgaduiinnaznns
avanevasgnasanglumanairnas nsadnaunsavilaegisiegfie iansiegidldaslu
Sninesrtevindinnfauduiusiasasadly andusuferonssuiloaufunaiiu
suwiladiignazateazangludaianuauds  Wild8nsenerveudsennainaisazany
wadaimngdmivlflunisuonasussneudsuanindovesansefiuniduazidumaiiai
dAglunszuIun1sT¥a1s (Leaching operation)

=) =

2) windgnavarsluansuseneudunidniearsniadiiner  Fady

arsUszneundnisazangluiadanvsensainazauysalladedldiaaiuiug  Sndusdesdd
WALAYaINSaNNg19waLlee AsaslenteulddmsurinnsannegemaLlosns wIoEnn

wuvgantas (Soxhlet extractor)

2.7.2 Avinazane

Y] ) [ a %} A g <
svazaTy (Solvent) lWUYBIRAIMAINITNAA1EAIYNAZAUNLTUTDILT

1%

A ey VY & v o gy PN aAa o w A o
voanad vieialaluaisazaty dvhazarenqureuiniaawazldluginusedniufe Ul

IngunAdvhazaivaziiyamenmuaysuivedienseatnsaminlagnisnaula Ineniluua

Y

fviagatglinisiuiserdudignazatefie sdedamantfilesnuaidiviazaie
ansaldain (Extract) a1sUsznaviiazansludivhazaieainvesauls fiegeiidung

laun Mssununviermetiieu Uninihavansasilureanadlalififuazdiulnge:d

¥
=

nauangd lnenilunisadnaisdrdgesnatniedisnsdumisAuanaaiulueg iy

o [

Auaudinvaivesasifeinsanin deiiiazargdunsdnieulddmsvainansusznau


https://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%B2%E0%B8%A3%E0%B8%A5%E0%B8%B0%E0%B8%A5%E0%B8%B2%E0%B8%A2
https://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%B2%E0%B8%A3%E0%B8%A5%E0%B8%B0%E0%B8%A5%E0%B8%B2%E0%B8%A2
https://th.wikipedia.org/wiki/%E0%B8%99%E0%B9%89%E0%B8%B3
https://th.wikipedia.org/wiki/%E0%B8%88%E0%B8%B8%E0%B8%94%E0%B9%80%E0%B8%94%E0%B8%B7%E0%B8%AD%E0%B8%94
https://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%81%E0%B8%A5%E0%B8%B1%E0%B9%88%E0%B8%99
https://th.wikipedia.org/w/index.php?title=%E0%B9%80%E0%B8%89%E0%B8%B7%E0%B9%88%E0%B8%AD%E0%B8%A2&action=edit&redlink=1
https://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%81%E0%B8%B1%E0%B8%94
https://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%B2%E0%B9%81%E0%B8%9F
https://th.wikipedia.org/wiki/%E0%B8%8A%E0%B8%B2
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Auednlawn WNIUDA LBNIUDA (BLUN WA, 2559) sizarsusenauRuedniinule buie

(%
1Y

Naunnwiadulvgjeglususuuniitiazareiils  lunisnisadnansusenauiluedndnlyd
fihararedun3d mszdrsiiluansBuvsdmiouiuiainnisazaneiunundnnisazane

fuldl (Like dissolves like) wazillosaniemuesadniduaisnguididrvunans Jedeuldly

(%
1 o

N5aNAa15:UD9AU INS1EaUNS0anAbaNIansNiTIkaransNluidieenunla danuaiunse

1%
Y Y v v A {jac‘)

ara1eu1lani19va1e dnnedealimnuduiwiinazininulasnieniidivinazaigsindu

I ' [
o = v U o =

ATV AN NLaEAMNNTTIVRIRIYINaaeNaeN T nasianISLeNIIn - UIHuY

[

sysumAdulngi Juansduniduianlifitaluluena dsluanswiimihunadaseaduasily
faluluanadmuguiu 399sainisaasatvaisanalan divinazateNtauldlunig
gnannssuloun Hexane, Ether Jusu Fetrvesdvihazatvaintesluuiniidmasie

ATTUIUNTENALARNIAINITIN 2-6

M131991 2-6 wanspanURvaIiIInarae

Avinazany YAYDIENT Msazanein NARBNITANN
Hexane Taisi4h Tilazaneii afmansTduulen
Cyclohexane 1l ilazaneih afmansduaiulen
Chloroform fith 0.8 g/100ml (20°C) anmanslauiunans
Ethyl acetate fih 8.3 ¢/100ml (20°C) anmanslauiunans
Acetone i avanglen aftnanstiin e
2-propanol fith azanulaf afmansiidalaa
Ethanol fih avanglen afmansidalan
Methanol flih avanglen afnansiinlan
1h flih - afnansiinlan

fisn: http://chemsci.kku.ac.th/crystal/cryst05.htm @Eudiuile 5 unsiau 2561)
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2.7.3 N1S5SEANNATAYDBNIINEITENN

)=

wdnseuIumsatafeiiazats a1sadaiildasiivinnnsuinuasiioans
Fasthuyilidutudieitnisdng q @il Faun Sunangneal, 2547)
2.7.3.1 NITEMUAILAIINITOU
n1338ime (Free  evaporation) 1Jun1sihditavaisesnaind
azane Ingldpnudouainusiesileth (Water bath) videuruaudeu (Hot plate) 33ie79
vilesdusznevluasaanedalsidosangumgigaiulunazmnldarsdunidlunisadn
nssemelngldninuioulnenss (Direct heat)  vuuHuANSoU 91aLARdUATIElAIY
uennimsmilidsgumnifagyiliAansaasiesasddnydeldauon
2.7.3.2 msszmglun1izayayinie
nssemeluniizaInia (Evaporation in vacuum) Husfdey

(%
Y

WINNFALUNTTEMELDIRIYIIALAIEBNIINANTANALAENIT TELVETaUNYIAT NIoUTIIaA

IS a

aruduasiiFouduanninia (Vacuum pump) Ledesitefli3aniy Rotary evaporator
uanIiININUsENoUT 2-10 FeUsznaufodiuing q 3 du fie nuuzUTIIaNTainegis
ng1UNIzsEing (Distillation  flask)  drumsulAuwenIeduArULLLloasazane
(Condenser) WagAUULIBISUAITALAIUNAINTTTELNY (Receiving flask) lasasanineens
neuidsussglunsusidegluniiedilothiiruaugumadlduazasmyunaonaniivhay
dielinisnszneeuieustshivuaratinate mauzusTaasatnesnameuiiasdede
ihAudumuuly Faflszuvhanuduvadesgnasaian Yanevesdiuaiuuiussiavus
see¥u TneftsszuvagdodnfuszuugaInia asarasfissineeonaNnITULUTIIAIULLLY

AUSLIUADULAULTDI WAL REAAINNTUAITULIBISUANTATA18NAINTTLNETIa15aLaNe

Aanananusatluibiuiansuasdinauunllvgla
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BiF LRI

/ sl conntred

bt bath

wirler bath T T
EEny=TAIuRe

contml

AMNUENOUN 2-10 WARI8IAUTENBUVBUATBINAUTEMYATLUUMY

11 www.researchegate.net (@uAulile 30 na1AN 2560)
2.8 N1SUNAITINIATAENAUNN LY Il

Tnemalumsldnudivhazarglunirgaainnssuazeglunssuiunsudnd
Jusyuule sedszuusninulessmevesiinazane wedesiunsaydevesdivinazaiy
Fadlsmuniazdaaglunmssneaninwindeuldsme egnslsnfdniavuiegludvinazay

azanilunenaineeniielilaminazatenauauunldauln (Recycle) Wosaina1s@avi

Y

o a

azatpdisianiudy  vliduneuanieidesdniunisuiulauszansamszuunisin

svhazarenduanldlndluniegeamnssy  Jaluuszlevisenisanduyunisldasiniily

(%
=< [

nIzuUIUNITHarantymisudaanasulun1siidaninvaude NAATUNAINIZUIUNITTELNE

f1vi1azany drvirazaeflandsnisanaaiursadinduunldlnulalaenisiasiginay

' 1%
a | = ° CY

ATIVFOUANTANINEATINVBIANT WU @01Uy & ndU SUSIWEN m‘wuﬂimaqa A3

de .

MUY AYENW PL610A US0IANARULYIAY F9a8ti8UslANUITanSvesivinasaly 359
TnsrvaeurlinuasANLUIEVEUesE 508195953381 HRe N1SMNAReAEoANaRNwIAT
lgdgn1snauluude (Simple distillation) uaaianindsznaui 2-11 Tun1snigiegaisien

UDIFIVINATAY


http://www.researchgate.net/
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|
Keck clamp ]

|
C Inmp
' Condensear

— Adapter

Distillation
head

Graduated
cylinder

ﬂ?WUi%ﬂ@UﬁI24ﬂ.uﬁﬂﬂWﬁ@ﬂﬁ@ﬂﬁﬁﬂguaﬂWNﬁﬁ
fisn: http://www.suwattana.net/elements _compounds/PAGE6.html

(Fudadle 29 nanAn 2560)

lunsgurunisadnansdiAyanienisiddivinazateuaudn (Solvent
water mixture) @11150iNUsEANSANlUNTZUIUNISEANA LHBIANNMYINaTaNswRaT TN

TNan15anANLANASAY LU NSTUIUNNSTANAILY UILALLONIUDALTNANISANAAITHI9NUAD

v v v
(Y a a

M uwasienusaansaatnauiiuld withanunsaatnnauaiiulddniteniuea wecin
mueaiinduusiinlifindy fedulumsldimrharanefinauinezivssansnmaenssuau
afaansddynnialdfniinsliniazarsuiant unssuiunshdviazanenduuld
Tnaivedings Make up vhazaneneutuild Inevsdewmsivaeuninumuiuiuiieniaing
duduvesiiiazatenounts Make up Tnsanunsaasivaeuanududuvesdvhazaneild
NAINTEUIUNITILNEAIN Calibration curve 5¥ITNAMURUILUUAUANULTUTUTD IR

a8y


http://www.suwattana.net/elements_compounds/PAGE6.html
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Fovaznisudmvinavanenaulnlglu (%Solvent recovery) @u150AIUI
T§anUdunadiviiavateiildndinisadadeusuiuessiiiiazateildlunisade
wnfesaznsthdiviazatenduanlelug aglutig 80-100% vrdwnasianisannislddi
avanelunszurunsadnadeiely ddlunszuiunislussdugaamnssnasdinnsiindassuy
Recovery WiithfvazaenduuildlviiioanuSunansldasinidwanenisanvendsly

AITUIUNIT

2.9 wasasile / gunsalnsanadeavinazaneildlussaugnainssy

[

nszvumsartadlussiugramnssuiieiesilouazgunsal feil
1. §an7u (Reacton  i¥wpIasdlefildniunandniuiviazas uanads
amszneudl 2-12  Taevluazdesdimsauauenmal anudrseulunisniu uazam
duduvesans funsuilifunszuiunsatinuuy  Solid/liquid  Extraction  sRenisiiy

Y

WinazanglunsaralgasdAyntn

Motor oy ‘ Feed
Y

e —
% Cooling jacket

Baffle

(12 L Agitator

Mixed product

AMUsENOUT 2-12 wansesdusenauvasda Reactor
fin: https://commons.wikimedia.org/wiki/File:Agitated vessel.svg

@Euduisio 12 uns1Au 2561)


https://commons.wikimedia.org/wiki/File:Agitated_vessel.svg
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2. \A3EILENAZNDUDBNIINVBIVET (Decantor) wansfanInysenaud 2-13
THuen (Separation) AvnaudeenaInNaIsazaIEveuMaINEINNTEUINNTARR TaeLaSeq
flduuszneundnde nszveniifiVanedrmiadunsie 1adalusuiueu aeluilindes
aa89 (Screw conveyor) miLL&JﬂﬁwiéTmsﬂ%LLsam"ﬁamﬁ@uﬁi (Centrifugal force) wsnlw

ANNANAZNBULAZA LA NUINIIUANEAUNTIEAE lna1sazanela

ﬂ’]WUﬁ%ﬂﬁ]Uﬁl 2-13 anwlgYed Decantor
fian: http://www.foodnetworksolution.com/wiki/word/0627/decanter-centrifuge

@Euduidle12 unsau 2561)

3, \ASDITHMELUULNLTIAL (Thin film evaporator) wanefanInusznaud
2-14 dlevnsasaansdrdgaindaseusesuds atldansaraenaudsenoulusig
eMueAKkATATAlA JzdesinIsuenenIuBaBeNIINaTSale Welildarsatafidalny
Wuty  Tegdeuveauvaininuatgansanvesuinulianuiow asiinniswennigluvialv
aufoudilunauivlessnefiintu Turtessziveveanalvzgnuensonainlessived
Antu Vlildveunardudusenuiniadiudraweslie diuuuvemdevennaiay

I~ I a6 |2{ ] ¥ 1 [l v
nane dusnuiauuslstulusuadssadulassmeas Ivaniunalme


http://www.foodnetworksolution.com/wiki/word/0947/separation-%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B9%81%E0%B8%A2%E0%B8%81
http://www.foodnetworksolution.com/wiki/word/0945/screw-conveyor-%E0%B9%80%E0%B8%81%E0%B8%A5%E0%B8%B5%E0%B8%A2%E0%B8%A7%E0%B8%A5%E0%B8%B3%E0%B9%80%E0%B8%A5%E0%B8%B5%E0%B8%A2%E0%B8%87
http://www.foodnetworksolution.com/wiki/word/0614/centrifugal-force-%E0%B9%81%E0%B8%A3%E0%B8%87%E0%B9%80%E0%B8%AB%E0%B8%A7%E0%B8%B5%E0%B9%88%E0%B8%A2%E0%B8%87%E0%B8%AB%E0%B8%99%E0%B8%B5%E0%B8%A8%E0%B8%B9%E0%B8%99%E0%B8%A2%E0%B9%8C
http://www.foodnetworksolution.com/wiki/word/0627/decanter-centrifuge
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A D% lumyubm F:90a1
T:vaynavuvy D: ﬁmmuuy "
o ¥ o a &
S% hl’é]‘lﬂ V: li]‘i%mil‘mﬂﬂ‘ﬂ‘u

AMUTZNDUT 2-16 wanandnnsveuveusses Thin film evaporator
fian: https://ienergyguru.com/2015/09/evaporation-system/

@ududle 12 unsreu 2561)

2.10 U NNYIVD9

o

2.10.1 Anwnszurunissenaenisilasunlasasanaey

v

WUNT WAafu uazAug  (2555) levinisAnwinisidsundasusunn

asaAgludnnasssen Ine@nwinisiasunlaanslinaiivestiingss 3 via lawn 917

vieuila 411vReNuEd 105 kard1IwmileaminIunszuIunsIenigumgil 30°C szlial
sl =

990 48 P9 WUV 3 WUSTHIUNTEUIUNISIBNTUSUIINAUD 1 @15neaTlusa way

]

