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Abstract

Project Code: MRG5280106

Project Title: Method Development for the Determination of Phenolic Acids in Fruit

Juices
Investigator: Asst. Prof. Dr. Supathra Lilitchan, Mahidol University

E-mail Address: supathra.li@mabhidol.ac.th, supathral@hotmail.com

Project Period: 16 March 2009 - 15 June 2012

Phenolic acids in plant, vegetable and fruit is usually quantified using separation
techniques such as solvent extraction or Soxhlet extraction method but these methods
are time-consuming and complicated. Therefore, the objective of this study is to develop
a method for determination of phenolic acids content in fruit juice, rice bran and defatted
rice bran, as major source of phenolic acid, using partial extraction and isocratic HPLC.
Partial extraction (PE) was used to extract these compounds from sample with
difference volumes of solvent extraction (4 and 8 ml) and extraction time of 1 min. The
content of gallic, ferulic and chlorogenic acids in apple juice using the proposed method
were 1.66, 0.42 and 36.9 mg/L, respectively. From the results, it showed that the
amount of phenolic acids, determined by using the proposed method, agreed well with
the classical methods. In addition, this method can be used to determine the partition
coefficient (K;) of gallic acid (0.91), ferulic acid (0.46) and chlorogenic acid (0.73)
between ethyl acetate and apple juice at 30°C. In addition, phenolic acids and -
oryzanol contents in four rice bran varieties and a defatted rice bran were analyzed by
this proposed method. The five phenolic acids; ferulic, p-coumaric, chlorogenic, caffeic
and syringic acids were identified. The adsorption coefficient (Ky) of the five phenolic
acids and y-oryzanol, between methanol and bran, at 30 °C was also observed. The Ky
values of all phenolic acids (2.18-3.65) was higher than y-oryzanol (0.67) in all samples.
Also, a single solid-liquid partial extraction can be conveniently used to estimate the
amount of these compounds in bran from their K; values. All the values of single
extraction are in good agreement with the values of partial extraction. The largest
differences for phenolic acids and y-oryzanol are only + 3.93 and + 2.60 %,
respectively. In addition, a single solid-liquid partial extraction is also proposed to

forecast the extractability of phenolic acids (96-104 %) and y-oryzanol (99-101 %) from

il



bran samples. This obtained method was convenient, rapid and accurate for routine

analysis.

Keywords: Phenolic acids; Partial extraction method; Adsorption coefficient; Partition

coefficient; Rice bran; Fruit juice
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ac A A ¥
8. HRIVIWAIYNLNYIVDY

L YV & 1 v a t:l. o g = a
smLmzwa"lmﬂul,mmmaamimua%aamzwmmy TasanizansdsznauWuadn
. Q g; Q m Qs [~ 1 dl o [={ 1
(phenolic compounds) @duuNﬂLLﬂtNavLN'Nﬁ]@Lﬂumeﬂ’Wﬁ’ﬁWﬂ’]LU%T@GNHH&%LN“}JBG
g0 uaznmsdumudeliadoiidunainaneuysdasziiiaandjisuneandiatu
6 L a a Aa 1 = 6 1
va4a4adsznay wan'ludu lUsdu uaznsafiiaddnlusienie saufiesddsznaudns g
{ ~a é = { =) J o vV A aaAaa =) g Q
Pp9919A13NUILNA smamwaaas:ﬁm@mm:ml%m@ﬂgmmaanmmuﬂuuﬁaﬁua:
g { ' ° ) ° A o o ' = =
LhaLdaluinenne Lf‘ﬂuwamlmsﬁaﬁgﬂmmﬂ auABRITRINIINTNOUAT YA ALDWLD T
Lﬂumiﬁuﬁqﬂssﬂﬁ Iuswwnﬂﬁ‘svlﬁ%'uawaaai:azauﬁaal6] fdwmilimialsadeg
W 13anztSe 1sanala lva luauluraaatiaa Iiﬂﬂ’)’mﬁufﬁd TsaniduwarnuRalsnan
a di & ! . ’ H 4 H =
LNAINNNILRDURAYUUVDILDRN LT Iiﬂ Parkinson’s Las Ahlzeimer's diseases 33403
MILNAIITALUALNIUANDWIY [3-8, 29-30]
Wang Wazatse [31] "l@?ﬁﬂmﬂizaw’ﬁmwmaamiﬁma%aﬁmzmﬂwamﬁﬁ@
199 WU aavaluel demandaiduasduenyadaszdudinaiial fiteneandiadu
o ~ & @ o ' A ' a P A
Vl,@]gmq@ JRIRINNY U WaN RY DYULAY NANY msww?n aNPISTEle watida uzlvane
honeydew WW3 Lae NadE AUE1AU z%m%’uﬂszaw%mwmaomiﬁma%aﬁmzmﬂﬁ’]
v a Aa Iy ' ¥ oA ~ & 4 by
na lniadng g Nveluiasaananuin Wainidgenga sasasuniu dnavgn in
Yland IFN wazinwathla enud1au
Prior  wazAme [32]  bedtateiwndSunmansUsenevluadnninue USunm
anthocyanin  LazllseAnTnwaasmsduanyadaszreduaaoRuid19g wuii 1
£ a . a J Aa A 2 Aa a
NNVLSJﬁG]?WNUiHiZLI (maturity) Wl dssEntniwsassn s uanyaasse Usnnm
. a A a < = a & o
anthocyanin LazIu1ma1IUse NaUN K RNIRUANLNNTUAIE
= KX ad a a 6 |1Aa = a C™ v &
NIANBIDIATNNIEN ALY NLAZ AT ATIzRUT I N Ia N wa RN L NLAZNA LY A
& Aa e A 1 dld v A v
WWuinuwdaednaiuwndnnisuinunslianuanla
@108191%%  Fernandez  de Simon  uazAmue [14]  beAN®INNTILATIER
sadsznauduadnlwiwaldaiiada g ldun shdu dhuathls shdudszse dhgnits ih
LaWINAN ﬁwgmm% LLa:ﬁwa\ju Tagrinn1ssnas1slwinng lusazriadiuaivinazany
diethyl ether Waz ethyl acetate NBUINEINENA LA LUTATIRdamnaiia high
performance liquid chromatography (HPLC) &% thin layer chromatography (TLC) ¥i1n13
7137370813078 diode array detector PNNMIANHINLNTA gallic luﬁ’la\jmﬁmaﬂ"mam

' & nlqﬁIL Y o a [ a | a A 1 . . . .
%K HaNINK LAYINNITILATIERRIUIVI NI WHAFNDRTE LTI cinnamic acid, caffeic



. . . . . . . . oA :’ v A a
acid, p-coumaric acid, ferulic acid, WaZ sinapic acid wmmlumwa"l,umaunﬂ*’ﬁu@
anLiu sinapic acid MWL IWINFULAZINFUY T2 IAL VT

