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ABSTRACT

This experiment aimed to isolate and characterize protein from organic rice bran by using
differnt organic extraction processes: sonication, critical ~water extraction, colloid milk-
homogenization, and enzymatic-assisted extraction (phytase-xylanase) compared with alkaline
extraction (AKE: pH 9.5 at 50C for 60 min), as well as the combination extraction techniques;
microwave-assisted extraction with homogenization, and the ultrasonic-assisted extration with colloid
milled. Extraction efficiency physical properties, and chemical properties of rice bran protein isolate
(RBPI) were determined. The highest recovery of RBPI was obtained by using AKE with 20.92%
followed with MAE-H (11.689%) and UAE-C (5.389%), respectively. Protein yield of RBPI ranged
in 35.10 to 77.24% with the purity of 3.52 to 7.36-fold, compared to protein existed in original rice
bran. The chemical compositions showed that MAE-H provided high protein content (93.86%) of
RBPI comparable to the conventional AKE method (93.12%). The main protein components of RBPI
showed molecular weight of 15-84 kDa indicated by SDS-PAGE. Lysine and histidine are the major
amino acids in RBPI. The highest total phenolic content was found in RPBI using AKE (15.89
mg/g), while MAE-H gave the highest content antioxidant activities. Nitrogen solubility index of
RBPI were 57.84 to 73.12%, while in original rice bran was 18.04%. Water-holding and oil
absorption capacity ranged 1.72 to 2.69 g/g, and 1.85 to 3.75 g/g, respectively. The highest
foaming capacity was found in RBPI using UAE-C, while the lowest was observed in RBPI using

MAE-H.

Keywords: extraction, organic rice bran, antioxidant, functional properties, protein isolate
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e 10.1 NSTUIUMSMINMEMN @Y NISE MIAULE NTAUNU

3
=

e 10.2 ASEUIUASTNEIMW WU Msusn msaae wasaslildasdunidnldunainms

MW IANTY

e 10.3 MSAIBNMIAINULAR MIBULIIEIE ANNSDU AITNBA MSNIY MSAED LAz M3
JUATU
10.4 MIafa @wwzemh wmuas 1 ﬁﬁumai‘q Tulasau msusulasanlad

10.5 Maanasnay

10.6 MSNIa
10.7 MSNau

11. liauanaliiimsiamsingdu damnanansusaues sawszuululasnd wasnsTE5adi
mliiamsuanaiveslasau
12. vwlansuazinaiiade o tipsawsaudmeaImszasndniasl Tgadsluiiiomn
=
nszuIumMswlssUuasmsiuinm
13. ayanalWl#iEmsnsesiilivhuisemmaaiifudwdadont wie fuahlilasiais

]
as =l

P < < i L 1 o C) ) = v ar
Tuwnawdsull waziasaadianldlumsnsesdaslivnnuasiuaasd wialagiiuansznuasn)

3

HARAMY (ANATIIULNYATEUNTE 2012)

NSLUIUNITFLN

ASNNIST1T NSENSINLNEASLazansaiaavlszndlnalasisnuaaiunmsainisudauas

w ' - & ad o ¥ e I Vo a &
msaaaizaslaniTluil w.a. 2555 MmlaniiNuiitnzlgningads 98s.63 Muls lanandaiy
FaenuazinasUsanm 470.2 WAL 700.7 a1ueu mMNEIGU nalinszuIumsaadindaan

TogvnlUasvinlilanaafasitnasuseanmudanas 70-68 wNausaaas 20-24 wLaz12598as 8 -
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a2 o " 1 4y ar 1 e VY o 3 v s - &
10 ‘l.Nﬂ'VIJJ’IEIﬂ')’]N'J’lﬂl‘l.‘lﬁ')ﬁﬂﬂ\"xﬂa'l'ﬁwu‘i't‘ﬂ'nLﬂﬂ?.mﬂ‘iﬂm'}ﬂi 38-47 aUAU ‘ﬁﬁiﬂﬂﬂllﬂﬂiﬁﬂiuﬂ'l‘iﬁ

Iaziizuaaundn 9 uaeaasun 2.1

drqulfan

h
Az | N e ;
T

“iwnzilfian
T

LEEINNAL ':> anau

b Epaum

v
e
a
i3]
b
g
L
e
=3
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3
-3
w3

31_!‘?: 2.1 FUNDUNTZUIUMSHI

an http:/ /www.foodnetworksolution.com/wiki/word/3644 /M3 #2771 -rice-milling

' < v v & v A ™~ ar "y v
agalsimuannszuumasdinivenanaslawdainnidunandananniissas 69.5 uad

P o =t o 91:5 = .3 ] o ¥ ] < 9 v L
(5Ui 2.2) dndlndanawasslaninezulussninnszuiunsddn loun wdaninsesas 20 aynam

4w & e Ve = v v & < & oo o
wazidisinwdaniaiGanit 518 Sndszinafesas 10.5 aasinmunde T luwdednazifioniu
wsguarasaIms Nddaasemesiunt 20 s udinigenlldmoqunasssamsing
Wil adaviumstadudvas fa Sdandnviafirnithudsnd ‘unau” sanlasfidaiiaynin
& w & v o P e v v 4w -1 = ' = ¢
wazidaduwdainiiinGoni “51 ad sayninuanteinwdainiifadguaemsiiiselond

WINdnaE
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arusznouvreann
..
4 o nldond 200

0 e aygnin 2.5%

1910

R | -
“afeinida 8%

% N, &% .
¥ “IHARY T 69.5%

ss' ] [~ v
gﬂfn 2.2 dHulsznauaaNann

A http://www.mfu.ac.th/school/agro2012 /events /298

o v [] v a s o W &) 3 as 9 1
asawd (2556) lawinguudadaniinlnedu 4 nguwdnldun

1.

HARAMEINAWEAT  Buaninndas wiadnas %w'isagqmuusﬁnm ERINT
gyanme himndas vieimasnuilssudnsy duinfschidagy fein 7 wil
Tnuaums 5 Wil wazindisagd da dnussansedes visussadaiiiasaum uas
uddEanude udu

wansnernulezn difuamsdu Wy Moo sy Funid BT wu aus
JUNTAU BNV 13U auNie wasauay Dudy

wanAninAa W Fvann g anln widem uanhdusney udy
wansasnuanaaslduasdn Wy hividnhiuhin wenhdueshiane
Tasupanud U idudunarasndasasiamsan aduuvdaduleemsladn

= 1 o -1 e G ] 1
nnanavanesiia duunauvihluvidawaadudulvg

naanananslanlaannssuiumsnaanvesmdsznaulies wWianinidesa: 60 51217

v v | 4 o v o v & e
LLaHEﬂ?ﬂ’Jiaﬂax 35 wazdluau aﬂﬂ‘itnﬂm‘saﬂa: b (E‘Lh"l 2.3) ﬂjjﬂzgﬂLﬂULﬂﬂjiugﬂﬂaq

inuldan wasnfitngnildudiud guasuusnzasnssurumsdimadsmsionlianinaanis

Y e v - ow v o ¥ & & v [ [ <@ v
ﬂﬂjﬂlﬂaaﬂN’lﬂa ARG EA Wﬂﬂ%’lﬂuu"éuuaﬂﬂaﬁtua(ﬂm’nﬂaaﬁ%gmmaE]ﬂ Ll.azlﬂ’z]aﬂu‘ltﬂu?ﬂ’l'il’l’l

Fuignieasn W ludusauiifasin luudastiGinusiinilddeysznm 60 G 68 Suwansn

g Faannsarh WlEduamsded visomsdmiuau vienauiuzeudy (Ryan, 2011)
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AN : hitp://www.xn22c9basalz0egeb9vhgbf.com/

unau (Rice Husk)

51912 (Rice Bran)

ASs———3N817 (Rice Germ)

o v . .
LH8R117 (Rice Grain)
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5191 genludalusiu ludu Imiuuazussia mepsdisznaumataiizasidniudasly

INTNT 2.4 aumnwashinduadivgilazesgunsalildlunisdedin Fadhemsludlaues

wWaanin ashimmnsaiainlhidluawnsld lusimieuluilacaaggdaduammananiivili$iing

) 4 Y ow = LU a i & 2 o
wasihifusrindanauan lashivsznmodunsalaiudassiundzaiaa lasmluaiiizms

e MFlumsudladamil wu msldenadau msdivliluiaamgiish msldmaai mseauqu

AN NTUTNANSlUg AR USIINN wazmsaIILazaEn AN UNSaNAY LWENAZEUEINITYINIUYDY

wulmilons nnenmAdswuh TuhimiSesazuadusdudayiiu wazlnaydu ganilsduaile

aun Tsdulusrinngnanesanmnanhinilithumsadalaiuiiussnuiaes: 19.4 69 76.1

wazluhdniadalasuudiivszanmiona: 17.5 B9 85.0 Srnazgnihludssandldnuaimsiu

uanSaeizunds amsnSuiiy s ensednlusiu daunauusuiiowazldnsan uasiaTeaw

Wueu (Prakash (8% Ramaswamy, 1996)

P59 2.4 a9AUsENBUNNLATIYBYIZM (% dry basis)

$1Em ; Tseu  ltu un mnle mslulansa
ladwdy’ 12.0 18 Y /1243 14.4 25.4
Tosugin’ 14.1 20.9 12.8 8.4 43.5
Tysfudinanndniia® 11.4 21.2  21.3 8.4 32.3
afehuean’ 12.8 7.0 8.9 8.2 58.2
anahsiuaan’ 18.3 5.4 112 8.6 31.6
afmihiiuaan® 18.2 1.6 15.3 10.5 54.3
aiminiuaanng i’ 16.0 0.5  25.7 14.5 43.4
afieiiuaan Ti-sauthuazunss 182 1.6 14.8 5.5 58.9
(80 mesh)”

M3 : " Connor (1976) " Prakash (1991) ° Youssef (1974)
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Tuseusiam

Tusrimillusiiundnadéaiu 4 siageiuunmuanuansolumsazas ldun Sayiiu
(3esa: 35) Tnaydu (3asar 15-26) ngwdu (Fazas 11-27) lsaiiu (3auas 4) Toa Tusdu
aayiiu Tnayau Tusandiy uaznguadu araranalaluth ssazmoinie sazaausanadad uaz
a5azanee aruaeu msanalusau wu msanalasldars msldeulallumsane n1sld

NSELIUMSNTNMEMN Lazmsanaaletndnge luudazisidaduardanasnuanamany (Fabian
waz Ju, 2011)

15191 2.5 USinaldsdunngmuazaiuan 9

FIUAN 7 289N WSanaTUsdiu (g Nx5.95)
Rough rice 5.6-7.7
Brown rice 7.1-8.3
Milled rice 6.3-7.1
Rice bran 11.3-14.9
Rice hull 2.0-2.8

#137: Shih (2003)

Vmnalusdulusiimazuandniudisinashunszunumsdluudaztunau uaaaaan s
2.5 Tagwuhludupeshimaziviinalustugegaiianisudisuiudiuau 9 Aldnnnszuiums
#7 wennntuwui nsaeziilugiiangmilaiiusinageige Wawssuiiisuiunsaaziiluzile

waalhfin a53tiu Sr1%u nau wazlau mudrau (Shih, 2003) (GN3NN 2.6)

A5 199 2.6 nseasiluannlusaulusizng

nsnaziily namazilu/luseu
Houston LL@sAMT Juliano, Wang lasaae Tang LLasAMES

1969 1985 1999 2003
Lysine 4.81 5.5 4.7 5.4
Histidine 2.71 3.0 2.9 3.3
Arginine 8.28 9.0 8.9 10.2
Aspatic acid 9.09 10.5 8.0 11.2
Threonine 3.78 4.4 3.7 8.7

Serine 4.68 5:3 4.1 4.5
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M5 2.6 nsaazdilumnlusaulusrzn (qa)

nInazily nanazilu/luseu
Houston LLas@Me Juliano, Wang lazas Tang UasAME

1969 1985 1999 2003
Glutamic acid 13.58 15.3 12.5 18.1
Proline 4.23 - = -
Glycine 5.47 6.1 5.4 6.2
Alanine 6.15 6.8 6.1 7.3
Cystine 2.32 2.6 1.6 =
Valine 6.00 5.7 6.3 7.0
Methionine 2.32 2.0 2.2 -
Isoleucine 3.94 3.0 3.9 4.5
Leucine 6.91 8.0 7.4 8.0
Tyrosine 3.13 3.7 3.3 3.7
Phenylalanine 4.43 5.1 4.6 5.1
Tryptophan = 0.7 L2 =

37 : (Fabian Uaz Ju 2011)

mMsanaldsiuiizng
msanalasldiaulyd

msanagaeulivsdglallsaulidasdudatuannsdany g (mslsmaail) i
lAaasie ulnimneiilFlumaTehmhiisumunianmatsndusasdasriliuTinm
Tusduildanuiiadu iemnTusdugnianldasaaninaniinmniu euludilFlumidde wu
Toanwud waslwios Hudu nnsAnwaes Wang wasane (1999) wuihmsldeulyilyzaiua
w3a TuwauiivssnladuihiuasliEmalstuiganihmsildeulaimsosiniy adulsioms
msilFoulaidsilasminhiilusfusdenuuigritesnimslioulsinae uanam
wilmmeaasddananiegy wuhdimslieulsiriade g lumsanallsduansrinuazli
%’aﬁamawamﬁmﬁqw&mﬁmﬁ’u LBU Flavoenzyme, Alcalase, Viscozyme, Carbohydrase Wudu