U al

wnzanezdludamisa (GABA) WinTu 1-4 wh WieufuSainitlinunssuiunissendnsu
U310l GABA wuin d1amexiiaseniiuiunas GABA geamilleifsududnisentiusdu fiusunw
Wi 17.42 fadnsusia 100 n$H 589a9unA0 T1antiendeen Lagd1391Inented 105 98N
1y Tnenisifinduveatiina GABA iAnainioulesi Glutamate decarboxylase ﬁgﬂ
afstunnnsruiunmanedauad $eUfRsorsenitnsesilungmumdulalasauleoon

1915 GABA Fnnfiud 1 wudSuagegalutivninenugd 105 sen dUSuauwviiiu 4.08


https://ienergyguru.com/2015/09/evaporation-system/
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[ 1

Taansuse 100 NSU 5998907 AB V1LUUYIN19DN LAZT1INDUNAIDN ANUAINU dIUa1TN

=

wadnwuUsIgeantudvenliaten dusuawiny 55.72 Tadnsusie 100 N3 589830

a v & A

A9 UNMWMLEINN9EN WaLYNIVIINBNNLE 105 99N ANUAIAU UBNINNUI1IDNNT 3 WUS &

3

Uszansnmnisiluansinueyyadaszgatu Tnedawmieasendaudfinisiluaisiveuya

daszgean wiiuseway 47.90

gindanl adafaed (2552) Anwianneimunzausnanissenvinligindes

senivTuaEsUsEnauiluafniazianssun1sAiueenTntugean 103U1IndeiuLiies

1% '
o a

aalsvadlng As 91udesings Pradvundanill wazdnddveaings Ineviinisugini
gauudl 25, 30, 35 Ay 40 BdALYALTYE Wuran 12, 24 wag 48 2l A1uaisiu wuan

417nd9999n MM eulnenNIsLIUIN 25 asAnwaldea tWuian 24 $7lue arsusznauiuedn

(%
Y

NaualANMNAU 72.02, 90.53 way 86.22 mmol FAE/100 g sample a1ua16U lagnuin

diegamgilunisugdnndedduduindwduy 30, 35 uwaz 40 eamwadua Usuiw

'
a a

a15UsgnauiuednanuniiA1anatlo It ANTUAILEIFU dIURINTTUNITAIY

Y

9onTAdu DPPH radical scavenging activity ¥83913ndeeiaauaeiusiiagaanlaeie

WU 8.86, 9.99 Waz 7.42 mmol FAE/100 g sample Mua19U

'Y} ¢ YR P aa | wa
INTNIY TAILWUS warAME (2556) ANWINATDIAN1ILANSIDNNINAGDEUURA
ANuntalazUIunaasniuiveslatiindaseniindnaintiufsniuguninenusd 105
TA8YINNISANEINAYDY I5IDNWALIZLLIAINITIDNFHBNANIWMATLAENI9NEAIN TI8NFANW

A NTTUIUNISIBN 2 WUV bokN  N1599NLALNISMIUNLALN1SIDNUURNYUNGTeNYD

a

szegnatsen 8 919 MHuA 12, 24, 36, 48, 60, 72, 84 WAz 96 Valua gaumgll 35 + 2

U

U 1

asrnadualaglddnndesnliiiunssuiunisienidudisgaiuan ann1sfinwinuiinig

1 1% 1%
1o

v a O v v Aa o aa ¢ = i =
Q@ﬂ'UUN']GU'TJUWQL‘U‘EJﬂu"IVL@LL{]Q °U']'3ﬂa@@ﬁ@ﬂ‘V]ll‘LﬂG]']ﬁi@?‘(j%j@ﬂﬂﬂ’]ﬂﬂ’)"lﬂ'ﬁLLGUU'] LB

v 1% ' ¥
= !

2L AN NNV UAINA TAUSUIUUINNIAT AT ALV ULAAIAINUALA AL AN AUR VDL
41NADIDNVDIN 2 ITNFUARAY DNNINTLUIUNITIDNVULNVMUILTeNUN Taud 19120 A0

Ao a ' 18 A Y 1
Q@ﬂ‘l/lﬂJ‘lJill']mﬁ’ﬁﬂﬁU’]%;lﬂﬂ’J’]ﬂ’]iQE}ﬂIG’IEJﬂWiLL%UW‘I/Ii%‘EJSL’Ja’Iﬂ’]i\‘i@ﬂ 20-60 Fus WANl



32

srgwlIanden 96 Tilue nszurumseenlagn1surdlliUTinaEIsnIuIgendin1seenuurn

UL Tenun

Maisont WazAmMe  (2010) LAVIIANSANWINATDINTEUIUNISIDNADAIS

Waguwlasansmul  ssRUsenaumaedl - Usunadluedn wazgnsnisdiueyyadasyly

1%

Idandmien 1ngiin1sIASIZRAINUTUNAIINAITETUN 0-50 F7l3d ANwINISI9nT

a

nan 0, 12, 24, 36, 48 uay 60 Talaa figrumgdl 28-30 ssewaldua Tnsldlenuealdush

Y

1%

Maraty WU USUIENSNIUIMEINNLIUN 50 FlU9waEIaIn1sIenit 60 alud audl
Uuauansgadls 220 mg /100 g embryo fresh weight karansusznauluafNiuTua Y
53EZIANUINITUIUNTBNLAETUINI 0.6432 mg gallic acid/g WULREITUANENITAI

[

AUYADATYLIUTUMINTZELIAVRINTLUIUNNTION

WYSINTAL SAUSTIU  wazAmdg (2556) Anwinisannansusznauiluedn
weulvleentiy waraudfnisiueyyadassuasdnnaedden lneAnwinssuiunsenves
Fnndes 3 g Toud dramderd Trvenda wagdnlsdiued nsuusszazinainisseni
0, 20, 24, 28 wag 72 Talas NUINTTRILNTEUILMSeNTUSIN AN T LT UTAEE 12
ndadlsfiueifikiunssuiunssenuiu 48 dalas fusinaasUsznaviiuednifisdugandy
fndemenfiawazinndesnieimiiszarnainissenidienfudiuysuaaisueullveni
wwasdTa 3 ﬁuﬁfﬁmamaqama@iaLﬁauﬁaswznmmsqamﬁﬁu Sﬂﬁqamﬂ’amiéﬁua%a
BasyinaTeiaae3s DPPH scavenging activity wag AETS scavenging activity yaatma

cal 1 =

mmﬁuﬁwmumzmumiqaﬂmmLﬁmqﬁuﬁw

]

PNNWITINUIMNTEUIUN TIONENITaLNUSIN i saAy lud 1 lakazng

sanfigaumgiviesliaumngailumnintindesien seeznaivnzaldmiunisiniey

Y
a

v Y a 15 2 Y N = 1%
P1NNADNDNAD NTULTUILUULIAN 24 %Qiﬂﬂﬂqmﬁﬂﬂ 25 NANYALYYF NTTUIUNTITIDNUUNN

Y

1%

v a T o a v v ' 1o a
I1uradenihiianununzanlunisndnd1indesenuinninnIsuguissesiian 24-60
Talus wazUTuraasdfylutrintuniuszseziiaini1seen lagszeziaain1sienil 60

1Y) < g v °o w
ke Wusseznailviansddayasan
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2.10.2 Anwnsanagnsanfagyaindlagdsanadigflvinazaey

Hansakul tazaady (2011) levinnsadeasiuednuazaiswailiusenain
dndsinenuazdnunnenzd 105 wieurAnuguinisiueyyadasylngismaeiuasld
P30ImsIa TR EC, Taeld 95% Levnusailudviazats wuin dndsdneniiuiun
asUsznaufiuedn anslinused uasqvsnisiuoyyadaszganitinunnonugd 105 lag
AUSuafluedn 189.20 mg gallic acid/g rice fiUSun lWanuess 46.13 mg rutin
hydrate/g rice LLasqw’Sfmiﬁmawaémz 230.71 pe/mL Fansafadnddnenuazdiien
AaNUEdAme 95% Levuealziiauainsalunisainansusenauiiuednuazlnainusenas
nnsafadaeth namsanutldiduin arsatnaindnddneniiussansainlunsey

auyadaszas \uuraswesansiueuyadasslneangilueinuaznaliused 8nvisansanin

nlsanusanlldduasiueyyadaszainsssuwfle

NUITINUINeNIUaaNIsaltidudvinazatelunszurunisans

a1susznauRudnLazalsinaIuasne

[

2.10.3 ANYINATDITUAVRIRAMNaZANYRDNSTANAGITE1ALY

v

Alves wazatdy (2016) lavinnsAnwINaueIn1Tannd1Iulnm1ee Aaedavii
avanpnSeufnuilasefiinaneUSinaasatalaglddn 7 laun 41961 drauns 91900
Fmdthna 919Eaen amliondu wazdnuwdady snatadeivhazats 6 vie
Aa Acetone/Water/Acetic acid (70:29.5:0.5 v/v), Acetone/Water (70:30 v/v), Distilled
water, Ethanol, Methanol Lag 80% Methanol wuin@vinazaly Acetone/Water (70:30
v/v) agannansandllaalazliusunaensuseneviluednieulnlgenduwazlusweulnleen
ﬁﬁuﬁqﬂuﬁnﬁmazsﬁnm lneiluTunuilueingsiia 878.07 uay 694.12 mg gallic acid
equivalents/100 g of sample MUAINU d@rutuyusavziamuausalunisanalaniudig

(Y

Aa ~
NUNIIVAH
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1W51058] wazotun (2559) lavinnisAnwniswaiunansannaint1dlse

v
o A

wess eluansiueyyadasy lnefnwndnsdiuresiivhazareseninueniueaneind
om31du 50:50, 60:40, 70:30, 80:20, 90:10 Uag 100:0 (v/Av) ihansadaiilaluiiasigsim
USunasansusenaviluednsiy Ysunawmeulnleeniusiu sauiignsnisiuenyadase e

s
a

vhagaevesansataidquiiueyyadasraiiign wAnwitadevesszaznanlumsadiafe
1,2, 4, 6 war 12 $alus namsAnwnuifThazanalenueareiensa 70:30 uand
qwéma%aquqﬁqm Tnediusunaansusenauilueansiumvngu 67.443 + 1.192 mg GAE/g
extract USunaueulnleenfusiumndu 57.611 £ 6521 mg C3G/g extract Way
ANNEINTlUNNTAURLLABATE ABTS Uay FRAP dldwvi1iu 0.052 + 0.003 mg/mL uaz
2,843.243 + 54.859 mg TEAC/g extract mud1fu usnaniidanuinansasaildinailunis
aftn 6 Hlus JUsuauasUszneufiuednsiy Usinameulnleendiusiy wazauaiuisob
sfueyaBasy ABTS uaz FRAP geflan JAvinfu 53350 + 1.373 mg GAE/g extract,
42.582 + 2.892 mg C3G/g extract, 0.015 + 0.0003 mg/mL wag 2,765.766 + 39.844 mg
TEAC/g extract muddiu nanisanuiluadsiluandiiiuin ansafnandinlsdiuesss

YSuuasuseneuiluedn  Ysuiaweulnleenfiugs  waslanslunisiueuyadassia

anunsniuyssendlgluniueiesdronsla

v v 6 v a

grinsnu adaned (2552) AnwinavesrlinalsanasaUsuiuansusenau
HuodnavuAkagAaNTIUNITAUDNTATUTDITIINDILALT1INABNBNALH UL

I3 = o ¢ 1Y) A o v - Y v v v
lauunUnnIl LLagﬁQTWSWWWQQWﬁﬂWWQSUW LOMIUDALVNVUTOYRL 95 wag 50 WU

s

NADILALIIINADIIDNVIANUAIYNUS NANAAILLBNIUDALIUTIUSBEAY 50  HUSuw

)
asUsznovilusdnuazianssumsiusendindugeiigaifloiouiiisuiusvhazasadn
¥ilndu sovaunie uasemusaududosay 95 mwdidu Sedlauuansietuegisd
Hed Ay eaa (p<0.05) Imaﬁﬁaﬂé’amaﬂﬁ%ammEJWuﬁjﬁiJ'%mmmiﬂisﬂau?\luaﬁﬂﬁgwm
WINAU 133.79, 86.70 wag 272.58 mmol FAE/100 g sample mua1fiuuaziifanssun1sniu

PONTATU DPPH radical scavenging activity HANVNAU 16.28, 9.05 uag 29.45 AUEIAU
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o

MNNUITENUIAMUTLTUVDIRIVINaza 1 UNARDNTZUIUNTANAE T ALY

2MN917 AULTNTUTDIRIVINAZA1ELATIAINTANALNAADNTZUIUN AN TAIAYIINT1

WATNISELENIUBAINTIUSPEAY 50 JANEINNSalUNSaNnaNsUsENaUTluaantaf
2.10.4 fnwin1surfvinazatgnauun iy ina

Werth wagamue (2017) @Anwinisuienwukazeniueanauun by indly

1%
o w

ASEUIUNISANAUNLTE  A28nSzUIUNI1s Nanofiltration  LUSeuilgulnenisinan Pure
solvent fluxes V89AYINAZAN8Y9 2 YA INNITIFYNUIT F1USUNISUIRIVIIaLaI8nNaUNT
19 Inilag N1 UTeANT ANV WUNLUTUTUIALEN AUNVDUUULUTUADITINT A s uD

'
= o

omagsluvaziidnhazarsuiansdudil msin n-hexane ndusnldlmivsngdmiuibe
WHUTlY PDMS, GMT-ONF-1 wag GMTNC-1  dusutenmusaifuiviazansmiuiingiu
Aswandeufionauny n-hexane lunszurunsadn fawdndvondorueadianuasinis
n-hexane ftiu OSN assisted liianansnasifnnszuaunisnmsiausvhasasionuoald
Organic solvent nanofiltration (OSN) iuymadendifluunldhudmsunisiaudhazaeid

H [y [

Uszandammlunisadaundunlddeduidudiduniinaningdr nseuIun1sn1ssbesaa

Wiaza1eNltua1019M linandnanas wia1u1snanfuuvesiIiiazateayn1sly

nasulunszuunsiatduasneg

PNMITENIHAUFIIaEaIemEnIEUIUNIT Nanofiltration Liadnauan
Tlwilunszurunisain deiluusslevilunmsanduyuiaznisldndsnulunszuiumsane

131U
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3.1 380

1% A v 6 a <@ [ a
1AUABNAVNYAIINNEYAT $.UINTD 8.8INUAT 2.89a0 LﬂUl’ﬁu&ﬂWﬁ’Wﬁ@ﬂ

PUAEDN LaARIRININUTENOUN 3-1

(@)

AnUsEnaudl 3-1 wanstnildendedvien; (n) dnwazvestnldendadven; (1) auziiy

f19819917
3.2 #1503

Ethanol, mmu’%awé 95%, Sodium carbonate, Folin-Ciocalteau reagent,
DPPH (1,1-diphenyl-2-picrylhydrazyl), GABA reagent, Borate buffer pH 9, Phenol
reagent, Gallic acid, Sodium hypochlorite, Aluminium chloride, Sodium hydroxide,

