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mAfeinguszasdiiefnnantiidoihiivesdusfusdniatadeifsings (Subcritical
water extraction; SWE) Ingnindmanidnthifunazanss snduthuaialusiiudie SWE figumgd
180, 200 waz 220° C Uuwan 30 wiil agldansavarelusiiu 3 vila (PSWELB0, PSWE200 ua
PSWE220) uenainiiudstihdindndiuanadialusiudeaisazats 1 M NaOH (Alkaline extraction,
AE)  Feagldasazanelusiusrdnadadesii (PAE) Wilelfidusedisaiugu annisitasie
99AUsENOUMIUATYRY PSWE way PAE wu31 SWE sgaunsaanalusiuaanainsidnalauinnii AE
Tnewdlogugfivesnisanngedu SWE avannlusiuldundu 89 PSWE220 aeiidosasnananuasnisarin
TsAuligaiian Inedleegi 41.78% wilofinrsananuaiunsalunisazane (Solubility) wuin PSWE
aunsnagaeldunnndy PAE uasiilegugfivesnisatngalusnisazatsves PSWE Avrgstu lne
PSWE220 %ﬁﬁhmiazmaqqﬁqmﬁ 96.36% Lﬁamiazawﬁ pH 2 PNATIATIERAINEINITAIUNNT
{Anlwa (Foaming capacity) Wuin PAE awilrngedn PSWE lngagilengsaail 32 adans wlomsazanedl
pH 4 wag 8 aghelsinulnuues PSWE 9¢iiA1a11uaesa (Foam stability) ﬁgmdﬂﬂmaﬂ PAE Taglu
189 PSWE200 way PSWE220 9ziinnunssingsitge Weimnsanfeaudinnaifnddadunuin PSWE az
Tienduiifanssunisiinddadu (Emulsifying activity index) taedmduainisgandunas (Aso) gin3n
PAE 1ng PSWEL80 2¢dln Aso gefiandadien 0.96 Wilpansazaned pH 7 wag 9 uenaniidifaduvos
PSWE Safianuiadusninddatuves PAE Tneddatuves PSWELSO i pH 7 aziimnuadesivian Jeiien

49.81 U
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ABSTRACT

The objective of this research was to study the functional properties of rice bran protein

extracted by subcritical water extraction (SWE). First, rice bran was removed oil and starch then it

was extracted protein by SWE at 180, 200, and 220 °C for 30 minutes. Three SWE-protein
solutions were obtained (PSWE180, PSWE200, and PSWE220). Rice bran protein was also
extracted with alkaline extraction (AE) by 1 M NaOH obtaining AE-protein solution (PAE) and used
as a control sample. According to chemical composition analysis of PSWE and PAE, SWE could
extract protein from rice bran at a higher yield than AE. The higher extraction temperature, the
higher extraction yield was obtained. PSWE220 had the highest extraction yield at 41.78%.
According to solubility analysis, PSWE could solubilize at a higher degree than PAE. The solubility
of PSWE increased with extraction temperature. PSWE220 had the highest solubility at 96.36% in
the solution with pH 2. According to analysis of foaming properties, PAE had higher in foaming
capacity (32 ml) than PSWE when the solution had pH at 4 and 8. However, PSWE exhibited
higher foam stability than PAE. The foam of PSWE200 and 220 were the most stable. According to
emulsion properties, PSWE exhibited a higher emulsifying activity index, measured as absorbance
value (Asq) than PAE. PSWE180 had the highest Asp at 0.96 when the solution had pH at 7 and 9.
Furthermore, emulsions of PSWE were also more stable than that of PAE. The emulsion of

PSWE180 was the most stable at 49.81 min, pH 7.
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2.1 Principal component analysis (PCA)biplot of different properties of rice
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4.3
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4.5

bran protein concentrates. ESI: emulsion stability index, EAI: emulsion
activity index, PAA: polar amino acids, A/B: acidic to basic amino acids
ratio, WAC: water absorption activity, OAC: oil absorption activity, PC:
protein concentration, PS: protein solubility, RCs: random coils, SHy:
surface hydrophobicity, Td: denaturation temperature, dH: enthalpy of
denaturation, FC: foaming capacity, IVDP: in vitro digestibility, Arg/Lys:
Arginine/Lysine.
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2.1 91

¥ < (% = . a P = v Y v 3 = Q’Jj i 1 5 1
Gruusyy (cereal grain) wliands wandvumetuUionatety laun Yuuenaadu
wnau (husk) Fuduwaglaa (cellulose) way efiwaglad (hemicellulose) Wedlontuunavsenazladn

£% < v £% £ v A o = ! s =
naes Tuwaatindesdsenaume Nt 1IviseAnAy (germ w38 embryo) uavdiueulaaesu vise
§12917 vieruAIetwsIU (rice bran) FsUszneusieoruuanranedu Woeglsu (aleurone layer)
wiotusiazidun Wutuluagaifndueulaaledy Tlusiugs wagludfugs wenaniidsuszneuluse
cellulose uaz hemicellulose aynd13 (germ) agfinfu endosperm 13U lemma Luduiias sy
Jusiusieluuseneusiae fugeu (plumule) s1n8eu (radicle) Weviusugou (coleoptile) laviusndou

(coleorhiza) viotvion s (epiblast) wagluldes (scutellum) HUSAU wazdia (lipid) Inndiunay

W359)g

wulpawesy  (endosperm)  Aedruudndnansfivhunulsemuiidnlsenavawlng Ao

anslulawsn (carbohydrate) Fiduasnss (starch) a8l amylose way amylopectin \Juduusznau

vén egsandudinaniss (starch granule) TWsiuludnidndudniuiuna fovas 7 A 8 Tavanansn

FunANANNANINsalunsazaele 4 vile Ao albumin, globulin, prolamin Wag glutelin %Qiﬂiau
I

wianddunumlunistnunsnsnessinveaiinaniie (starch granule) (Ruslifiey weldumed uazdSen

SmunUnu, 2010)
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$1Uminsueg N tugnamMNITIMNSINBILAMAINNILAYUINITUDDWMSWUTIU. 51
dndidulegs  uay  Tuduvemenisgeavnssutiuansaiuiayad iiudum  vie iy
Functional Foods Tudufn Tullagtunsiasusidnlasunisuszauanudialueimssingg wu suuds,

v

i, Mooy, waduazlerrdy Tnghifnruuanssegneddoddyifinadonuainisiouuas
doduia $191u8u by-product MAnainslidnn Tneezldandrutuuenues brown(husked) kernel
youm fegldsynndidn doflsuiuduinioueeesdnugs S9nandy 10% veesrUsvnou
vavaa (Hu uavenis, 1996) ludnuesdusznauvesiidntiuasyssneuludae wan, weaneSauay
wundiden 11 %, SuSunalusiu 13% fusinaleenms 11.5% waziilusiu 20% Feanansavhuvindu
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AN519e9eUsEnaule Rt

A15199 2.1 29AUSENAUMNILATINDISIT1 tay luasueIs19n

Digestible
Moisture Protein Fat Ash Dietary fiber
Parameters carbohydrates
(g/100 @) (g/100 @) (/100 g)  (g/100 g) (g/100 g)
(g/100 g)

Rice bran 12.12+0.25 12.32+0.24 20.31£0.92 8.73+0.08 17.92+0.26  28.60+0.32

Rice bran

fiber

11.73+0.32 21.91+0.43 4.31+0.43 7.42+0.24  1.38+0.18b  53.25+0.79

fun: Gul uazAmE (2015)