NNMSANYIVBY Tang Uazauz (2002) SufimsuFaudsulsinaadusiuiiadaldlos
msldiaulaiorluaauazlusfied MATIMIManway q (asi 2.7) nuhmsldeulaiazluag
Tums afelustuanirmiuiiusinalusauiiafalduhiuiase: 37.3 FeiiuSinaiannniizaud

AW
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AP 2.7 msanaldsauhimeeataulyd

tau Ll HAWAR (%)  ANNUSENS (%) BN
Flavoenzyme 88 30 Hamada, 2000
Alcalase 81 28 Hamada, 2000
Xylanase 82 54 Wang wazaz, 1999
Phytase 80 57 Wang azntus, 1999
Amylase 37 - Tang wazAus, 2002
Protease 48 - Tang lazAe, 2002
Xylanase+Phytase 75 92 Wang Lasatle, 1999
Carbohydrase 53 4 Ansharullah tas@de, 1997
MSANAAILNISHaN

Wsaulusimansaanaaaninldagiahamadianszuiumsanalaglaamauazaiues
msanaznauiisnyalaledianniazelusdu (Comor uazAmE 1976) Falaamllazanade
Tmﬁaulgmaﬂlwﬁﬁﬁammé’qﬁqmwgﬁ 24 AIFEAREE AINAIBNITUEN LB IMTANANAIBNTA
wazamudau uaz ldnandnasmnidulusaududuiivsinalusivluiniesa: 33 & 38 Tag
v1in Prakash W@ Ramanatham (1994) senuhmaldanniemsatanmnzaisrduanudy
ASAENNRY 11.0 waz muenansuandsnsafissduanulunsadianmiiu 4.0 USinalusiy
dduilgannindlilanlinsddieuiuninih e (stabilized) donsatuaglugime
fagar 71 &1 73 lumeessiuinalusaududuanniniiliaheaneday wassiininiud
UsinalusiusnhlasiiUSinmegisasa: 39.5 uaz 54.5 muddu mahl#aaddhsanuiauiu
Tiiteeusinlianusmnsalumsasallsduluhintuunwsasuddaaoundasesdissnaunes
nsaaziilu uazsluuvzaslsduuumadinalnsliisddanais Taamluuarluaninzdreasd
Uszanamwlumsazaness uazaansaanalusiusannanhidiald udmsadadedniiyades
dufy nandeiignzanudussgisnsmhlugmanansuw s aadysiuilidui
Faenslagesnluiems cross— link wazn3Gasaluidazdinaliiomsnadasmstsznauil
Wuie wu sedluszaniiu ns@saniweaduana wazmilaanEansiaTulanAs Faranaud

Fanhiinlgnuaims wazquaimeamszalusiu

Faraadaasiilssansmwlumssalimsasalusavludiatnazainty Taglisesas
ypananamNniianas 97 Fdulugazaglusiusngedu lasaansaaialdlasld Tndanlaas-
anlae vsalnunadoulansanlodanuduiy 0.1 usduea adnlsiaulumajud msldasly
msarauiliinidiulidesazinslflunssuiumsudalusiu udanhlldlumsmdalsduly

wihzaanNNTZUIUMSH AR
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msanalaglefismemenw

TogmluwadamsmamwazhadamsdFuudwazmslivsslamilugaamunssulanani
warsansanlisewdamlingldnnniagmsiu amememamwinazniuiidaimsinnniy
FEmsifldansiail vieamsilieulmilunssumswaaaims s lidemsuasuu/ady
pmsiesnh wazanuinadasgamwitesnit nssuaumsmamemwazihligaduanuazdas
Tusuaanin Fufumalianuansalumsatauiisgu amsmemanwitwutasiignlilumsaria
Tsduiusinluae mslfadesun manlidhuaiaidasu wissmaenudige wiswduguas
azaNy MIEANNAUE msduazifaudaaduanud Wudu (Fabian was Ju, 2011) USinaesas

NAKANYDIIUSAUSITNIT LA NTZUIUMSEN MBS BN WULEAIAIITINN 2.8

M15199 2.8 AFanalusausiznianeIsmemanw

emeaW HanAn (%) an9de
WAL (16 7.)-azang ' 12 Tang WazAME, 2002
msduaziaudoaduand 13 Tang wazAe, 2002
mstudhsamnuige 12 Tang WazAy, 2002
msldanuaugs 11 Tang WazAME, 2002
msauUnd (1 #u.) 14 Anderson Wtz Guraya, 2001
nmsue 15 Anderson W8z Guraya, 2001
msua+n i adioni 16 Anderson Wa¢ Guraya, 2001

dhagismsanaldsauansiznaemedsmsnememwlawn

1. lHn3asuanaaassduazlaludlugas
INUANAABIYY Anderson Uz Guraya (2001) WU IHATBIUAADAARLATINAUNIS
ynlfluiadndudeniodlaludlumeiuuldusmalsiugeiign (Seeas 40 f 67 Tuzpaudiah

wdeag uazdazar 3 v 38 luzaunal) WamisuiISMemenIwou 9

2. msafiagnehadnge

msatadehadngidlumeieiiuinsdafuneday ﬁﬁnﬁﬂﬁzqﬂﬂ%ﬁwmﬂwma LU
msafa mstdauasansdunid iivingaiudaiiouiigauunilugieszuineg 100 §a 180 aven
waged ma’l,(?immﬁuﬁtﬁmwatﬁamamw‘lﬁagﬂugﬂﬂammmm (Pourali LLaz@z, 2009) Wiail
mslfihadngalumsataamsdsznaudi qluhinwunldusnallsiudauiegs ninmsdnm
2849 Watchararuji Wazame (2008) Tenenuddmnalusiuiianaldnnizmsiuhiuiesas 84 a1n
wamiﬁﬂmﬁawfhg]mﬁauiﬁ%‘mimﬁﬁvﬁﬁﬂqmLﬂuiﬁmi*ﬁﬁu,miﬁuﬂisaumwmiu‘%agwmﬁqm
Khuwijitjaru uazamez (2007) wu:hijaﬂlﬁfwﬁﬁnqsﬂ,umsﬁnmauﬁ'ﬁwaaTﬂsﬁu‘iwﬁnﬁaﬁ'ﬂlﬁﬁaﬂ

iAdngenuiivsnalustuminiulszinadesas 96 via 136.6 daansulusdiu da nudn an
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ASANEIABY Wiboonsirikul uazAns (2008) Was Sereewatthanawut LazAny (2008) WUINHBENA
Tusduansrimlasmslainiinge azlduSnalusivesnununnniiiagar 100 29813:iA0

msilagrasasusznaviisuniluszninmsiwnzilsiu

3. msanadIemMIsuEziaudanfuaNNE

msdudstiaudisaiumusanliwivaenraduan uazitarawuszeasluiana
ilaunnnuanssnurasgumniigs uazaaudaananiy inlAAamsuaniasasmmaiiiiaiu
mﬂii'amwns'{ﬁmiﬁgnh"aﬁaﬁm‘lummﬁ’ﬂiﬂsﬁu NNNUIIB2BY Tang wazAnez (2002) WU

Usunaldsaunanalaianmnuiagas 15

4. MsuanaIENaNIEIaNISUaNTU

msusnlusauvsaaulaimaszuumsuena wiaSendnadnuiivihdumsanasaavm
v, % % 2, . =) v U = a v
A8u29L%a7 (liquid-liquid extraction) amLﬂuﬂumaua‘mtymumauwuﬂumzmumswammqmu
maluladdimw wasdeanssuail wuinnlugamunssnllesed aesmnssuweil gasvnssu
213 WaT @AW MsanaraunaIsraunanlumsanamslesndaquaniinaaiizes
#sluszuuiiuanenady meilanseszuunfisnlddusumsusnasuuuidlaun ssuvasazaeni 2
"J’Qﬂ'm (Aqueous  two-phase  system: ATPS) wazssuudTazas 3 ’?gﬂ1ﬂ (Three-phase

partitioning: TPP)

Non-polay compounnds
i.e. lipids, phenolics

Upper phase H
(r-raranol) ¥
e !
Afiddle phase s c ¥
e
i1 Target enzyine g ¢ £
27 e i
¥ £
A i
: . Bowtom phase e, g ;
E - 4‘ : (NHyj2504 ¥ 3>, ': £33 £
| - ‘ | LS g ik {-
b 3 o b o’ "\.,,__‘__:_-; g i

Polar compounds i.e.
other protein, pigmenrs

U 2.4 MsugnFurInsHENmBTTUUATAEINANINMA

mMIugn@Imsszuazamhanigmasnsanszi lahauaziidsz@nsmwgedwiuuen
druene g 2aalusdiu @ weneuludnndiunaudu g asddsznaureasszuuasazad 3 1)Ma
azlsznauludmediudian 3 dulaun dunsnie arsazanalisdudiadanasimsuandalnaa:

naagluthviatwiwas dwdigeslaud wie selaemluinazldindauenluiisndama uazadiui
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ufamsarmeiunidaeitonldlduntinuea  wamnikauasdUsznauasuudiinedialivia
wihdeanuieh 1 Wanseduliiiamausnduiu nmdaenmsiiaulagazuenllaglugy
latuftuagiuaaendameduaiinasmsiu 4 Flesmliazusnaand 3 Fu (3Ut 2.4) Tdud
Fuyaainmusszwnuaasagisuuuge funandlasdilnganduaznauyaslisiu AT
Falndazflufunasansazmainia msﬁﬁﬂmﬁuﬁ'ﬁ“lum‘sa:mmfﬂéfﬁ%uazﬁ%’amﬂazag;"lu%y'uén
amaszu U winugams3lsd Wsfuasiuditiuasnauuduuaasaglugunany dmsumsiluen
Wagluguuy (fhmuea) ldudwin ssaiag lasiu wazdiudueulsl uazsidsnsluanaidn
ue

fmsnumsldssuuansazanmh 3 SgmadimIumsatausnleiuaniizhiu Taawuilu
Sosazuandaiigedeiosaz 98 ludradnmaasiasar s6 lusrin wasdasas 79 Tuiiiawda
NN (Gaur UBZADE 2007) Tuatusd Shah wazAE (2004) wuhilal#szuumsazanmi 3 el
madelsznaunghatinmusadasieawludadiu 1 6a 1 uazindauexludisniasas 30 lumsana
ihifunnudemjdaglifenasnasmaniogeieiasa: 97 athanizdnannldlumsadausn
dhiunndumdssnunliiasasuanandagadedasas s2 Tasldnmlumsafauu 1 $lu

(Sharma wazAE 2002)

dniadaminuaalusduszn

TusduuanainliamaInNINgI1 581915087 Tsudeiiquanddidaniil (Functional
Properties) ﬁﬁmmﬁwﬁhﬁia@mé’nﬁmxﬂmmms Wy § NauTd waziileduia Feaziinasamssaniuy
aeaduslne  aamuddiBavihitaasllsiu winsdsaaEaiamamammuuazmaaiilsduudn
pani luams seninmsaien wlssy WuSnwuazuslnadeasiinadanuninuazmsaaniues
GRIZRE) Tmﬂqmauﬂ’ﬁL%wﬁﬁ'i“ﬂaq‘lﬂiﬁuém"lmjasLﬁﬂ)ﬁﬂqﬁ’ﬂ@mauﬁ’ﬁFmwamfw wazanlaizauy
thoeslusi demnlusiuilnaauiaduwenilng Seiluisounh wazduii ligauthnsdasdu
gunsonaujisenuaiutssnaudie TuawmsﬁﬂﬁtﬁmﬂmauﬁﬁL’?Jwﬁ"nﬁ@hq 1 la uanaNiY
aaantiddamhiesTusfudvauegiuladedu 1 Wy nne 3U5 sadUssnauuazidumsGeves
nsaaziilu Uszasin nisasznszasdszy laseadn enudandunisanuasdizesluanads
FNINWLIARDY w%aﬂﬁﬁ%m%wﬁ'uaqﬁﬂixﬂauéu 1 Tua111s (hip://nqf.agro.ku.ac.th/UP/e-
courseware /supranee /food-protein/32.html)

NnMsinMsanallsiuannsinemedsnsaa g Wang uazane (1999) uaaa i
Tsdusinianiamsiieluiimieuturadliom uwdiisuiamsiuddadldidin Bsa i
vanilusiuimammnsaliiiudunslusdodosiiiniumaialiuldduadig

anuansalumsazane lulasiuzasTsduhinmargedn Gnand3esa: 75) 7 pH 9.0
89 10.5 wazshaa (Jawaz 15) i pH 4.5 &9 5.5 fiyafiwiland wamninalalzdaaniaza
Tus@usiim (pH 4.5) wuhazrilienummselumsazanslulas@uiiiaiy (Bera waz Mukhejee,