Sodium nitrite tlag Quercetin

1

IYoATANANUTEN ULV Holding (Thailand) CO., LTD. uwazain

Vol UAN5NAIYIAINTTUAT AETIAINTTUANANT UNINGNTUAIVAIUATUNS
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https://en.wikipedia.org/wiki/Sodium_carbonate
https://www.google.co.th/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0ahUKEwjupNuFjNnXAhXDtY8KHUIjC_0QFggzMAI&url=https%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F11642334&usg=AOvVaw3tUryLfbKLzQt48_YcYnX-
https://en.wikipedia.org/wiki/Sodium_hydroxide
https://en.wikipedia.org/wiki/Sodium_nitrite
https://www.google.co.th/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwiRq5ykjdnXAhUKqo8KHStrDcAQFgglMAA&url=https%3A%2F%2Fwww.xtend-life.co.th%2F%25E0%25B9%2583%25E0%25B8%25AA%25E0%25B9%2588%25E0%25B9%2583%25E0%25B8%2588%25E0%25B8%25AA%25E0%25B8%25B8%25E0%25B8%2582%25E0%25B8%25A0%25E0%25B8%25B2%25E0%25B8%259E%2F%25E0%25B9%2580%25E0%25B8%2584%25E0%25B8%25A7%25E0%25B8%25AD%25E0%25B8%258B%25E0%25B8%25B4%25E0%25B8%2597%25E0%25B8%25B4%25E0%25B8%2599-Quercetin-%25E0%25B8%2584%25E0%25B8%25B7%25E0%25B8%25AD%25E0%25B8%25AD%25E0%25B8%25B0%25E0%25B9%2584%25E0%25B8%25A3-%25E0%25B8%25A1%25E0%25B8%25B5%25E0%25B8%259B%25E0%25B8%25A3%25E0%25B8%25B0%25E0%25B9%2582%25E0%25B8%25A2%25E0%25B8%258A%25E0%25B8%2599%25E0%25B9%258C%25E0%25B8%2595%25E0%25B9%2588%25E0%25B8%25AD%25E0%25B8%25AA%25E0%25B8%25B8%25E0%25B8%2582%25E0%25B8%25A0%25E0%25B8%25B2%25E0%25B8%259E%25E0%25B8%25AD%25E0%25B8%25A2%25E0%25B9%2588%25E0%25B8%25B2%25E0%25B8%2587%25E0%25B9%2584%25E0%25B8%25A3.html&usg=AOvVaw3RouxWwLxY_fCpGut3bMNr
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3.3 gUnInluazLAIeiie

LATDITY LATOILAT LATDITTIMEFYINazaie (Rotary Evaporator) LAS84nIU
ANTUUULNUMI B LATBINYUMIEY (Centrifuge) 1AT84 UV-Vis spectrophotometer Uag

WMSD9INE

AMNUTENRUN 3-3 LATESsEMEMYNAra18Eie Heidolph Ju Basic 1



4000
4000

AnUsENaUTl 3-5 1A UV-Vis spectrophotometer
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3.4 35aHuUN15I8

NUATINSAENBINTANAT AT NeRIanlngISananleYinazated  1avin

[ =

ANSNARUIIAITNEAIDNNRANAAITAAY FIIUNTEUIUNTANAILYINNITIIAYINaZANE N3y

o

[

Amungaudgmsumsanawaziimynazangnduinttluyd tnedisgazdenianssunaneadl
3.4.1 NSNANUN2EITNEAIBN

1. Anwdesidudanuauuiaivenudadineuriinissen  (glsissu
TWUNG wagAny, 2556)
[J IR & A« <@ (% 1 !
1.1 yhmsguiiuwdanauwdn Tivin laiunds
1.2 ¥nsduvianun 5 a3 lneusazgaviinisuendiiuaniasin
A8 100 iR

v

1.3 Mwnilesidudnnuanuaivouudn Al

= Nai’mmmauugajmaﬁ'nLﬁmuﬁm X 100

5
o v P~ o ¢ [ & < al 1 4 o 1 dy i
2. dhldendsivenudadenudanliauysaloan  dilugiesie
a15azane 0.1% sodium hypochlorite lusnsndau 1:5 (g/mL) WWuaan 15 undl anesaein
avorauartluudiasiindu lusnsndiudnn 100 ¢ : @1sazate 300 ml wunal 24 Falus

wanafan nUsznaun 3-6A nasantuihdildlunisugiisesneinvniuialenaqulunan

60 FlusluniinNgamniviotananan nusenaui 3-68 (Insnay lateius uwavae, 2556)

Y

w (B) © .
= v v € 14 A v ¢ i o Y
ANUSENBUN 3-6 ATEUIUNTINIEV1IFITNEA9DN; (A) T1IUaandatnen i buunay;

(B) n1suinzdnildesnmeinv1iuig; (©) adendsinensan
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[

3. AnwesidudnissenvesiniilionsuszeziaIn1snzeal
3.1 ddeniilauanananinysenaun 3-6C 1vin1sdNiung
v o v ¢ v o4 g oM w | '
senvestIlnetiutnenanwantIALwEawinuulal vin Tdunds
3.2 ¥msduvianun 3 astlaeuiazaavihnisuendafuwdowagiin
A8 100 WA

3.3 AuasiiuRnIsIenUeItIndasianiag

= (NATINVBIININABI9DN / 3) X100

o v v ¢ a

4. dhindvineasenauwiifigamall 40 asrwaidea Wuan 24 Halus

Y

anuguganewdoUssana 13-15% ddnideniiiiunisevuisndnsimisiuionsiy
LASBIETINADIRAAIININUTENOUN 3-7TA AINTUINUIUALALTININITIBURNIUAZLNTIVUIA
40 mesh uanwianmusznauil 3-78 inulilunassganiuduigumgiveiiemssud sy

Y

n15anm (Hu et al,, 2016)
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INMLURDNNRINTOULIAS

LASDIUATN

J 8w ' o {1 [
AABILNUAIDYN YMANIUNIIAATUIN

ANUSENBUT 3-7 ASEUIUNNTATN; (A) 1A5898919INR8Y; (B) WEAIAZLLNTITOU



a2

NSHARTNIED1EAENTUNTEUIUNITINANUTUITYIUNTEAUNTHNUYRY
wulwyl Glutamic acid decarboxylase (GAD) logludniliiuasuluans GABA Bnviadinis
WasuklasansdAgdnuinuie  1againseazidenfanTsuLanItunounN1INant1I8n en

JONLARIAININUTENOUN 3-8

Pwldendeinen

< v a L3 1
‘ MNNANYIIUAIINFNYTUNINAIN 80%

. “ fontnwidenaenanaiunsaihlumngaenla
% AYIUANYIAIVDINAR

‘ gFanae 0.1% Sodium hypochlorite, 15 Wi

wAP8UIN&Y Wunal 24 F2lua

4

lumnzsanlunie Wunai 60 F2lug

mMnlasiduin1ssonuInnin 80% wandinudn

Fiinsenitnansathludnssuunsaninle
% N1598N g

l auftaaunndl 40°C, 24 alua

UALAYIDUNIUAZLATIVUIN 40 mesh

4

Aululagaanuauielddmsunsann

ANUTLNBUN 3-8 LHUNMNLAAITUADUNISNARUINAITNAIDN

3.4.2 Anwnismaainazaneiwnnzaulunszurunisanadnadedvensan
-4 v 6 d'q./ 1% aQ U a £y o A
1. ddnddrenenfifnuiawdilsine 100 sy Asvhazaefe
WYUBANYUSBEAY 0, 50 Wwar 95 lagneassfionsd@iut1Inedinavany 1:10, 1:15,
1:20 4z 1:25 NMIUANTIIBLATEINIUATTUUURNUIYLTIAMST 200 rpm Wuan 0.5, 1, 2
way 4 Tilus annlaglduuinuestnn 40 wag 70 mesh wasUauisuliniaansdAgUes

YNIEITNEAIDNTUTNIFIVNEARAZ TN 5T UDTNMINIUNTLUIUNITION LARIFINITIN 3-1
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2. thasfliunsewazdndiaiomyuiisan 4000 rpm dunian 5 wiil

1% o
[ [

aglpansananianwaueladiiniasou “aINNUULENAIYINaLa1889nNNAITANAAIULAT DY

szweiviazaty (Rotary evaporator) finausule 100 mbar gaungiensiadi 40°C ald
A15aNMANWUTIULAUNAINLATFYINaYAY
3. AwnyUsunaasana (% Yield Extract)

- Ghunansianald (@) / Wnadmiildlunsadin (@) x 100

4

4. esevivsunuansituedin wailiwessd a15n1un WavansiueuLAdaTy

A1519% 3-1 Anwinsmsmvnasatelazangivungallunszuiunsanatd e nsen

C | enududureneniuea | a1 | 983UV | WYt Lo
AU . Ay
(V/Vv) (h) Magany (w/v) (Mesh)

1 0%

2 50% 1 1:15 40 fainensan

3 95%

4 0.5

5 X4 2 1:15 40 fnenson

6 il

7 1:10

8 X4 X, 1:20 40 FaUnenann

9 1:25

10 X4 X, X5 70 ainensan

11 Falnen

12 X * X X Isdiues
* MUEWR)

X, = fvazanefiunzadlunisads

X, = naiwangadlunisania

X5 = onsrd@uiwuzanlunsann

X4 = eI vnganlunsane




IAIBAUENMBLATEY Centrifuge

AENaUMNad Centrifuce a15aNnNaUTLLeAYINazay

Avnazany

ansane

a o v o ¢
AMNUTLNBUN 3-9 NILUIUNNTANAUNIEIUVNYAIDN

a4q



a5

3.4.3 finwn1suiainazatenavun v

v o =

1. Y1FM8agMnuIgay  I0ANUNUILUUNDUNITENALAEYIINISENA

NAIINUUITZINIAINAZA18AELATEY Rotary evaporator

'
o o o ]

2. ddvinazatefsenglauInANUTUILLUTEINISATADNAS
3. AmuIUMUSHIUE1sane (% Yield Extract) wayANSagazynInIsnauAy
(% Solvent Recovery) U998191Na¥aunaIN1TaNaALAaL U

% Solvent Recovery = Usinauvasmyinazarenssmelandanisana (mL) x 100

USinamesdninazarenaunisana (mL)
4. mindvhazaefsemelalildu 100% w@eeiin1s Make up #7291

azany AENITRUAYINaraglAIUSUIUMILERT1EIUAUNITIUNSENAASTILTA TSR

s

WUTMNAY videantuiivinazateluanagt 1 soU TegdnaunuikUuLasIAs Y

(% (%
o

UsunuansdrAgluansadnudinszuiunsadiagisnas

5. AAs1zukalaelSeuifeudsunailusdn @a1swailiuses @a1sn1un way

'
al

VisFUeYYadasElavdansann
6. %1 Calibration curve SEMINIAUNRUILUUVDIAIVNALAILAUAINY

Waduresivinazaty el luldlutuneunts Make up fvinazany
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A1NI18BLLDYATUNBUNITUIAIYINaLAUNF UYL haRIFININUSENDY

7 3-10

o NIEUIUNITITELNY
NITUIUNTTEANNA

A\ 4

fAvinazany

Make up fvinazatelviusuiamu fvihavany

dRTEIULAY - AaUsuag (mL)

' 3
- AUUNLUY (g/cm)

AMNUTENDUN 3-10 LEUNNLAAITUNDUNITNARDINITUIFIVINAZA18UEN ALY



3.4.4 asuvumaunsnaasslunszuumMsaiadi1ddiiviensan

v 6

BEKI

ANUTENDUN

ar

AMnseazdeananssulunIsAnwnIssvinazateMvunzaulunisanadng

3-11

INATYNIDN

anm 1 2lug

BMI1@IU 1:15 YUIAT17 40 mesh

0% Lan1Uda
50% Lanuea

95% Lan1uea

\ 4

U o d‘
Avinazanenvlgay (X,)

NYAIDNLALNISUIAIIaza 18N UL LT INL @1U15085UN8TUABUNITIVYLARNIAS

Anwanimnyay
0.5 2l : :
| 4 a a
< o > Lanvungauangay (X,)
2 L4l
4 9139 Anwensidiu
‘1711‘1,/111'13?111
1:10
< 1:20 RGN
v 1.95 wisngau (Xs)
SYEAYINaTaY
Anw1vuInT?
ﬁm&l’]%ﬁﬂ
v \ 4 70 mesh
a15ane Avnazany
l YUt RWINzaY (X,) | —I
ApTgiUTunuaTdAgy
A\ 4 A
AQNIIUN 3 YN
a P an o U o % 1 v 6 dl
ALASIZANNGERR isviazananausn el I lsdue3

ANUTENDUN 3-11 LEUATNLAAIYUADUNITNARDILUNTEUIUNISANATNEITNLAIDN




a8
3.4.4 NMTIATIENAUAINYDIENTEAR
a L3 Q‘ IS
3.4.4.1 AATIINUINIUEIT0BNNTNNTINN

AAs1esiUsunuansiluedn (Total phenolic content: TPC) Tina1s@aoes
500 ‘lalAsansiintiindud3anns 9.50 dadansiia Folin-Ciocalteau reagent mnudadu
Yovar 10 USums 500 lulasdns weniiald 5 undl antuiuansazany Na,COs Wi
Yovay 10 Usums 2 fladdes ivliludiiln 2 dhlusiadngandunasiinanuenindy
730 Wilumnsiwruiiaasigananns iR IuYes Gallic acid wazsesunady

U311 Gallic acid equivalent (mg GAE/100 g rice) (Inchuen et al., 2010)

MTIATIEHRUTUIUEITNIUT (GABA content) wi3euansfeensfinnnuidudu
0.05 nYusiofladansusuins 0.4 Jadans arntuiinansazane Borate buffer pH 9 Y3u1ms
0.4 faddnsuazvansazaty Phenol reagent [WuduSouay 6 Usuns 2 Taaans el
tldudlugnaifuduna 10 wit endudin Naclo Wududosas 7.5 Usums 0.8
fioddns welidtundsnduilusilusanihouftonmad 95-98 ssriwadoaduna

10 wiiudrthesnuudlugnsindu 5 wii thasavargldinanisgandunasfinnue1indu

630 wiluuassrenunaly (mg GABA/100 g rice) (Karladee and Suriyong, 2012)

nsIms1einanliuesn (Total flavonoid content : TFC) UwUmansann
500 LulAsans wis NaNO, mnuituduseeay 5 Usums100 lulasans werield 5 undl

NA9NTUAN AICL, [WuduSesa 10 Usuns 150 lulasdes Neld 5 uil udsanniuifa

[ %
Y

NaOH Aududu 1 a1 Usuns 1 faddnsiaziinau 3 Jadans aeiiald 10 uiil dnen
A a v . & &
N139ANAULEN 510 W luuns Iagld Quercetin WWuasunsgiulagsgunaly

(mg QE/100 g rice) (Hu et al., 2016)

AasgnaNansalunsinueyyadase (22 diphenyl-1-picryhydrazyl
scavenging activity) DPPH laswauansanaanududy 100 lulasnsudednsdsunns