A15199 2.1(s18) 29AUTENBUNNIULALIVDISIUN tagln [wasueIs19n

Parameters pH L a b

Rice bran 6.85+0.10 68.85+0.18  3.49+0.05 18.07+0.081

Rice bran fiber 7.07+0.04 66.10+0.20 4.73+0.04 16.06+0.06

ash\ﬂﬁﬁmmaqﬁﬂizﬂawaamim’wGﬂué"l%’n%uagjﬁu FUAVDIVNI, ANINDINIFALBLATZUIUNNS
wUssudm Tuwsiazd 90% vessimindstuialaniagnmiuilfiduemsdmisnnigndmsunyuasln

[

venantufimsthuataduituidn sdndeduingauiifiogmafuinuduidesmniuiina
Tufufinnn warfeulel lipase Fsavilisdnnfanismduiiusesldanunsaduusemuld 33nsvili
$rdmilmnuadios (stabilize) Tu ansavildlaemsyitlieulss] lipase @o activity Tunisdes ol
anunsathlUlilugramnssuemnsld idesansrindasomsiisndudeseneluiunnigs léun
wn@sus, Indiy, ues, nseexdlu wazdesrusenauvesals antioxidant lawlawig tocopherols,
tocotrienol Wway oryzanols a8 oryzanols HauUilunsilu antioxidant ﬁ’sj\‘iﬂdﬁ tocopherols 10 t¥11
way tocotrienol flauuflun1silu antioxidant gin31 tocopherols 40-60 Wi Taglumnsgnannnssus
dnlddunumlunaaiuamevslasunnsliuiomnsuussy uenantusndndsd dietary fiber Tu
Usinaiigedsfionthunfiunaavesons sawdaianidu functional foods $19m3sfiouiuntdly

asaeUssian wu vunlls, fn, dudeiies, learsy 1Wudu lnsensiignldadliaslufinasonts

WasuwUaIesauURtantnNNUSaduNaYD9819S
2.3 Tusaulusian

TUsAulusdmduluajazilu storage protein 1aun albumin, globulin, prolamin, glutelin Tag
Andusnsnd e 3d% albumin, 15% globulin, 6% prolamin Wwag 22% glutelin (Hamada, 1997)
duesdUsznouves amino acd lusrimitudiethunfeuiuusinadusaesnsaeslusuduluin
M13n (FAO/WHO/UNU, 1985) Usnga1 fiUsunas valine (63 mg/g wa4 protein), histidine (29 mg/g

. . . a 1 a :.’I o o v 1 1 <
U84 protein) Wag tyrosine (33 mg/g ¥8Y protein) NEININUTIIUTUINNITNADINT UsiogelsAn



U3Uay leucine, isoleucine, lysine, threonine wag tryptophan lusidnidefiusunadlaiiesnauniin

N3N

=] = = ) a o v = o a A & < <
A15199 2.2 MSIMSUSEUTIEUURInIaeeiluanlusAus191  euiuUSIaenMISNLazIANLAN

HDIN13
Infant (mg/g of 2-5 years (mg/g of Rice bran protein
Amino acids

protein) protein) (mg/g of protein)

His 26 19 29

Tle 46 28 39

Leu 93 66 74

Lys 66 58 47

SAA® 42 25 38

ARM® 72 63 79

Thr 43 43 37

Trp 17 11 12

Val 55 35 63

SAA®: AsaeyAluAL sulfur WueidUsenay Met wag Cys;"ARM: aromatic amino acids Phe wag Trp.

fan: FAO/WHO/UNU (1985)
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2.4.1 msanalusauainsrtnlslusdiumieaisazatani (alkali extraction)

1%
@ ad A

At uwwesmsadalusivandm  imsgldndnnmsfisuazansiedildlunszuiunsfiae
senste sududefivesnisatnieisd widedevesnsainseasazatesns Ao ldnananvadlusiu
fitioiflosanninduanind pH ge uazssfivdoogiasinumsinhliAntnidssinamn (Goto
LavAmY, 2008) 21NNNSNARDIYEY Jiamyangyuen uavAmy (2005) Wuduneunisaiadesslnedy
wsnthsdnlElasiuldurauassluinduussanas 20% solid content 91Ut 5 mi vesEnsuvILALE
lUUsu pH Tiwiniu 11 Tngansazate NaOH 0.2M I@&Tﬁi’fqmmﬁﬁ 30 °C waglganlunishydrolysis
Funan 45 wift wdsentuwinsusu pH vasasuvIuanaliils pH Wiy 7aleansazaie 0.2 M HCl
dengaufiten mnbuthidniivdesgusnsenandiuiiazasld (soluble product) §2e vacuum
fiterdneansldnseaunsaswWhatman No.1 winhduiuludahmiindsanauuiedt 65 °C demeu

waglusiuazagludiunazaneiio
2.4.2 msanalusiueanainsitnisludiunieunneingm (subcritical water extraction)

NNNARBIYBY Goto wazAny (2008) levinnsadalusiuainsidnliledu @indaniug
Oyaza sativa) mmmmﬁmé’wﬁﬁﬁmqm iu%gul,ﬁﬂ%ﬂﬁﬁniﬂLLmuaaEfLu‘lfméLmJismm 20% solid
content :ntiuth 5 mi vesansuanuasslulaly reactor (8.8 mi Stainless steel batch reactor) u&a3s
& nitrogen tieldanagen anduliarudounn reactor augumnifiFesnis Tnsmsvnaesiasldi
gaunndl 100-220 °C niATas electric furnace heater daumudulu reactor aldflothdudaiina
fulutas 101.35 kPa way 3.97 MPa sugamgfifild TunsvinnnsadalusfutiagEudenisld electric
furnace Tnufeurudsgamgiiifesnts anthild reactor wWilulu furnace Ssawviligamgiianas
10 2-3 oC Feddlinandszanas 1 89 3 wiiflunsldienufou reactants Tilgumaifidesnisdnase

Y

UfAseaiatunelunan 5-30 wflantuazi reactor lUviliduasegsdunduiigumgiiviedlag

Y

nsuaadly cool water bath @enseulrunisyinlidutasldinaiussuna 3 89 5 Wil ntuLensI91IN

& ' [ [ . [ & o
ma@@gﬂﬂﬂﬁﬂﬂw’lua@EJﬂ’JEJﬂ'WﬂGU vacuum filter lagnsldnsemiensess Whatman No.l 21AHu1N

a

vosudenlaludahminnamnnsiuisly vacuum oven figaumadl 65 °C Tnglusiuazagludruiiu

Y



11 (soluble product) lugasgaumgiiszning 100 °C uaz 220 °C \Junan 0-30 wiit azldu3unalusiu

wagnsneriluigininnisanameasazanen  lngnandnilaasuusiunsaivgamaiiniduaznaily

o

Tunslalaslada  weegralsianunislalasladadunaiuiunaeyiliin  thermal degradation 89

HARAIIUY Inendnnagegailannnsanalusiy uaznseewdly Ao 219 + 26 uar 8.0 + 1.6 mg/g

¥94 dry bran audeu aevhnislalasladaiigamall 200 °C Wunar 30 widl Bslunimunisly
gamadl 200 °C WJunafininndy 30 wiil szlududauth antioxidant wazanunsathluliduoms

(%
A

\Beaadadle

2.4.3 1ihfi¥3nge (Subcritical water)

14 v ' 1 1
a o = I =

UnaInge Ao 1NNEREN1IEYaIMaINE NN TTENINYARBATIAINALUTTENAR UGN

1%
a a 1 v

Ange (Critical temperature = 374 °C) 3puMdgun iR 100 — 374 °C Fangaungiivaniazdosly