Tomas-Lorente  WazAmAe [15]  laW@MIATANTIATIERnIaNuadnlualadng
NRAA M LUNKA b NATANENAEIKIN WU MTaTzAnsadluadnluauna laufia
1 w A g: a Q 1 o o A 6 v a
61499 uﬂuﬂryvnLLazquaiiﬂlumumaumimswmamdmmmmﬁ:%mﬂmauﬂ HPLC
Lﬁaaﬁnﬂlué’aatmmewa"l,ﬁﬁ]:ﬂizﬂauﬁ’sUﬁn@nauauwa@uluﬂ%mmﬁgo linsana
= a > 1 2 = v v
f3UsznavAuadnaanannalasna baenn WaIAnEN Mo LawalwI UM ILi a8y
A o o o | . v & a . ! o @ | a &
NT2IENINANA LA INNAIBEINHIUABA NI XAD-2 resin Aausinalaend lIanew
29fUsznaunsaduedndisinaia HPLC  wuddsmstannsashunlglunisasiaie
YsurmwarsdsznavAuednlunianmsiusuna ldoiadeg la Seluanwidodhle
o =S a 6 A . = a Y oA '
nmsAnsn e neRUTanm flavaniods wazansdsenay Aueadnluusunaldofiadig
LT LONUOWTABN LONGNAY LOUWAN Louaaaiuads uoudu uouualiia wazuougn
6
LS
Sudrez Vallés wazane [33] baanminmsienziansdsenaviluednluwadila
suWuteNd 9 dasinaila liquid-liquid  extraction lagy¥innmsanaalsaivinazans ethyl
acetate LAz¥INMIIATNZRRIIALINATA RP-HPLC U%ABaNY Cg HNIN1TATIIAENT
e diode array detector MNHANNINARY WU 13UsznauAuednadia lifiva (neutral
phenolic compounds) NtuasAdsznaunaniuiwatila laun taamnasvad caffeic acid
WAz P-coumaric acid NU quinic acid
= 1 A a dl 6
PINMIANBIVY Oleszek UazAt [34] swmmwnmvxluaanwwumﬂslugml,ws
letun chlorogenic acid, caffeic acid, p-coumaroyl quinic W& P-coumaric acid laglu
msﬁﬂmﬁﬁlﬁﬁwmsaﬁ'ﬂLmﬂﬂs@?\lua'ﬁﬂmﬂﬁaazmgml,w%@hsJ 25% LUMHaa LasyinnIg
RNALLNRITUAZILATIZRALLNATRA HPLC
Y o =< ad [ a 6 A
Andrade LazAtue [16] MYNMIANBI3TMTaRaLsnLazItaNziansUsznauiue
an 13 wfia laun arbutin, 3-O-caffeoylquinic acid, (+)-catechin, P-hydroxybenzoic acid,
5-O-caffeoyl quinic acid, (-)-epicatechin, p-coumaric acid, phloretin 2'-xy|osy|g|ucoside,
phloretin 2'-g|ucoside, rutin, quercetin 3-galactoside, quercetin 3-xyloside, quercetin 3-
rhamnoside 31NdA1atNKAlALIL (puree) $1wau 3 Tfia fia shgnaTudatu (quince
puree) thanuwidtu (pear puree) Wuailitladiu (apple puree) lunisnanasitlarinns

o o ' & o a { N 'V A - & o A . .
ANAABENY 2 ATIMIEITNEAINY TINTRNA IATILINBNALAT solid phase  extraction
I@ﬂﬁﬁéﬁaﬂwﬁﬁNavlﬁﬁﬂummuﬂaﬁwﬁﬁmsqﬁasl Amberlite XAD-2 ~ fiflu1aa%n1e
0.3-1.2 UafluAT UazilvaIWNIUYinaL 9 W LNAT ¥MITLEI08NNNABANNEIHGD
MazaalunIwas NBwEa1881981INNNIaNaanaTIa28373 solvent extraction #2867

FAZANBLNNIKEE NNBWAINITIATIER 13028 PHLC-Diode array detection 3101173



NANDY FINIINAIIINY phloretin 2'-xy|osy|g|ucoside Wz phloretin 2'-g|ucoside Sij
aaddsznavluuaiiia LLGil%QﬂLLW%@IT]’«JWU arbutin 1JwassUsznaunan wanani
Wudﬂuﬁwgﬂﬂﬁuﬁﬂuﬁﬂ%mm 3-O-caffeoylquinic acid Uszanns 23.4 % lummzﬁlm{wgﬂ
uwSatudifiss 8.2 % uazlinwulwiuatdadn

Amakura Uazamue [35] leavinmsdnsmsiiansinsailuadn 5 viia laud gallic,
chlorogenic , caffeic , ellagic &z ferulic acid %\‘1Li‘jumiaaﬂqW‘E‘%amWﬁﬁuma
(bioactive) ﬁwuluﬁaamaﬁmavlﬁ@me] 1o sihuweidla ‘L{’IE]{I:% Wi ﬁﬂgﬂ‘w;u N1y
NaRoIRleinNsanae 881961857 solid phase extraction UAZVNNN3ATIIINATIERENT
fumnadia LC Nenuauash lagasnainaniens photodiode array UV detector 211

= s & A . & & A A
N3N wmﬂmgnwguuazmLLmJLiJmmm chlorogenic Lﬂuaaﬂﬂi:ﬂaumnﬂq@ yan
WiNU 190.2 uaz 16.6 Llg/lg aus1au lusmeMimuiindnge ellagic Duasdisznay

A A | @ 4 oA . & & A A
wnnga Jevinu 14.3 Ug/g  uazihaduwiinia gallic Lﬂuamﬂszﬂaumﬂﬂq@ U@
WinAL 12.5 Llglg

Chen uazame [22] ﬁﬂmm‘sﬂ’@uuﬁ%mmﬁ'@mel,a:'imsw:ﬁmsﬁmmg 8

3
Ll
a 6 = a :‘ v 6 o (% % ad
axvenanaaLazssUznauNnafn lutinna kiLaswiuass lagvinnsanasniaisis
solid phase extraction WRZ¥ININITATIVIATIERRITAILLNARA HPLC NNKNANNTNARDI
WU I Re ua U as NS I NvaInaIwaLduazaIUTEnauA e A nNnInaa i
ANy 400 mg/g vasiHa el lasiinsaiuadniduasfivsznavagiazanm 44 % uazw
MNMWBLA TR UIzNaUYTENI 56 % dnsurITUsTnauAuadInnnuLlluasalsznay
Qs A . .

NAN A8 benzoic acid

@aNn Schieber uazame [17] laan13ITmsianziuazuennsadluadnuazw
mmuaﬂﬁ‘luuamﬂmm:gmm% 1agynMIRNALENEINILAIINAZANE ethyl acetate WA
o a 6 £ a = 1 AQ/ d' g: :’ £
AINITIATIZRAIIAILNANA HPLC  3NNIANEN WUINNNRakaUidanauiinaanuad
(apple pomace) (Juunasvasntaiuadn lasdSunawesnsailuadnlunnuanetitasy
J 1 o v 1 . . | a d
PuadNUANIEVAINM IVUAILIZIINNINARBIWLIN chlorogenic acid wWunsaluadnn
wumﬂiuﬁnLLaﬂL‘ﬂaLLazﬁwgme%mslﬁuﬁ:@m6]

Mattila W&z Kumpulainen [36] baansmsienziuSununsaluadndasy (free
phenolic acids) LazUSumunIafuadnninae (total phenolic acids) MHNLAZHE L L%
o ) =~ a et e o P & PRI
T T3 wathtla vz@ama wasan NFLUATI Faatuass diwathta 1l wazniuw N0
MIFNALYNNIAN KD ANINNAIDEN1I01W1IALIT solvent extraction lagn1IENALENNIAN
#OANBRIZITANIN A AU NFNTEH I UMD ALRZNTIADZTAN LTUTW 10 % FMITUNIAN
wadnf laidasz (bound phenolic acids) ¥ lalasladaua1iuaznsa auE1aL NI
IUNAINIENAN ARz ENINIZHINN diethyl ether Waz ethyl acetate NEATIEIW