1 Jadansnuansazans DPPH Auwiudy 0.1 fadluans Usuins 1 Jaddnsnaliluniladu


https://www.google.co.th/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwiRq5ykjdnXAhUKqo8KHStrDcAQFgglMAA&url=https%3A%2F%2Fwww.xtend-life.co.th%2F%25E0%25B9%2583%25E0%25B8%25AA%25E0%25B9%2588%25E0%25B9%2583%25E0%25B8%2588%25E0%25B8%25AA%25E0%25B8%25B8%25E0%25B8%2582%25E0%25B8%25A0%25E0%25B8%25B2%25E0%25B8%259E%2F%25E0%25B9%2580%25E0%25B8%2584%25E0%25B8%25A7%25E0%25B8%25AD%25E0%25B8%258B%25E0%25B8%25B4%25E0%25B8%2597%25E0%25B8%25B4%25E0%25B8%2599-Quercetin-%25E0%25B8%2584%25E0%25B8%25B7%25E0%25B8%25AD%25E0%25B8%25AD%25E0%25B8%25B0%25E0%25B9%2584%25E0%25B8%25A3-%25E0%25B8%25A1%25E0%25B8%25B5%25E0%25B8%259B%25E0%25B8%25A3%25E0%25B8%25B0%25E0%25B9%2582%25E0%25B8%25A2%25E0%25B8%258A%25E0%25B8%2599%25E0%25B9%258C%25E0%25B8%2595%25E0%25B9%2588%25E0%25B8%25AD%25E0%25B8%25AA%25E0%25B8%25B8%25E0%25B8%2582%25E0%25B8%25A0%25E0%25B8%25B2%25E0%25B8%259E%25E0%25B8%25AD%25E0%25B8%25A2%25E0%25B9%2588%25E0%25B8%25B2%25E0%25B8%2587%25E0%25B9%2584%25E0%25B8%25A3.html&usg=AOvVaw3RouxWwLxY_fCpGut3bMNr
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nan 30 wiitiaeinisgenduuasiiannuenindy 517 wilusnsdiuiniesazvesnisi
auyadasylngldans
% Inhibition = (Acontro- Asample 7 Acontrot) X 100%
Acontrol ADAINTAANGULEAIVDIASALANY DPPH
Asample ﬁaﬁwmi@mﬂauLLmsuaqmiﬁaasmﬁmamﬁ’umiazmEJ DPPH
WROANIINIMA ICsp Tunssesiuatassissuaniy I, Faldannisadng
A5 MLERIAUEURLSIEWINS % inhibition fuAMWLTUTIAMduTuTl 50% inhibition

AgilAandu ICs, Fufiun wnlvh wavmue, 2556)
3.4.4.2 AATIZAMSADA

AATILINSEDRR IIVdeudIeg1sar 3 A5e (n=3) wazdmanlann
AT TEAUULINTEIY (£SD) UasiAsnsiANkana1seg1alitedAgnisainves
%@;ﬂﬁi@ﬂ:ﬁ One-way Anova (Single factor) Iag/ld Duncan multiple comparison tests %

FTAUANLADNUN 95% (p < 0.05)
3.4.5 IANIHNANN UINYSUINANTANAV1IFITNRLAIDN

dndsansanninddneasonludinuzindyaans U asaiunsuns ey
a Y ~ I ° ) a & a o 6o a ]
nsuamduesy weneasuanudulilatunisihansadaundadundndueiuigeis nou
luiausssendundaduailuguuuusie q sold  lnedlolagasiivunzauiesdu
dnmsedldussydaeivun 10-15 daddns I5eazdeansiaeiidewsy fal
1. MInsIdeugnsNIsinuenadaselagds 2,2-diphenyl-1-picrylhdrazyl
(DPPH) Tnanssuansazalefing 1 9Aldudy 1000 ppm antdutiunaisazaisfiiegy

=

20 pL 1@y DPPH 100 pL 14 100% vAv teniuea 1Wu Blank weuaansisiiidunan 30 wil
Y = PN a v A a s o 1 1 adu

TasmanandumasinLeInay 517 uluwes lagldesecdulasinansames dirdnin
lpanAm %inhibition AntuAUINMgNEATUBULadaTE (ICsH) INNTINAMUFURUS

217319 % Inhibition AUANUINIUYDIANTANA
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2. Yapumiladeiades DV-I Ultra Brookfield Engineering Laboratories

Inc. LAgYINISNARBUAIIUAIFIVDIANSUNLARNI8EN1ILLS9MZ8AIN Freeze-thaw  cycle

a

913U 6 59U e 1 souUsznoumenisuiinsulunulineamal 4°C Junan 24 3l

Y

a

nduhlunulinegamgll 45°C Wuan 24 Falus vimsinannunile uas pH veisu

Y

NOULAZNAINITNAADU Freeze-thaw cycle

3.4.6 nsussiudunuilasdulunsanadiadedven

yinsussdiudunulunsaiadiddreaudaznszuiunis Wneiiansanan

oA o a 1w U a = ] ¢ 1 A
angNinge imsussliualdineansaringiu a1sied wazalnihvesgunsaleng q 1
IlusgAugnavnssulunuig (LIn/kwh) Ussiiudinauagsimvesansannsenluauen

lunsamuluseivgpainnssy



Ui 4

NALAZITUNANITNAAD

NNTTUIUNITNERTEITNAIDN (Germinated Sangyod rice) Lioann

o 1Y Y v v

ansdddsemueadududosas 0, 50 war 95 waNsatafl 0.5, 1, 2 uay 4 Falug
Snsnarudnsesiinazans 1510, 1:15, 1:20 wag 1:25 flvu1ad1i 40 war 70 mesh way
MNsIATIEEmaIsUsenauiiuean (Phenolic compound) @swalauess (Flavonoid)
13001 (GABA) Uazquisiueyyadase (Antioxidant activity) vesansarinluniswauidu

[

NARN TS UwarEIAYNazanend ULl lu LanIsI8aLDUANALAEIANSAINANISNARDIAIT

4.1 NaYBINITTUIUNITIBN (Germination process)
4.1.1 NM5UABULUAIANHAUENIINIENTNLALANEVDIUIFITVEAIDN
a v o ¢ ¥ = a 1Y) ¥ ¥ a
ANSHANYMEITNEAIDNINNT1NUFBNTLIAT 60  FLUIAIERIYIUIBT N
| ¢ & ¢ & < v = o ¢ A o a ] 1% o ¢ a
wuinvesidudainuanysaivesudndildendsdineamirlundndudiddnensend
¢ <& & g% ¢ v T | ¢ 9 a
Wesidudauauysaieuas 95.50 lngAuauualvestnegluganumuIngg1uvestng
ANU150UU N NZIDN AR D ﬁmmauugaﬁmmLmﬁm%’nmmiﬁaaaz 80 LATMAIAN
= ¢ & ¢ % P % Y} )
nsziunseniilesidudnisteniosas 92.00 FeaenAaediusI8ULee glsIsTns Jauna
wazAny (2556) losesazuainissenvesiniueaniuarinindewenilaagluyie  95.07-
¢ & ¢ A = =~ & 2 v | PR ¢
96.50  WasiTus WealTeuiilguauanysaludand1ineulnizsennininuauy ol
100 Wosldus Ingdnvazveuudadndriventeniladmivanysaivazlinadiosuanids
ANUsENaUN 4-1A NAINTRULIIENYMEalINAALilsn  (Radicle) Ansgdiunuday
(Plumule) aziitewazvaneanliiiesninsndnisgafiniuieinin wanenen1mysenaud

4-1B
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(A) (B)

AMNUSENBUN 4-1 anwalrYaIlMdslrenian; (A) aINTTUINA1TI8N; (B) MEINITOULNAS

lunsguiunisddiendidnentansinasnaneennisuudon (Hul)

TUseIN9NT2UIUNITE AR NAITNYAIDNNEINTZUIUNITASNBULRIAUUDN LT ALAILTL

(% 1
v @ A

AN AT LUNIUNTZUIUNITIDN WEAAIFININUTENBUN 4-2A  DNNISNBULUDI
nmelurestndidnensanaztuwarddvdy vliudadndniswaninladnenin

PNIEITNEANMUNIUNTZUIUNTTION LEAIRINNUTENOUN 4-2B

(A) (B)

AMNUTENBUN 4-2 dnuazYaRuantNdsireaisuiuiddendan; (A) ARisuuen;

®) Aionisly
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Tunszuvaunsnisusegisdaneuiiluadn lunisafaurasadaaglddn
USunas 100 ndu Tunisimonazyiinisdadnn 105 ndu wandan nusznauil 4-3A ndsan
Huhluuaseedesiunaysouriunzinss (Sieve) vunm 40 mesh Wuindindsainnnssou
HURZLNTIZUTUIU 102 N5U %QﬁmsqigL%ﬂiuszijﬂ'ﬁi’au 3 ¥ 91NN1SAATIAZLNTS

| (Y] ¥ [ ! = a &) < < [ d'
SoUlAYANBUEYBIUIUAINITOUILLAUazLRuAL W ALEN 4 LENINININUTZNBUN 4-3B

ANUSENDUN 4-3 ANz INMAITNenIan; (A) 11I8I998ANABUNITUR; (B) IMdsTnen
JDANAINITUAKALTOUNIUALLNTIVUIN 40 mesh
ndnwuznnenmllasulurewudndin weatdnudadnluinald
(Color value) wuMin1sasunlasmdvesuantndiinentantazlitiunision wanass

AN5199 4-1

A15799 4-1 AAVNAATMAITNEAIENLABUAUTINF e llNILNTEUIUN1TI9N

Color value
Rice
Sangyod 44.46+0.52 11.92+1.23 16.52+0.35
Germinated Sangyod 43.13+0.99 13.63+0.95 15.88+0.29
NN L* = A1ANNEAINS
a* = manududung

b* = ArAnududdes
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INANTNN 4-1 LAAINANITNAADUANFVDUNAAT T NYAIDNITAEUTULLAR

Y o & A

[ 1 1 ] 1 I~ = =
YNMFWNANUNIUNTZUIUNTTIBA WUIAIANUEIN (L) wazAraududindse (b*) Ua9

' [ '
a1 a = I

Jdadnentananad druaranududnes @) JandududlsWisuiudnddneailinig

AFZUIUNITION NITANAIVBIAIAIINAT VD UUAATIFTITNEAIDN LAAILALTUINUNAINAD

ALY UVDIAIAMUTUA LAY FsdaunalaandNildenuant1itfuiasdidnoudianag 1o

Y

Wnzsensenisudluihdaiiludvhazaneilidndgnuzazaeusenuwanludii

¥ ¥
o =< A

WHLLAAT AatuAnT1RTIERd T Wl suAULLAnT 1Tl 9en BnvanisiAsuwlad

YoIAdmaes 019 lisanANFUNTNTLIINNSEUINN SRRz UNT T IUNSEAUN1SYINaY

[ Y
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4.1.2 Ysuaansana
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ANUTENBUN 4-4 USUIUSRUaTUBINANANYDIINEII YA NS UAUTINEIUNEALALT1?
TsuaINUNIUNTZUIUNITION PRELENUDALNTUSDEas 50 Aataia 0.5 T1luesnsndiu

JnMmeflvinazane 1:15

°o o ¢§ a
4.1.3 0197 Lﬂiﬂ%ﬁﬂ%uﬂmﬁﬁ’iﬁ’]ﬂiyua Sﬂﬂﬁéhu@‘légﬁ'e)ﬁ'iﬂ

HaUBINTEUIUNITIBNABUITUINAITUTENOUUREN NaTlauaes N1un
wazgnsAueuyadase laglusunvdenasimariliauaudilunisiueendindu Yiefu
N139NLAUYBIHINTN ann1siial NTe wazanIITRgNlalunIINeYYadasy WU
14 v ¢ a A | a I3 [ -
IdsdngnseonduTutuasiluedn Wailiussd n1ugegainiu 1,627.00 = 53.08 mg
GAE/100 g rice 559.50 + 17.06 mg QE/100 g rice wag 9.97 + 0.17 mg GABA/100 g rice
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deasuiudnaesiilidiiunssuiunissen snietndivensendedigrsdiuoyyadass
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NHANNINARDINTTUIUNTIBAALNTALIUS I STILedn lanlauesd
wazansmuild esannluszwinanszurumssensiliiAnnsasuulasesesdlseney
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me GAE/100 g rice

mg GABA/100 g rice
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4.2 HaANUIUTUVDLENIUBEA (Ethanol concentration)

4.2.1 Ysuauansana
INNSANYINAVDIANULTUTUYDUDNIUBA AT AITALA18LeNIUDALTUTY
Soway 0, 50 Way 95 ANANONIIAIUYNIABAIVINALANY 1:15 LIA1ENA 1 TS NUITSNWUY

1%

YasEnsanAleMIUealtNIuSesas 0 AdUInIageudIuaTaNAEYIUDALTNTUSPYaY 50 LAY
95 aeilFthmady wansdnuazvesEsafndnnT e 4-2 andnuwaransatauandsidiui
ildanansoatndondmldiliiiduesasatnfisouniansaiaeniuea 49500vosHanan
(% yield) veamsafnlenuealduduieay 0 fAngegnievay 10.26 J03A8UAD LBVURA

WUTUSREaY 50 WAy 95 WINNUSYaY 6.26 Way 2.77 ANUANU LanIsInInlsEnaud 4-6

A15197 4-2 SNYULYBIANSANANILENIUDAINTUSBYAY 0, 50 way 95

ANUINTUYDIBNIUBDA Yield (%) AnNwaLE15aNe
ansannimNUTuE
10.26
0% o
11MNa00U
ansanaimnudud
50% 6.26 .
RN
asanmlANNTUE
95% 2.77 \ )
U1ANALALTL
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HaveIUSuaTUsEnauuedn a1snailiueed @13n1un LLazqm‘émsé”m
ouyadase uanfanmusznoudl 4-7 wuimailddanuuanswnsaiiafissfuaadesiu
Yowaz 95 (p<0.05) lovnuaaidudufosas 50 Jusunmansiuedn valiuesd uarqysu
DULADATTFIFAINNY 1,469.60 = 32.95 mg GAE/100 g rice 417.23 + 7.14 mg QE/100 g
rice 4@y 0.21 + 0.01 mg/mL MIUEIRNU LazleyupalluIuiesay 95 JUSHIMEITNIUY
geaawiniu 2152 + 0.84 mg GABA/100 g rice wandbiliuilevueaidutuiosay 50
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Walauesd N1 wargnSAUBNYABasENMINIeNUeaITNTUSoEar 50 LHBIINNITETR

Mg inandngausiilafigusinuansdeniesnuvesasanafu (me/g extract) a1sann
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(Chew et al., 2011)
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(A) (B)
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dase (error bars =+ SD, @119 a, b way C TULAATLYILAAINaANULANAIN U9

v o

Hod1Agyneana (p<0.05))

4.3 NavawIaIN1sanm (Extract time)
4.3.1 UYsuruansdann

NAYDILIANNLG b UNITANATIIFIINYAIDNAILLONIUBALIUTUSBAL 50
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dl ¥ ! s o U d‘ 1 o Q‘I ¥
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m N

b b
B
1 2

Extraction time (h)

AMUsENUN 4-9 Usunuansdfgyestmdsineasentiisuiuainisana; (A) Usunuans

uadn; (B) Usunuasvaliuesn; (O Ysuaansniun; (0) gnsnisiueyyadaselagldie

PUBAINTUTBEAY 50 NoRII@IUTIIRBMIVINazae 1:15 (ermor bars indicate + SD,

Antisde a, b, ¢ kaz d TuwsavgaunansdannuunndsiuvegalitudAynieads (p<0.05)
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4.4 Wave9BAIEIUTIRBRYINaza18 (Rice-to-solvent ratio)
4.4.1 UYsueudasana
NAURIONIIAIUTIRBAIVINATANERDUSUIUESANALUNNSTENAAI8LEN LA
duduSosay 50 finanatn 0.5 Hlus LanwInnT1e7 4.3 nuinTiendusnresvhazane