1989) UaANNLNNNUANIADY Tang wazamz (2003) wuanyase lumsazaszaslusiu
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Simichumahuiwuuuddanuiaiueniulszinaiage: 60-65 9 pH 10-12 Faazilani
snnnldsiushiimuiauuunuday
mmmmsa’lumi@ﬂﬁwwaqiﬂiﬁutﬂuanﬂ'ﬁﬁﬁﬁmashwfiq PNMIANHIYDI Chandi Uaz
Sogi (2007) wuiﬂﬂiﬁué’ﬁntﬁuﬁ”uﬁuﬁﬂ'wmi@m%umm%utﬁﬁu 3.87-5.60 nSuGansy luvae
Fmsinures Khan uazaae (2011) imfvamiduadldsiuannsdnnaiimuman e uas
Livhl¥ash wuhlusdunnhinilihumsnliasiimsgafuhgiige fe 3.8 fladansda

n5u ualilduaneenumatisaan

suwvuzaaldsiiuaranadia alaslvsda

NNM3ANYIZEY Anderson WAz Guraya (2001) wuinhwiinluanaseslusiuiiniuey
Tuz4 6.00-97.4 Alamacy n5lY size-exclusion HPLC °lu°z|m::ﬁ: Hamada (2000) ﬂﬁ%ﬁﬂﬁl’lwﬂ)ﬂ
Tuanazaslusduimiigndaadaulxilusiwdegludn 1-150 Alaaadu Gty Tus@aaiu
haziivszansmwannnluvhaasidnndusunmsanalusduannnihnmsldmaiiamsuasunums
ylsiEuiiaidiensu Zhang wazane (2012) lgfimsinmdnhuinluanasasdadiiithumsh
Tiaedr uazlmumavn i wuiuuudllsauaaidiatamagaatuuEaIfaNNLANEIIUINEN
Fiaute wuualusdurasiimitlirumaliasdidufioazni ludaialusdusidniiumsin
Tasiuinnaluanalvaiiigauiniu 97.4 Alaaady wuudlusiuanumnuivganhaasuwuud

ypalusduhiminmliasdignwuaglugn 31-66.2 Alamaau

muszane ldTustiusm

waliiaUsslamigegalunszuiumsulssiudanamansinuns mstiuyam liiuiag
uwdeTiadulunszuIUMIHEAUIDMSHAALUUMENANMS Zero waste LUNTINMARAFIUNTTY
wenenainnUszgndld hndenduiunsulssuinidiasmiasaduhinegludiinagadnh
$pwaz 10 dunuinidedldwenaudnnduaii oo aqavmiasenanluussyndldly
FULUUGAN 7 WEANM TN 2.9

= d =S L] 1] = o ¥ =i ¢ o [ a‘ & s s

nmeszinsaasilundadiuiuihlulusiuhininseaziludndunmiisuiuny
nseasziiluiidnds 2-5 27u dasniswudediu wau uwazlusdunimdondugy  Tsdusrgnd
dnsmwgslumsnazlfidusunanyaiaImse iy uaznianuildsuoms maanumduaimsn
wliiinamsuwiiesdunsnzansumah s umanzaiermamsn wazdmiuianiuwe1ms
Snmdaildnamwaaslusiudayiiviniidud@ian co® (Mawal uazany 1987) M lilusdusrim
sansahlllszgndlundadnsiidueyyadaszlasndie  wazimsnanuhllsiusidni
Aaantalumsaiumz3e (Kawamura W8t Muramoto, 1993) aaenunuizalug wazszuu
=l ‘55 ar 1 kY ei 3 £ (73 3 L4 d" = 3 vé
Frmwdu 1 Tadedadhumsldsuwdaniuldgnianniivluin Famsoianudulilanazs:as
msiiiuTarpaiiseanvsamaduzse (Fabian uaz Ju, 2011) uannnillusausramlalaslawadegn

TBwmilaunulusiu  lalaslawadu  gegnldlusUzesndadimiaiuoims SrundneaiaImsiEsy



23

uazsnysaluams edudioy tadasdan udadasitianisguadiiasuazgnnie uazluaiuia

Mmmsluaiasanuazinuall wandudagnldlugd ged 1insd wdadusiiadad uazasiiy

SEFIRBINISAN ] (Giese, 1994 Lay Weir, 1986)

. W o o W a w2
193199 2.9 mslElszleminniznalundanurian 9

HARAMTINGIZN msdszgne laam GRERNEE!
Wi Lﬂufwa‘i’uﬁ‘li’fﬁm%’uu%Tﬂﬂﬁﬁ@mnwwﬁLﬁawwﬂﬁ Friedman (2013)
ﬂataamasaa@‘i"n Rohman (2014)
Kaewboonnum g
Atz (2008)
RV ARIGETY #13 Gamma-oryzanol, Lecithin uazdeiud :nnmsHaun  Shih (2003)
R G LAV ARIGRT Y
drunanluamsiinaau Thimuuuasdaamnuaslumwsiing auiiveto iy Shih (2003)
nIeMIn amamelnzinms

ta3asdhaNuazATN 9

drusduluzunia

MSLEGYWYS DIMILEIN
TUs@u 1Apedn

&) ] = st r'd
WU IUHE NI RRAN A
& v

Wauazldnsen
1A32ANIIMBUNTE (LWAa
NAU wazIama)

WAANMIAUN UazdY ] LU

lahsansonau

dhiuiinduiunsulumsndaeiasdoaaseis
h§En wialatudn g dasnnluhiuhinusznaude
msﬁﬁqwéﬁmaqgaﬁas: 1Y Gamma-oryzanol Lazimiu
3 dehehgeihwssn Iienududy wasgzaaanuiindu
yasfiala

Tdnvuvazdaadludiunay
Tohamuuvazidsadludrunay
T#hanuuvazsdaat udiunay

Thrwuuandselumsudanininidunsgudinausa

Tesdviag lusiimddindszgndldlundasusilonie

Lerma-Garcia LLaz
Aoz (2009)
Friedman (2013)

Jiamyangyuen L@
Atz (2005)
Shih (2003)

Prakash (1996)

Faccin Was@s

(2009)

Nontasan LLAEATUS
(2012)

Gao LazAne
(2008)

Li uaz@me (2012)
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fmqﬁuuasmsmﬁ

fatIMvanNzadun3d 035 (Organic certified by ECOCERT SA F-32600) #it1ums

1
o oLt

liassudmnudem lulaed@a 10 leaiusnwaagehimduniditumsliasaiuarly
ailadnaszuuganmeaainiigumall -20 ssmwadssaunhiashinlddnmide wulmnilies
(P-1259) wazaulgsilzaiug (X-2753) nnudunadduiainsagiwaiading a1siaiingae

STz vnneunuavinaa st lulszmelng

asaneldsausizn

1s msaﬁ’mﬁmmsﬁ"uﬁmﬁauﬁuﬂﬂﬁumm?; (Ultrasonic assisted extraction)

HauI9 10 n3u Auihsennlaasu 100 faddas lufinned aulluna 5 wiise
Megnetic stirrer udanalifipamaiivaaiiunm 30 i théhunaullsumsduazdioudisadu
AaERZasar 20 2pandenuiildasaaninaniatasdudsiaudieniuanug (750 W) iy
nan 5 il thlumumdesit 20,000g duna 20 Wil nlwdudiiaamail -40 ssrmizaidad
Juna 6 Flug Lﬁagmmﬁ:uhﬁuaaﬂ (Sirikul LA=AALE, 2009) MNTULAZLAUIBITIVIBUND)
Thuidasliigmshuiuudidanuds dradeildussalugilnieidu wanduiigaumgi 4

avrwadsaiath luasiadie sz daniaaiuean

2. ﬂﬁiﬂﬁﬂﬁ?ﬂﬂ?ﬁﬁﬂﬂﬂ (Subcritical water extraction)

naNTTEuMsane leduudr 3 ¥y duihnau 150 Aaddas ladrunsuasluziaum
nsauvy Yachnany q hoauildluesesauilesinga (autoclave) Naungil 121 avegaidad
[ = o - = o ¥ ] Y o 1
Wuvanu 15 Wi ihldasaudiatmsazanalusduaannniidn ihdwlaludunyuuwia
20,000g (W 20 Wil hlududisigamail -40 ssmnwaded Wunm 6 1lue tiagatandiu
lasiuaan (Sirikul Wazany, 2009) NpNwhasazarslusuluhumlaglsizmsnuiiuuuug
donuds draeilaussalungilndendu uaztfufigamgil 4 ssmwadaiioiluasaiwney

duUAMUAN 9 (Hata wazaniz, 2008)

3. msanalealdiniosuanaasssasinnulaludluimas  (Colloid  mill  and

homogenization extraction)
Vv

HENITINEIUMIENa LR uud) 400 ASH AUINAY 3600 Hadaas (10% WMNNGD

A

Usies) medunauliuu 1 srlwenguugivesnsunaziliuadiaiaiasuanaaassd

o ' P o o 9 v & - v v - P ¢ o
ANLET 3000 saudaurdi tiuar 30w v lvduilawdennuasaieslaludlues v
ANNLE7 10000 sauAaWd Wunar 10 wif thasazanadldludumyumdasi 20,000g (du

vt 20 i i lwdudaiigamail 40 ssewaded Junm 6 il wiegarduluaiuaen
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. . & o =) o 9 = o o ] [~1
(Sirikul wazaqe, 2009) Nnvuthasazmelusduluviwislesldismanuiiwuuudidianuis

dadhailaussylugslwateiau wazsiiviinamail 4 ssmwadeaiailyanaienziauiaau

q u

@1 7 (Anderson wag Guraya, 2001)

4. msanalagldiaulysl (Enzymatic extraction)

HEuEn (10 p3u) Authusidanlesay (75 fiaddns) USu pH (u 5.0 t@uteulsd
TWma (4000 PU) waziaulydlaaiiud (2400 GXU) ﬂuﬁauwamﬁqquﬁ 55 aedgaldud
duna 2 Hluniteliaulnihoussuszimsiudamsaweseulmilesdiu pH du
10.0 greladanlaasanlad wisnninnhluduwde 18,000g Huna 30 wiit iluududed
amumndl -40 ssewaded Wuna 6 Flas iivagaandlasiusan (Sirikul uazaaz, 2009)
nntwhdneasssazanslusiulhuilesl#mehwiuuuudidanuis @edeildussyly
palwdanay LLa:Lﬁuﬁqmwgﬁ 4 ssrnwadsaitath ldasiaiessdantd@siudis 4 (Wang was

AUz, 1990)

5. MSENAMENISIEasaraIaa1e (Alkaline extraction)
wanintuihnauludediuheaann 1: 10 Ghmindadiunegs) Aaufiazusu pH
savdhunanlniiy 9.5 Gramsaramaladonlansanlad ndsniunsudseissniuwuuluniu
fiamu3a 500 seudawndl fgunndl 50 asewaFes Wuna 60 Wil shahusawlifumisd
ANu5158Y 4,000¢ Wunar 10 U ihansafalsduilaluanaznaudioszuuasazasii

SuIgmMea

6. MIANAAILIDHENNEIN (Combination technique)

wauhsntuihnauludadiuthdasidnn 1: 10 Ghwindauines) thauwauldada
wenlusaudenmsi@lulasan (800 Sad v 40 31D samfumslaluiludiianugy 1400
saudawdluna 10 wi nnhduranlddumissianudiseu 4,000g Wunar 10 ni
thinsafalusiuiildluanaznaudisssuumsavanathanuigna

PmlumsanagsmaduasiioudeaiuanuiHufueisansaaasdliannzaeilia
ARuANNETTEY 160 Fad Hunar 5 winsufiazih lWuadseiswanasassdiainu,
3000 saURBUTIUIY 30 Wi manhdusarlydumiseinnudiseu 4,000g Wuna 10

wi thasanaldsdunlaluanaznaumeszuuamsazarsinanigme

@
o ar

mMsanaznaullstunanalemiassuudisazalsinainigna

o &V

aneznaulUsfuainarsanahindunidarsssuvasazani 3 IgmMamuIsnisvas
Gaur WBEAME (2007) WENsaNalUsaufldanisnisanauuuan q naunihuduwanluiisy
Fada asluludadiudosaz 30 (hmindaUsuias) wazidnaisazaratimusaasld 30

fiadans (Fadudimusanadadie 1: 1) nanantuldesszuulitionsanasnauuanaueaiy
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§5msdiu 9 duoe 1 Hlasiigungives Aaufiazthansuaudananlunyuinised
anutEisau 2000¢ Wunan 10 it daliAamsuanduadiauysol wensuuuaiutuaeii
yuassandawamailile nntuwensuandudutussazmandadududisisnsideiu
n'amzmﬁamxnauiﬂiﬁuazﬂuwaa61mum‘%ﬂ’;ﬁ%’qLﬂu%v'uﬂmwaﬁzuuaﬁazmmf?mNi’gmﬂ

° o L o [~ 1 o va Y ¥ 1
i luvhumwuuuwdidanuienauazih lunagsvantiasiuan 9 aald

NSAIMIS D AZHANARLASIAHASNITNAUAY

AuiuiasaznisnavfuraslUsaudndunanalaainiSnisues Gu uaz  Glaz
(2007) Tasl#3avazvalimnalisiu (Aaanusnalulasiaunivue) Adwaldnniagdiu

Gugu datagazupstSinalysiuluaamellsauniuainhiznnanala

UsunalusauluaiageszniGuau

mM3itenevasalsznaunaadl
1. ANNFY AOAC (1995)
audatigamail 105 avmwaldsalung 16-18 Hlu ANUAANNTUIINEIUAN

2NWINABULAENAINITBUMIBTAS

AN (%) = (a-b)x100

c

Tag  a = thwindedunaumsauiuihmindeagiiiay (n3N)

b = thwtindagavasmssunuiwindlzagitien (nin)

1huinalegNnauMsau (N3)

C

2. 191 AOAC (1995)
ihdathelueniieldaiuaanaunue nhnhdeniaumgil 550 asmuadamiy

u

N 4 HHlN AuALHNNSILANIENNMINA A ULEEUEIM SNMEFAS

L (%) = (W,-W,)x100
w

1

Tag W, = hvtindag1awia (n3u)
w, = hwinaszda (n3w)
W, = iminasddainvasmsen (n3u)
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3. Tuséiu (Kjeldahl method) AOAC (2000)
ymsdasdiagnglamnlianuiaui 420 asmwadas Hune 45 wivaeinuuiily
ILASAINAY Lﬁamﬁnﬁutﬁ%aaugiﬁﬁammﬂ@lmeLﬁaﬂnmﬁwmmmﬂ%mmlu‘[mmuﬁ’wuﬂiu