1:1 Rzt sienzRansuinaila HPLC  laaasi3iaansaiuLa3ad diode  array



detector M IANENIARUaANNWLlRa1T teun m-hydroxybenzoic  acid, p-
hydroxybenzoic acid, protocatechuic acid, gallic acid, vanillic acid, syringic acid, o-
coumaric acid, m-coumaric acid, p-coumaric acid, caffeic acid, ferulic acid, sinapic acid,
chlorogenic acid &g ellagic acid

Zuo LazaAmy [37] MANEINNTILATITAUSNN MBI benzoic Las phenolic acids i

e d A o o & . o [ a &
LATWLY ai‘immmﬂ%aglugﬂm 8IDYWUD trimethylsilyl lagrinnIasiaianazitansians
MUNARA GC-MS  NMTILATTANUETNIFILULATUILBSINIANA 15 sila taun
benzoic, o-hydroxy- benzoic, cinnamic, m-hydroxybenzoic, p-hydroxybenzoic, p-
hydroxyphenyl acetic, phthalic, 2,3-dihydroxybenzoic, vanillic, o-hydroxycinnamic, 2,4-
dihydroxybenzoic, p-coumaric, ferulic, caffeic LLa¥ sinapic acid PNHANINARDIT ALY
Juarweiitinsaiuednuaznsawnlodnidussdsznavlutinnmigs (5.7 g/Kg 109
iwinuase) lasfinsawulodniduesddsznavanniign 4.7 giKg vasihminuasa)
vaudn p-coumaric acid (0.25 g/Kg maaﬁmﬁfﬂwaa@) IWRe sinapic acid (0.21 g/Kg
vosthninHase) uazwudnsawulsdnuazniafluedndiulngjeglugdlidas: (bound

4 L & - _
forms) Fefiies 10% wimunwulugddase (free acid)

Tian wazame [24] lenaw3sienzidsunmensysznauuadnludi lasvin
ASUENENAAIBE19TNIGIVAITNAZAY 70% LBNIUER YINNITNTBILALRNA bUN BN
AMNUUINEIN aqueous  solution AviMsENAmInaiia SPE laolt Cs silica gel
cartridge Laz¥nMTIaNzRRITA8MNARA HPLC-ESI-MS (electrospray ionization mass)

=S 1 nddw o a 6 = a v v = a d'
AMNMIANEN WUIITRRINTRhRNeTIdezAnseluadnluti e nsaluadinnwy
Tt leun 6'-O-feruloylsucrose, 6'-O-sinapoylsucrose, ferulic acid, sinapinic acid, p-
coumaric acid, chlorogenic (3-caffeoylquinic) acid, caffeic acid, protocatechuic acid,
hydroxybenzoic acid, vanillic acid L& syringic acid

. R Aada 6 1A = Aa [ 1 %

Tarnawski wazaAme [38] taAnEATIanziuUSuansaluednlualatriansana
anfinududu 1agy¥MIENALENENIA8AIINaZaNY ethyl acetate NNWUYINANTILATIZA
§1IABNARA RP-HPLC Laza31270628 UV-vis spectrophotometer ANMIANT WU

[ A A a a A & o . \ . .
‘lumsaﬂ@gﬂWﬂwﬂquaaﬂﬂaoﬂﬂi:ﬂau 3% gallic acid, ferulic acid, p-
hydroxybenzoic acid, p-coumaric acid, caffeic acid, vanillic acid 8¢ protocatechuic acid

v ad ] ] = a 6

Kerem uazame [23] latauaidatnsiauaziiaiilunsieizraisdsznaunia
Bun3d (organic acids) uwazasUsznauAuadnluwiew s nuluaradreiuazalian
(must) dawmaia LC-UV lasldaaaniiuy polar end-capping azlfalrinazanssing
pH dduipgniaiafendl (mobile phase) 9MNMIANET WUINRINIIAEINIIULLN

carboxylic  acids wazansUsznauNuadnludlatrehiaananniulad lasansdsznay



a9 Nwulualeenghel laun citric, tartaric, malic, lactic, acetic, caffeic, ellagic Way
gallic acids, (-)-epicatechin, quercetin LAz resveratrol
Nardini wae Ghiselli [39] latauadtnmisaniaiianziuSuansaluefndaszuas
ladaszludes hasannuddantiunan wuimsienzinsaluedn lidaszauunnin
wa A & v ' A2 A ° o A A A a = '
l#mslalatladdinens Selinarldnsafuednnarorfiaiiansgyiieldluszning
N & v ¢ a = AR o A
MTIATIZA I@mawwzmgwuﬁqmaa"lﬂvlamaﬂm Tumsansidelalananisduans
ascorbic acid G'fidl,ﬂumiﬁ’ma%;&aamz e ethylenediamine -tetraacetic acid Tl
a o & A A g o A A A & &
ssfaanulans NetiNatiuaanialasiumigyifoniaduadnluiuaaunislalasiad
§1IAYGE IMNNANITNANDI WUINRINITD recovery 17 caffeic acid "L@Tazmawy‘itﬁ:
(98.7 + 4.3 %) wananh leisnsiengiildltlunsienzAiusamnsalnedn
davzuardSunawnsaluadinnivuae (Usurmnsadluadndase+ nyaduadnlaidas:) Tu
'Y , A € \ [ & o ' A ed o o A A |a A
aatadss wuimasmslalasladaatnaiasinadne g S1un 3 via dsumnsadl
a a 1 ‘é o v oA A a a a dl nl cg/
uaaﬂ"luaa‘s:gﬂﬂaﬂﬂaaﬂaaﬂm FavinlAuTunmnsaAuafnlUSumiidiunniu lay
NIAAKEANNFINITIATINIATIZN Le A 4-hydroxyphenylacetic acid, vanillic acid, caffeic
acid, syringic acid, p-coumaric acid, ferulic acid L% sinapic acid INNANINARDIT
v & 1 A a 1 1 = 6 1 A a a A A
LLamI%mmmm%luaaﬂmuslmylumma:aglugﬂmaanmﬂuaaﬂhamz TEER IR
1 v n:ll = a a 1 g:
muuamwulugﬂnwﬂuaaﬂam:mmu
ad < & v 1 v o A a v ai ¥ o
#anINNITNI LUEI lena1Iuuan ﬂaaguuummawwmmmza@mﬂmmm
a A 6 o a A (% A a o .
azangdunidaslasmstiinefiadung anltlunsanausnnsaduadnluaragisanis
W% lNAHANLIENIN solid  phase  microextraction  (SPME)  Was single  drop
microextraction (SDME) a9tt1luanu338284 Saraji az Mousavinia [27] latauaitnns
a 6 A a o 1 a A : Ay : @ A A
Aaszvntaflnednludiesnie1w1s 3 afia fe duwethia dnufiy wazidfenue
Yillaauuis lasldinaiia SDME anldlunmsanauwannsailuadndriualvinazas hexyl
acetate  uazigIsuniauadnliaglugdauiusdis N,O-bis(trimethylsilylacetamide
aolu syringe InuuIB Ui nAezidadi GC-MS  lasnsaWuadanflglu
msansf lawd cinnamic acid, o-coumaric acid W&z p-hydroxybenzoic acid 371N
AMSANEREINUINTRaVaIaINaza 8 BuNIS USunasuasaivinazans Lannlalunng
e gaunndnlElunsana f1 pH uaz ionic strength vasmIazameiluladuniinada
mIanansaduadnluna liuazinna lddamaiin SDME
Citova Lazamie [26] latauaitnmsitanzinsaluafnamamaianisanaansiuy
SPME LLa:V‘hﬂﬁm%wﬁaamﬂﬁaglielugﬂagﬁuﬁ(maa ethyl WAz methyl chloroformate
i lU3esiuazaiaianis GC-FID laslwinuwiduflddnsimdenzinsail
uaaﬂ“ﬁﬁ@@i’ms] laun p-coumaric, protocatechuic, syringic LLaZ vanillic acid 37nN13