9 Y Y

Auaulunsibiihdiasanusveavailaeglasausunldazegluyiie 16 bars figaumgil 200 °C
Ui 226 bars Ngaumgil 374 °C FepauautRdfgyvaninaings tiun 1.auds dielectric constant

= ! ] o 5 09wl 4 a = a Y o o o A iAo o g v o
anaanvzdwnasionuiivivesviiinAdngeingAnssuadeduiiinasaenldiivy vilanunsasia

(%

a

avangaslulivalafnindiianeundiuin Inefigamgil 200 °C U1edl dielectric constant Wiy

Y

methanol iaaumiivies Mgl 297 °C agvilvithaunsaazate benzene 19 2.A1ANNSULANGT

Y

12
a

(Ko) Ngedulaginfinnnusiu 15 MPa @1 log(K,) SAANTUaTN -14 Ngamgll 25 ssrwades 1u -11.3
Mgaumiilugae 200 250 °C Fedawalvidiaudiuduves H:0uay OH iiudugadIsuiaiounisise
Uisensmensanaziva Jsdealiiansinislalasladanuintu vildmunzunnisanneansduiadinan

aslulamsauaslusiu (Uslumd agiansans, 2012)

Y

2.5 Proximate composition%aﬂﬂiﬁu%’ﬁﬁ"]’a

NN1TNAABIYBS Singh waz Sogi (2018) s1UManalusiuaInIenIsAEUSINAlUSAUGILA
17.6 - 19.8 %db dimvasiuaziduly agluriemaud 11.64 — 13.04 %db uag 11.67 — 13.25 %db
puaeu Aslulawmse uaglusiu 52 — 55%db uag 3.5 - 3.8 %db MUaRU superfine rice bran &

Usnaulusiu (19.82%, db) Wewflsufiuiugdu coarse rice bran @i (13.04 %, db) uazidule



o w

(13.25 %, db) g egelsinu nsnzvimeads TunuanuuwanssegslidudAynisadd (p > 0.05)

b

%aa%’ﬁnﬁamuﬂ’uﬁj (superfine rice bran, fine rice bran, coarse rice bran)

#1519% 2.3 Physico-chemical properties, bulk density, water/oil absorption capacity, surface

s

hydrophobicity uag in vitro digestibility 984 TUsAus1tManaluiuain 3 aenus

]

Protein concentrates

SF-RBPC F-RBPC C-RBPC
Constituents, % (dry basis) Ash 3.87 £ 0.44° 363023 376 0022
Fibre NIL NIL NIL
Protein B7.52 + 0680 7216+ 1122 70.92 £ 1472
Fat 0.36 £ 0.09% 0.30 £ 0.05% 0.31+0.022

Carbohydrate 2825+1.432 23.91+1.886° 25.01 £ 1.74%

Minerals, mg/100 g Copper 1571 £0.072 1157 £017® 11.50+009°
Manganese 0.76 +0.002 065 +0.00° 0.68 + 00030
Iron 29650132 21.88 +0.09° 20.44 £ 0.05°
Zinc 4190012 341+001° 3.38 +0.00°
Magnesium 974 + 0.362 930 + 0.240 642 + 0.17°
Potassium 758+ 0.19° 1277 £ 0.77° 1001 +0.94P
CIE color values L* 67.75+ 0242 63.91+0.16° 62.47 £0.32°
a* 279 +0.02¢ 427 +£0.022 422 +£0.020
b* 1369 +0.15% 13.41 £ 0.05° 1342 £0.10°
Wi 2669+ 0422 2369+ 0140 2223+022¢
Surface hydrophobicity 47399+2.78° 55597 +2.402 49984 + 4230
Water absorption capacity, g/g 409 +0.232 3.80+0.220 378 +0.23°
Qil absorption capacity, g/g 272 +0.15° 3300172 3.06 +0.16%0
In vitro digestibility, % 533311952 4834+ 324° 4596 £ 1.11°

SF-RBPC: superfine; F-RBPC: fine; C-RBPC: coarse bran protein concentrate; WI: whitening index, RBPCs: rice

bran protein concentrates, AMlUA1I519 AD mean + SD VBINISWANTU 3 treatment 19as¥aanY, a, b ..onws

o o

safulundnidedfiuvestoyaiinnuunnsneiuegailided sy (p <0.05) 7is: Singh wag Sogi (2018)

s

Yunalusiuvelusiusitradudu (rice bran protein concentrate; RBPCs) 910 3 angiugag)

9

Tuta95e1n9 67.5 — 72.2%db Fananalunisien 2.3 lngarusaseeaisudsunalusiuannuinlddes

1§59l RBPCs 91nfine cultivars (F-RBPC), coarse (C-RBPC) wazsuperfine cultivars(SF-RBPC) snuansu
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Tumeadi Usinalusiuues F-RBPC uay C-RBPC lalumnsinsegnaiifeddey (p > 0.05) Tuvauedi SF-
RBPC fiUsunaulusAuuananeseiitedny (p < 0.05) Tma%ﬁﬂ%mmiﬂiawil"]ﬂ’jf]maﬂ’uﬁ%"u dusu
peRUsznoUsUti RBPCs flmnslulawmsn saud 23.91 — 28.25%db, Usunallusiu (0.30 — 0.36%, db)
wazU3unaun 3.6-3.8%db nisiATIEIERAWed1 Aslulawmsaues SF-RBPC dAunnningn 2 @y

Wugegliteddny (p < 0.05) Tuvagilufiuwaziinliinnuuananiuegralitvddy (p > 0.05) Tu

3 anewug

wismaAyeglulusAus1inlaun copper (11.50 — 15.71 mg/100 g) maganese (0.65-0.76
mg/100 g), iron (20.44 — 29.65 mg/100 g), zinc (3.38 — 4.19 mg/100 g), magnesium (642-974
mg/100 g) wagpotassium (758-1277 mg/100 g) lae SF-RBPC fUSu1eu copper, manganese, iron,
zinc kA magnesiumgd kag F-RBPC il potassium g4 ASIATIEINNeATAYeILITINHTANNUANATSAY

agited1fny (p < 0.05) Tu 3 anewiug
2.6 AdvaslUusAusIT12

INNNIVABBITBT Singh uaz Sogi (2018) Mam1s1edl 2.3 SzUU CIE WUl L* 989 RBPCs Heh

Saus 62.47 89 67.75 luvaiedt a* fedaud 2.79-4.27 uay b* Sedaus 13.41 — 13.69 Iagnuinen

a w

L* gaevd 3 anesugianuuansdniunvaifegadtedfny (p < 0.05) Feanusaisesainauinien

v o w

foele A3l SF-RBPC > F-RBPC > C-RBPC Tunsiiasizvimnsananuindideddty (p < 0.05) d@wmn a*

o

v o w

nAuenaNsiunsaifegaditdeddy (p < 0.05) Wu Wty lesamnsaSesnaminiutesla
fsil F-RBPC > C-RBPC > SF-RBPC dansifindlu RBPC 1u finaannnszuaunis Alkali extraction-acid
precipitation  agvlAndER1a115a3lU protein concentratense isolate LWS12LAANTS oxidationves
phenolic compound Tusa5191 %dﬁﬂNaiﬁﬁia@mmmﬂimjmmi, funtional properties tag biological

value 9snaslag RBPC agleirn WI gegn
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2.7 msaesignnsaazilululusiusian

nesefl 2.4 nsnexdiluves RBPCs Mnaneiusfiumnsrsuandliiiuinnsaesdlulu RBPCs
Glutamic acid Lﬁuﬂsmazﬁiuﬁmmﬁqm’tuﬁmmam RBPCs s¢n8 aspartic acid i SF-RBPC Tuweug
7 arginine waz valine Wunsaezdludundususuaedly C RBPC way F-RBPC mud1diu uaza1nnis
NeaRgvBIWang, Xu, Li wag Zhang (2015) wagn15neaaesuad Wang, Hettiarachchy, Qi, Burks wag
Siebenmorgen (1999) leinaaanu1in TUuawes glutamic acid g9 TulusAusigny musae aspartic
uay arginine n3meefiluiil sulphurlusglasaine (methionine waw cystine) fUszana 4.0% nymewd
Tustavmelunn RBPCs wsl F-RBPC finsmosfiluiifl sulphurgeegnainile (4.819%) mushe SF-RBPC