Mothe naufazihaiginannlglumsinalsnallsiuluaiadie lag
Usinalusiiu (») = Usunalulasaunivue x s.95

4. lwaiu (Soxhlet extractor)
analyiuaneiageaieeias Soxhlet extractor MNIZNT AOAC (2000) Llaidsadu
ihllaviiguagil 105 asenwadod (Huna 2 Falue seaunssmdiagiuduas Nnunhing

win dwnafsinaludiumsgas

W

a8 1MUNAIBEILIN (NFN)

W, =1
w, = imitingas (nF)
w, = ihmtinagtan (A5N)

5. le#@ms (Crude fiber analyzer) AOAC (2000)

aneWloamsdee3ad Crude fiber analyzer Tagthdaagn w) Tddiasas waannu
ymsaRadense warae mudey hdaisllatauuuiu washllauilassiensiigumg
130 penwaded Wunm 2 l saliiduudfaimin (we) Lmﬁaazhaﬁ‘qquﬁ 525 93¢
wadsd Wunm 4 $le seliiuudrFaimin (W) wasdnauimnalsemsimegns

Winalaams (») = (w,-w,) x 100
W

1

Tog W, = ihwilnaagn (N3N)

W, = ihntinasgdanasau (n3y)

=
1l

ninagidadinuasnsen (n5w)
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6. mislulatase (MualaeaNNGN)

sanudsinaasmslulawmsaluaiaaelesmuanaaaduns
mslulaese (2) = 100 —aNNBU (%) -1 (%)- oy (%)-1uséu (%)

MILATIEHANURN AN

1. wadanlaslwisda
wanlusauludragiiudazifadsdnuiang SDS-PAGE laald 129 separating gel NU 4%
stacking gel Malagn12e reducing 1Az non-reducing d11SUFNIZ non-reducing Mlasudualngg
Tus@udsana 3 TulasnSunu non-reducing buffer 0.5 Hadans (Falsznaudhathunaannlasau
50.5 H@a9ang, Tris-HCl 0.5 M 12.6 daaans (pH 6.8), NALADIAA 10.5 Nadans, sodium dodecyl
sulfate (SDS) (WuFUIaaE 10 hwindaliines Usina 21.1 §adaas, uas Bromophenol blue 328

=4

a1 minaausings Usina 5.3 Had33as dM3UdNE reducing 1headlusiu (3 lulasniu)
HENAU non-reducing buffer (0.475 AAdAN5) WAz 2-mercaptoethanol (0.025 HARHAT) wé’qmﬂﬁgu
Temudaufianmgdl 95 avenwaded uam 40 wit weshliiduiigampiivias thansazans
Tuséu reducing 182 non-reducing (15 hﬂﬂ‘iam‘i) Tuanasludoszana ‘Luﬁﬂ’l‘izﬁ'fl electrode
buffer (pH 8.3) Fausznavlugre Sasay 0.3 thwiinaau3unasuay Tris-Base 3088t 1.44 1Wwin
fauTinasvaslnadu uaziosay 0.1 mtinaausuinsees 0.1 SDS lnar 41 wiilumsuané?
ate nasINEuMsuenderadiaalasTiisiaduge husiumadouddnis Coomassie Brilliant

Blue R-250 (Tang waznidz, 2003)

2. naasisznaviluadnranua
JaUsinmansussnaufuaannavualusodeildlag1¥a15azae Folin-Ciocalteu 61
38m 5284 Singleton wazAnz (1999) lasuanas Folin-Ciocalteu (200 lulasdas) nuasazany
srasnusazdasadnm (400 lulasans daduszuinhiudradelusiu 10: 1) Udasanseaul
rufisenluiiedunm s il netududhemsasaslndouansuama (400 lulasang) Aaud
sz luiiiadlune 1 $l ﬁauﬁazﬂmﬁmmﬂﬁ@mnﬁuumﬁmmmmé‘u 725 WILULNAS

wanthanildndmnauaznsnuraluglsasmmalsznauiiuadnnivualuglzeansaunadn

3. Aanuawsalunisivayya DPPH
Soenuannsalumstuayyadaszsaslusiududuiionaldmadinisues Brand- Williams
uazamz (1995) Taginsaaudaslvitminzau aranadadelusiudniuildaomsazanaimm
waa (Faaiu 1:10) NTUGGIE1908N1N 0.5 NAAANS HENWENAY 0.5 Aadluals vasanTazans
DPPH Hasamzaglumuaa tndadansuanlFlukaciiaiunm so wi auianinianms

QanAULEITIANINEIATY 515 Wluuas wisnAnNuuazENUlae
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ANNENTOLUMSIVBYNEDATE (%) = [Abs_,~ Abs_ ] x 100

Abs

sample

control

4. enuasalumsinig FRAP
Saamuaninsoraslusiudiuniataldlumsiang FRAP anadsn1sua4 Benzie uat Strain
(1996)  Tezimsaaulasmuanuuianeay iiasazaguasnadnlusdudnaduiu (300
Tulesaas) wannuasazats FRAP (2700 lulasdns lasidunduuaslodanasden TPTZ way
FeCl Tudngau 10:10:1) mmnhaseaulddfuluiidadunm « il doussthiniadmmsgandu

UENAINEIAAY 593 W UNAT rvhmmmﬂn'ﬂwmmgmuammmwa’lugﬂmaq Tron (1) sulfate

5. anuawnsalumssugis Lipid peroxidation

Saemumunsolumsdass Lipid peroxidation vaslusdududufianaldanaidnmsuas
Chanput  wazamz (2009) TagFadagalsiuiiin 12.5 faaniuldlunasanaasudazuaan
NNTULE NG UUMSRaan T U EnaUMsEuNENYEY NSAdluadn (32.5 lulasaas)
fsarangamusaNIudaaas 99.5 Ui 2.5 188ans uas 2.5 ladanszaanadvatiuiWasn
0% 7.0 Viutinaseasszuulile 10 faddastohnay mnfuiiinamail 40 asmuadealui
fiodlunm 24 Flwsrauazdsdiagaan 100 lulasaasiiathannaniumsazaraemuaaiudy
Lonay 75 I 4.7 183305 uasasararsuanludisnlslalaenuaduiudasas so (shwin/
US1a9) wazasasmaasanaalsdidudu 0.02 Tua15lu 0.4 uasusansalalasaasinadivas
100 lalasans nisnnudasliaaUisenny 3 il Jasmsganduuasiienuenady soo uily

&S AIUNMAIMIHUEN Lipid peroxidation MNFAT

Inhibition (%) = = [Abs Abs x 100

‘control sumplc}

Abs

“control

6. NAUIENaUYaINsABzdIlU (amino acid composition)

JiaeipadUsenavzesnsaasiilululusiushinanmdurulasiSuas AOAC  982.30
(2000) Taald@athe 100 Hadnsy waz 6M HCI 5 fiaddaas asluaiaanlUazuie 50 Hadaas uaz
Yaldain wramasaniaafiudradsludasidugyanme ihenatefitasiinlUsuwiaiar
msdasiinamgil 120 asruwaided Hunm 16 7l WAIINUUEGN 2 mM norleucine internal
standard 5 183305 Whasazaelunseaniu 0.2uL Gelman membrane filter Yulassazmaiadhei
uM3n509 1 583305 18luz1a borosilicate glass serum 2110 50 Hadans wazHIWNULULLELEEN
Ltﬁq'ﬁﬁﬁjaﬁ%‘lmﬁtﬁwﬁw 1 488895 sodium diluents buffer (pH 2.2) wazdneludy 1.5 mL micro-
centrifuge twbe dn3uNMsIATIZVA18 HPLC damathaieisn e 2.5 lulasdasuaziasey
e HPLC fisasimsiva 0.4 fiaddnsaawnii lagld Pickering sodium ion-exchange column L&z

sodium eluent (pH 3.15 @z 7.40) téiua)5 ninhydrin R TIR AT post-column WAININUUIAAINTT



@18 UV- _Visible detect

QONRAULE
.y (Tang wazAmE, 200 3)

A5 IWIN@TIIUBBINIABT

mﬁm‘n:ﬁamﬁamﬁmﬂmw

3. 3mﬂzﬁ§m”mm§m Hand colorimeter
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0 luLHas Luazﬁﬂﬂl,ﬂ%ﬂmﬁﬂuﬁuwaﬂm

A9 ColorQuestXE. wae

Tagiaa L* a* uas b’ apanaiallsd
mmmmmumnmwaqm% (AE) LﬁaLﬂ%amﬁﬂuﬁ'mwiw.ﬁﬂu%mmgm
7; mMataaumIY
mmammﬂﬂwuiwnaﬂmmuw 5 n%u ldlunszuan® 95 HaaanI LEnsEuanad
AULHUEN quenigl@aei (Prakash 1a? Ramanatham, 1995) @‘hmmuazswmmma’l,ugﬂﬂmma
RN E I
mﬁmmxﬁﬂuﬁ'&@wﬁ"lﬁ'
1. anwanansalumsasad
wanghat 1.0 A3  phndu 100 #8389 ﬂ-m ot vy 9.5 uas 11- 0 mudhBLAaaY
Puuswantunm 30 el mmumaﬂﬂﬁuwuuumaw 5,000¢ faamqi 25 aqeLBaLEed W
% ngreun3ad Whatman No. 4 uﬂﬂmm’\mﬂimmiﬂwu

qmﬂuuﬂ‘a‘maﬁaumﬂ(ﬂ
A, 2000)
JJ‘LI’:

e 15 Wi via
@na Kjeldahl method (AO
2. mmmmsn’lummw

NETNGVJE}E!"\\‘I 0.5 ﬂ‘mﬂumnau 3

mlﬂavmmm Wlunan 3
nmwmumaumuﬂm

N
’lugﬂwaqumu

mﬁmmsﬁmmﬁﬁ

v‘hmimamudasﬂﬁﬂﬁnmﬁ‘m’m

L\J‘%ﬁmﬁﬁu@hmé‘ﬂé’mﬁﬁ Dun
(P<0.05)

jiadans shaunanl

0 W mumuﬂma
amawumu (Chandi Was

cans Multiple Rang

¢ (Hlun 15

ﬂﬂuwuumﬁmﬁ 750
Fun

?ﬂ\'l“ﬂl@\ wazseu alaeat\GR N’ﬁiﬂﬁﬂ"\‘i@‘ﬂ

Sogi, 2007)

uﬁmmuﬂiﬂmuuaz

uwauamwu G\NTJL?‘]‘T]
95

3 ‘ﬁ'\
AuUANHLY auuﬁaaau

e Test (DMRT) fise
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UNN 4 6an15Ivgy

Uszandamwasismsanauenlusauuuusg 7 IINTITNAUNTH

nnmsl@slumsanalusdunnsiinsunidiansssisuuuinyassunds nanfe ldidnmsg
lTsaswiile 9 Tuszwhanszurumsasalusiuainsiin maiﬁ"lﬁmsmulmmmmmsaﬂu
Uszsmdlanansuuuinginasyunuasaunse IﬂEI'Jﬁﬂ’]iﬂLaaﬂlﬂuﬁ’IU’Jf\]ﬂ(sNﬂEiTJ‘IJSuﬂB‘Ul‘LlG‘r’JEI
msanaciansldaauaui (sonication) ﬂ’]‘iﬁﬂﬂﬂ’JEJUWHQ’JﬂE]GI (subcritical ~ water) 1514
ﬂ‘svmumimma (colloid mill and homogenization) waznslFauluizrslumsana (enzymatic) % ?N
BN sEuIUMsERagnaLd thasatalusduilalluanes naUMEMSTUWI BaEA S aauy
a3 ﬂaumsmmulamlé’lﬂmLmLLumLmaammmazmmamswwauuﬁmusm q Taaila

ﬁwuum%’aaazwawémaqiﬂiﬁutﬁ'uﬁ'uLLﬁiaﬁ%’ﬁle’fﬂﬁqnﬁﬁmﬁqmeﬁqmiwﬁ 4.1

o ¥ W

013799 4.1 Sagaznandnuaslusduiinbunsdiduiuildnnnmsasadsite 9

BTN fouazuandn (Aorisunnihwinansana)
AAuANNE (SN) 14.8610.61°
hilingd (cw) 26.13+0.43"
m%mumﬂaaaaﬂﬁémﬁ'ﬂﬂuﬁlumaf? (CMH) 20.09+0.19°
oulad (ENZ) 31.87+0.83"

dualumsedaduasennmsia s e o :ua"nmmma“bnqHﬁumnG?'Nn”mmmﬁm:1mmnm’wrma'ﬁﬁﬁsm”umm:ﬁau"us%zmz 95