' = a a v ' v 6
GERN wmwmnmwmmﬂuaaﬂl%agiugﬂawwuﬁmad methyl chloroformate LRUNERY



fMTunsanaalsinaiia SPME wazluwinudds lddnsnnmsanaaies SPME fiber viia
@149 laun polyacrylate (PA), polydimethyl siloxane (PDMS) LAY
polydimethylsiloxane/divinylbenzane (PDMS/DVB) w171 PA 1w fiber mﬁwam‘i
3Lﬂiﬂ:ﬁ€iﬁq@ mﬂﬁann:mm@aaaﬁqm%gﬁ 25 °C uaz desorption time tHuiia1 10
W

mmm%%’uﬁmummaa;&"ﬁiﬂ (28] T4 ldNau13Tn153 e zsSuma s
SEmIanamIaanuLREsIIEIBTBGIvNazae dmsuaansindinoluiuniaee
wazwnuIn e bsmuaaluiidi la ﬂﬁﬁmmﬁwé’uﬂizawf‘ﬁ;ﬂﬂiﬂﬁ@@sﬁhmaams (adsorption
coefficient; Ky) 1l91NNNIRAARITAIBENS 2 galudTanauviniu udlidSunasvasdarm
a:mﬂﬁuw‘%ﬁlumﬁ 2 1iu 2 wiwaaéffsﬁ’mzmﬂumﬁ 1 32UNVNITUARNNITNG
AMAMENs LLaﬁmezﬁmiﬁmLﬂ%ﬁaﬁ@mi@@ﬂﬁmm (Spectrophotometer) NNANTT
"3Lﬂs’lzﬁﬂ%mmvlmﬂuﬁwmLLaszumIa"Lsmuaalu%wT’nmﬂﬁuij N7 6 MLITNIEN.
RBIUNsFInEIBE ez sLan Rl Feuay 20.72 (Hwinuds) uaz 3.43 Sadnswi
917 1 03U (HmEnude) awdiey efidnlndmassiunsmdsumlaSuninuaunas
wnuNlalsmueadiu3 Soxhlet extraction G9iArinniuTesaz 21.25 uaz 3.67
f85n5u/497 1 nFu (Enenuks) awdney Tagdslnifivauefiaansaaalsunas
Pa3e1vinazaoAlFlunIana uaztioaaIanlunsaieIe annsluduiudaslsd
inssdalanzdmumIanams anwanmImsitassimUsinmen st waiiines

o a 6 | s 1 tﬁl 1 v v
munInassnatin e nsimdiunassluaiegisennisaug daldldaae

6 aa
9. ginsabuarIsn1Inaaas
9.1. INYAVUAZEITLAN
= shuedda (LSENAYLA dszinalne d1na)

" 1dWutens g laun vewdls, Ua3uy3 7, a1maenuzd 105, nu 5 3ndinia

§1w91930 Uszineane
" mnidn Wisnihduwihingiuns 41na)
" Gavinazansdunddnbidusiia HPLC grade
I3
9.2. ailnnk

n m%ﬂmuﬂwnmﬂmaommammuzga (High Performance Liquid
Chromatography; HPLC) : HPLC pump ﬁ:u Waters 510 LA3840529707%a UV
Spectrophotometer ~ ju Waters 2487  (N3%4@31nUIN Waters  tazing

10



8IgaLaINT)  Uszwianaeay Clarity software (U3 Data  Apex Uszing
RIT1IUIZLTN)

® ACE C18-AR column (5 um, 200 x 4.6 mm) was from Phenomenex
(Phenomenex, Inc., Torrance, CA).

® Soxtec system HT 1043

" SesTanafion 4 @i 34 Ab204  U89L3¥N Mettler Toledo  Uszing
RIRLTDTUAUS

" daunnuiow

m Lﬂéadﬁumémmmﬁag\i 1 model 4040 Series ( 4000 series ) VaIUIEYN
Centurion scientific LTD 37101 West Sussex UK

= Lﬂéadﬁuwﬁu (Vortex Mixer) ; Lab —line Instruments llizmﬂﬁﬁ%'gam%m

= Lﬂ%'m Rotary evaporator ‘ju BUCHI Rotavapor R-200 (ﬂiszﬂLﬂaiﬁuﬁ)

= In@@mm%u (Desiccator)

" ot (Moisture can)

u m‘%f'adl,l,ﬁwi’m] i dnnes waaadsunas nasanaasddinded Tidae
(Pipete)

" N33a1®N309 Whatman tuas 2 mmmﬁumuquﬁﬂma 110 VAALNUAT
9.3 35N1n1INAaad
9.3.1 #138EALNIATZINUALNITLAILA

§1382A18N1933 UNIaNUERN (stock  solution) 10 Fadnsululuniuaas 100
TARANT (ANULNTY 0.1 FaFNTW/ANRENT)  Tlar1IazaIuNIaIIUANNLTNLR 0.1
faansu/Aafaas USuas 0.1, 0.2, 0.5, 1.0, 2.0, 5.0 Aadaas L& luw1aiadSuaszwa
10 HaddaT nisnwudiuUSinasdeipmandauniinldsniuiiamedidis HPLC
(mobile phase) vz laz1IBzAIBNIAIFIUAIINLTNDGY 0.001, 0.002, 0.005, 0.01, 0.02,
0.05 AaANIV/ARRANT (1-50 FaRNTN/AGT)

§1382a18NAIIULNNNN-1a [31uas (stock solution) 10 Fadnsulutuniuaa 10
aRAaT (ANWTNTW 1 FadnTw/Aadaas)  Tidarsarauunasgauanudutu 1
fadniw/Aadans USu1as 0.1, 0.2, 0.5, 1.0, 2.0, 5.0 Aadaas & UvIAIAUSNIATVIUA
10 HaddaT nisnwudiuUSinasdeipmandauniinlddniuiiamedidis HPLC
(mobile  phase) = lesIazaIsuIaIgIUAMNDNTY 0.01, 0.02, 0.05, 0.1, 0.2, 0.5

a

IaanJu/Aaaans (10-500 AaanIu/aas)

11



a I3 3 a o a a
9.3.2 mﬁnmﬁz‘waaﬂﬂs:nm.lLtazﬂimmﬂaam‘sanﬂﬁuaanﬁwmﬂuﬂ HPLC

AianzAmasslsneTssnsaiuadnaisieios HPLC aasuil C 18 reversed-
phase HPLC pump g"u Waters 510 UV-Detector lagl Mobile phase ﬁl“ﬁ'ﬁa 2% acetic
acid lusihdowmuaaludasan 82:18 (UFua3/03u1a7) [38] I@Umuqué'mwmsvlm
maai’gmﬂmﬁauﬁmwﬁh 1.2 Fadaaywd IEszuumsuanaIwuL isocratic elution @539
Jianeials Uv- spectrophotometry detector éu Waters 2487 ﬁmmm’nﬂéuﬁ 280 LR
320 nm