1:25 lSunaansadngeaawiniuesay 7.09 uasiidnsdiu 1:10 TilSuaansadndes
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Ya3UMNUAYINazaty daNalidlivinazateaiunsnazaleansanneanulaaniinisiy

an1@IUINMRBAIVINazae Ny
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Usunaansiiuedn arswarliuess wazaisniun laesnsidiudnisesvinazaisd 1:15 uas
1:25 (¢/mb) TUTunaasituedn warlawesd n1u1 uagavdiuoyyadaseiiaiaauay

Ndns1diu 1:10  aglidsunaasdrdgosiian iosandniazanenleivsunudes
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e a1eN Ly eI luN1saratgdnsann NIuNnensId@iu 1:15  Jadnuuunsaulu
NSTUIUNISANTALINAINNITITINIEIY 1:20 waz 1:25 iHesannludnsndunlddvinazaney
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M50 4-3 UsInaansiiuedn valiused n1u1 wazgnsiueyyadasyvestndidnenden

Wguduonsidiudisesvinazatslunisanamieeniuealdudusesas 50 Aalana

0.5 Fla
Riceto | Yield TPC TFC GABA ICso
solvent (%) | (mg GAE/100 ¢ | (mg QE/100 ¢ | (mg GABA/100 ¢ | (mg/mL)
ratio rice) rice) rice)
(g¢/mL)
1:10 6.15 | 1,162.72+8.95" | 403.69+1.41° 6.09+0.09° 0.53+
0.01°
1:15 6.56 | 1,627.00+53.08" | 559.50+17.06" |  9.97+0.17" 0.16+
0.01
1:20 6.43 | 1,533.81422.04" | 617.02+18.88" 9.00+0.04° 0.22+
0.03"
1:25 7.09 | 2,093.18+35.69° | 785.86+2.66" 12.34+0.09° 0.13+
0.02°

(Mean + SD; n = 3) fniadesniuane19anuluwsasAsaLUwEnIDIANUBANANI LB 193

pdAgN19@dA (p<0.05); TPC = Total phenolic content TFC = Total flavonoid

content Wag ICso = Inhibitory Concentration N8RS mmmmaamimaﬂqw% BN

auyadaseldl 50 Wesidud

4.5 wavesvuInd1Iun (Size of rice)
HATDIYUINYBIT I UARBUSINATTHUeSn Watliused n1un Laggnsauy
ouyadasy snulevusaliuiuievay 50 aada 0.5 Halus Asnsddnsesvinazae

a [V %

1:15 WARIFINISIT 4-6 NUIVUNAVEIT 1T 70 mesh s sanafigeaawiiuesas
6.60 wazdlUSuaansTiueaNgegalviniu 1,860.87 + 10.04 mg GAE/100 g rice usilviu3una
a1svanliuesn @15n1un LLa"’i]‘Vlé a%aéaizﬁﬁmiwmwﬁn 40 mesh s nvun
fnuaiazdunnitlunszuiunsataivhazansasnsaazanoinluluied i lens e

Ara18a1sanneanuUled FITUIATIIVUINTY 40 mesh LHuTUIRaZLDEALNALASIAUILIA
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v = A

70 mesh FANANINALABTY HIHUINFNITININY1I 40 mesh T lElunszuIUNISann
Hesnnlilsunaansdrdgiiadndidesivawin 70 mesh wasilunisannailunisese

AN

P3N 4-4 USInaansiiuedn valiueed n1un wazgnsiueuyadasyvestddnenden
WIgUAUIUINYNIUR AIELENIUDRLINTUSBEAY 50 LIaN@nn 0.5 TILud N9RSId@IUTNIRABA7

ynazany 1:15

Size Yield TPC TFC GABA ICs0

(mesh) (%) | (mg/100 grice) | (mg/100 g rice) (mg/100 g rice) | (mg/mL)

40 6.56 | 1,627.00+£53.08 559.50+17.06 9.97+0.17 0.16+0.01

70 6.60 | 1,860.87+10.04 516.92+5.71 9.80+0.01 0.25+0.04

Values are mean + SD; n=3; TPC = Total phenolic content TFC = Total flavonoid

1%
Y Y]

content W@z ICs; = Inhibitory Concentration ¥31889 AINNTUVDIATNODNANTEUE

ounadasyls 50 Wosidus

1Y

4.6 navasn1sUnfinazanenauanlylug (Solvent recovery)

Uszansnannisisvinazatenavunldludlunszuiunisannneesazves
NaNAn USinaasituedn slaliuesd nun wazgrisdnueyyadasy lunsafndnuavuin
70 mesh sneiemueadududesas 50 Snsdndaresivhazate 1:15 Avaiada
0.5 309 wanasannseit 4-5 wudn lunssuaunisadmanunsasidviasarenduuldivg
Tnafien % Solvent recovery iU 86.33-87.33 wWosidud Anunuwimsuduves
mueadududosar 50 feunITARAWINAL 0.936 o/cm’ WEIRINNTEUIUNITTEMEE
Fazanefianumunuingu 0.941 o/cm’ wansan nuszneud 4-7 udin1sUuUIEInS
sviazanelug (Make-up) Wieshanafing fianumunudy wihiu 0.940 o/cm’ Waieuiu

Calibration curve $EWINAUNUILUUAUAIUTUTUYDILDNIUDEA WARIFININUTZNDUT

A-5 NUIWIYIaLaeNUIUATATIIUATIN 1 TANuTuTusasay 48 eavunanagn i
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=

U310 % yield Wiy 6.45 uazdiuSuaasiiuedn Wanlauesd nu uazgviddnueyya
daszilndifsfunisatafedsharatenadu seilunssuiunisatadiedazane
fviazanedilimdinszuiunisarunsaiinduanldlnild annsothldussgndlilusedu
geannssudulszlevilunisansununsldfvazarsuazanveadsainnssuiunisain

Tnduaenem

M50 4-5 USInaansiiuedn valiuesd n1un uazgnsdueyyadassve s inenten
Tunsindvinazarenduunlelvig e 1usautusagay 50  Iatdnm 0.5 b9

NoRT1EIUINMRABAIVINAaZaNY 1:15 VUINTNIUA 70 mesh

Number | Density | Solvent | Yield TPC TFC GABA ICsp
of (g/cm3) recovery | (%) (mg (mg (mg GABA/ | (mg/
recovery (%) GAE/100 ¢ | QE/100 ¢ | 100 grice) | mL)
(time) rice) rice)

0 0.936 86.33 6.60 | 1,860.87+ 516.92+ 9.80+ 0.25+
10.04 5.71 0.01 0.04

1 0.940 87.33 6.45 | 1,553.42+ | 537.85+ 9.80+ 0.40+
22.16 20.77 0.01 0.01

Values are mean + SD; n=3; TPC = Total phenolic content, TFC = Total flavonoid

%
[

content Wag ICso = Inhibitory Concentration N8 mwmsﬁmaamsﬁaaﬂqm%ﬁum

auyadaseldl 50 Wesldud
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wansnIsiaunauIalutunaunsatawazN1sudiaratenduinlylng

\eliasgvimsayideiyhazanevesiiazduneulunssuiunMIfianInUsenaun 4-10

lnIuea 1,500 mL tevnuea 1,500 mbL

3
P = 0936 g/cm’ P = 0.940 g/cm

i 100 ¢ 412 100 g

i . 417 119.77
Extraction UM 121.60 ¢ Extraction 8

L@NUDa 1,390 mLy
LNIUDA 1,353 mL

\ 4 \ 4

Y . 913 19.60 ¢
Centrifuge U1 20 g Centrifuge

a15anim 6.45 g

Evaporation
_—

Fvaporation | &@15&1 6.60 g

LBNUa 1,295 mL BNIUDA 1,310 mL

3
P = 0941 g/em’ P = 0.943 g/cm

(A) (B)

AMUsENauN 4-10 wanen1sinaunauia (Mass balance) lunseuiunisana; (A) lalldsah

azane9; (B) Wsvinazaigunanagn 1 As
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MnamUsznouil 4-10 nudilunszurumsadadinsgapdedniazansuans
maazL%ammiﬁ']mmau@amaﬁaﬁ
1. AsEUIUNIg (A)
loupaTigapde = 1,500 - 1295 = 205.00 mL
omueadindeludn = (121.60 + 20) - (100 - 6.60) = 48.20 g x 0.936 g/cm’
=4511 mL

", lomueafigapdelunszuiunis (A) wiiu 205.00 mL Tagegludnnuianm 45.11 mL

2. nsguIuns (B)
loynusatigapde = 1,500 - 1,310 = 190.00 mL
omueaivdeludng = (119.77+19.60) - (100 - 6.52) = 45.89 g x 0.940 g/cm’
=48.39 mL

. emusaiigaydelunszuiuns (8) wiidu 190.00 mL Tasegludnuuna 48.39 mL

InnsaugaNlatunszuIunsana uansliivindvitazatenduunld
Inyl 86.33-87.33 Wosidus wazdnisdrudediiasarsnaiediurinisnauniesgludig
Uil 45.11-48.39 mL miqiytﬁmmmiﬁumiazmsaaﬂmﬂsﬁn nsnldvin waznis

seimgluseninatuneunisann 141.61-159.89 mL Fawnaanisanidenivinazaigziiig

USunaudvinazatendvunldludledussed
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neneudnMmaendnsruIunsainazundans et ldlvadluimung

nsdesdninasnsideidunisanvesdelunszuiunsain wansaninusznauil 4-11

AN5a8ANUNAINIT I RSN TU

383 asavanela
ALNBUTND
a o
2uUN 50 C
- LAY9ER)
- e

ATNOUTIINAINTOU

AMNUSENBUN 4-11 NNSIANISTIINEINTLUIUNNSANS
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4.7 nMswanasanaduedy (Extract development)
Tun1sndnarsadaduesuiinisessudiegiassy 4 gns wanang
amUszneuil 412 Teeldansatnanududusosas 05 wi  Dudruusznousiudu
duUszneudu q wansisns1edl 4-6 ilednszsimgasiianian annnansidenuinesu
ans 3 wedlqvisiueyuadasygeanisdosar 89.44 + 00 WaiwSufimumiaity 1,159.67
+ 208 cPs uawiiAn pH Wiy 525 + 0.02 ndmaaoumnunsiiaziiqriueyyadass
Youay 87.28 + 1.63 LowSudanumilawifu 1,140.00 + 950 cPs uasiian pH Wiy

5.40 + 0.05 WalUToUWEURUSUENT 1 gAs 2 Uay gns 4 LansainIgIan 4-7

AnUsEnau 4-12 dnwazvesduaziilelsIuia 4 gas



M3 4-6 FIUUTENOUVBALTUNS 4 anT
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Ingredients Rx1 Rx2 Rx3 Rx4
Methylcellulose - - - v
Hydroxyethyl cellulose v v v -
Rice extract 0.5 0.5 0.5 0.5
Aloe vera v - - v
Unirepair T-43 v v v v
Witch hazel v v - v
Glycerine v v v v
Propylene glycol v Vv % %
Bio sodium hyaluronate v Vv % %
Ascorbyl glucoside v Vv % %
Tween20 v v v v
Phenoxyethanol v v v v
Triethanolamine as as as as
Perfume gs gs gs s
Water v v v v

= a 2 v A a a o ¢
gs vinens Usunandntoeninaclulundn e

M1319% 4-7 HaNAEBUAT pH A1AUNER LavanSATUEYNATATEYRUYTUTY 4 gnsnounas

NAVAADUAINUAIF
pH Viscosity Antioxidant activity
> (cPs) (%)
before FT | after FT before FT after FT before FT after FT
1 15.79+0.07 | 5.94+0.05 | 1,444.33+1.53 | 1,430.00+6.08 | 82.77+2.05 | 79.35+3.08
2 | 5.54+0.09 | 5.65+0.10 | 1,018.22+1.53 | 1,018.00+13.11 | 83.13+1.12 | 79.89+1.90
3 | 5.25+0.02 | 5.40+0.05 | 1,159.67+2.08 | 1,144.00+9.54 89.44+00 87.28+1.63
4 | 520+0.02 | 5.33+0.06 | 605.33+1.53 612.67+1.53 73.93+2.19 | 68.71+3.30

nuUBLe FT = Freeze-thaw cycle NIINAFOUAIIUAIG
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a

nuan1siesIzinansliiiuinesugnsin 3 duszdniamlunis

=

Aueuyadasehnan Wevegeuanuasiiveuilewiulignimusyyadassilndidesiunou

a1

nadouuazAlonaniualnunidainedlaglimideitazivarauduly dan pH Mg

[y

fuiavilieglugae 5.00-5.50 Jaduen pH uwunziunstdiuionta Auiuiadentdans 3
namdundndnaiasuiiegiuuin 15 Taddns waniianindsznoudl 4-13 Fenaaudives

witludiuansainandnuszneumeansuseneuiluedniinuaudivisdueyyadase

' Y
a a

fumunsiineendndulillviigadiagniinats  nsmdneyyadaseindunisluead an
LHOUIITRUWALANUNYDUAADE NB1NNNNNITT8N8TY LTU N15LARNIBNITUIIAIVDY

RIntaannUsununeaaaukardatafuluiiNanas wazUaden1euan U NNSAUNANY

[ a A

Q' ¥ U ¥ 1 o d' a a A 1 o

ANLLINADUNTNE lﬂLLﬂ HAaN1IY ﬂ?uu%ﬁ LG LLELLAIR ﬂaﬂﬂﬂmjﬂqﬂsﬂa%? (UV) GU'JEJU']EQNTV]
T o A ° o sa 1A a | o 12N v = o = s

ﬂa']LﬁEJV]Qﬂ'V]’]a']EJQWﬂLL?NLL@@ ﬁﬁ']\‘iL‘UﬁﬁN'ﬂMﬁJV]LﬁEJUHN ﬂﬁ%ﬁ}iﬂﬂm?%uﬂﬂﬂqimaﬂl,ﬂaEJuL‘Uaa

2 X f @ a a 1 a PN = =2 L% a
bIIVU Wﬁ’WI'JUE)EJﬂLiJu'JG]’]QJu‘U'JEJIULi@ﬂ‘l]@\‘lﬂ’]iLWﬁJﬂ’J'ﬁJ‘QN‘UULLﬁ%ﬂ’J’mLmﬂmﬂiﬁLLﬂN’J‘Wiim

ANUSENBUT 4-13 NARSUIYSUATIDENS
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4.8 LLu’mNnizU’JumsNﬁGﬂuizﬁuqmmﬁﬂﬁu (Industrial production process)

31NNTEUIUNTANRATA1AY NI InensonluseAuiasUfuanns
ausadlieonwuuyszendldluseAugnaInnssy WoTATIEARUNUNITHES AR

Alseneud a-14

M 50%Ethanol

Cooling Jacket F Rice grinding| Make up
Temp = 10°C 50% Ethanol
\4 <t Recycle Tank|
Light Phase "
Mixing || H—pg
Tank Cooling Jacket Sat Press
D'(] T~ Side glass Temp = 10°C 100 rmibbar
Ny
— Extracted
Residug] Solution Ta Thin Filrm
Evaporator
e}
Decenter Pump
1600 rpm l
Extracted
Rice