ﬁﬂﬂNﬂﬂ?iﬂﬂaaﬂwu’nmElI"d’Jﬁﬂ'l‘SﬂﬂGlﬂ'N ) INAUSBEazYRIanAn lUSA NI In
FfaeN Tmaummwaﬂmaaﬂmmamﬂmaulwmaanm (38882 31.87) WAL3DHAZNISHER
mamuaanﬂmﬂm‘s’lﬁﬂaummamﬂ (50u8y 14.86) ‘ZN‘VHﬂNE}\ﬂ,uL“Nﬂiua‘ﬂﬁﬂ’m?ﬁi\ﬂm‘iﬁﬂG‘ILLa’J
ﬂ\ﬂmwmwamam‘smlﬂﬂivﬂﬂm‘imsﬂumﬂammwm‘m mmsmamsmaamamaaﬂm’luimmu
MNE1N Em]LUu1ﬂ1ﬂ31ﬂ11uﬂaaamiamﬂmam{lﬁmia saraanlgdanlaasanlyddadui
uwsvianeag muLuaﬁnﬂ“lwsaﬂauwamawamnaaLumﬂ‘sﬂumammmmulmmﬂﬁamﬂumﬂﬂm
wumma’lmnﬂmsaﬂﬂ‘[ﬂwuaanmmﬂmmsvﬂauwaﬂau 9 wmmaaaa’luamn d15ay ammw
Tﬁ"lumsaﬂm‘[mamlﬂ"lwaﬁavmsf[‘mﬂﬂulam'iaﬂlw@‘zfauﬂmauumlunﬁmmawuﬁvmq 1 #aude
nuszwinasAdsznaumaaiione 9 luhem Teemmwsiussitasuss svinlusdunuasdsznauly
nduzasaslulawnsanas Lo udy Tusaiziinsloulaisianusime ggalumsagmws
ﬁuﬁ“wﬁmmﬂaqmﬂﬂﬁ nauiuimnmuaﬂﬂu \BU glycosidic linkages 1198 peptide bonds ﬁi‘l‘l:"zl’uaﬂ
fuaulgaiildadluiamslumsara TurasiinslFiaswsemena NIDMS IFANNS U ID8 14
wWarlunisane Ium:ﬂ-m’lmaaavwawammwnnum'ﬂmaulmmamﬂma’lumiaﬂmIﬂsmuLLuu
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homogenize fisnansatislumsanalusiuldluszaunile diasnizmssengnansadlalanmaly
aymarasmBivaINsadudaiudhazmeniamssnanililumsanaldhaiu udagalss
muvnn‘[ﬂiﬁuim"?ﬁnéqLﬂumﬁﬂssﬂauﬁti‘lﬁaqmﬁaﬁ'ﬂaanmﬁu%’uﬁﬂaéﬁuaaﬁﬂizﬂaué’iu 9
MewusrmMaaiinuiius msldusamanaf iaansadoiisdssansmwlumsadiold

NAUAMINAFBNGINGIN RTINS awen ey Iafiasisinl sy animwlumsanalilegs
‘naﬂ ‘\l\ﬂ,ﬂﬂﬂ‘lr}’ll,wmﬁmENﬂ'Iiu’lmﬂT,uTaﬂEHJEI'I‘HNN’]I‘iﬁ@]ili‘lf‘i?llﬂU'Jﬁﬂ”l‘iElF_lNauiﬂﬂﬂ’J'l'Jﬁﬂ’l‘SLﬂEI’J
‘) °lumamm‘[ﬂsmumuwumﬂiwnLﬂiaumﬂunuﬁﬁmsmLauﬁaﬂﬁ‘lﬁmia:awmq laaG3aniSms
I mMsuuunaNeay Falsznavluds msldadulalasivsisaiasindunslaludlug
o uazmsldaduauinusumsyeeasssseiat laguszansmwradSmsanalinans

NOIDILFAIAIONTNN 4.2

¢V

151N 4.2 UszAnSmwaeamsane lUsGuanniniaunsa oS e nannay

vafaemu A5Msana
(38as) AKE MAE-H UAE-C
NAHAR 20.9240.62" 11.68+2.59" 5.38+2.30°

AKE: 1saza1san MAE-H: lulasow-laludlud UAE-C: adupnui-vaaaaass

auaylumsniaauadeninnsin 3 A33 MIBNYINTHIBINGHIUANEIIA LTI TN LANE NN NG Ta UG s say 95

agalsimutiiasdronanmsnaanslumsad 4.2 38msAenuandInKanInaaasly
i 4.1 Taeluensnit 4.2 fiSesasens 7 daisunduluienincudu ildaadaunnmsass
fienuxasgelumsai 4.1 v ldaansosuiunanmsnaassnauninle adwlsfimuainea
mManaaadluamsuananazulanmsldasas ammq’lumsanmuuavsl,maaavwmwawamm‘nam
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Usinaitliuandafumeads TurniziiSavazyaanandauand9iumeana nnagangsanley
ﬂTl:U’U%qwgﬂaﬂiﬂiauﬁlﬁﬂ1ﬂ3§ﬂ1iﬁﬁﬂEi'I’Jflﬂ"lQQﬁQG}ﬁa 7.36 vidlanFeuiisuiuhinGudy
swidanasrasmsananeuiilduazdasazaaslusiusny msanagsaaululasonlefuanuanly
nnunIRsIvnNnlumsuszgndlfmaiiadananlumsanaasarfmdis NAUNFIAN AU
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¥ila wudmnunumslaaduanud amalsimuwungidissauldunntnlumsiinuagenauny
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wiuuuidanude 100 nSuay u‘[ﬂ‘mmﬂuamﬂ‘i“nauaa’luﬂsmm 35-76 N3N (‘liuailﬂhl".lﬁﬂ’l‘i
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asadsznaumaaiillludnaiianazlfdsznaunsaaduladenldismsana liwuzanuasainise

Y1 oG oad a ¢ a
‘U’r]ﬂlﬂ']’]Lﬂu']ﬁﬂ']il,t“lj‘l_lLﬂ‘lﬂ(ﬁl‘iau‘ﬂiﬂﬁl‘iﬁ 9

avelsznaunnaiaaslusaus i aunSaanau vy

29AUsZNAUMALATYDIIINIBUNSHSUAULTANAIN TN 4.3 uas 4.4 lagazwuing
TusdulumadnsiinGuduaziisnenn 9 eeildes anuzuiaear 4-6 Whissas 9-13 luuiasas
21-22 Wsdudasay 12-13 mslulansaasas 48-50 uazliuaiionar 8-9 Feasdusznaums
wiiludissdurasiadiandssganaassliiianuuandaiy nnasddsznaudns q milulawase
| o e ¥ o W < or < & 9 4 A= o 9
Wuasddsznauwaniiiagluiiin sevsundalesiu dissnnsiindivenldlunmsnasssiidusin
nenumsvilissauadaliladnmsanmihduaan wazasdusznavidrdnluddudaindalusau o

wuhiivSinadlulymuinuided 9 naunihnanly Aefesas s-12

AN 4.3 svadsznaumaeiinashimuazlusduanauiu

FIDEN avAlsznaune i Gaarlaghwindlan)

AN (@ i Tuséu Ivuas
RB 5.93+0.04" 13.3340.16" 22.0110.01" 12.84+0.03"  8.57+0.09"
RBP-SN 1.67+0.03°  4.03+0.12°  3.18+0.02°  15.88+0.89°  0.73+0.04"
RBP-CW 1.15+0.03° 5.55+0.03" 7.3840.09° 10.02+0.37°  1.5740.11°
RBP-CMH 1.16+0.04°  5.49+0.07°  12.80+0.12°  14.46+0.31° 0.71%0.07°
RBP-ENZ 1.2840.02°  4.78+0.04°  6.57+0.01° 19.5340.35"  3.89+0.19"

RB: rice bran, RBP: rice bran protein

aaylumsNAsANRGENINNITIR 3 A9 FIBNBINTEIENNG BAMANFTNA ULAAIIATINUANGHN AR5 UATMT N U Eas 95

atlsfimudeISmsananuusi 9 wuhmesnllsauanan lanuilaiuanaienuiies

@niasniagiuiaueu dsdady msatademsifioulmiiudhewuhliiesazeslusiuag
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il 19.53 %qﬁﬁwgqqﬂiuﬂmzﬁ@hiﬂiﬁuﬁi"wqmﬁaﬁ'ﬂlﬁmmn‘i‘ﬁ'nﬁﬁﬁ’mmu"lﬁ'fwfﬁéﬁﬂqﬁagmaﬂa:
10.02 umnganwihdadiananldluslusuvmdauihllanazneuiefiudelusiuiuli
mnsoanalusiuaananlavsaanaaanunldtssunn duuiiasniadamsaiadulansams
duwmiseluviuis wefildudinsiuiasdlssnaunanlutiugaadumslulawsadudy ud
aziianuusgndiiiniu adwlsiouasdisznaumaailay q fuandiuateitesdadle
WisuiisuiuhimGuduldun anasu (ndesas 5 wdsdasas 1) i (ndawas 13 waates
8z 4-5) ladu (Mndesa: 22 vanipwar 3-12) warlWiuas (an3asuas 8 IvAasisuay 0.8-4)
nnednamaiilusauasaduduiiliiunsenaznauuanienamzlusiuaanindsizms
anaznaudisnanmsaalaladiaansnvilildsunsouanTsdusaninldadieiuszdns nw ua

snsnanasdlsznaumaaiiau q Tusiimlviivdinaidegasadiitadan
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#1597 4.4 padUsznaumeizavhInuazlUsAuanawniuae IS uuuaaNeEY

aelsznau a5 Tus@uanatiuau
: $im

(38882) ~ AKE MAE-H UAE-C
Iwwas 8.1410.13" 0.9510.95° i, d840.p1° 1.5610.03"
sty 21.48%0.10" 2.8910.12" 2.6810.11° 2.4910.08"°
Tséiu 12.75%0.02" 93.1210.29" 93.8610.07" 44.8810.15°
ATy 4.21%0.03" 1.7610.03" 1.33%+0.03° 1.6610.04°
L 9.18%0.10" 1.23 1 pe0iy 0.98+0.01° 5.3710.03"
mslulawnse 48.4410.07" 1.8110.20° 1.3540.07° 45.6910.14"

anarlumsnAsAuRAEINMTIA 3 @39 GIBAEINHIBINGHIUANANALLAAIINATIUUANANNNAIGT sz AUANMEFaNUIDEAZ 95
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wiliuagiasmslumsada vennndunrhasddssnaumaaiiay 9 sashindudlaaialusdu
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Tsduiianaaaninldhamaiiamsazmoihaaigmaiuszansnmgs wazaunsondalusiuin
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duuinmaadizaslusiuimdunidanauiudu

anudlunsa-an wazemuTunamessudiviaraaldlusadeldsiuhiiildnnaiadas
JamMsen 9 uaasamnsii 4.5 Taowuimsassuidnulamiliuandesumeaddadeiidomhda
(P>0.05) lazfmanudunsa-anaglugiwes 7.03-7.06 wazl3mnamasudiiazaelduaiseu
$rimagluriieas 1.08-1.13 Fannsadunaldhmslinszuumsdananlumsatalinsenude
amanuilunsa-maassadulsiuiisnaldiamndfimenuiunarweidiadandmnmsii
ralUsAuMNULR LA IUeEAI9T0 INMSANENEDY Kim waz Han (2012) lésanu pH
pasivinaziiessann 6.4-6.6  FuflunannaInnszuIuNsHENHINTLEY dmuany
wnwivsiwzeasllsduhimiiaszana 0.7 n3udaiiadans NHaMILRILEEMSUATIBEN

dHanamaInNa)

911 4.5 anutlunse-aauazamdSnazawdianazaizn leaaslusauhinndunds

A8 819 pH : < TSS (DB)
RBP-SN 7.04 + 0.02° 1.13+0.12°
RBP-CW 7.05 £0.05- 1.08 +0.14"
RBP-CMH 7.06 £ 0.03" 1.08 £ 0.14"
RBP-ENZ 7.03 + 0.02° 1.10+0.17"

Anndn 1 Antlsuvumnesgrugadnmsneaad 3 9 mrenwsimeuniluudaaamininade luiianuuandrameaid (P<0.05)
RBP: rice bran protein, SN: sonication, CW: supercritical water, CMH: colloid milled~Homogenization, ENZ: phytase-xylanase

enzymes

diahdhednllsiuaianinduduildinimsusniadnmfasdlssnauuazsiiayas
Tusiulaalfinaiianadidalasliistauaninadssui 4.1 uassUit 4.2 Snulusduuazanudy
yoauaulusduuaasiialsz@ninwuasiimsanaudazis nuamsnaasawuinmsananlgis
fuasiitaudsaiuanuiuasmsadaloslfiaiasuanassssdrudulaludlusafinliiians
Uanudaslusdusaninlulinasnniigausstiosigamumau Tusasimslfioulnideaiallsiu
Nnsrimdunislivsinauarsiialsdudnhmsatadehidinge fmﬁn‘[maqawaqaqﬁﬂixﬂau
Tsdulusrinmadaduiuiidiadssning 60-6.5 Alacadu laswuiiavaslsduiidu
asdsznavagludadanaudasatintuisluuuiivand iy sliauazasdsznavaaslusdui
shumsanasmaaduanuiazlilusiuaaninldwanwmeriiouazdrnulngjazibwinTuanasni
6.5 Alamasu luaziimsl#imsmenalisnsalanldesTusiuaaninldadaiiuszansnwiiia
WisuiauAUIEMSEY q Feasenandaanaaituaan T siasddssnaumaail msana
Tusiulasmsldioulaiialiasdusznausadlsiuaansnumnuamaviniminuanagauaziviin
Tuanacizsaninsadanaldamsdanunnsiuuvraslusiulusud 4.1 vannnuumsliismsana

amihneingdvslilusiuasdusznauniiiminluanas uazazlisunsalanddssluanazinng
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Tuajaanuiainsiinla wiadndadueaniidemsldanuiauluaamednanmliiaomsde
= = ' a 9] Vet o < e (=4 L4
damwsssundzesllsiunazgndasaanannlisduluanalvnglifinnadnas Jsdnaviuldiamis