MIIATZAIN BV BIEN TN AT IR AAIAILAL AT YT NN MU BIEN T e
ABmIldEsunangIumenen ¥lalagasnanTNene s IURIANUEIRNREIZRIIAY
dutusasssazmenasunsaiuadnudazanaduiuiuiuildnem
9.3.3 meNiasddsznavuazdSanmvasasanaunuan-lalsmuaanignaia
HPLC

AnTemasalsznavvasunuan-lelsmueadauieias HPLC aeauil C 18
reversed-phase HPLC pump g’u Waters 510 UV-Detector L@t Mobile phase ‘ﬁl"ﬁﬁa [V}
MUBAABNINBLTANIUSATEIN 99.5:0.5 (USN1a3/UTua3) I@]Elﬂ’J‘lJﬂSJéT@]i’]ﬂ’]ﬂ%ﬂ
maai’gn'ml,ﬂ‘é"auﬁl,vhﬁ'u 1.2 Fafaa3w? ITruunIuenNa1IUUL isocratic elution @373
AATzRel UV- spectrophotometry detector i;u Waters 2487 ﬁlm’mm’mguﬁ 326 nm

MIIANLAINBUeIR TN lasmM I EAIa1AIMILaTNNIMNYTIN VB IRNTAE
Apmsldasunanginmenen ¥lalasasnanTINaNe s IURIANURIRNKEIZRINIAN

LU 898N IR BNNAIRUUNNNN-18 b uaaudaza I TNTUALAUA LA NI
9.3.4 NS anaan I8 NIENALLLAILAN (Classical method)

a | a s @
9.3.4.1 namdTanmniainadnlwbinala

wUsunmnsafiuadnluiinalidro3Fn1saiadaudavinazais (solvent
extraction) Tagsiinalsl 150 Sadansunaiadisenazasiafinasdiasa 150 Saaans
$1Wn 3 953 MNURIzMBENAzABaanIkLAs Taiarsdadeigmandeuii
I8 m3uSazsieas HPLC (mobile phase) USanas 0.5 Jasaas tansazansdileun
389618 Syring filter 0.45 pm N ldaessimasdlsznausasnsafiuedndae
1389 HPLC  uasdmmmysinawesnsaiuadnluiins ldldlagnsu3s oy

NNNIATZH
9.3.4.2 nMawilsunanIaflnadnuazununi-la lsrnaalunala81931212
a A a o ¥ 3 ad .
widSunmnIaiuadnuazunuui-lalsmwaaluind1162835 Soxhlet  extraction

Taglts1112 1 n3u 18lu thimble  WRZANAAILLUNIKAR ININITILATITRRIUTNIANTAN
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BARNUAZLNNNI-12 L3148 LasNITUIEIININA LG UITLREAIVIRZ AL DN WULHS
NnuwnIIEedsdsIpMaLnfewnNlT§1nIUALnzRa28 HPLC (mobile phase)
Y3u1a3 0.5 AaddnT asasa1sf leu1nIadaIe Syring filter 0.45 pm ARl
FasEradflsznauvaInIaNnafnuaznNNN-la lssuwaadiaLaIad HPLC WA
o = = a o v = = Qs
fuwandSunoadnIalnadnuazunuan-lalsmuaalwingnlalasnindSoufauny
NNNIATZB

9.3.5 MIn1UINImaEIsAI8ATENALNEIUIIEIN (Partial extraction)
9.3.5.1 nsndsamniailwadnlwiinala

lapRasannaums (1) uaz (2) uwsastisanudutusasdignazasluanioe
=1 £
GHLE Wenla

w e [l

x
Il
=

o
—
-
—_—

K, = auﬂi‘,awﬁmmma 818 (partition coefficient; K;)
U] = mmL°uu"uu"uaamgﬂa:ms.u‘lumma:mwuuu

L = mnmﬁwﬁmadﬁagﬂazmUluﬁaﬁ’mmw%mn

My = ﬂ%mmmaaéffagﬂazmﬂlué”aﬁmzmy%uuu

M, = ﬂ'%mmfnaoéhgna:mUlué’aﬁwaza’m%mw

vy = USaNaTuaIfaaza B THLIL

v, o= USanaTuasarinas s

Taoa9uiinalyd 2 388803 lalurnaaanasasdiinden 2 waaa laylunaaan 1

uerazaoasly 4 Saaaes drunaead 2 eudrnszaeadll 8 Dasaas Jars
agisusslanldiada vortex 1waan 1 wfl LLé”’;é?d“?Td"L’S’ludwﬂ’mqwqmwgﬁﬁ 30 247
waos win 3 wif nasanuwin liwnd sefinuis 4,000 seudewd 1wnan 5
w1 Lﬁa@ﬂmzﬂaummmuaaﬂmo6] WRIIINIUUEINTBINIUNTEABNTOI UNEIN
syazanslad lalUSassias HPLC

maaneRUSunmuaznaman K, ilalaainuald

W = USu1013209020 89N LT N INaaa
Y = USUTHRIININNA L A28
X = Unudgnazasluigmevasdiazasnanaldlugad 1

X = Unudmgnazasluigmavasdiazasianaldainnis
lFUsnasvasdazaoiu 2 iilunisatiagan 2
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é’aﬁuaumimaammﬁ'@luwﬁ 198

msaﬁ@lumﬁ 2

LG K, = K2 laz V, = 2V,

[Vl(;(i Xl)j:(\g(;( - xz)j (5)

— X1X2
2X, - X,

e

(6)

o & a & o \ o Py
AIBUATENNTAPUTIN N INIRNA A28 (Y) NFUANT (6) 16 Lazidlaunis
A Y aaluauns (3) wie (4) azladn K,

9.3.5.2 nMsmidsunmnsalwaanuazunaai-la lssiwaa lwaag1951212

1agRINTINNFNANT (7) WAz (8) meﬁammLﬁu"ﬁmaaﬁugﬂazmyluamazam;a

dawle
Ks = C_m (7)
AS
VEh) Ky =('\\fmj/( MSJ (8)
m Js
Kg = ﬁwﬂizﬁﬂ%{mig}@‘fi‘u (adsorption coefficient)
Cn = enududuvessslutusadsavnazasdunss
As = ﬂ'%mmﬂuaomiﬁm:mslagﬂwﬁv’umawamﬂa@ia%mgﬁmﬁn
Mp = ﬂ'%mzwuaaﬁugna:mﬂlu%umaaﬁaﬁwa:aﬁUau‘n’%ﬁ
My = ﬂ'%mmfuaaéﬁgﬂazmsfl,u%”'mawawﬂa
Vi = YSeswasarinazansdunisg
Os = shwinveswasuds

lagT9alatn9a199 Uszanm 1.0 nu ldlunasanasasdinien 2 nasa laglu
#aaan 1 lENATINaza1UadLl 4 TARANT AIWKRAaaN 2 LaNAIvinazaead kil 8 UaRAAT

YadnugnagrusslasldiaIas Vortex tHwaan 1 wif uarednailuarsaruanamnni
T a a
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1 30 a9A L TALTYE Wit 3 WA 11 MTwRIBINAIIN5 4,000 Soudaw Al LW 5
W LNBANAZNAURITUDINABLEAIIG)  HRIPINHBUHIINTBINIWBNIZABNTDI U1dI%
syazaelan e lUanzieny HPLC