(3.78%) wag C-RBPC (3.40%)

Tup3199 2.5 §n51dmeas acidic amino acidie basic amino acid ¥ SF-RBPCifngaanusie

F-RBPC way C-RBPC  msaaszvivnsadanuinlufiteddny (p > 0.05) wesdium19sening SF-RBPC,

a v

F-RBPC luwauzdi CRBPC fiauumnsnseesfitioddey (p < 0.05) Snsndanuiisn

HadNSWaNllszYdn SF-RBPC wag F-RBPC i acidic amino acid Tusssun@uinndt C-RBPC  uag

Uncharged polar amino acids T F-RBPC fifnas (19.76%) nisiasuwvadiunsaezilueiadu

Y

Wesnnananuuana1tuaeiugnldlun1s@inuiil superfine, fine uay coarse cultivars



Amino acids, %%

Aspartic Acid (Asp)

Glutamic acid (Glu)

Protein concentrates
SF-RBPC
556 +0.30%

14 .64 + 1.05%

M15199 2.4 nnezdluvadlusiiusidmanaluiulu 3 aneiug

F-RBPC
524 + 0242

12.85 + 0.84%

C-RBPC
721 = 005"

1416 + 0.45%

Serine (Ser) 4.45 + 0.75° Z82 + 078 3.34 + 0.43%
Histidine (His} 349 + 0.23% 3.37 + 0.82° 3.94 + 0.15%
Glycine [Gly) 4.47 + 0.24° 4.31 + 0313 3.62 + 0.49%
Threonine (Thr) 278 +0.13P 6.02 + 0052 3.87 + 058
Arginine (Arg) 845 + 0172 7.84 + 0.59% 9.02 + 0.57%
Alanine {Ala) 613 £ 0712 537 +0.83% 6.28 + 0412
Tyrosine (Tyr) 464 +0.15° 466 + 074 568 + 0862
Cystine {Cys) 236 + 0.36% 1.85 + 0.59% 1.91 = 0.06%
valine (val) 619 + 0128 9.98 + 0.812 5.70 + 036
Methionine {Met) 1.42 + p_2gF 286 + 0413 1.49 = 0.21F
Tryphtophan (Try) 0.79 + 0.06% 1.12 + 0.63% 0.45 + 0312
Phenylalanine (Phe} 583 + 06730 417 +0.33P 6.45 + 0_30%
Isoleucine (lle) 269 + 0472 1.93 + 0.93% 1.34 = 0.51%
Leucine {Leu) 755 +0.33% 5.87 + 0.98% 6.43 + 0672
Lysine (Lys) 545 + 0.35% 4.78 + 0.38% 4.93 + 0.02%
Proline {Pro) 270 + 0.66% 223 + 0612 273 +0.31%

Total Al

Total EAA

9271 +2 34%

4330 + 0.758%

90 45 + 1.94%

4671 + 1.69%

8555 + 1.84%

42 22 + 2 062

12

SF-RBPC: superfine; F-RBPC: fine and C-RBPC: coarse rice bran protein concentrate; AA: amino acids; EAA

(essential amino acids): Ile + Leu + Lys + Meth + Cys + Phe + Tyr + Thr + Val + His + Trp , A1lus13579 A

a v

mean = SD ¥83NMIWNTUI 3 treatment Nidasesiony, a,b,..snwiisiulunaniferiuvesdeyaininuwansiaiu

o w

pgsiitiadAty (p <0.05)

<

fan: Singh tlag Sogi (2018)
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M19199 2.5 BeRUsEneuveInInerilunilusey uaznsnesilunliiuszaueddusiuidnanaludiu

Protein Amino acids composition

concentrates Charged* Uncharged ArglLys
Acidic Basic Acidic/basic Non-polar Polar

SF-RBPC 2320+135% 1739+005% 133+008% 3262+133% 1871+035% 155+0.04°

F-RBPC 21.08+1.08" 1598 +1.02° 132+002% 3251+156% 19.76+1.85% 164 +0.06°

C-RBPC 2136 +040° 17.89+073% 119+003° 3043 +092% 1842 +157% 183 +0.11°

SF-RBPC: superfine; F-RBPC: fine and C-RBPC: coarse rice bran protein concentrate; acidic amino acids: Asp +
Glu; Basic amino acids: His + Arg + lys; Non-polar amino acids: Ala + Pro + Val + Met + Ile + Leu + Phe; Polar
amino acids: Ser + Gly + Thr + Tyr + Cys; Arg/Lys: Arginine/Lyisne, ATlUA1918 A® mean + SD 989N15WR1504

3 treatment Basesiariy, ab,..dnwsiviulukaufgiuvesdeyainnuwananiuegiitudday (p < 0.05)

fian: Singh wag Sogi (2018)
2.8 auUfAn1anid (functional properties) vaslusaulusiing
2.8.1 nsagarwveslushu/lulasiau (Nitrogen solubility)

91NN15NAABIUBY Bera wag Mukherjee (1989) 1UTAUIINIIUIIALLAINAINITANINNITALAE

'
=

Migeliun pH g9 lngasiaudiniansazaiugagn 75% A pH 9.0-10.5 uasiaudfinianisazaetieygen

'
1 a

13 % 71 pH 4.5-5.5 sulurauanga isoelectric point vaslUsAws1IIzeY 7 pH 4.5 wenantudl
A [ o s w g
wui pH  Wunseauaunsalunsazansveslulasouastosnsiy  phytate  agweosusinlu
complex Aldausaazatels d@rulun1smanassuss Gnanasambandam wag Hettiarachchy (1995) #ild
msanpaneulsd waransazanene agldrmnisasanevedlulnsiauasani pH 10 82% uay 57%

MNARU wagldAnisavaneNlesgail pH 4 8% uay 5% FNNEIAU
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2.8.2 mmmmsn‘lumsgﬂ%uﬂﬂ (Water absorption capacity)

INNIVARBIY Chandi wawSogi (2007) ldvhnsnaassmantfdamihiiveslusiulusidn
¥estm 3 aewus léun Basmati 370, Basmati 386 way HBC 19 W3sulisuiu casein Gauansly
A5 2.6 nuIMmneegeilauwanaaiuegeiidedAyneEds (p < 0.05) Faldnanisnaans fadl
Casein uay Basmati 370 flennsdusnfiuth (water-binding capacities) ‘17{(5‘1"’117;?161 Ao 2.48 uay 3.87
(g/g) MmNy HBC 19uay Basmati 386 fifien water absorption capacities 4.04 waz 5.60 (g/g)
pudFU uenantiudmuATmERUSAUA nitrogen solubility uUsHumsaiy enmauifnisgadu
fﬂﬁuaﬂﬂiauﬁamﬁiaﬂﬂﬂsﬁaﬂmiqmLﬁamm%ﬂumamﬁwﬁﬂizmm‘um@? \iesnwAnudnLazAIY