lWstuniiwinluenatssnh 6.5 dlamanu

=3
k=1
e

18.3

MW SN CwW CMH ENZ

sUf 4.1 sUuvvzaslUsduidinndiauendaIzmsen

dhusugluuuresllsuithumsaiameisuuunamauudaswadagU 4.2 Tagliusamnm
TustuiaTuanaalugasszaude s uas 16 lulasnduuazinisnnanisuiauiurinyedusiud
wulusrimunidSudu Mnwamsneassnuhluhiincudy (RB) flusduiuasdisznaunas
#iio uaziinahwinluanageils s4 Alamadu wasnailafihuinTuanadnh 18.3 Alamadu
udlusiiudhvandsanmnsadunaldnnanudvsasaulusiuldun 60 Alamasy 39 Alamasu 15
Alanadiu wasiy 9 Snduaumn Wuldsiuranisnaassnountwuimsldaduanualuns
afanufumMshasasssdansalanldssniinsalusius snunlguannasriiaiiowssudiou
AUismsafauuusaNHEaIusY 9 sanBadawssumisuiuismsadawuuaadn Toagiauss
saddsznavlUstuiidnvarlndidssdusiioraslusiuinulusinEudy Tasmwmnsllsauiiihwn
Tutana 84 39 was 15 Alamasu dwmiumsadalesmslinaulalasnrhuiumslaludludwudh
sedUsznavraslusiudmaniiaiaoanmnldiminTuanaagi 84 uaz 39 Alamadu uwazliny
Iﬂiﬁuﬁ:ﬁﬁmﬁ'ﬂ‘[maqaﬁwgﬂﬂaﬂﬂéaﬂaaﬂmtfjal,ﬂ'%tmLﬁﬂuﬁ'umﬂﬁﬂ%‘ummé MNUANINAAD

ar v J

fananaranan lainsnsasnanliinadamavnameaniwsssumavaslusdusiznn dvsumsana

€

=

aeIimdnwuihlusiunanaaanm ladiminluanaivanvanaudainuludiadiesian

v
a v

Gusiu adlsimulusduadvanldusingeudadlan/sauiisuiumainEuduniaisnsanaay
7 FnnuanuITanauniwuimslgan lumsanauuaisazllmaagnwsssumaveslusiu
danalilusingniaatassasninladudunuinanwiianiiminluanageuaziwinlaanae

mansodunalaadaiarulugui 4.2 (ALK) adnlsimuannsadiuladanulunnismsaiai
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Tsduniiiminluiana 84 Alamadugnanasaninldiiusdndlunni8msada natloaiiissan
=] = <4 -:}q = ar ] o W - L4 4 LY =4 o W W

WuriialUsdunivinasnnludadiehiinGudu iwinluanasaslisiusrinannmsaiadae
B q Mikadaaadasiunamsdnuzes Zhang uazame (2012) Rnsnuinhminluena

Pa4lUsAUSITNMIAMTEUIN 6.5-66.2 Alamany

Tuirimiildsfundnaganady 4 afiadeduunmuanusmnsalumsazana loun dayiiu
(3eaz 35) Inaydu (Fezaz 15-26) ngumdu (3eaar 11-27) Tusaniiu (Feuaz 4) oo Tusau

o

payiiy Inaydu Tusariiy wazngiedu azazmaladluth @sazaiswnda d1sazarounanadad uas

o

d158za18619 MNEIAU (Fabian Wae Ju, 2011) sieavidsaesrielusiuluhinudaziiies

e

kDa ’ v - Rinn i WENS S SN L

215
120

84 3 P
G0 e
302 —p

18.3 ey

S5TD RB MH SC ALK RB MH SC ALK SID

Sug 16 ng

FUP 4.2 sYwuuraslusfuhidnnanauendiedBmamanuaulSsuisunAsaudy

STD: standard protein marker, RB: rice bran extract, MH: MAE-H, SC: UAE-C, ALK: AKE

a”ayﬁu (albumin)

Tuwdadndmnnaziidayivdussddsznauiiviosas 2-6 wiaUsunadazar 34 Tuh
#n FawusnniigadiadeuiuTsiuriiotu g Tsturilaiiielduaniauanihliiamsiusaiu
uazanaznau aansaazansludihasaeiidhunihldd Sanaluanaagssuin 10 8 200 Alamady
Jadulusduifidimeiiningge asnndumamansagadu wazinl s Taml @i
wanmnil dayiviiiluananune 16 Alaeady  deflaniansdueandiody uardasiums
sanBiatuzatlaiuriinaunuiuiue (low-density lipoprotein, LDL) nlaaauzaslans iy

cu” ladnnlusauziiadu

lnayédu (globulin)
Tusrdnasilstuniiailszainmadasas 15-26 TUsiunguilazlinunsaaziiluladudu

dwlsznau udaziinsaaziiluriiady 1 TuuSinandauiegs laun nsearilufaiu uazwlnlafiu
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Fadudlunseazilufiidamasifuasdusznaumelulaens smsoazasladlumsazasinie
TuseugtiatusznauludsamalwdndIndnisunaciuluniuiuerawuselagalwe (disulfide
bonds) 2UIAlNLANAITAYTENIN 6.7 B9 36 Nlamacu  @wnsaudasanifdiuaandiaduld

HuRenNuatiausn laaadaaiuzad N-terminal 2090500z d uInlsdu

nginau (glutelin)

ngumau Wulusiundn wiawuinniigaludadnmll uasficnagszuiedasar 11-27
yaaimnatusiunaualuiin ualdsduriaiisuheilivivey fnnaluanadauialyeg
Uszanas 45-150 Alasadiu liansaazmahuazendamsatausnasnin wasnnauiadiuns
5N W3aTUAINY (aggregation) WuszladalWd (disulfide bonding) waznisiialnaladiazu
(glycosylation) wdagalsfiay msanalagldasasarsaiududu udrdanziunaluenazes
Tuseiulasdd SDS-PAGE wuh Wsdungmauazgndasliluanaiinunaanaunia 2 nguwan Aa
waavh-TwdulIng (a-polypeptide) Hixnalutanawindu s4-39 Alasacy wasiui-lwanulng

(B-polypeptide) Hmaluanaviiu 21-23 Alamady audey

Iwsariiu (prolamin)

Twsariiu Wuldsivasddsznauitasiigaludizashiinlesivissiasas 4 ity §
naluanaatsznin 12-17 dlamaay Usznauludensaasiilunmesiia 1y ngeiiu azaniiu
Thadu ladu Fanieuuazersaiu Wudu Tusduriietarnsoazarslaaluaisaraiausanadasd
TRgaWIZLaMIUBaAININTUSaga 60-70 uazazanalatantasauiauliararaludiviazaran
Wuth yananiidesanusoazagleludrvnasaenidunse viade aauy lunmsanallsiuainsiznm
dhadnhazme Twsaiiudbidegldsuanuaulainnddn iasan ivsinanias uazgnaiasaninld
Walgahazaiaag

‘ﬂ‘ v =1 2 v v c: v = ar LT ] =] =9 c: s 5

asmslsduanndndunlaannismsaneuvunasaaulia lusduludTnungs ey
Qr 1 s ' =2 o =Y ¢ o =% =4 =i ‘ﬂ' v as = d‘ b4
maawmnawmgﬂuﬂﬂamewmﬂﬂiznawaaﬂima:uiu‘[mmﬂsaumauwamlmnumma:n‘[uﬂlﬂ
NnmagelUsiuanaduiunnmsidismsanauuuaady lassazasriiauazUsinapinsaasiily

NN IUSAUFN AN NTULFAIAINTINN 4.6

PARINMITIATIEWWUN Lysine waz Histidine Tenaegaludmadialdsduanaanduaindd

u q

MNNNIBMIane atslsfoumuidionSsufsuudaziimsaia msatademsldaguana
smfumshaaasassa 1S Lysine goiign (4877 fiadn3u/100n3u) munmemsaiadie
JEaudn (3210 Hadniu/100n50) uarmsanalagldaaululasi (3017 fadnius100n5w)
Histidine ({lunsaasiiluddndnmilivinaguiiumduiiaasdanululusdunniinataduiu
Toenwuimslinduanuisuiumsinasasssdlimnsaaziludandngeiiga (3535 daan3u/
100n%0) Khan uwazanz (2011) enunmsliflalasolumsatalusiuanhinilianse
Histidine (t@¥ Lysine AU 30 waz 50 saansuaaniulusiu sudrau Tunnizii Parrado wazany

(2006) TenuUTINA Lysine nwululusauainsrdmiichunmsanaeanslaoulsidiainia 3.46
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ASNAD 100 NSNAIBLEN WULAENAUAY Tang wazAme (2003) S1euaUsnansaazily Lysine
wae Histidine TulUsdusanhiia 5.4 wae 3.3 nsuaansulusiu audau nawamsiazv
wuhhinusznaulighanseeziludisifiudasumevarssiia lagawiziesieiivsnaiagan
Sonduunasdu q inuhiiviinaglulusduannhin anaadendnuaasitiuinhiniaud

- < o oo o
‘YI’NIJ’I?.F‘L!’] m ﬁjﬁlliall N ﬂﬁﬂi@]ﬂﬁﬂiﬂ“ﬂﬁﬂ (tu

ﬂ. o =% =4 o 9 = =S at v k4
19191 4.6 p9aUsznavaaensapsilululusauszmaundanaduiu

RBPI
Amino acid
AKE MAE-H UAE-C

Alanine 346 324 390
Arginine <5.00 <5.00 <5.00
Aspartic acid 354 350 441
Cystine 366 281 714
Glutamic acid 1091 683 1444
Glycine 309 305 367
Histidine 1864 2024 3535
Hydroxylysine <5.00 <5.00 <5.00
Hydroxyproline <5.00 <5.00 <5.00
Isoleucine 1143 921 1117
Leucine 2031 1903 2108
Lysine 3210 3017 4877
Methionine 226 2117 300
Phenylalanine 2146 1792 2153
Proline 244 264 299
Serine 829 138 167
Threonine 131 167 218
Tryptophan 319 306 402
Tyrosine 2138 1360 2620
Valine 1039 606 1134

"Unit of the number presented was mg/100g sample

Tusiulusrimaadulusiunniisnigunings e Protein Efficiency Ratio (PER) %38
anuansolumsiasuldsduluaimsldiduldsdudimdsznause g Tusumengs ddszanm
1.6-1.9 taSsufsuiuiedudadulusauluthun $eiia1 PER tiAu 2.5 (Fabian uazame,

2011) annadulluuvasaanseasiilulatuzaiunsaazilunisndudosane (Yeom uazame,
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1 o ' o ara % . < = o o
2010) uannni Wsduasnandilauiaiy hypoallergenic protein wiaulusiuatiafifuunleiy
alumsiianzniiud wazdiannsadashumsiiasandiadu sudedudimsdaduangaduzise

(Chanput uas@ME, 2009)

35
a Total phenolic content
3
9
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=
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31.]‘" 4.3 ﬂ%&nmﬂ'ﬁwuaaﬂﬂQWNﬂq‘nﬁﬂ’ﬁﬂ'}ua‘léHaﬂa‘iﬁﬂaqg[ﬂiﬂui']ﬂpnﬂuﬂiﬂ
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Usinafluadnanuauazgnimsiuayyadaszaaslusiviiimaunidiumsaiade
AEmaene 9 uaeslusuil 4.3 wazensnd 4.7 Taelustil 4.3 asudestSinaduadniiaena
Tusiiusimfithumsanagedamses  q  uaasananldlidumsanaznawanamzlusivanh
wh ualdasatanlaluvwiuuuudidanuidesnse luwaediilumsd 4.7 Jushaselusiu

WnuneunsanaznaulUsiunamhnywiameIsmseannu

NN 4.3 wuhUBinafluadnnimuageganuldlulus@uhdnnaiadmamsduaziiiau
AEAaUANND (3.01) saeasnImuNdIsuRs msanalagliasasuanaasssannulalydluwges

(2.45) mslaulal (2.20) wazengaludadnianaamebivingd (2.08) mudeu Usinui

1
o L

uaAnImNaLAzgnEMItuaYNadasratlUsuninBunddithumsatadaiimas 9 Tuall
Tuwuamadeannusumsanwidansuntneadlusdusimn Tas Kim waz Han (2011) g
USanailuadnmauenasinminiuiisszwin 225-260 fadniunsaunuiindaniulusdusiin
waswuhilgndmadhuayyadass DPPH auas 75-78 Hasasmsduisinudaandastutmnai
wadnnanualudiathe Chanput wazamz (2009) ldsanudnnuainsalumsitduadusaus
mwuihiaaglugn 1.81-6.98 dadlua

qn%dmsé'ug'\iaqagaﬁasz (DPPH) wazms3dadiassn (FRAP) waslusfusrznudaseagy

1 kA
< ¥ s e =

1 4.3 3p8azuRIMstUBNaYYadas: DPPH waslsfuiiiniidissnindesas 20-62 laalusduh
IMNISoeasMSIVINEIgaLazmgnfamsafamensauaiauaIzAauAINd (62.29) wazdna
loalFauls (20.15) audeu Juassnanlduaudeinuiuainssmdmassn (FRAP) 289

Tds@usznans

dwmsulnmailuednianuauazgnimsduauyadaszaasiainlsdusiasidrduiuid
HUMSER GBI AU UUNF KA S U UR UM SER ALUUALANUEANAINSINR 4.7 1INHENS
naasswuhlifanauandstustaiisddynesdndmiumusmnaiiianmmueludiagehin
L%uﬁuLLaxﬁdasiquﬂiﬁuaﬁ'mLﬁmﬁunﬂﬁﬁﬂwsﬁﬁm aghalsnenn wuhmsanamens liasazaaaie
‘lﬁmﬂ%mmﬂua‘angﬁqm (15.89 fiaan3n/n¥n) Wawdsuliisuiudiagady 9 Chanput uazan
(2009) ﬂmmiwmsﬁﬂ‘%mmmiﬁqﬂainftfiaﬂawLﬁaqmﬂmﬂmigmtﬁﬂﬁuﬁz disulfide Tulauana
yaelUsdunaziiomsamedyesanwsssunasasllsiu atslsAaunwuinsinisumsedon
gradratasaulasiuadululasdaszawisativlSuiusdnnivualdaeianas ss
(Wataniyakul Wazaaiz, 2012) Uana Nty Lai uazaae (2009) faldmsnulsinafluadnianug
Tushedidmidumanliasiimeniululasunazidiagluig 15.7 i 19.7 niudailany
Tuesdi Tabaraki uaz Nateghi (2011) s1snumiluadnnamueludhatuhimatadiemsliaay