Waste residue

AMUsENaun 4-14 uanssukuunszuiunsaiadndsdivensenlusyivgnaivnssy

‘:‘I U Vv

INAMNUTENOUN 4-14 N130RNKUUNTEUIUNTANRLURAaINNTTUALITEY

MUIUIA 50 ans 199USuNal 2.67 Alansusasvinazany 40 ams waisanausuias 0.175
AlanNsUABNITANA 1 A9 MNITAIURNENTIINULENIUDALIUTUSBEAY 50 NNYUBNDINIUAY
A . . P a v o I [y v o
\AdoyU Cooling jacket iieangauuniivesdivhazaty Wun1slesiun1sseiverasdinm
avarsluseninanisada vinnisadaduian 30 Wi Nens1diudinesivinazate 1:15
(g/mL) ndanszurunsainasazatefliazgnasundunisaniosen (Decanter) Laimies
% 3 a (v gj c{' ¥ | v
LenRENaUYeIlIeenINaITara1eilulIan 30 Uil ndennduasazaneflaasgndaluds

funuansazansuarasiufundosssimeniiazateuuuilan (Thin film evaporator) Ay
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sile 100 mbar Wutan 4 92lus agleansadiaidudulasfivinasanendanseuIun1TsLme

asiAuludaduiiavunldlndlunseuiunis

4.9 MIAATIENAUNUNITHER (Economic analysis)

o

4.9.1 n1sUszunauAnasu i naruanldlunszulunisanaansdiany

v

AMNV1IFIVNeNBN

n1sUsgauaInstdndsauliiianuelunssuiunisada vialaenis
Usziiuanaimaslniivesgunsallvinienuanldlunszuiunis Usenaumelniiein

A3eadlalunNITUIUNMIANRlUTEAUQRAINTIN KANITIEALIDENAINITINN 4-8

A15197 4-8 AseuAInas Ul iarue Aldlunszulunsaniaddsivienian

irsesile/gunsal maslni | szeznamsldau | wensldlng
(Alaing) (Flua/ads) (AlaTnstalug)
\A3DINIUATTVUIA 50 BN 1.10 0.5 0.55
\A303 Decanter 1.50 i 15.60
1384 Thin film evaporator 3.90 2 3.00
u 0.37 a 1.48
g5l 20.63 Mihe/A%a

A15°97 4-9 s luiussianAanIsILIaLEan Fellanudesnisndsnulndiadsluian

'
o

15 u¥l gegasiind 30 Aladnd lagsenunsasialiiueseausion (nsliihduniinie,

2560)
n51N15Lona a1l Anasulni (Umneniae)
150 Miaeusn (Wiaedi 0 - 150) 1.8047
250 whesoll (Miaed 151 - 400) 2.7781
{Au 400 mheduld (mhed 401 WHudulv) 2.9781




7

Cost=W xC (4-1)
dle oo Amdsnulniihdenie (umdedlaTasdalue)

W = henslelnh Elatesdale)

PNATNAN 4-8 AmsAaensnsidinilunsainansafmyaintdsd
NYAIDN NUIINTZUIUNITANALTERIINTIENAWTY 515.75 me/ifeu Fauilofaisandnsd

ANNAIUTZLANAINITVUIALEN WARIAIAITIN 4-9 wuamdsuldy 150 nulewsn

fAdu 1.8047 vnseniae waziilonsAnA nifEnsh 4-1 agld 2063 X

1.8047 = 37.23 U

¥ '
o/ a G4 s

4.9.2 N15USTUUAIINYAUNIAUAN LT TUNTZUIUNISENA

q

1%
[ Y

naAutauanldlunisanaUseneusiy T1dinenuazieniuea F9@use

LEAISIYALLDYANITATUIUNINISIN 4-10

M15147 4-10 HavaeNIIAIA TRgAUNIanlElunsEuIuNTaie

il 370 USnauitld FIUIUREY
(V)
PR 17.00 (Lw/Alansy) | 2.67 Alansu 45.39
LlnuLaLiNTUIoTaY 50 32.08 (Un/anT) 40.00 &n3 1,283.33
1A 1,365.95 “U’Wl/ﬂ%’jfl

31N913797 4-10 wan1sAInAingavIslaasaiausuin 0.175 Alansy
FIAAUUYRIENTATAWNAU 7,805.43 umsenlaniy Fearunsarteniusanduunlelvaily

nszvIumsanalaluasately lnganusoandunuYeaIaiauanifnanisai 4-8
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A5 4-11 KaYRINISAUINAUUYRIATaiavdansidmviazaenduan i

ey 5101 USnaild | diazans | Usinasivi | s
fuhndunn | avanedild ¥
Taflnal Make up | (VW)
NPT 17.00 (vw/ 2.67 - - 45.39
Alansu) Alanu
LOVUDALTNTU 32.08 40.00 n3 | 34.53@aT | 547 @ns | 17548
Sowaz 50 (U/an9)
1A 258.10 ‘U’TVI/F’]%jQ

91N913797 4-11 wan1sAnaingavazlaansadausuin 0.172 Alansy
1A UNUYBsAIsaianaInIsuIfiinazatenduulyludwindy 1,500.58  uIneie
al v =3 2 o w o [y 1 £ [ Ve Y
Alansu agiuladnnisihdvihasarenduanldlndaunsoandunuuesaisadalifs Sesas

80.78
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ayUnanIsnaaaLasvalEuaLUL

5.1 a@gunan1innaay

51.1  AS¥UAUNNSIONNNARDNISUASULUAYANYMY ANE WaENTINNTY
vesUSunaasafludndsdven lnednwaugnenmueaudntndsdivenieniudnilinii
a Y] & | | a I a o a
JuazFnd1y UanINUNILUIUNITIONILAINARDNITUASULUAIANE LUANBUENAIAINY

| = S 1 (= a é’ = a [ @ % o € a o
A1N9WALANELNE9ANAY AUANALAIILLNLTULT LA UAULLARYINEIT AN LN
nsrvIumMsenuaglivsinaasUsenauiiuedn warliuees wagnmuiaainiiideivenuiay
Y & aav 1
I lsgiuasnlinunszuIuNSIon

5.1.2 mzmumimﬁm’fné’ﬁwsmaﬂmmmLﬁmmiéf’ma%aﬁa'izléﬂ,flu

oA Y a a a ¢ A a X = \
28197 LagliuSu1auansHusan @1sWanliuees waraITNMUNTLALTIUDY 2, 3 WAy 5 N
AUAIAU

513  anneimunzaulunszuiuniIsanaindinenian Ao N1sananle
lMUoaLTUIoTay 50 iatada 0.5 alus Tudnsdiudnaeiivinazate 1:15 ¢/mL %
YUINT1IUA 40 mesh TAUSUNENSaTnSe8aY 6.56 HUSUIMa1sHURAN Walliuees N1uN
LLazqw%ﬁma%aﬁaizqaq@whﬁ’u 1,627.00 + 53.08 mg GAE/100 g rice, 559.50 + 17.06
mg QE/100 g rice, 9.97 + 0.17 mg GABA/100 g rice kag 0.16 = 0.01 mg/mL AUaRU

514 @ivinazateNlgiunssuludanaaiuisatinavuntylnilasseay
86.33-87.33 nadn1sUSuUSUIRsiYinazate luimeteniusaltudusesas 50 wWatinauun

[

ygoJ = 1 I % 3 tﬂl o % g Y'Y a a o
TgegdinuruuLuyihu 0.940 g/cm WethunatnglrsesasnandnlasUSuruasdnasy

o

PlnadesnunsananlgsiivinazanemseumAany

79
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5.1.5 m’iﬂﬁzl,ﬁuéfunuﬁaaéfu wuinsannansdAyandIddnenten
shemsldomueaitutudesas 50 wazthdvhazarenduuldlaifedunszuiunsidl
dunuitansnhluldnulussdugramnssulduagiinruduamaasganans

516 asatafldtqridueyyadassiigeausaiausesendueiuiis
qvisfueyyadasyiosar 87.28 Tnefle1 pH Wity 5.40 awnsntharldfuimilsldedng

Uaaadey 1Wun1swauinandnn1an1sinensilunan Sunnaiuisoasisendnuazasiesele

Tunnuasnsiugninalamluegnad
5.2 Jalauauue

52.1 esfAnwavesamgilunssuiunanin

522 msAnwiifrhazatsannsoldelunszuiuatngagaliindade
wdeatdvudwhazanglul

523 esfnwinisatasmedvhazate fudniudduianduiiierIeuiiou

NANUTNFUVLA
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a ¢ I3 a =3 = a [
AMANUIN N N15ATITHRIAUSZNOUNIAT USunauansusenauiuadn d1swailiuaen

s
8130101 UALONSAURYLABHTE

1. mMsiwziUSinaasussneuiiuednieun
N1531A51¥US U masUSEne U ueANTanNAR2833 Folin-Ciocalteu
Method %ﬂﬁmmmmﬂ%%mi%ﬂ Inchuen et al. (2010)
asuadifid
Folin-Ciocalteu reagent
asavanelylfgun1SUBLUA
N138519NIINUINTFIUVDIENTATAIUNTAUNGEN
1. W38Ua15LaNsUINTIUNTALNAANAMMITNTY 0.02, 0.06, 0.08, 0.12, 0.16
way 0.2 Hadnsunoiiadans
2. YaansazanguInggIunInkNaanAULutuE1e 9 USes 0.5 1adans ad
Turaeanaass
3. udhnduusines 9.5 fadans welrdniu
4. Un Folin-Ciocalteu reagent U3ums 0.5 adans welianswaniuuass
Felifunan 5 uil
5. Uweansazanglolfoumsusiunaudutusovas 10 Usuins 2 4adans
weuaziulSludise 2 9l
6. ﬁﬂﬂi’@ﬁhmi@mﬂﬁuumﬁmmmm‘ﬁu 730 wluluns faeA3es UV-Vis
spectrophotometer mﬂﬁ?uﬁwhmi@mﬂﬁuLLmﬁlé’an%’wammigm WEAIA S

AMNUsENOUN n-1 WeltSeusuusuiaasusenauilueanearunluansaiiagna
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y = 7.4628x
15 R? = 0.9992

Absorbance (730 nm)

0 0.05 0.1 0.15 0.2 0.25

Concentration of gallic acid (mg/mL)

ANUTENOUN N-1 NIINNINITFIUNTARNAANAMTUIATIBRUTUUESUSTNOUTLREN

n1sATUINMUSUNEsUSTNaUNWRAN

INNTINLINTFIUNIARNAANLAFUNITEAUATY AD y = T7.4628x WANINIT
AIMUSINaa1sUsEnaUTueaTIuYed callic acid andruaialeNIUanIUITNTUSDY
av 50 finanadn 1 Fluwesinduiventen Tned %yield = 6.56 a1satausuia 0.241 g
UsulTumsluriniausuing 25 ml &A1 dilute factor = 20

NANNT Y = 7.4628x
WNUAIRANGAUULET y = 0.8920
0.8920 = 7.4628x
x =0.11955
ludiuannved 50% wyues UAMITNTUABUAUNIALNAAN WIAU 0.11955 mg/ml
AuInluntey mg GAE/100 g rice =  0.1195 mg /mL X (25 mL/0.241 g extract) X 20
X 6.56 g extract/100 g rice

= 1,627.00 mg GAE/100 g rice
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2. MsaaszmmUsunaasnanlausen
MslezRUsInaEslalauessavan 91n33n15909 Hu et al. (2016)
asuadinld
loneululasn (NaNO,)
pailfloumanlsn (ALCL)
wagloneulansonlan
N158519N3MWUNTFIUVDIETATANLADTAY
1. W38NaNI2a1uu1nsgIuABTAUANUTNTY 0.05, 0.20, 0.40, 0.60, 0.80 WA
1.2 Hadnsusoiiadans
2. YwaansasanenInsgIuAedRualiNtusng 9 Usung 0.5 addns aslu
NADANAADY
3. Yuwmansazany NaNO, amsdududosay 5 Usuns 100 lulasans weitels
5 W17
4. Ywmansazans ACL, audidudesar 10 Usuns 150 lulasans #ald 5

1%

5 UYweansazats NaOH aududu 1 Twans Usunes 1 faddnsuaziingu 3
fladans feiald 10 wndi

6. 1hlUinAinisgandunasiininuennau 510 uiluluns §eLA3es UV-Vis
spectrophotometer f\]’1ﬂﬁuﬁ’]ﬁ’m’]i@ﬂﬂauLLﬁdﬁléﬂﬂﬁ%”Nﬂi’]Wmﬂmig’m WEAIA

AnUsEnaui n-2 WisldUSeuisulsunaunaliuseanarua luansA1e84
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05 -
y = 0.3444x + 0.0109

R? = 0.998

0.4 -

0.3

0.2

0.1

Absorbance (510 nm)

0 02 04 06 08 1 1.2 14

Concentration of gercetin (mg/mL)

AnUIENOUN N-2 NIMIIRTIUARTALE SV IEiUSINMasaluaen

nMsAInUSuEIsalaueen
9NNTINLIRIFIUABTAUlAaUNISEUASY Aoy = 0.3444x + 0.0109
LAAINITAUIAINUSII A1 TAIUBEATINUDY gercetin ANAIUATALDYIUDAAINTLTY
¥pvay 50 fivanaia 1 Hrlusvesidivenen
NAUNIT y = 0.3444x + 0.0109
WuAgANGuLE y = 0.2717
0.2717 - 0.0109 = 0.3444x
x =0.7573

ludiuaninved 50% wyIuea UAMUTUTUNBUAUEITAIDTAY WU 0.7573 mg/mL

3. NM5AATIZIIUSHNETISNIUN
NNTATITNUTUIUAIUT 21NIDN159049 Karladee and Suriyong (2012)
asuadifily
Borate buffer
Phenol reagent

Sodium hypochlorite (NaClO)
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N158519NIINUINTFIUVBIFITALAIEUINTFIUNIU

1 W3eUaENTEaIguIAsFINNIuIAUNYY 0.05, 0.10, 0.20, 0.30 wag 0.50
HadnJusolladans

2. UWnansaganguInsgIunIuIANUtNdusig 4 Usuins 0.4 §addns aglu
NaeANAADY

3. Uwmaisazany Borate buffer pH 9 Y3u1ws 0.4 Haddssuazaisazans
Phenol reagent mnududutosas 6 Usuias 2 Jadans werlhdriuilludlusranindu
Juan 10 wnit

4. NaClo mudududesas 7.5 Usums 0.8 Jadans welmdnfundanndy
ihludlugrairdoufigamad 95-98 asrniwaidea iunan 10 wiiudatheenanutlugie
Wy 5 wdl

5. lufasinisganduuasiinniuenindu 630 uiluns feia3es UV-Vis

spectrophotometer  31NUUNIAIN1TAANAULAINLALUATINTINUINTFIU LARIAY

ANUSENBUN N-3 WisldiUSeuiisuUsuiunuilualsiieeng

y = 2.8667x + 0.0705
R? = 0.9991

Absorbance (630 nm)

0 0.1 0.2 0.3 0.4 0.5 0.6

Concentration of GABA (mg/mL)

AMUTENOUN N-3 NTMLIATFIUNUIEMSUTATIZIUTUIUEN TN
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NSANUIUUINILEITNIUN
NNTIMUNTFIUNIVIMAENNTIAUATS Aey = 2.8667x + 0.0705
LARINTAIIUUSINAIENSNIUY 9ndauadmeusanudududesas 50 fivarade
1 Flusedinddnensen
INFUNT y = 2.8667x + 0.0705
WUAIRANGUIEY y = 0.1370
0.1370 - 0.0705 = 2.8667x
x = 0.0232
Tudiuainaes 50%  LeNUsa AAMULTUTULTBUAUEITAIUT LAY

0.0232 mg/mL

4. n1511A1 IC
50

NFUNT y = 17.754x - 36.476
WNUAT y = 50, 50 = 17.754x — 36.467
x = 4.870

x = n (AUTNTY), In = x

X

ANMUUTUAT = e

AU AMUTNTUEANS = 130.35 lulasnSuseladans = 0.13 Jadnsuseladans
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y = 17.754x - 36.476
R2 = 0.9549

N (PNULTLT)

ANUTENBUN N-4 NSINAUNITIUNITANUIN IC  @15aNRLeNIURAINTUSEaY 50 LIANdEnn

50

1 97149 NORT1dUTNRBMIVINazaNY 1:25 VBIU1IAIINERAIaN

. 70

L

= 60

[

kel

= 50

2

S 40

g

o 30

)

© 20

[

©

E 10
0

y =-493.74x + 512.54

Rz = 0.9974
0.91 0.92 0.93 0.94 0.95 0.96
Density (g/cm?)