1%
1 o

dutlagdtwater absorption capacities Moglutie 1.49 s 4.72 (g/g) aganunsaranlyluemsnd

9

o | Y ad o a o w i ° a a A &
ﬂ'ﬂ’]mwumfﬂﬂ LU "QULLaguqﬂ"] quﬁiﬂimlﬁqcln']l,wm'wLLﬂﬂTﬁu’]ﬂJqL‘WﬂJLaﬂﬁiﬂqwcl]@ﬂﬂ'ﬁwmﬂjqﬂﬁu@jﬂ

A15197 2.6 NSIUSBUTBUAT Water absorption, Oil absorption, Bulk density $£#319 Caseinfiu

USRI 3 anewud

Casein Basmati 370 Basmati 386 HBC 19 LSD

Water absorption

(g/9)

2.48°+0.11 3.87°+028 560°+085 4.04°% 020 1.8

Oil absorption (g/g)  1.72°+ 0.09  3.74°+ 093  9.18 +0.74 814+0.72  1.94

Bulk density (g/ml)  0.89°+ 0.02  0.21° + 0.01 0.13*+0  0.12+0.01 0.03

a o

TsAusdaneiuginge (h=3), a,b,..snwsssiuluunniediuvestoyalinnuuansisiuegaiioday
(p <0.05)'LSD = Least significant difference
731: Chandi wagSogi (2007)
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2.8.3 Auausalun1saaguiidu (Oil absorption capacity)

INNNARBIYBY Chandi wazSogi (2007) Fawandlumisnen 2.61UsAulus1dvesameiug

v
o @ A

Basmati 386 dfn159nTuiniugegn A 9.18 g/g war Basmati 370 HAN1spaduidiusingn fe 3.74

Y 9

v '
1 o vl

g/g uay HBC 19 ﬁﬁmms@msﬁuumuﬂﬂé’tﬁmﬁ“u Basmati 386 1ae HBC 19uagBasmati 386 Uuagluidl

o w

ANUuANGiuegeildud ey neada (p > 0.05) Fernsgaduvesiiuvedusiusitnie 3 viladl

o o

AMINATY Casein pgsdtludryneana (p < 0.05) Fefluwaldunazilusiusdnluldluems

o

F1wan l@nsen, WNLUTNBS, U18DUALaZ AR
2.8.4 AURUILUUTIU (Bulk density)

NNNARBIYBY Chandi wazSogi (2007) Fauanslumisnen 2.6 TWsdulus1dnvesaeiug
Basmati 370 2giANUNUILUNTINANINTGR 0.21 g/ml MUNIAIY Basmati 386 wag HBC 19 Fadlen

o w

AnuruLusldfinuuanasiuegslitedAyneana (p > 0.05) agiinununuusIu 0.13 uay

o

0.12 ¢/ml mudwu wiegelsimuAAIunLLLuSINvedUsAus IR TAATesnIn ALY

. | \ | & @ o |
5:ved Casein (0.89 ¢/ml) 8g1unn lagArAnuvuiiunNaslumimuavuave e usseine

wenntuensifiauuwiusngzldmunzuninstunhomisienisuguuan
2.8.5 autRtunsiialiy (Foaming properties)

antRlunsfninuvedlusfiutuegiu 1.anuansalunisgeaduennia uazthlismiuldogg
ad  2anmEunsolumsiianiswdedasegl  (Conformational)  egsdundu  uagmsiBewin
(Rearrangement) et 2 FnaAtiuazenne) 3ussdeufinseninsveunmtuveava (Cohesive)
84 viscoelastic Hdufgadon (Interface) Fousssewindinana auaunsalunisiisly (Foaming
capacity) THo3unsUSunuuesiuiiioduda (Interficial area) Aivannsnasanmaruniulnuogld
@¥pnaveananiuigniesaidouarignianszans fe ufia) Vilfiashutnuazanududuegls Tne
ﬁi']ﬁ%éﬁyuagui”Ummﬁwsjwuaﬂmaqa, AuLUWesUszy, auduhydrophobicity, AasudRns
rheological YasaNlUsAY, Aumtla, MInudeusudeu uway Anuavguvesilay Mudinatianiua
Frvadlny (Foam stability) @sfide Auanunsalunsililnuausenuseussliugiuazauesen

nenaseg  Tuns@nen foaming capacity ¥09 Cao wagAg (2009) il pH WNTIUN 5 619 11 A1
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foaming capacity vesimindes, Tnunuazlusiusimeniudu Tnefl pH 11 a]slﬁmﬁgqn'j'} pH 5
wonantuAn foaming capacity waslusiusdmeziutulalnensld sodium chloride (NaCl) finana
Wt 0.4 &9 2% dauen foaming capacity vesimndsazinuzdvdulalunsld Nacl e
Wty 0.4 89 0.8% luvawrit sucrose mnudiadu 12% Fulvasiinalunisandn foaming capacity
Tsiuandais 3 vfin danlunisveass Chandi was Sogi (2007) aglden foaming capacity Ainas
wagA1 foaming stability ﬁqqﬁmﬁmﬁauﬁu casein luany pH 5 89 9, NaCl 0.5 s 1.5% uag

sucrose 5 £14 15%
2.8.6 sutAnsiudiadu (Emulsifying properties)

wa < . a X 5y v oa v [y a o [y
auuFin1silu emulsion wadlusAvarduegiudadenadeiunisialiudsenaulumesnsins
andulusaunuiuthduinterface UsunawealUsiungnandy, n1siinconformational rearrangement
7 interface, NTAABITOILIIFNNT  LAZNITIAALIIYDUANTZIINVDURAINUTDINAY (cohesive) A1
emulsion activity way emulsion stability agltlunisuseifiuma laeA1 emulsion activity guanD
interfacial area (UShasaesavesaunatiuingi) Nunigaseditinvedusiuvesansazaneiiag
Y 1 . .. = a A < av o o 1
fn @ emulsion stability azuaERsBsANNEINITaVRIlUSAUNEnaNeu TR TATUNVIURDAS
a a4 & vy g ] ) aa 1 v { .
WasuwUaulledsnslilduranamils lnggamgiinuuueutazusdliuaisadan (Pearce uag Kinsella,
(% wa 1 a v o a o [ (% a A
1978) MyipautAnsluddatuveddusiuwilalaenmsinuun wagnsnszanefvemenlusiudogn
liduilaferiu wavszeznafiduluninasediady (Mcclements wag Piorkowski, 2014) 910015

o

F4uves Daigle wag Shin (2000) A1 emulsion activity Ued rice protein isolate ldannisafindae
wulwiazdimpautieh Tnaanizdl pH < 6 lunsvnassuas Agboola, Ng uaz Mill (2005) 20% oil-in-
water emulsion figninealaethifudaundes uazgniilsiasdalaelusiu glutelin 2ndm (1 uag 2%
protein) Gsdsalsituirvesdusiugudnaswemenluiiuogil 073 &1 1.94 um dwaliduTum
Iﬂsﬁmﬁm%uam 18392% 99911398099 Cao wazAnz (2009) 1A51891U91 emulsion capacity U3
Fr1m, $mindes warlusiusrim dentiosdiandl pH 5 uasiaufintuil pH geuagshniity $mnes,
Fmvm, Wsfiusrdniuiumsues emulsion 1nflgn @e 44, 47 uag 43% AUAWUR pH 11 dauen

emulsion stability agfiunliniimileuiu emulsion activity ngagldrnuniiann pH 3 dmsulussiu
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o |