ANuiNiiAati 3-6 NadnIudeniualat
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‘II = L = g:" Q“.’ o = o =3 =
a3 4.7 USinamsiuadnnivuagnimsiuayyadaszeaslisiiusiindunsd

. RBPI
Antioxidant ability Rice bran
AKE MAE-H UAE-C
TPC a a a a
11.22+0.63° 15.89+1.12 12.75+2.80 15.18+0.19
(mg of gallic acid/g )
FRAP b a a a
1.53E+03 6.54E+03" 9.81E+02 1.03E+03
(mM FeSO,/g)
DPPH (%) 22.66+0.31" 3.38+0.18° 8.834+0.34" 5.40+0.27°
Lipid peroxidation | g "
24.24%+1.50 17.08%x3:02 11.30+1.32 19.3912.71

(%)

Values (n=3) with different superscript in each row are significantly different (p<0.05).

dwSuanuansalumsiond FRAP wasluseiusimanadiudu wuhdaislusauiiau
miaﬁ'moﬁ”’mln‘[ﬂmw%mﬁulaiu%lu‘a"’lﬁ@hﬁanﬁuﬁqnéngqﬁqm (9.81 x10° mM FeSO,/g) Muu
dhesatalusauitumsanadeizaad (6.54 x10° mM FeSO,/g) uazeIBEeREuMSane
feaiuANuaINRUMSThAaaaawd (1.03 x10° mM FeSO,/g) Tabaraki a8z Nateghi (2011)
senumlums3fing - FRAB zasdaghahiniumsanadanauanuiiia s7 lulaslua
Fe%/g

dmiuanuansalumsiveyyadass DPPH 2ashimGuduiimgaaiianiasudiauiu
Tsduaiaduiunnisnsdin 9 (Gavarmsiuds 22.66) agnlsianuwuiiamsanalusiudie
wealianauuaulimfanssumsiude DPPH dsildia 3.38 8.83 was 5.40 dmTudatuiianade
s Tulasodsndumslalauilug wazmsl¥aiuanuiisufumshasasesd sud ey Sirkal way
aniy (2008) Menuhlusdumnnidndunidiidianssumsiudsayys DPPH  #iaeas 15.6
Tuwmsd Tabaraki wae Nateghi (2011) ﬁ’ﬁmmL’&utﬁmﬁuiw’hﬂﬁé’ugqa%a DPPH 284513171}

mumiaﬁmﬁaﬁm*ﬂ%’ﬂ%ummﬁiﬁ@iwagﬁ%faﬂa: 55

$paasmafuiamsiie Lipid  peroxidation  aslUsduaiaduduainiiinigisisns
HENHEUULEAIGINITINN 4.7 Tﬂﬂwuiﬁﬂﬁnfféuﬁﬂﬁ@iﬁaaazmiﬂ’uﬁgﬁgth (3auay 24.24) lu
sathalsdusrdnisumsana Tasdaagszwiniesas 11.30 81 10.39 WanZsufieuisms
anae 1 wuh Tsdududuiatadisaiuanuisuiumanhassassdazlndoaazmatiusams
(i@ lipid peroxidation fifinTidaaialUsiuiaiadieiBaudy wazmsanadondululasnnudy
ﬂwi1ﬁaiuﬁluﬁ§qiﬁﬁ1%’aﬂaxn15§u§qﬁaniiu€|’\1ﬂéﬁuﬁwﬁqm (59882 11.30) Loypimai @z
Moong-ngarm (2011) F1891UA) IC,, wa»amié'fuéﬁq lipid peroxidation ma\'i‘i"‘lﬁnﬁci‘lumim%au

apgnaslulasoviial 115.7 isdnSudaiiadans luzmedl Chotimarkom  wazAms (2008)
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IENU EC,, vavhrimanalasmsldiaulmiisdaianssumsduda lipid peroxidation ild1ag
1 s a ar 1 a aa d% a:a :‘: Vv =

Turn 0.14-0.57 findnTudaiiaddns Famsiisrinminsauansgninsiuayysdaszuasdiu

pandaduleuu asnnlusidindsenavlddemsaangnddrfayau oryzanols was tocols T3

unumaagylunsdusad jidenanan

duuamInaaImaldsausiaunSdan o Ny

an¥azAIAUIENAULAZANMUANENYBIMEsz i IateiBunddiuTusdus i
MsENaRIEIEMIN 4 udeadaenswil 4.8 Waliuhiinianacmeaidmsliihidinadlie L* geiiga
(95.47) lurnzerdganwuludiadwlusiiuiianadmeaulel manuduiues (a%) gegelushadn

nanamataulniidaaadpanuanuaieiianas manuenaeaasd (AE) sasdagslusiuan

Himdunididasiumnniigawululusiufisiasmhivinge (36.74)

Nnuamnaassuaaslitiulddanuinismsanalusdunnhiniuniddinansenulaaas
daandamaaiinaanlasiawzauiineiudnsasdnngiudeadusiusinild snvas
Aumwaasdiidanadanudamahlusduatallideldunmanuahuazmanuiiuduas i
dadnildenuahagemanududuassasiliilamamah WFdlunanuarowda s sl
Mayou (2003) Ti80ud1 L*, a* way b* 2aslusausriniafadail 69-70, 2.4-2.6, Wax18-20

MNEIAU

19T 4.8 dnUaeameanwaaeluseusizndunddanaiuy

fadlg L* a* & b AE
RB 58.82 + 5.10° 359 W23 15.11 £ 1.30" -
RBP-SN 90.98 + 1.09" 2.43 £ 0.06° 16.72 + 0.87° 32.24 + 1.09"
RBP-CW 95.47 £ 1.05° 2.29 £ 0.08° 1306 +0,57 36.74 + 1.05"
RBP-CMH " 82.96 + 0.98° 4.14 +0.11° 20.58 £ 0.42" 24.77 £0.93°
RBP-ENZ 73.89 + 1.58" 5.69 +0.21° 18.12 4+ 0.57" 15.53 + 1.64"

AUREY L AUTEN UM INIaNNITNaBaY 5 51 saanwsimiaunyluuanaaNiane i TN uuana T aae (P<0.05)
RBP: rice bran protein, SN: sonication, CW: supercritical water, CMH: colloid milled-~Homogenization, ENZ: phytase-xylanase

enzymes

ﬁm%"uauﬁ'ﬁm\amﬂmw*‘aaﬂﬂsﬁui"n’hjﬁuﬂ%z’l’ﬁmumiaﬁ’mé’aaﬁ%’mauwmuLﬂ%ﬂmﬁﬂuﬁ’u
MSEAMIE SRR NLERINAGIN ST 4.9 TasAANuMNLLLEEaENTB9 T BN ULa Y8
Tusivaiadaduiimagsewing o.24 -0.46 nindaiaddes Feiasnlusiuataduiuiliman
MNuIUEn (0.46 nTudaliaddns) Aodadnimuatadmiicududensldansazasds

Turazgfidanumnuiuaigaldnndiaduithunsanamanduanuisuiumsiaesassd
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(0.24 NSuABNAAEAT) INHANINABIFIDENINAAIAN UM LUUGILT AN ML aN LAY
laussulumsusselumumuzussedaaninsaussldlutbinannn Tuansidadeiiianumnuiv
gefinzaaslfussytasiinnuinnlumsussydaniamiznimin Akubor Waz Obicgbuna (1999)
nanlihanidduenumnuivzesiiagezdudiiaienudasmsduussafuriiasdald
eim%’um'imifgwamﬁm‘ﬁﬁﬁm?u 9 lupaedi Khan  uazanu (2011) TIHNUAIAMINAUILUUY DY

dathallsiuhinihumawisudislulasonhildagi o.3 nfudagnunadizudues

MITNN 4.9 FNUGMINMaMwraalUsaus TN AUNSTanaT Ny a8 S M SUUUNENNETY

RBPI
Properties Rice bran
AKE MAE-H UAE-C
Bulk density (g/ml) 0.38+0.00° 0.46£0.00" 0.4240.00" 0.24+0.00°
Color
I* 67.34+0.60" 88.06+0.33" 83.88+0.65° 86.48+0.28"
a* 5.37+0.14" -1.4140.08° -0.2540.08" ~1.0640.07°
b* 29.09+0.21° 19.00+0.14° 20.5340.13" 19.7440.10°
AE 24.0240.36" 19.4540.48" 22, 9540.51"

Values (n=3) with different superscript in each row are significantly different (p<0.05).

dsumuazanuuanaaasa diagllsauanauuiudawSsufisutuhinGuey

v
ar =

WEPNAIONTNN 4.9 ULHEINY wm'1ﬂ'wmma’hwmé'n’:afhﬂﬂsﬁuaﬁ'mLﬁuﬁutﬁnﬁuaﬂwﬁﬂ’ﬂéwﬁ’m
yaadddianl3auiisuiuhincedy TasdanuainmesTusdudosiiassuing 83 &9 88
“luwmsﬁ‘%wﬁnLénﬁuﬁﬁhmma’maﬂ'ﬁ' 67 manududuesanasadwivshdguubionu uas
wudmsutumanuduimissiaeasdudni wasiilawZsufsumanuuandsasmdnu
éhaziwﬁaﬁﬂé’aﬂ"‘fﬁ'miﬁﬁ’mLmusizuﬁﬂﬁmwmmﬂ@hqmqmﬁqqﬁqﬂ sasaunda mIatadenay
mmf’;émﬁ'um‘;ﬁmaaaaaﬁl,l,ammn@iwmﬂéf’méwqa%uﬁusiwﬁqﬂﬁaiﬂiﬁuﬁaasjwﬁmumiaﬁ’ﬂﬁm
aaulalasivdmiumslaluilud Chittapalo &% Noomhorm (2009) 51y lUsdudaiuiisnu
msaﬁ’ﬂﬁaa%%’uuu%@mﬂﬁﬁwmmﬁiiwﬁﬁaﬂﬂdmaﬂﬁfhmwnLﬂuaumgm’hmiaﬁ’ﬂﬁm

ASEUIUNS IEARUANND



45

Faunzaninnuaaldsaus i aunsdan vy

1
- gt

anudsalunmsazmeatllsusrzmdunidiiumsananladzen 9 LEnIaInsI1en
4.10 Nnuamsnaasanuhlusiuhdnmssuaziisumeaivanuaianuaansalunisazans
gaga (3a8az 48.36) lusnsnlds@unanaaisisnmsldiniasuanaaassasiunulaludlugasi

anuEnIalumsaszaeiasign (Fooaz 11.48)

divsuanuansalumsgedauingadusiiuhiinnananniden | udaenadanisem
4.10 wudennu leawunnlusdunanacaIsmslansasunnaaanaasiunulaludluwmasiains

aeagnhgmgn (2.36) lusailisiunanannmsléinnaingaliddmga (0.29)

A5191 4.1 0 FNvaariNNraeldsausITauUNIdana Ny

AaENe ANNEINTD lUMTazand ' mmmmsa’[um‘j@m*ﬁ”‘uﬁ‘l
(5288%) (NIN/NTN)
RBP-SN 48.36 + 0.81" 2.22 + 0.05"
RBP-CW 26.53 + 0.43° 0.29 + 0.03"
RBP-CMH 11.48 + 0.57° 2.36 £ 0.06"
RBP-ENZ 39.42 + 0.17" 0.46 + 00.03°

ARdy Fandgauuanasgueainsnaaas 3 9 daanwsindauniluusnaoiiiuivlidanuuenarannadd (P<0.05)
RBP: rice bran protein, SN: sonication, CW: supercritical water, CMH: colloid milled-Homogenization, ENZ: phytase-xylanase

enzymes

dmSuandadmthiedisauhinivmsesnaialosmmeantamsazmsaziudied
BasuidiBamiiiau 4 2aelusausimile Toagdnlvawuheanuaunsalumsasanauazduia
wihilau apalusduasgadalliiingnihaeanmnessumaaisunss Vojdani (1996) naah
msanawasanyaEnsalunisazameradllsavaraiennsuasismseuindui lifimedlasiy
fuduitlizauieadséiu Chandi uaz Sogi (2007) Msnuhdanuamnsolumsgaiuihuag
TUsdusridnagludiwas 3.87-5.60 niudaniu athalsAmunnuamsnaassnuidedinan
ey Niladannnnuiinashiwialudotmdimeiui visaanennmsgadaann

sssundzadlusinlunssuiumsanansuuse

duSugNURBIMIN Y9 ae U U IIMEN AL NTUMEIS M THENHEULFAIAIAITINT
4.10 Fausznauldme anuamnsalunisgazuin anuamnsalumsgaduihay anuamnsaly
MSAALIWN ANNFINITOUELANHAIA IUNISIAADNAZTY LAZAIAINEINITOIUNITALAI 8D