AMUTENDUN N- 5 NTILAAIANUKUILULTDLONIUDATIAUTUTURAN
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AANUIN U %’ayjaﬁwaamiwﬂam

M13199 U1 TeayarINIsRANauLasnaunIsAWINUSINMa s @AY Ut nendani

LOVURALLTUIOYAE 0 Natana 1 Tilus dnsrdiundefyinazate 1:15 (g¢/mL)

s Absorbance
A3
TPC TFC GABA
1 0.228 0.145 0.535
2 0.225 0.147 0.571
3 0.250 0.144 0.538

UeLne TPC = Total phenolic content, TFC = Total flavonoid content

M13°99 -2 YeyarINsganduLasnaunIsAuINUIIMasddyvesiIdinenend

WOVURALTLTUSOYAE 50 Iaann 1 9alue snsidutIeRIinazaty 1:15 (g/mL)

Y Absorbance
A9
TPC TFC GABA
1 0.448 0.128 0.101
2 0.447 0.130 0.104
3 0.479 0.124 0.125

e TPC = Total phenolic content, TFC = Total flavonoid content
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M15991 -3 VaYARINITAANAULANNBUNIAWIMUTINNE SYd Ay VeIt ddnentani

OVURALTNTUIOYAE 95 MIaain 1 9lue dnTdIuTIweRIvinazate 1:15 (g/mL)

s Absorbance
A3
TPC TFC GABA
1 0.228 0.209 0.535
2 0.225 0.206 0.570
3 0.249 0.205 0.510

mUeLe TPC = Total phenolic content, TFC = Total flavonoid content

1591 U-4 ToyarN1sgAnAuULaNauNIAIAUTINMA @AY vet Idivensen e

anm 0.5 TAlus PreevIuoaliNTuIaray 50 ensidutReviazals 1:15 (g/mL)

Y Absorbance
A9
TPC TFC GABA
1 0.837 0.258 0.138
2 0.901 0.259 0.135
3 0.937 0.237 0.137

UeLne TPC = Total phenolic content, TFC = Total flavonoid content

15991 ¥-5 YoyafnsganAuLanauNsAIMUTINMa @AY vestId i enten

anim 2 Talug ey ey uealtutuSesay 50 ens1duTIsefvinazale 1:15 (¢/mL)

. Absorbance
A
TPC TFC GABA
1 0.958 0.249 0.141
2 1.003 0.249 0.166
3 0.972 0.247 0.164

nunee TPC = Total phenolic content, TFC = Total flavonoid content




A5 U-6 YoyarNsRANAULEINaUNIAIAUTINMA Al vetIdivensen e

anm 4 9l MelenuealtuTuIasa 50 9nIdIuTIsofvinazaty 1:15 (g/ml)

s Absorbance
A3
TPC TFC GABA
1 0.596 0.160 0.163
2 0.609 0.159 0.164
3 0.631 0.158 0.167

mUeLe TPC = Total phenolic content, TFC = Total flavonoid content

M13°99 -7 YeyarinsaanduLasnaunIsAuInUIIuasd Ay vasidiinenend

dnsduTsiafYinazay 1:20 (¢/ml) Melenuealtudusssas 50 1alada 0.5 42l

Y Absorbance
A9
TPC TFC GABA
1 1.108 0.258 0.144
2 1.071 0.259 0.148
3 1.125 0.237 0.144

UeLne TPC = Total phenolic content, TFC = Total flavonoid content

M13199 U8 UBYARINIIRANAULAINBUNITAUIMUSINMAN A Al eIt nendani

dnsduTMsefYazay 1:25 (g/ml) melevusaltuduissas 50 natana 0.5 Galis

. Absorbance
A
TPC TFC GABA
1 1.166 0.533 0.133
2 1.113 0.533 0.133
3 1.177 0.537 0.135

nunee TPC = Total phenolic content, TFC = Total flavonoid content
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M139 -9 TeyarIN1sAANAukAIRauNIIAMINUSINMAN @A YRITIFiREATN VLA
4717UR 70 meshdnsdiutsedIinazals 1:15 (¢/mL) fgloniusaliitusovay 50 Laan

anm 0.5 ¥7kua

N Absorbance
A3
TPC TFC GABA
1 1.381 0.281 0.190
2 1.407 0.281 0.190
3 1.390 0.292 0.190

UeLnR TPC = Total phenolic content, TFC = Total flavonoid content

M137°9% ¥-10  Jeyar1nisaandunasneunsiuINySIasddgy e inentenly
nsidvharatenauultlndfuuiadiaun 70 meshdnsidiudndedivinazalsy 1:15

(¢/mL) Mzleyusallutusesay 50 LIaEnn 0.5 Tl

5 Absorbance
A9
TPC TFC GABA
1 1.211 0.403 0.190
2 1.199 0.360 0.190
3 1.155 0.406 0.190

UeLne TPC = Total phenolic content, TFC = Total flavonoid content
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M13097 9-11 YayarnisgandunatnieunsiuInUsinaasafyvestdudveanlisti
NITUIUNTIBNTIERTIEIUTIROMYINazate 1:15 (¢/mL) Aseniusaltutusosas 50 1an

anm 0.5 ¥7kua

N Absorbance
A3
TPC TFC GABA
1 0.827 0.159 0.100
2 0.807 0.151 0.100
3 0.827 0.110 0.100

UeLne TPC = Total phenolic content, TFC = Total flavonoid content

M137 2-12 FoyarnisganiuasiounsAwaUsnuasddyvesdnlsdiueinlis
-dl L 1 14 1 L% o % 1% % b4
NSEUIUNTITIDNVIDNIIAIUVINDAINNALAY 1:15 (¢/mL) AIULDNIUDALINTVUIBYAY 50 1381

anm 0.5 97l

. Absorbance
A3
TPC TFC GABA
1 0.901 0.197 0.105
2 0.904 0.197 0.109
3 0.910 0.164 0.100

UNeLne TPC = Total phenolic content, TFC = Total flavonoid content
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M1547 9-13 Toyar1n1sRANGuLaInaunISAWIN ICs Yaetndsdngntoniidnsidiud

siofavinazany 1:15 (¢/mL) Aslenusalintusovas 50 Laana 0.5 Falug

Concentration Absorbance
(mg/mL) 1 2 3
0.05 0.154 0.153 0.153
0.2 0.096 0.094 0.096
0.4 0.054 0.054 0.054
0.6 0.043 0.043 0.042
0.8 0.032 0.032 0.031
1.0 0.038 0.038 0.038

159 U-14 ToyaAINIRANAuLANNaUNIIAILIN ICs vastadeivendiliiiunssuiuns

W@ANIRTIEINTIREAIYINaYaTY 1:15 (¢/mL) Aglomusaliutuiovay 50 1aada 0.5

Al
Concentration Absorbance
(mg/mL) 1 2 3
0.05 0.560 0.560 0.560
0.2 0.444 0.443 0.443
0.4 0.400 0.401 0.400
0.6 0.329 0.330 0.330
0.8 0.192 0.192 0.192
1.0 0.133 0.133 0.133
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M13N 9-15 ToUAAINITRANAUKAINBUNITAIIN ICse VReUlsdiueINlaiNUNTEUINNNS

OANERTEIUTIIRDFIAazaNY 1:15 (¢/mL) AglevualtuTusoyay 50 aldda 0.5

Falag
Concentration Absorbance
(mg/mL) 1 2 3
0.05 0.477 0.477 0.477
0.2 0.371 0.371 0.371
0.4 0.276 0.278 0.277
0.6 0.210 0.210 0.211
0.8 0.182 0.183 0.182
1.0 0.141 0.141 0.141

AN5199 9-16  USUNANSAN A9 IR UAUAMULIUTUYDILDNIUDE NIANENA

1 97lNs 9ns1duIsesvinazals 1:15 (¢/mL)

Ethanol concentration Yield (%)
0% 10.26
50% 6.26
95% 2.77

AN U-17  USUNUESAN AU NEIIReAIN A UNUAT I UNITENS A28LENIUDALTIUTUY

Sowag 50 dnTd@INtIsOMVINazalY 1:15 (¢/mL)

Time (h) Yield (%)
0.5 6.56
1 6.26
2 7.75
q 4.97
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A15197 2-18 USUNUE15aN AU N FIINEAINAUAUIRS1dIUY NGB IYINaTane

AIULBYIUDAINTUSBEAY 50 NIAENA 0.5 Tkald

Rice to solvent ratio (g/mL) Yield (%)
1:10 6.15
1:15 6.56
1:20 6.43
1:25 7.09

ANSN 9-19  USUNUENSTANAYIUIFITNEAIBNNSUAUIUINYDITIIURN AIELDNIUDRLYUUUY

Sowaz 50 natana 0.5 Galie NonsrdTRefYNazaty 1:15 (g¢/mL)

Size of rice (mesh) Yield (%)
40 6.56
70 6.60

AN 1-20 USuuansanauest1ldsnendantunisiisivinazanenauuntdlng fae
lMUeallNTUSesas 50 atana 0.5 alus Nonsidudnsedvinazae 1:15 (g/ml)

UM 70 mesh

Number of recovery Density Solvent recovery Yield
(time) (g/cm3) (%) (%)
0 0.936 86.33 6.60

1 0.940 87.33 6.45
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AN5199 U-21  USuauasanndndalrensenifisunuindeinenwas1ibsgwuesnluniu
ASYUIUNITIBN AIELEMUDAINTUSBEAY 50 1IaNa@nn 0.5 Takud N9RSIdIUINIReF I

avany 1:15 (¢/mL)

Rice cultivars Yield (%)
Sangyod 2.25
Germinated- Sangyod 6.56
Riceberry 2.65

a a = a s Lo a Y o ¢
M5 ¥-22 USIasansiluedn Wanliuesd n1un uavgnimusyyadassrestideiven

OMAYUAUAMUILTUVDIDNIUDR MIAENA 1 99 DRSIEIUTIIRBAYINaTANe 1:15

Ethanol TPC TFC GABA ICsq

concentration | (mg /100 g rice) | (mg /100 g rice) | (mg /100 ¢ rice) (mg/mL)

0% 1314.41+8.16° | 359.71+1.96° 3.90+0.45° 1.62+0.02°
50% 1,469.60+32.95" | 417.23+7.14° 10.45+1.98" 0.21+0.01°
95% 421.43+13.31° 115.79+1.19" 21.52+0.84° 0.710.01"

(Mean + SD; n = 3) fniladesniunnaanuluwsasAsdulwandd mNuwAnANaiuae 9l

pdAgyNI9ada (p<0.05); TPC = Total phenolic content TFC = Total flavonoid

1%
Y Y]

content Wag ICso = Inhibitory Concentration VEREaN ﬂ’;’lulfi’fmmmiﬁaaﬂqm%ﬂum

a

ayyadaselel 50 Wesidus
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M15°97 ¥-23 - USunauansiluedn wiailiaused n1u1 wazgnsiueuyadasevestdediven

saniguiuna luNITaNm A28LeNIUeaLINTUSaYaE 50 BRS1EINTINIRBRAYINaYaNY 1:15

(g/mL)
Time TPC TFC GABA ICso
(h) (mg /100 g rice) (mg /100 g rice) (mg /100 g rice) (mg/mL)
0.5 1,627.00+53.08" 559.50+18.88" 9.97+0.17° 0.16+0.01°
1 1,469.60+£32.95° 017.2327.14° 10.45+1.98" 0.21+0.02°
2 1,848+19.65 535.52+4.95 8.68+0.21° 0.20+0.01
a 948.13+28.51° 275.59+1.91° 7.21+0.35° 0.86+0.02°

(Mean + SD; n = 3) fniedesnfiuans1anuluwsasAsdulwanddannuwanaaiuaeadl

gdAgNI9adA (p<0.05); TPC = Total phenolic content TFC

content WAz ICs, = Inhibitory Concentration #1188 ANTUVDIAITNODNOND

ounadasyls 50 Wosidus

1Y

= Total flavonoid

(%
LYY

YU

a a a a % Lo a Y o ¢
M59% 9-24 USinauansiiuedn valwuesd N wazgrisiueuladasyvetdiven

DNIBUNUBATIAIUVYINBAIVINALANY AIELENIUBALINTUSBYAY 50 MIananm 0.5 9akug

Rice to TPC TFC GABA ICso

solvent (mg GAE/100 ¢ | (mg QE/100 ¢ | (mg GABA/100 (mg/mL)
ratio rice) rice) g rice)

(g¢/mL)
1:10 1,162.72+8.95" | 403.69+1.41" |  6.09+0.09° 0.53+0.01°
1:15 1,627.00+53.08° | 559.50+17.06° | 9.97+0.17" 0.16+0.01°
1:20 1,533.81+22.04° | 617.02+18.88° |  9.00+0.04° 0.22+0.03°
1:25 2,093.18+35.69° | 785.86+2.66 12.34+0.09 0.13+0.02°

(Mean + SD; n = 3) fInadagnNLAnNAN Ul ULAaLADRLULEAIDIAINULANAIINUDE 193

ydAgyNI9adf (p<0.05); TPC = Total phenolic content TFC = Total flavonoid
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M159997 225 USunaansiuedn Watliuees N wavgnssueuyadaseratIdeiven

SDNMIBUAUTUIAVBIVIIUA AIYLENUDALINTUSBYAL 50 LIANEAA 0.5 TILUI NONTIEIUV?

pofyinazaiy 1:15 (g/mL)

Size of rice TPC TFC GABA ICsg
(mesh) (mg/100 g rice) (mg/100 g rice) (mg/100 g rice) (mg/mL)
40 1,627.00+53.08 559.50+17.06 9.97+0.17 0.16+0.01
70 1,860.87+10.04 516.92+5.71 9.80+0.01 0.25+0.04