MIIATZAUTIMLAZNNTANN K, 1N b lassnnua b

w = shminzasdatafildlummanas

Y = P inueludiang

X 4 = Uinmdgnazmsluipmevesdriacsefiaialdlugad 1
X = ﬂ%mméﬁgﬂa:mUIui'gﬂﬁﬂmaaﬁuﬁm:mﬂﬁaﬁ'ﬂﬁmﬂmi

lFUSuasuasavinazauily 2 wifl,uﬂflsaﬁ'@"g@ﬁ 2

NENNIN (8) MIanalugai 1

msaﬁ'@lu@@ﬁ 2

(x| W
KZ_(VzJ(Y_ij o

LG K, = Kyuaz 'V, = 2V,

(Vl(jixl)j:[vz(ffxz)] (1)

— X1X2
2X, - X,

e

(12)

AIRUTANNTOPIUSH MR TNIRNA IAA2BENS (Y) NFNNNT (12) b6 waziile

wnuA Y asluaunns (9) v3e (10) azlden K,
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a '
10. HANISNAADILAZIDITIRHA
AaAaa '3 a
10.1 MINAFaUNI T LaDadIBIATIzHAenATha HPLC
luﬂwa:?iﬂwﬂﬁ&jaLﬁfuﬁ'wuﬁ%%Lm’wﬁmi@?’mmﬂﬁﬂ HPLC WUy isocratic elution
A o Y A A eaAa o A wa . . & A ad
Lwalm‘mm:mmuLmawaqﬂmmmaglwaaﬂgummi lagszuy isocratic HazdTadn
& o a AN A A o & ° A & o
avAlsznouvasIgmMaefani linmadfowdas  aswusansarimsienzdssla
1 1 d' p.l' = dw = % (%
atadalitad  1auan1iz HPLC  NlFlun1sfnenshza1snngniauadansaanaInns a

aﬂlﬁdﬁm‘iﬁﬂi é’um@ﬂugﬂﬁ 10.1 1Laz 10.2

mV
1 —— 280 nm
]
z < H
140 ; N
. 5 1
5 ]
=} K
E
° ]
=

-~
(=]
i 1
n

0 10 20 30
Time [Min ]

31]“7% 10.1 Chromatogram of standards at wavelength of 280 and 320 nm using ACE
C18-AR column in mobile phase as 2% (v/v) acetic acid in water — methanol 82:18 (v/v)
at flow rate 1.2 ml/min. Peaks : (1) chlorogenic acid; (2) caffeic acid; (3) syringic acid;

(4) p-Coumaric acid; (5) ferulic acid.

NANINARALNT M beUaInMTIaNehaIe HPLC a‘gﬂ"l:‘i’l,umﬂoﬁ 10.1 1iathan
afnTduesgusznddfuildfaddaldtuanuduiurasasazaion
amuFuRusdaduilinnwinawiuduass laonsduimen R 9annaw fldngs
N 0.999 Fefienlndifies 1 FEuATAeRE85% HPLC-UV detection fidinnunilu
Lﬁumagmazlﬁmmﬂm@mﬁlamiu (random error) HasNn NIDMIaUTIMwnsaN
wadnlualae19le NNANIINAFaURIAT LOD 91n 3 1Yinvad SD Uaz LOQ 911 10 1
299 SD 'l¢ LOD Wiy 0.0001 waz LOQ winfiu 0.0003 mglkg Touaasiaindais
gussnuse  swnsndeneiUSinmerngafidanudutudld Fewanzauiunis

JiazrnnIanasanluaiagnininigig
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[mv)

31]“7% 10.2 Chromatogram of standards at wavelength of 295 and 326 nm using ACE

C18-AR column in mobile phase as methanol

ml/min. Peaks: (1) ferulic acid (2) a-tocopherol (3) y-oryzanol

: acetic acid (99.5:0.5) at flow rate 1.2

19191 10.1 Standard calibration curves, maximum wavelengths (Kmax) and method

validation data for determination of phenolic compounds by isocratic HPLC-UV detection

Compound Linear Calibration curves LOD LoQ }\‘max
range Regression R? (mg/ml) (mg/ml) (nm)
(mg/ml) equation °
Caffeic acid 0.001-0.1 Y = 66334.53x 0.9997 0.0001  0.0003 320
Chlorogenic acid 0.001-0.1 Y = 37736.06x 0.9987 0.0003 0.001 320
Syringic acid 0.001-0.1 Y = 38998.54x 0.9998 0.0001 0.0002 280
p-Coumaric acid 0.001-0.1 Y = 85720.67x 0.9999 0.0001 0.0004 320
Ferulic acid 0.001-0.1 Y = 69463.45x 0.9959 0.0001 0.0003 320
v-Oryzanol 0.01-1 Y =7126x10°X  0.9994 0.0021  0.0070 326

a .
y = peak area, x = concentration (mg/ml)
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a I's 3 a a oq‘
2. SiezasaisznavuazilSurmnsalwadnluiina la
a 6 6 = a qq’ a
INRANTILATIER IR UTznauvaInTaAwadnluualitlalsznaunsaunadn nia
Aaalidfin nyauaWNEn LaznIaLWagzan (gﬂﬁ 10.3) I@ywumﬂﬂaaiﬁﬁﬂﬁﬂ’%mmga

;
nga
q
100 - 1 Apple Juice 280 nm|
§ Apple Juice 320 nm|
80 4
60 ] ;
= ] ' i
_§, 40 -
i H i
H
: il
1 EEPELPP | «? A\
ool A ~rnd L ~ N 4

T 1
o 20 40

Eﬂ‘ﬁ' 10.3 HPLC chromatograms of apple juice extract at wavelength of 280 and 320 nm
using ACE C18-AR column in mobile phase as 2% (v/v) acetic acid in water — methanol
82:18 (v/v) at flow rate 1.2 ml/min. Peaks : (1) gallic acid; (2) chlorogenic acid; (3)
caffeic acid; (4) ferulic acid

nnnamTleNsRlSinansefuednlwiiuatidaded s satauuuasd (classical
method) W8T sanAReEILNIEI (partial extraction) Taugasliluaefi 10.2 wui
Usinmntainadnlwiuelidalasismsatafiesinadimsasivnasaoioinasiasad
anlnddssrumamusinmnsafinaanlasls Solvent extraction wenaniilunuisoitle
ATz FuL T AN suL IR AN (partition coefficient, K)) 28In3aLNSAN NIALWE]
an u,a::ﬂmﬂaaI‘s‘i‘]ﬁﬂsszNﬁ’sﬁ']aza']slLaﬁaaz%mmLLa:ﬁﬂLLaﬂLﬁaﬁqmuQﬁ 30 89M

LralTes ALYINY 0.91, 0.46 Waz 0.73 ANENAL (113197 2)

A15199 10.2 Comparison of the phenolic contents in apple juice using Solvent

extraction and partial extraction with isocratic HPLC-UV detection

Compound Solvent Partial Extraction

Extraction Content (mgl/L) K,

(mgl/L)
Gallic acid 1.66 + 0.09 1.38 + 0.01 0.91 + 0.08
Ferulic acid 0.42 + 0.04 0.42 + 0.01 0.46 + 0.09
Chlorogenic acid  36.87 + 1.80 36.03 + 0.002 0.73 + 0.06
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a%’ R ] a = a d' [ [ =S
wananilaansnavadszaziiadadsuimwnIaluadnNana ba lagdnusn
sepzafiltlumsaiansaunadinluiiaduiiviandisg aud 1-5 wifl wuhlsamnie

a d' v A A v A = a d' [ g; =1 U
wnadnfanadyinalndidosiu dougasluamen 10.3 asmudsaansaasyldding
AANEAMUIUN I IR B TNIRNARI TN I LN FIBIIUN UM ILARNN TN A RAARAS