Tulasau
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e o RBPI

FNURNGN 7 ANBUNTE

AKE MAE-H UAE-C
WHC (g/¢g) 3.25+0.05" 2.69+0.03" 1.7240.01° 1.77810.09"
OHC (g/g) 3.84+0.08' 1.85+0.01° 2.45+0.03° 3.7540.05"
FC (%) 27.50+3.75° 57.5+3.31" 54.44+3.25" 62.50+5.73"
ES (min) 9.23+0.68" 7.84+0.66° 8.11+0.78° 10.41+0.58"
EA(Abs at 500) 0.037+0.01" 0.013+0.00" 0.018+0.00" 0.014+0.00"
NSI (%) 18.04+0.71° 73.12+0.27" 71.5140.28" 57.84+0.20°

Values (n=3) with different superscript in each row are significantly different (p<0.05).

nnwamsmaaaswuiiahhinanatalustudiuuinsihlfaudaen 9 waiguds
TdlawdauisufudadeninGudu ldun anuanmnsolumsgaduiuasnii anuasdiuas
anuannsolumsiieaatu lusasiaudadmiiay 4 dsudiswisudisuiusidn laun
anuansalumsiialiy wazanuminsalumsazans dauadanananatiissnanmsiseni
nszvumsanalUsiutiuamizan 9 ildlumsanalisunmuddaseadaeaduyaslusiurils
amwsssumaraslusauasuwlasly visdnnsdivilaamiadanhiivieslszms msidaadiail
aqﬂ'ﬂ'ﬁxna‘umqmﬁaziw?ﬁuagi’tuﬁ’sashqmw:?%mLa‘%wﬁwﬁﬁqﬁ’uua:ﬁ’u Fatuiiaasdusznaudu 1
gﬂﬁﬁmaanlﬂauﬁaL%wﬁwﬁmehﬁv'uﬁqlﬁ%'uwan‘sz‘nu waslumandusulusiiuien 9 o1avzudad

Ve a YV tﬁ' YVl 1 Aﬂ‘d s < ' uﬁ! g L
guiagminnlaaninmsniissdlsznaumaaiagnauluilevagme

anuannsalumseafuinuaziiiuadusdvadadudunnhidniaeg sswin 1.72 -
2.69 UL 1.85-3.75 niudaniudiate muddu laswuhedeithumsanauuuiseadalie
anuamsalumsgaduihgagalusuzilidmsgaduihiuige Fafdanndasiunanmsii
mmmmiﬂ”lum'sé’mfiywa::ﬁwaﬁmsqﬁuﬂ’mﬁummmmia‘lumww%’uﬁ%ﬁuLf'taqmn"l%'mi functional
group ﬂLmnmaﬂu‘[uﬂnaunu‘[maﬂaﬂmmu,a sihaiu rathalusaududuiithumsadadaaiu
mmm'mﬂumsmﬂaaaaﬂ@ﬂ,‘wmmmmmﬁdlumiﬂmfdumuua\maﬂmmﬂsﬂumwﬂumamq
Tsiudndudu Chitapalo waz Noomhorm (2009) 31m’lummmwummﬁn’lums@wuumaasw
Snitumsatadeeiuanudnisuisuiuismsatawuuaadniie 2.51 was 2.14 niuda
nSudade awsay demsiidradlusiuidanuainsalumsgadniigiaaduwa
ilannnnmsiilulsiudagaiulsznauludeasdlsznauiiiianiameuemasauihagganh
aadUsznaui Lirauih (Akubor waz Badifu, 2004) uaﬂmnﬁumsﬁ‘[ﬂsﬁuﬁauﬂ'ﬁﬁqﬂénngiﬂs;
Hasfumsaandmhlafuadndideinluuszgndlfluniasurisiaes q Chandi wa Sogi (2006)

SnuamanuansalumsgaduiiiueslusiuainaInd g1 Basmati 370 Midagh 3.74 n3y
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GaniNeag1e luzied Khan wazane (2011) Asnenuduidanuinllsiududuannsignineiu

nsanadglulasnwiidianuaminsalumsgeduladuagii 2.5 fiaddadanSudiade Tasanla
naTuinGIMsidagniiasdUsznaunliiiny disduasdinanansivaudvrasauifanudn e
lumsgaduihidu anusmnsalumsaeduihidurasdadiaziunuma aglumsuSudsasasms

FuSsENALazANNeTIENa S IMnaus lumMatuaa A (Khan uazauy, 2011)

anuannsalumsiialiuyasdaduiidnfinduiionSouiisusudaiehinGudu Tae
wuhadnlusiuiitunsatadiedinmsldaiuanuiufunsviaesaasdaslfauniasu
danangeitge Tuaaiienshaassnuludhaisiithumsafadedsauduuaznsldllasandld
ATliLANE R UNNEAG Yaday uazam: (2010) anunmanuaanso lumsiialWuzasdiagn
Hrimishumsatamamsléaiidagiisonas 11 Gffdanadastumsnanuues Chitapalo way
Noomhorm (2009) %ﬁwmm'jﬁéwé’qnénagiﬁ%’aaax 11.56 aNNaIsolumsiia lwyzasldseu
duagiuanuansnlumsararszaslisiu duilalusuarasldfuaziauansalumsiadou

alldudaduameaniauiesszuvazshldenuainsalumsiialvuiingedy uananniumsi

lWsdugnvilideamwsssumanilunalnuilamh e sauaasanddaananladnilsiuiag

u

Tugowsssuaé

auidmsiudilasuradisiuanadadunsauluslzasenusnsolumsiiadiodunas
ANNAITIZ DDA T ULIAIGIm T 4.11 Wuldaniu TasanmanisnaassnuiiinGuauidl
mmmmin"lum5Lﬁﬂ§ﬁa%’u17‘iﬁﬂ'hLﬁaaﬁ’@aanmaglugﬂwm’[ﬂsﬁuaﬁmﬁuﬁu aghalsnomuliny
anuuaneluadisinaiiawisuiaussyialusuithumsanaudazis dmSuaanuaai
sasmsiluddedunuiiiagaalusoiitumsanadmaaiuanuiinuiumahasaasesd uas

MummMeMsanane lulasnw wasmsanaemamsigasazasanmuiIsaain musau

anudusalunmsazaisveslulesEau (NS Lﬁu%uatinﬁﬁ’ﬂdwﬁzgtﬂaLﬂ%ﬂmﬁﬂuﬁ’u
fretetnGudy Tasfimsuistiuanienas 18.04 Wudasas 73.12 Wamagurumsanage
Fuvusadn waziniwiudasa: 71.51 nhainlusduiiinslFlulasondeate wazdaaas
57.84 Lilnatamailusaudionauanuidia meanusansalunsaszaszaslulasauan

gatelusdunanalasnislgeaaslulasnvmeiamiisudunnenulusiagiy Basmati 386 34

[ 1
T Y =2

fishagiisena: 72.67 uazénate HBC19 ailMimsazansagiizosas 73.14 Seaadramadassih
msafamedsaadudanmsldasazaraens (Chandi was Sogi, 2007) Hamada (2000) lase4u
aanummsolumsazaszaslulasauludadnlusiuduiuithumsatadgisnsldioulsd
Frutuficnagiiona: 61 fedosas 73 Famsiichasalusiuiimdndngaiuiidasnmslumsaily

Uszgna lalugaannssuamises 9 nauasasdu dae mud Uik nauith wazanshedu 9
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nﬁfjm'ﬂxﬁsi"unum'mﬁm'[ﬂiﬁmﬁ'uﬁ'umﬂ%”m”nﬁun%'ﬂ"

msdasuumskiadnnaldndunumdsnunniudunuisgmsied Fedunu
loamaasmsuaallsiudniiunnirdnuniduesudaizinadunuamumsnsi 4.1  la
Ansanluwinislindinu azuiuldimnisinmsliiedadldluiluguiunmsuio deliians
uandwlumslawdanulwihnnin uwddivisdsmsanaloaldeulmindunuhdunumsnings
wadidunudanangiiannneneeulniliinmium saadomndimsatadsmsls
sazmzeniidunuiichinhmsldasTadeulsasanladdeinmonuasinmslfdiasathaien
achalsimu FBilitemasaiiaiaisauduuazimsanaznaullsiuiiaialdaassuuansazans
thawigma va msatadiomsduaziiiaudoniuanyd msafademhidngs wazmsatalag
Tiasasuanaaaasdindulaluilumasiidununmsuaaiioini 33inaniidudziliies
w3asliliiheng aFedslilduasisdununaiaias nmsiensidununsude tandouazanda
maaiiazfiuldhmsl#smsatanvunaunanudiudndanivnanzan asalsimumsldaiy
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Megnetic stirrer (50 W x 0.08 h) 0.0
Ultrasonic (750 W x 0.08 h) 0.1
_ 280 - 19,000
Centrifuge (500 W x 0.33 h) 0.2
Freezer (500 W % 6 h) 3
Freeze-dryer (5000 W x 24 h) 120
NTANAAIBUINIINGH
Autoclave (3000 W % 0.25 h) 0.75
Centrifuge (500 W x 0.33 h) 0.17 282 - 11,000
Freezer (500 W x 6 h) 3

Freeze-dryer (5000 W x 24 h) 120
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Colloid mill (2500 W x 0.5 h) 1.25
Centrifuge (500 W x 0.33 h) 0.17 283 B 14,000
Freezer (500 W x 6 h) 3
Freeze-dryer (5000 W x 24 h) 120
nsanalagldiaulys
Colloid mill (1000 W x 2 h) 2
Centrifuge (500 W x 0.33 h) 0.17 285 2211 78,000
Freezer (500 W x 6 h) 3
Freeze-dryer (5000 W x 24 h) 120
NIENAMILNIITLTAITazA 1861
Incubator (1000 W % 1 h) 1
Agitator (300 W % 1 h) 0.3
Centrifuge (500 W % 0.33 h) 0.17 283 15m 14,000
Freezer (500 W x 6 h) 3
Freeze-dryer (5000 W x 24 h) 120
nsanaaId auanuauaIgnsEllastnsnnunslaladlud
Microwave oven (500 W x 0.08 h) 0.01
Homogenizer (500 W x 0.17 h) 0.08
Centrifuge (500 W x 0.5 h) 0.25 280 42 28,000
Freezer (500 W x 6 h) 3
Freeze-dryer (5000 W x 24 h) 120
> ot 9 < 9 - > <1 o i Id
MSANAAILIBHANKTIUAIINTIUFLH AU IARNUAINDINNULATIUAADARD YA
Ultrasonic (160 W x 0.08 h) 0.01
Homogenizer (500 W = 0.17 h) 0.08
Centrifuge (500 W % 0.5 h) 0.25 B0 a2 60,000
Freezing (500 W * 6 h) 3
Freeze-dryer (5000 W x 24 h) 120
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Physico-chemical, Biological and Functional Properties of Proteins
from Organic Rice bran
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Abstract

Physico-chemical, biological and functional properties of proteins extracted from
organic rice bran with different methods were determined. Rice bran protein (RBP) obtained
from enzymatic (phytasc-xylanasc} extraction showed the lowest color difference (AE,
P<0.03). Bulk density of RBP was ranged between 0.71-0.73 g/m] (P=0.03). Total soluble
solid and pH of RBP obtainedd from different extraction methods were not significantly
different (P>0.05), Sonication method provided the extract with the highest total phenolic
content (3.01 mg tannic acid/g RBP), DPPH radical scavenging activity (62.29%), and ferric
reducing activity power (FRAP 2.00 mM). The highest protein solubility (48.36%) and water
absorption capacity (2,36 g'g sample) was found in the RBP extracted with the combination
of colloid mill-hemogenization and sonication method, respectively.

Key word: extraction, rice bean protein, organic rice bran, antioxidant, functional
properties :
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Abstract

Rice bran is an underutilized milling by-product of rough rice and has high nutritional
value with 12-15% protein content, higher than any other portion of the rice kemel. It is
also considered as a source of hypoailergenic protein and dietary fiber. Rice bran protein
has been found to be of high guaity and of ymporanee for food and pharmaceutical
applications. There were slready reports[on the extraction of rice bran proizin several
decades ago. Recently, too many novel echaigues have beea dpplied for rice bran protein
extracton, Comparison between conventional and insovation extraction technigues noed
lo be vestigated. So, this experiment aimed 1o isolste and chamcterize protein from
organic rice bran by using differnt exteaction techniques: alkaline extraction (AKE: pH
9.5y, ultrasonic-assisted extraction (UAT: 160KG40W, 20 min at 637C), and the alkaline
pre-treatment before ultrasonic extracion {APUE). Extraction efficiency {recovery and
protein vield), physical (color attributes. pH, and total soluble solid: TSS), chemical
{protein and total phenolic content) and biclogical properties (DPPH radical scavenging
activity and Ferric reducing activity power; FRAP) of rice bran protein isolate (RBPI)
were monitored. The highest secovery of RBPL was obtained by using APUE (12.73%)
followed by AKE {9.22%) and UAE (3.82%). Protein yvicld of 86.40, 58.78. and 39.21%
was found using APUL, AKE, and UAE. respectively. The highest Hghiness value
{74.84) was observed in RBPI obtained by UAE. while the lowest was Tound in RBPI
from AKE (70.99). pH und TSS of RBPL was in range between 7.14-7.85, and 21.67-
24%, respeciively. The highest protein (87.12%;) and total phenolic content (1,084,353 mg
gallic acid/ g sample) wus found in RBPI extracted with APUE. The muin protein
components of RBP1 was ranged of 14-60 kDa indicated by SDS-PAGE. The highest
DPPH radical scavenging activity (14.25%). and FRAP reducing power (14.36 mM
Fe(1l)/g sample) was found in RBPIL obtained from UAE. These results sugpest that UAR
could be an effective wehnigue for selective extruction rice brap protein with potential as
& nutraceutical ingredient in fond applications.

Keywords: Antioxidant, Protein isolate, Rice bran, Ultrasonic-assisted extraction
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