PNTINE 3 MsiiuANuduty NaCl Tuwne 0.4-2%  asvilidvautfnisidudiatunsazlaan

emulsion capacity gega# 4% sucrose WagariA emulsion activity AR janaulatiuANIUTY

2.8.7 ananUAN19d (Thermal properties)

INN1TNAGBIVBY Singh e Sogi (2018) @ina13d1 Differential scanning calorimeter Tidoya
Aenfunsdsundadasiaduaslassadvedusiuiiisadestunisaanevesiussfiieadasiu
AUALBIIUTAL denaturation temperature (Ty ) LAASESLEREININYNANSDULAZIOUTIAUVDS
A15 denaturation (AH) Iﬁﬁayja@ﬁﬂﬁﬁﬁu‘um hydrophilic/hydrophobic interaction Wwag ordered
structure(Tang Wa Sun , 2011) , RBPCs luaewudiuansneiuazd Td Ussana 88 ssmwaldoa fu
AH fawinAu 5.76-6.89 J/g  SF-RBPC, F-RBPC wag C-RBPC fA1ved Td 88.93, 88.97 wag 87.18 ° C

AINAINU

F-RBPC @1 AH GAGL WAR9I3 non-denaturated proteins Iuﬁﬂﬁ’suﬁgﬁ (Tang W@z Sun,
2011) wadnsilauandlifiuingn Ty A (88.26 °C) wiAIAH (4.95 J/g) geninluseauves Wang
warAne (2016) agnalsAnIUNITNAADIUDY Tang, Hettiarachchy, Eswaranandam wag Crandall (2003)
WAE N1AABIYDY Zhou, harAmg (2016) 18971UAY Ty AU 84.1 °C way 79.9 °C @Na1AU WAz

endotherm 2.37 J/g wag 1.70 J/g @U@ uUUB4 proteins isolate Y84 heat stabilized rice bran

Thermal stability aeviouliiiuga hydrophobic interaction, protein structure &g
conformation v8dAT  NSIATIZY PCA Wawedn thermal stability veslusauiifiauduiuside
Iy B-sheet wazilmnuduwusi@sauiu ochelix (il 2.1) nsindelulusfiuinasonisuaiy
ounnTuusinansnnaosllduansnnuduiudssninamsnuaudeusulSinandn  wumadidien
Juundefienuduiusiulasadns B-sheets nan1snaaeuansin nsilaseadne Bsheets wnvziiiy
aud® hydrophobic interaction uas hydrogen bond @sfinaliidiatiosnnseaudounaziatiessenis

denature WuMaTYIlUHU
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PAA

1vDP L
2 SF-RBRC -sheets
WAC y dM
Ash E-RBPC
“ ra FEO°C
1
5 (351 FC
c B-tur SHO
g o -
g
S AC
.
-2
: C
3 o-helkx Arg/Lys
°
C-RBPC
-4
-4 -3 -2 -1 0 1 2 3 B

First Component

E‘U‘ﬁ 2.1 Principal component analysis (PCA) biplot of different properties of rice bran protein
concentrates. ESI: emulsion stability index, EAL: emulsion activity index, PAA: polar amino acids,
A/B: acidic to basic amino acids ratio, WAC: water absorption activity, OAC: oil absorption
activity, PC:  protein concentration, PS: protein solubility, RCs: random coils, SHe: surface
hydrophobicity, Td: denaturation temperature, dH: enthalpy of denaturation, FC: foaming

capacity, IVDP: in vitro digestibility, Arg/Lys: Arginine/Lysine. 17'llm: Singh wag Sogi (2018)
2.9 AMANUANINNIEATNVRISIT N

2.9.1 & (Color)

SMAUIddIeNa visedAmAesEnIa  uALANENRNUANNVAINTANENTEUIUNTUUSTTY

= a

dnlngresiiniiietvsamneuneldlu@amndud  Teenszurunsuusumeauioudvessioe

v v
a o v A o

a o ° = ) a ) v ° =
WaguUUEUI918 LaYs19eLd@ngsA9NISIUAgULUAIANSDULINEILSIDAFUINNE LLayn1siUasuLUag
yossuduihmadiuiioniunisextruded(Garcia wazAny, 2012) Wasmiausau nsildsundausd
a a1 . . . 1 @ a o a
#919UdUVDY formatting Maillard Reaction compounditaiy UNAIUUDIHUAFUDITINU

$191UsENeUsMY beta-carotene wag lycopene Faiioilu carotenoid Fehlvdvewuiuusingd

11A1aWAe beta-carotene uay lycopene tuansnediuves vitamin A wagiiidadegiailantioxidants


https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/protein-c
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/denaturation-biochemistry
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Tuewns  wagssuuNNTIN  (Lamberts  wavAmdy, 2006) carotenoid  viwitindusunuves
photoprotective f8N1SAATUNAIULEAITUATIY Y3BLAY quenching singlet oxygen WAZANIU free

peroxyl radicals
2.9.2 A1 activity Y8911 (Water activity)

dwsusriniuianusndundemsiu water activity Wienanidesnis hydrolysis Lile water
activity #1031 0.30 agagluyae primary adsorption zone naMfe luanavesinavaswwuseiy vy
carbonyl (-COOH) uasweulesiuluanadusie hydrogen bond @etuiniiarliazansdiuszneu

9115 eduIzATOUARNRIMIEY Fellwnldunisinsiinufisen lipid oxidation

o a =

$1AUllAN water activity Usssnar 0.54+0.03 uar degnundignszuiuns dry heat

stabilization A1 water activity azanaslUindauseauad 0.25+0.0 (Garcia Wazaeug, 2012)
2.9.3 vunveauniA (Partical size)

PRBUNATDITIRZLANEAUnNYTavesmstaldlunsiisidnngaeenanuaadn  uae

ﬁaﬂﬂz’fﬂizmummﬂigﬂmmﬂumaLﬁammmﬁa (stabilization) V8951017

ST YNIBUNURLUNTITVWIAAY LieNzlavwInvesiItnimgaudsniunisld

31 Wu ienagldUSuanhduiinnigandsainiiuns stabilization {Wudu

A919912.7 NISUULENTUINBUNIAYBITII

fan: Luh uazmoue (1991)
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2.9.4 AMURUILUUTIY (Bulk density)

Bulk density wvass1UmvilAiatissualsiunndulleiisunusignifu  (0.500 g/ml) A3

1%
o @

WaAuUes bulk density ¥89n15 stabilization Fudun1sifindnsinsduvesiviasarslunisanniiu
wazluvaznsanauniuazdl bulk density WNTU (Sharma wagAmy, 2004) WAMRIANNATAANUILY

bulk density azanaadu 0.34 g/ml

M15199 2.8 ANULANENYRISITINgNYIILEaRE T

an: Sairam wavAay (2011); Sharma wagAe (2004)
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unii 3
I/MIANIUNUIRY
3.1 fagAu arsadl wazgunsaiiildlunisnaaes

3.1.1  Jagau

- 5190 U3Em Liduaudniu 1in ntuilvanialuiueenlusie petroleum ether wag
annansueanluse a-amylase (Liquozyme® 2.8X) wag glucoamylase (Dextrozyme® GA 1.5X) failu

s1imaialadunazansgiaduingivlunismeaes
3.1.2 @15.ARN g luauIdY
dlﬂl w =1 o 14 i1 4 1
A15LANN 1 TUN15ENALUSAUAINSIVIINIYEITALAYANS