(Mean + SD; n = 3)

P = ™ a I3 Ly a Y o e
M99 ¥-26  USunaansiiuedn Wailiuess nun g ueyyadasyvestndidnen

santumsiifvinazatenduunldlivg cgenueaiudussgas 50 vIanann 0.5 F7lug N

SnsIEIUTIsOfYINaza1y 1:15 (g/mL) AuInt13 70 mesh

Number of TPC TFC GABA ICsp
recovery (mg GAE/100 ¢ (mg QE/100 ¢ (mg GABA/ (meg/mL)
(time) rice) rice) 100 g rice)
0 1,860.87+ 516.92+ 9.80+ 0.25+
10.04 5.71 0.01 0.04
1 1,553.42+ 537.85+ 9.80+ 0.40+
22.16 20.77 0.01 0.01

(Mean + SD; n = 3)
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BNAYUNUT I NEALaE IS U LUHIUNTTUIUNITIBN AILLENIUBALILTUSPEaY 50

naain 0.5 9l NonTIduTsefvinazay 1:15 (g/ml)

Rice cultivars TPC TFC GABA ICsp
(mg /100 g rice) | (mg /100 grice) | (mg /100 g rice) (mg/mL)
Sangyod 689.71+4.95° 171.48+10.72° 1.76+0.03" 0.54:0.02°
Germinated- | 1,627.00£53.08" | 559.50+17.06" 9.97+0.17" 0.16+0.01°
Sangyod
Riceberry 711.45+334° | 234.73+30.57° 172+0.01° | 0.32+0.01°

(Mean + SD; n = 3) fniedesnfiuansd1anuluwsasAsdulwanddamnuwanaaiuae1adl

ydAgNI9adA (p<0.05); TPC = Total phenolic content TFC = Total flavonoid

[%
LYY

content Wag ICso = Inhibitory Concentration NUYH ﬂ’J’]&JL%@ﬂJ@Qﬁﬁﬁaaﬂqw%SUSQ
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auyadaseld 50 Wesidud




106

MARUIN A UNANUTHEUNSTUUUTZYRAVINTTLAVUIUNIYIA

ITIChE 2017
TIChE 2017

October 18 - 20, 2017 The 7'" International That Institute of Chemical Engineering
and Applied Chemistry Conference 2017 (ITIChE 2017) and

Shangri-La hotel The 27" National Thai Institute of Chemical Engineering
Bangkok, Thailand and Applied Chemistry Conference 2017 (TIChE 2017)
Organized by

Department of Chemical Engineering
King Mongkut's University of Technology Thonburi




107

FBEFT-OP-04

The 7th Intemational TIChE Conference (ITIChE 2017)
o : ical Encineeri

ve C 0 L hnology owarda S
Shangri-La Howel, Bangkok, Thailand, October 18-20,2017

inable Future®

SOLVENT EXTRACTION OF ACTIVE INGREDIENTS
FROM GERMINATED SANGYOD RICE

Nirana Chairerk', Prukraya Pongyeela® and Juntima Chungsiriporn™
Department of Chemical Engineering, Faculty of Engineering, Prince of Songkla University, Hat Yai. Songkhla,
90112, Thailand.
! nirana_I1234(@hotmail.com

“prukraya.ai@hotmail.com

“juntima.cl@psu.ac.th

Abstract : Sangyod rice is one of special red rice,
originally planted in Pattalung province. This kind of
rice gives more nutritions and antioxidants. It is well
known that germinated rice is considered to be a
functional rice product which has high content of
phytochemicals. Then, this research aimed to study in
germinated Sangyod rice production and follow by
solvent extraction to produce total phenolic and
GABA. The germinated Sangyod rice was produced
by soaking and sprouting at room temperature for 24
h and 60 h, respectively. In solvent extraction
process, ethanol with concentration of 50, 70, and
95% was used. The ratio of rice : solvent (w/v) were
controlled at 1:15. The effectiveness of total
phenolics and GABA content was measured by the
UV-vis spectrophotometer. The results showed that
the extract from germinated Sangyod rice has higher
content of total phenolic and GABA than non-
germinated and Dawk Mali rice. The using of 50%
ethanol  exhibited highest total phenolic  of
849.06441.59 mg gallic/100 g rice and 95% ethanol
exhibited highest GABA content of 21.19:0.06 mg
GABA/100 g rice. The results of this study can
provide new opportunities to promote Sangyod rice
growers and value added the rice product.

Keywords: Sangyod rice. solvent extraction, GABA,
germination, phenolic

INTRODUCTION

Sangyod rice sources of many bioactive
compounds including phenolic, y-aminbutyric acid
and oryzanol make people who usually take to be less
chance of getting cancer diseases. Phenolic
compounds commonly present in whole grains are
phenolic acids and flavonoids (Al-Farsi et al., 2008).
Gamma-aminobutyric acid (GABA) is a non-protein
amino acid that acts as the main inhibitory
neurotransmitter in the mammalian cortex since it
was first discovered as an integral part of the
mammalian central nervous system. Furthermore,

72

GABA has other physiological functions in human
and other vertebrates, such as blood vessels
strengthening, modulation  of insulin  secretion,
prevention of blood cholesterol amplification,
alleviation of emotional unrest, and protection from
chronic alcohol-related diseases (Kawabata et al.,
1999; Oh, Soh, & Cha. 2003).

Sangyod is a local rice of Phatthalung
province, Thailand. In 2006. sangyod rice was
certified by Geographical Indications Protection Act
2003 in the product of Geographical Indication GI
rice under the name of “SANGYOD MUANG
PHATTHALUNG". In 2012, farmers in Phatthalung
province cultivated Sangyod rice of 14,687.25 rai
with average yield of 465.14 kilograms per rai. In
2014, there are only 3.735.50 rai for plantation
(Agricultural statistics of Thailand, 2015). It can be
seen that Sangyod rice has decreased in planting area
because the average selling price and yield per rai are
lower than other rice. Sangyod rice has high
nutritious, therefore the value added by developing to
be agricultural commodities should be a positive
value.

Germination of rice is a metabolic process
that may induce changes in the bioactive components
(Dong-Hwa et al., 2015) and has high content of
phytochemicals. Germinated brown rice has shorter
cooking time, softer texture and higher nutrition
(Komatsuzaki et al., 2007), which may have the
effect of raising the GABA content and phenolic.
However, many factors have effected in total
phenolic content such as extraction methods, solvent,
growing conditions and germination time (Ti et al.,
2014).

Solvent extraction is recommended as a
suitable method to extract active ingredients from
rice. Mixture of ethanol and water at various ratios is
commonly used to study for the extraction of
antioxidants from rice (Wachiraporn et al., 2012).
Solvent extraction has low production costs
compared with other extraction methods. It is also,
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guidelines for adding value to agricultural products
and can be used in the food industry.

Therefore, the aims of this research were to
study in production of germinated Sangyod rice and
extraction of bioactive compounds from the rice.
Solvent extraction using ethanol and water was
applied in the extraction process. To evaluate the
effect of germination and concentration of ethanol on
extract properties, total phenolic and GABA content
were measured.

EXPERIMENTAL

Materials

Sangyod rice was harvested from Amphoe
Singhanakhon in 2016. After sun drying to the
moisture content less than 14%, the grain was put ina
tight plastic bag at room temperature for about 3
months before germination. Chemical reagents, such
as Folin-Ciocalteu reagent. sodium carbonate, GABA
reagent, gallic acid, phenol reagent, borate buffer and
ethanol were purchased from U&V  Holding
(Thailand) CO., LTD.

Preparation of germinated Sangyod rice

The germinated Sangyod rice was prepared
by using the method reported by Hu et al. (2016)
with modification. Sangyod paddy rice washed by
distilled water, and soaked in distilled water for 24 h
to saturate moisture content. Then, the soaked rice
was sprouted for 60 h in the darkness at room
temperature, the germinated Sangyod rice were dried
at 40°C for 24 h until the moisture content reduced to
less than 14%. Germinated Sangyod rice were
dehusked and grounded by a mill and passed through
40 mesh sieve. All samples stored in desiceator prior
to analysis.

Extraction

Rice flour from Sangyod rice and
germinated brown rice were used as raw material in
extraction process. 200 g of rice flour was extracted
twice with solvent at concentration of 50%, 70% and
95% ethanol and a ratio of rice to solvent at 1:15
(w/v). For each extraction the mixture of rice and
solvent was kept on a mechanical shaker for 1 h at
200 rpm at room temperature. After centrifuging at
4000 rpm for 5 min, the supernatants obtained from
each extraction were collected and combined
together. Concentrated the extracts using a rotary
evaporator at 40°C was performed. The extracts were
kept at 4°C for analysis.

13
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Determination of total phenolic content

The content of free phenolics in the mixture
was evaluated by using the Folin-Ciocalteau method
(Inchuen et al., 2010). 0.5 mL of the diluted extracts
were mixed with 9.5 mL of distilled water, 0.5 mL of
Folin-Ciocalteau reagent. After reacting for 5 min, 2
mL of 10% sodium carbonate was added. Continue
reacting for 2 h, the absorbance of the mixture was
measured at 730 nm. Gallic acid is used as the
standard compound for calibration. Results were
expressed in the unit of mg of gallic acid per 100 g of
rice on a dry weight basis.

Determination of GABA content

The analysis of GABA content was
performed by wsing the method reported by Karladee
and Suriyong. (2012) with modification. 0.4 mL of
the filtrate was collected to which was added 0.4 mL
of borate buffer (pH 9.0), 2 mL of 6% phenol and 0.8
mL of 7.5% sodium hypochlorite. After intensive
oscillation, the mixture was put in ice bath water for
10 min, and then put in boiling water bath for 10 min.
Finally, put in ice bath water for 5 min, and the
sample was analyzed absorbance at 630 nm
wavelength, with ethanol as a blank. GABA content
of sample was determined by a relationship between
absorption value and standard GABA content.

Statistical analysis

All parameters were measured in triplicate,
and presented on a dry basis as + means standard
deviation (SD). Data analysis was performed with
SPSS program, using ANOVA, followed by Duncan
multiple comparison tests. Statistical significance was
defined at level of P<0.05.

RESULTS AND DISCUSSION

1. The effect of germination

The result of total phenolic and GABA
content of Sangyod, Riceberry and Dawk Mali rice
and germinated Sangyod rice by 95% ethanol
extraction are shown in Table 1. The result shows
that germinated Sangyod rice can get high yield with
the value of 1.99% closely to Riceberry extract.
Moreover, the ethanolic extract of Sangyod rice
contained the highest of phenolic content comparing
to Riceberry and Dawk Mali. In the other hand, the
Riceberry has very high content of GABA with the
value of 45.8740.92 mg GABA/100 g rice. Both of
total phenolic and GABA content are significantly
increased according to germination performing. The
germination of Sangyod rice can increase the total
phenolic content from 304.9947.07 to 417.0347.08
mg of gallic acid equivalents per 100 g of rice.
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While the GABA content of Sangyod rice and
germinated Sangyod rice increased from 12.3940.50
to 21.1940.06 mg GABA/I00 g rice, respectively,
which corresponds to Warumporn et al. (2012)

phenolic and gamma aminobutyric acid (GABA) of
germinated brown rice were increased at 1-4 times
compared with brown rice.

Table 1. Total phenolic and GABA profiles in ethanolic extract of Sangyod, Riceberry and Dawk Mali rice
comparing to Germinated Sangyod rice.

Rice extract % Yield Contents of total phenolic Content of GABA
(mg gallic/ 100 g rice) (mg GABA/I00 g rice)
Sangyod 1.70 304.9947.07° 12.3940.50°
Riceberry 201 208.62+1.57° 45874092
Dawk Mali 0.58 22 .8441.37° 1.8940.14°
Germinated Sangyod 1.99 417.03+7.08" 21.19:0.06

Values are mean + SD ot 3 replicates. Different small letiess in the same items indicate a significant difference (p < 0.05)

Germination can increase total phenolic and
GABA content in rice because of the changing in
chemical compounds and bioactive compounds in
rice during germination (Phattayakorn et al., 2016).
Grains of rice are soaked during germination process,
imbibition is begun, respiration is accelerated, which
further stimulates the metabolism of amino acids,
resulting in the formation of enzyme systems. Amino
acid and glucosidase such as GABA and phenolic
compound is also synthesized. Therefore, germinated
Sangyod rice is the most valuable source to obtain
total phenolic and GABA in extracted product.

2. Extraction yields

The effect of solvent concentrations on the
extraction yields of germinated rice are presented in
Table 2. 50% ethanol presented significantly highest
of yield with the value of 3.65% whereas 95%
ethanol was showed the lowest of yield with the value
of 1.99% that related with the studied of
Wachiraporn et al. (2016). The result showed the
vield of extraction depends on the solvent
concentration. The mixing of ethanol and water
facilitates all extract compounds to dissolve in the
extraction process.

Table 2. The solvent concentration affected to the
ability of the germinated rice extraction vields

Solvent % Yield
50% ethanol 3.65
70% ethanol 2.89
95% ethanol 1.99

3. Effect of extraction on phytochemicals profiles
Comparing result of the phenolic and GABA
profiles of the germinated Sangyod rice at various
solvent concentrations are presented in Fig 1 and
Fig. 2, respectively. The result showed that the 50%

ethanol obtained the highest total phenolic content
with value of 849.06441.59 mg gallic/100 g rice.
That is because of the 50% ethanol has highly
polarity than 95% ethanol and phenolic compounds
are polarity. So phenolic can be better dissolved in
50% ethanol than 95% ethanol. In contrast to the
95% ethanol gave low yield but obtained the highest
GABA content with value of 21.1940.06 mg
GABA/100 g rice more than 50% ethanol. This may
be attributable to the higher solubility of GABA in
pure ethanol than ethanol : water mixture.
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Figure 1. Total phenolic content of germinated
Sangyod rice with different solvent concentration.
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Figure 2. GABA content of germinated Sangyod rice
with different solvent concentration.
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These  studies showed the different diffenrent  germination stages, Food Chemistry,

concentration of ethanol obtained different total
phenolic, depend on polarity of the solvent and
compound that related with the studied of Rutairat
(2009). 50% ethanolic extracts sample in Sangyod
rice and germinated Sangyod rice were higher than
those of water and 95% ethanolic extracts may be
caused the solubility of phenolic compounds is
governed by the type polarity of solvent. Therefore
the solvent has highly polarity suitable for the
phenolic extraction. Under the same time extraction
using 50% ethanol can be reduced costs of extraction
and safety than using 95% ethanol.

CONCLUSIONS

Germination affected to the content of
biologically active compounds of Sangyod rice. Total
phenolics and GABA  were increased during
germination. The optimum condition of solvent
extraction for germinated Sangyod rice in this study
was 50% ethanol and a ratio of rice to solventat 1:15
(w/v). Total phenolic content and GABA content
were derived at 849.06441.59 mg gallic/100 g rice
and 11.6540.06 mg GABA/100 g rice, respectively.
The ethanolic extract of germinated Sangyod rice
contained the highest of phenolic content comparing
to Riceberry and Dawk Mali. The findings of the
present study suggest that the germinated Sangyod
extracts possess high antioxidant potential and could
thus be potential sources of natural antioxidants,
especially phenolic compound.
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