& addaA @ = aa A o Ao a . A a A o

\duitntianugneas szainuaznadd lasdslminsdiaueilidedninfianSouifisuny
ITMsENaAULUAILEN fAa eunsaaadsunastasalvnazanenlslunsana (IoiAes 10-15
183809) aadSunudiasnindadltlunsiened @Ussanm 2-4 Ja8aaT) LazTI8aalIan

e A =)
lunsana ((Wes 1 wf)

®M19191 10.3 Effect of extraction time on the amount of gallic acid in grape juice using

partial extraction

sruzaN T lwnsana Content (mg/L)
191 6.21 + 0.71
2 wn 6.13 + 0.30
3 U 6.18 + 0.71
4 w1 6.16 + 0.17
5 w1 6.19 + 0.27

a I3 6 a a o
3. AianzasadsznauuazdSanmnialnadnuazunaan-lalsswaalusrznians
WHZA 9 kazNINFI1T1)
AMNNNIANEVEY Lilitchan uwazam, 2008 [28] waadlAlARINITMIanaasale

ad o A ' s adda o = @ A a A
Imssnaiissuvsmduizndanugndas azan e wezlewda WweuSuuiney
AUATNNITRNATIHAITINAZABULLLAILGN (classical solvent extraction) uaaendlsiaulu

=2 A @ ' a & = a ' v A= &
msansREwn g Tl nzisenasdszneviunednudazaniduasddsznay

0w v o & = Jh 2 A ad o A \ g
2835711917 16 aenuluns@nunfdsdanuanlanazassiTmsanaa iR esuIsEIng
SWAUMTIATIERMEnadia isocratic HPLC iNaanansasi lddamneiniansdsznau®
wadnuaaza b lagdtnsanatiesunsaiun ltlumsansiifenlsiunuaatduairia

& A A av 4. P o & e o A (% A

azang nediitasananuwitsnrvanfenltiunmueaiduarrinazaenldlumsanansa¥l
waAnUazLNNN-la s uaaanala81931919 [40-42]  uananh  LaWansaniiedn
o a £ ) & A \ &
fuldninigady (K, ) vesninsaluednuazununn-laliauaasznitaruveiun
waanuidna wudddreglugrnninzaudmiumatenliitmssiassdinisng
ANALNEILNEIL TIA1ET2WI140.67-3.65 [28] AIUFAILUANTIN 10.5 NMIANIN
asdunuirhrinmenuide g dsumenuduedludiefosas 10.13-13.79  uaz

o v a a dq’ 1 1 v :/ a v a 6
mnidnddinuanasueglutisiossz 0.80  (laoininuis) nuan1sianzi
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U awunuNi-1a 31 uaad 183N IaN LN EIUNIEIBIINAUNITILATIER A UL N AT
isocratic HPLC-UV detection 'lal¥inAu 5.28 + 0.02 Fadn3u/31110 1 AN ((nknuis) &
alnatfssnumsmdsunmunuan-lalsouaalasld Soxhlet extraction (5.07 + 0.05
a A s o U g J ai azagl/ 3 e Aa o ai 1 [ 3; =1
aANTV/ATN0 1 A3N) DINANNITNARDIN LIHRAANSBINLINUIFENEUNN [28] AINUIS
sanInasdldiiinssnaissudmiamansnih luldiensdusnansdsznaufisdn
NITIMWIBA8871231717 16 1397 10.4 LaestTanmwnIaNwaRNLaazAILAZLNNN-

=)

lalsmuaafiania ldanhdmenuieie g uazniniidn Nansdnldannnenuisy

a

NN [43-45]  Uunmuwnsalw agammumumiavhemua aluitaen yﬁuﬁf"mmanma

S

105 (KDML 105) &ag 20.33 lulasnTu/nsy wae 5.39 TadNTU/NTY AINE1AL Bananih
L% a 6 = a nﬂ. £ 1 a a a a
HIRNNNTDIATIEANIANUEANDU Y L NIAWIT-QUNIN nIauANWIEN nsalasuan
U = a v 1 a é 1 d'a 2 1 a? v A s Aa v
Al T@wﬂimmuaunmnmLWagaﬂ FIAMNILATIEA LSRRI INALAINUITUI LU D
Butsat & Siriamornpun (2010) WANAILANGAIIIINNTANENVEY Laokuldilok WRTATHY
(2011) W8 Harukaze WLazAtue (1999) Lﬁaoﬁnﬂﬁmmmeemmaamﬂﬁuf %aNAINN
WU TNIIRNALNEILNEIRENNIDLTILATIZR M TU Tz nau s T luwaa819n1N31912
ledae I@]Uwudﬂumﬂ%ﬁnﬁLmum-Ia%muamﬂuaaﬁﬂsxnauagli 0.48 NRANIN/NTY
Y ' o ' o A a o @ E X A
Fakaaninluaa81931917 (3.53-7.98 FaanIu/nTy) nidtiitasnnuanan-lalsoueaay
ananaaanlUwiauiunszuiunanainduainidng dunsaluedndrs 9 G99
s ] o v v 1 L = a dl & 6 Qs
U130 NL IArat19NINTe BRI w lasnsalwaanniiuaddlsznaunanln
o v v 1 ) a =) ‘é 1 a
nniaa laun naWa3an NIANIM-QNNIN UaznIaLANHIEN maﬁagluﬂsmm 6.17,
31.17 and 1.89 lulasniw/niu eus1aU InNHaMIAnEt wuinseluwednaiulng
Y A \ o @ A . o ~ a , o \ o ¥ o
mmmaaaglummmn manmﬂmmwﬂuaaﬂvlugﬂaﬂ@aaﬂ"l,ﬂﬁlumamsan@muu
o ¥ @ < & = P’ & A o & o & A =
NN U NIBLNTIZNTAN WA RNLTWRIINAAUTIIIWANT AITLENLTTILT
o o A a & = ' o @ =< X3 v & . o v
drvinazanan i3 lususnanaaan bl anuan1s@n BT lR R RIININIIT17
L I 1 = a dl o Qs é o a e 1 o v 6 v
pinuduwunssvasnsalnednnaan Jssaayasnanauniin sl loiaw
A9 LT% A1UOIRNT LAIBIFIDNNA LAHNRANALFINDIAT LA H @13190 10.5 LEAS
M1 Ky, U89NTARBaRNLARZAILAZLNNNN-18 b TUEaTEHINITUVBILNNIUEALAZITNT
aownni 30 AIFNLTRLT & ﬁﬂ"]aglwﬁw 2.18-3.65 RMIUNTANKAAN WAL 0.67 FIWIU
WANAN-La S TUeR §IUAT K, UaINTaNUaRNLARZAILAZLNNNI-18 TR TZRINITY
°11aaL&lmuaaLtazﬂnﬂﬁﬁﬁwaﬁqmwgﬁ 30 DIFLTRLTYR ﬁ@ha%islmi’m 2.83-3.51
RIUNTARUEAN WAz 0.76 EWITLLNNN-La L3 m1aa MNHANIANENRWLINAN K, V89
813031918 AINITN T AN ULANANAWLANTDY U1AZNIINNNAVDIBIALTENa LD

dnukazUSInmanusuluaagng [28]
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WUINAIANTILAT Ky 28981 3RIN TN MV m a1 US 0 sa2 2 98 SRR T beY
v a g 1 o g g: é 1 v =) o v
MUITNIFNALNEILNIEIN Lasrinnsanatfesntaae S9azsialinisienziiila
. & - 9 - 4 A
NOWaTTIATIIN Nan1snaaasnanmn leuaadbiluansnen 10.6 war10.7 GFIwuInden
mmLmﬂ@mﬁvl,ﬁmﬂmﬁme:ﬁgaqmﬁaﬁaﬂa: +3.93 1Y% wananh wudngunIn
ﬁﬁmmﬁmam’] K, 313383 aniandssfnSawuadnisana la aauaadliuansng
A A o o A & a | A x aad
7110.8 SgW1TaM e lasanalReInTIALIM NIV K, 189813 Saduishszain

= d' =1 > o A:l' o > > 1 £
a3 aNallumsanuraIvinazatsnmanzaN IR IURNa&136 0 1 16
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?1319% 10.4 The amount of phenolic acids and y-oryzanol in different rice bran varieties and defatted rice bran using partial extraction method with

isocratic HPLC-UV detection.