Distilled water

- Amylase: Liquozyme® 2.8X AR. grade
- Glucoamylase: Dextrozyme® GA 1.5X A.R. grade
- Sodium hydroxide A.R. grade
- Hydrochloric acid A.R. grade

drsadinlglunisanalusiuainsignamieuingings

- Distilled water A.R. grade
- o-amylase: Liguozyme® 2.8X A.R. grade
- Glucoamylase: Dextrozyme® GA 1.5X A.R. grade
- Sodium hydroxide A.R. grade

- Hydrochloric acid A.R. grade



astadinlglunisimiznusuia Crude fiber

Sodium hydroxide
- Hydrochloric acid
- Sulfuric acid

- Ethanol

- Boiling distilled water
anstadinlglunisimsizsiusaunal Crude fat
- Petroleum ether

drsiadinlglun1siasizsivsuna Crude protein wag nsagatsveslusiu

Sulfuric acid

- Kjeldahl catalyst

- Sodium hydeoxide
- Hydrochloric acid
- Boric acid

- Methyl red

- Bromocresol green

v v

A a a a v o a a
a'lsl,ﬂuw"lﬁi’flunmmﬁwnanssmaaaumju LaE AINULENYIUDIDUAYU

- Sodium hydroxide
- Hydrochloric acid

- Sodium dodecy! sulfate (SDS)

dd' o < al' a =
a151AdN 1 luN15ATIZIANNENIT AN AAINY wag ANLEReSVRILNY

- Sodium hydroxide

AR.

AR.

AR.

grade
grade

grade

AR. grade

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

AR.

grade

grade

grade
grade
grade
grade
grade
grade

grade

grade
grade

grade

grade
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Hydrochloric acid A.R. grade

3.1.3 JaquazaAgia

v ¢ o v P o v ¥ 1
asfuann glunsanalusiuaIns1gnmnigaIsazalenig

Vacuum filter

Filter paper Whatman No.1 (Whatman, Maidstone, England)

pH meter (Eutech Instruments, pH 2700 meter, Ayer Rajah Crescent, Singapore)
Buchner funnel

centrifuge (Hettich, Rotanta 460 R, Kirchlengern, Germany)

Stirring Hot Plate (IKA C-Mag HS Digital Stirring Hot Plate, 7 x 7", 230 VAC)

¥

[ d'dl Y S o 14 (%4 0 =2 a
agfaanlglunmsanalusfiuainsigniniedingdngs

Batch reactor (AKICO Co., Japan)

Electric furnace heater (AKICO Co., Japan)

Vacuum filter

Filter paper Whatman No.1 (Whatman, Maidstone, England)
Buchner funnel

centrifuge (Hettich, Rotanta 460 R, Kirchlengern, Germany)

Stirring Hot Plate (IKA C-Mag HS Digital Stirring Hot Plate, 7 x 7", 230 VAC)

o a9 va ¢ =
AsfuannlginsIzinIuad

hot air oven (Memmert, UF 110, Bichenbach, Germany)
muffle furnace (CARBOLITE, model CWF 1200, Cambridge, England)
Soxhlet extractor (Gerhardt, model EV 16, Brackley, UK)

rotary vacuum evaporator (Eyela rotary vacuum evaporator N-N series SB-651,

Rikakikai Co., Ltd., Tokyo, Japan)
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protein digestion unit (BUCHI model K-424, Flawil, Switzerland)

kiedahl apparatus (BUCHI model K-350, Switzerland)

scrubber (BUCHI, model B-414, Flawil, Switzerland)

spectrophotometer (Thermo Spectronic, GENESYS 10UV, Rochester, NY, USA)
centrifuge (Hettich, Rotanta 460 R, Kirchlengern, Germany)

pH meter (Eutech Instruments, pH 2700 meter, Ayer Rajah Crescent, Singapore)
homogenizer (Ystral GmbH, Ballrechten-Dottingen, Germany)
w3asdaiminnedion 2 sumis (Sartorius, BAG100S, Bradford, Germany)
\dpadainmtinvaiion 4 susmis(Scaltec Tnstrument GmbH, SBC 31, Goettingen,
Germany)

NSEAT¥NTBY Was 41 (Whatman, Maidstone, England)

Stirring Hot Plate (IKA C-Mag HS Digital Stirring Hot Plate, 7 x 7", 230 VAC)

AsduNlTIAsIERnansIuYeBlatu uag ANENYsVRBATY

centrifuge (Hettich, Rotanta 460 R, Kirchlengern, Germany)
spectrophotometer (Thermo Spectronic, GENESYS 10UV, Rochester, NY, USA)
pH meter (Eutech Instruments, pH 2700 meter, Ayer Rajah Crescent, Singapore)

cylinder 25 ml

LY ¢ o) va < a a =
asduanldiasERaNuansanasiialiy uay ANElysvaelny

homogenizer (Ystral GmbH, Ballrechten-Dottingen, Germany)

pH meter (Eutech Instruments, pH 2700 meter, Ayer Rajah Crescent, Singapore)

agdaanldiasizRaImMsazatevedlushiu

pH meter (Eutech Instruments, pH 2700 meter, Ayer Rajah Crescent, Singapore)

vertical shaker

24
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- protein digestion unit (BUCHI model K-424, Flawil, Switzerland)
- scrubber (BUCHI, model B-414, Flawil, Switzerland)

- kjedahl apparatus (BUCHI model K-350, Switzerland)
3.2 3Bn1snaaesiildluanuide

3.2.1 msanaldsiuansiamisluduaiaansazaiuniy (alkali extraction)

1%
Y [

£198991N35984 Jiamyangyuen uagAtdg (2005) Gelldunaunadauay Al

1
a o

s dmataluiuluuruassindusiesnsdi 10% solid content (100 n351912:1000 dadansii
naw) uwdthlusdnansuseouleyd a-amylase 7 pH 5.60 Wunan 90 Wil Tnaweetesaiion uaz
glucoamylase 171 pH 4.4 Wunan 90 w1 ﬁ]'mﬁ?uﬁﬁa’liazmalﬂfjum%Emﬁ 8,000 rpm Wunan 10 wi
Wi endunsnausnuasaselutndull Tnevheed 3 adufeanusinanimalusidn easu

a

i1 3 sUudn Fnhluouwisiigamgd 40 °C Wunan 16 F2lus whdahhdmdlduurusesluindu
fedasidn 7.14% solid content (0.5 n¥usdnn:7 fiadnsindw) whhluusulmdu pH 11 de
d@139¢a18g NaOH 1.0 M ﬁ’ﬁ?‘ﬁ’]’l‘ﬁ'L%ﬁ@@gjLLEJﬂEJEJﬂ?J’]ﬂE‘i’JuﬁaSaWEJlﬁ (soluble product) 38 vacuum
filter fon1sldnszmwnses (Whatman No.1) drwvesmadiilsozifuamsazanslusiu Jeazgnifiud

gaunndl -20 °C aundnasthuinsgiaudisnesioly

3.2.2 msdnalusiueanainsrtnlslusiumeunneingm (subcritical water extraction)

o
a o (%

AALUAINNNNSNAABIVDY Goto LazAne (2008) Feilvumnaunadawy fail

Y1519 ana duluwuiuassiinausmesnsidi 10% solid content (100 A5uS1917:1000 Tadansin
naw) wahluidnanisenleeulesl oc-amylase 9 pH 5.60 WWuan 90 ui lnewdegsdeiilos Lay
glucoamylase 7 pH 4.4 \Juan 90 u# nntuthasazangluduwiesd 8,000 rpm Wunan 10 ud
waldsnenaIunznauLwasslulnauluy Tnevineg1ell 3 AsuieanUSuIuInalusIt1 WeAsy
5 2 = ) 2 :a" a ° I o'J Y =2 o o w go’ o'J
4 3 souudd Juhlvsuurieigamgil 40 °C Wunan 16 9ilue umduhidnluwwivessludingu