Sample Content (ug/g) y-Oryzanol
Ferulic p-Coumaric  Syringic Chlorogenic  Caffeic acid (mg/g)
acid acid acid acid
Rice Bran Hom Nin 5.05+0.16 36.87+0.97 trace trace trace 7.35+0.25
Prachin Buri 7 7.77+027 246+0.14 509+0.12 8.05+0.36 trace 3.53+£0.02
Khao Dawk Mali 105 20.33 +0.61 15.14+0.88 trace 1.27 +0.03 trace 5.39+0.10
RD S 16.72+0.15 10.93 +£0.28 trace trace 3.15+£096  7.98+0.04
Laokuldilok et al., 2011* 52.3 15.7 - - - 3.68
Butsat & Siriamornporn, 2010 ° 20.70-33.45  5.0-13.0 trace trace trace 3.43-5.18
Harukaze et al., 1999 ¢ 2.51-29.20 0.10-10.80 - - - -
Defatted Surin Bran Oil Co., Ltd. 6.84+046 31.17+0.70 trace trace 1.89 +0.03 0.48 +£0.001
rice bran Renuka Devi & Arumughan, 2007 233 +2 - - - - 0.32 +0.004

® Rice bran of California long grain rice
° Rice bran of Khao Dawk Mali 105

° Rice bran of 21 Japonica cultivars
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13199 10.5 Adsorption coefficient (K;) of phenolic acids and y-oryzanol in rice bran and defatted rice bran using partial extraction method with

isocratic HPLC-UV detection.

Sample K, value
Ferulic acid p-Coumaric Syringic acid Chlorogenic Caffeic acid Y-Oryzanol
acid acid
Rice bran 3.65 2.89 2.59 2.18 2.24 0.67
Defatted rice bran 3.51 2.83 - - 2.54 0.76
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A19191 10.6 Comparison the amount of Y-oryzanol in various rice bran samples by

using partial extraction and single extraction.

Sample Content (mg/g) % Deviation
Partial Single
extraction extraction *
Rice bran Hom Nin 3.68 £ 0.12 3.75 £ 0.04 1.90
Prachin Buri 7 3.53 £ 0.02 3.62 + 0.01 2.55
Khao Dawk Mali 105 539+ 0.10 5.25 + 0.05 -2.60
RD 5 7.98 £ 0.04 7.9940.03 0.13
Defatted Surin Bran Qil Co., Ltd  0.489 £ 0.001 0.493+0.007 0.82
rice bran

* The content was calculated from the Kj value by using Eq. (1).

Data represented mean + standard deviation (n = 3).
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A19191 10.7 Comparison the amount of phenolic acids in various rice bran samples by using partial extraction and single extraction.

Phenolic Sample Content (ug/g) % Deviation
acid Partial extraction Single extraction *
Ferulic acid Rice bran Hom Nin 5.05+0.16 4.93+0.16 -2.38
Prachin Buri 7 7.77 +£0.27 8.02 +0.62 3.22
Khao Dawk Mali 105 20.33 +0.61 20.36 +0.69 0.15
RD S 16.72 +0.15 17.08 +0.07 2.15
Defatted rice bran  Surin Bran Oil Co., Ltd 6.84 +0.46 6.69 +0.40 -2.19
p-Coumaric Rice bran Hom Nin 36.87 +0.97 36.11 +0.91 -2.06
acid Prachin Buri 7 246+0.14 243 +0.05 -1.23
Khao Dawk Mali 105 15.14 +0.88 14.72 + 0.66 -2.77
RD 5 10.93 +0.28 11.36 £ 0.26 3.93
Defatted rice bran  Surin Bran Oil Co., Ltd 31.17 +£0.70 30.93 +1.17 -0.77
Syringic acid Rice bran Prachin Buri 7 5.09+0.12 491+0.16 -2.78
Chlorogenic acid  Rice bran Prachin Buri 7 8.05+0.36 7.79+0.22 -3.31
Khao Dawk Mali 105 1.27+0.03 1.24 +0.03 -2.21
Caffeic acid Rice bran RD5 3.15+0.96 3.24+0.61 2.99
Defatted rice bran ~ Surin Bran Oil Co., Ltd 1.98 +0.03 2.00+0.22 1.01

* The content was calculated from the K, value by using Eq. (1).

Data represented mean + standard deviation (n = 3).
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13199 10.8 Extractability of phenolic acids and Y-oryzanol from rice bran (Prachin Buri

7 variety) and defatted rice bran by using single extraction.

Phenolic Sample 4 mi 8 ml
compounds Amount Extractability* Amount Extractability*
(%) (%)

Phenolic acids (Hg/g) (ng/g)

Ferulic acid RB 7.23+0.13 96.27 7.76+0.60 100.00
DRB 6.24+0.25 99.98 6.47+0.38 100.13

p-Coumaric RB 2.16+0.21 96.63 2.25+0.13 96.35

acid DRB 28.08+0.14 98.81 29.65+1.12 100.09

Syringic acid RB 4.55+0.06 101.61 4.69+0.16 100.27
DRB - - - -

Chlorogenic RB 6.86+0.03 98.22 7.42+0.16 100.74

acid DRB - - - -

Caffeic acid RB - - - -

DRB 1.90+0.07 104.15 1.97+0.14 103.26
Y-Oryzanol (mglg) (mglg)

RB 2.66+0.58 101.05 3.01+0.07 98.61

DRB 0.370+0.003 99.77 0.423+0.006 100

* The extractability (%) was calculated from equation as (E; x 100)/ E,; E1 was

extractable value of single extraction and E, was extractable value of PE.

11. aﬁqﬂwamsnﬂaaa
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'3Lmﬁzﬁmﬂ‘%mmﬂmﬂuaﬁﬂLLa:mem-Ia"liémuaalu%ﬁnmyﬁuf@i’m6] 4 a’mﬁuf
wazmnirtnlaslsismastaissussineis nsafuadnfisunsndenzAilad 5 1fie
Ao nIaLWazan NIANIT-ANIIN N39ARBL33AN NIALANLNEN WazNIA bTAUIN WAz
aasnmenaNUsEANTNIIUL I8N (partition coefficient, K,) 789n3aNUARNTEWINIG7
‘V‘hazmmaﬁaa:&mmmzﬁmaﬂL’i‘jaﬁqmﬁgﬁ 30 BIALTALTE %aﬁﬁwag’lmw 0.46-
0.91 LLazmz‘{fwﬂsz'ﬁﬂ%{ﬂﬁg@%’u (adsorption  coefficient, K;) 189nIaiwadnng 5 wiia
LLa:u,ﬂwmla"l;ismuaas:%dwéhﬁfla::mslmeuaaLLazﬁaaﬂﬁa%Wﬁqmﬂgﬁ 30 @9
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