Useune 7.14% solid content (0.5 g Tutinnau 7 ml) udhansuwviuaeyluldlu stainless steel batch

£
v A

reactor 8.8 ml 1UALATeY electric furnace AYQMUNTANTABINT (FWFUIAILTILYIN 3 Qaungil
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A 180, 200 wag 220 °C) winld reactor WhlUluda electric furnace sofiagaumgilnidasnisuasialili
Aaufisendunan 30 widl wensidnfimdesgainasuviuaseiienisld vacuum filter Taansly
N5¥A18N38Y (Whatman No.1) 99nUuviin159gae reactor fetnau 5 ml wamdunasly suction

a

flask Swdn asazawdlanld fe avavarslusiuGazgniiuiigamall 20 °C aund1azihun

Y

AAszRauURsgsaly
3.2.3 N151A18US UI09AUSENaUNIAT TUSIT1?

A153ATILRUSUIUBIAUTENAUNNLATIvBITITNane [Ty ways1iana lwiulazansueaeds

489 AOAC (2000) G]W@JSWEJ&%L’SEJ@V]ILLaQQGLUﬂ']ﬂNu'Jﬂ n.2

4

3.2.4 MsAnYENUAT MY lUsAUSI9MAaRRMeR1LazinnsIngn
ansaza1slUsius I NananeasaraIsne LazlinMngnuAnENURTIMTNY il

3.2.4.1 n1sagaavadlusiu

NTAATIENNTAZ AR LUTAUS198991nI5UDY Bera Uaz Mukherjee (1989) anusigazidunil

waERIlUAIANYN N.3.1
3.2.4.2 NANSSUVDIDNATU Lhag AULENYTVDIDNATU

AFIATIZININTTUVDIDUATU WaY AIULENYTVDIDNATY D1989991N759849 Pearce warKinsella

(1978) MUS1UALLDEANILAAILLUATIAKNULIN N.3.2
3.2.4.3 AMUEINITD TUNISAALINY LAy AMNLEDasYRIlNY

HAvas pH sieAmandRlunIsfaliy war Anuaiesvadlnug198991nIBues Kato, Lee uag

Kobayashi (1989) muswazBuafivandunaruan n.3.3
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3.3 AaniunuIY
= A a o v ' % % a
3.3.1 mMsssuasazanglushunanangaIsazalgnLazIneIngn

sdnunanialutiume petroleum ether uidailuaninanisenlseulysl aanuudaiisndn

1%

annlvsiunazansyluannlusiumeansazaoniauwazinnalings (AnARwIn n.1)

3.3.2 AS1E19AUTENIUNIWANVDISIVMENA LN UKAE ST ENA vt UL azan1se

1%
[

AATziesAUTEnoUNIATlAEN1TYI proximate analysis 2 €91 A91

- Ui Fe5u99 AOAC (2000)
- USuadushu Fe5u99 AOAC (2000)
- Ysunaludiu Fe5u99 AOAC (2000)
- Ysuaaslulawse fuaduAiasigen 100%
- Usuaudulee s fe5u9 AOAC (2000)
- YSunaudn fe5u9 AOAC (2000)

3.3.3 JiAszreendsenaunaAiivesaisazanglusaus1vnana luliuLazanIsenananle

14

d19azateAINLazUINgINge

AATUTINUlUIAUAI8T5 VB AOAC (2000) 3 91 TngaUHUNITNAGBILAL AT IENTBY NS
adflLuy completely randomized design (CRD) wagtUSeuiisuAaaeniey Fisher’s Least Significant
Difference Test (LSD Test) wagiluaunmumisvazuananlunisaialisausidnadaluiunazaniss

1%
o

PeaTazAIIAINLaZLINNINgs

3.3.4 JpsrenaniaBaminfvesasazarelusausignana lusulasansgnananae

v

A1982A18ANNLAZUININGA
3.3.4.1 Ansizrinisavansvaslushiu

NTILATIEINTaz eVl UTAUD19B99INI5UDY Bera uag Mukherjee (1989) susieazidunil

waEndluniANuIn N3 FAAATIEN 2 91 WAZINURULKUNITNARBILAL IR IERTaYan et ALUY
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completely randomized design (CRD) wuu 2Ua3sueniu lawn waues pH Aean1sazasvedlusiu
Tuusiagddnsann wag wavesIsn1sanafanaserIn1savatsveslusiulunsay pH uwazilSoulisy

ARAYRAIY Fisher’s Least Significant Difference Test (LSD Test)
3.3.4.2 AAITNNINTTUVDIDNATUY 1aE AMULEDYSVDIBTATU

AFIATIZININTTUVBIDNATU WaY AIULENETVDIDNATUY 9199991359849 Pearce warKinsella

(1978) ANNTNYALLDYATILEASIUATIANUAN N.3.2 TINATITHA 2 D71 LAZINUNULNUNSNAABILAEIATIEA

ee

Uayan13aifiiuy completely randomized design (CRD) wuu 2 Uadeueniulunsiasiuainsiasiey
laun wawes pH soARINTINYeIdtaTtuLarAuEissuesdlatulusazIBnTana Lag NavesIonIs
annneAINaNIINYBsdNatuLarAIEnssveBlatuluLAas pH wazlUSoulivuA1aaefiy  Fisher’s

Least Significant Difference Test (LSD Test)
3.3.4.3 JAs1ziiANaIu1salunsAf Y wag ANULEDYsYaIlNY

Naved pH doruaudRlunsfialny way AuaiesuedlnudednInIBues Kato, Lee uax
Kobayashi (1989) museazideaiiuanslumeanuan n.3.3 293A5129% 2 91 dwsueuanunsalunis
AL IUHULNUN TNARBILAL AT IEYiTayanealifiuuy  completely randomized design (CRD)
wuv 2 YadeusniuluumazA1veansiasiedt laun waves pH AeAiauasisalunsiialnglulmas
Wnsadn wag wWavesion1sananenNaNsalunmsiialnuwazaatssvedWiluwsas pH uag

Wisuilouanadesie Fisher’s Least Significant Difference Test (LSD Test)

dusuanuaiiesvesinuysznaunie 3 Jadelaun pH a1 wag 38n1sann dwmsunsinsei
A1 pH waznasionNuaiesvadviiluisaridnsain wauNUNINRaRILAL AT IEITaYaVNeaRf
WUU 4x5 factorial completely randomized design (CRD) wag I5n1sananenuaiiosvasinulunnag
PHUAZIAN INUHUNITVARBILALIAT TR 9adiAwUY completely randomized design (CRD)

wazlUSyuieuARassY Fisher’s Least Significant Difference Test (LSD Test)
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uNN 4
a 4
NALaZIATAINISNAADY
4.1 93AUsENOUNILANIVETINGAU

MNNsAnwesRUsEneumaaivessitaialudy  wassidiaialudusazansy  dwansly
pefl 41 wudh Siimateluiuiarannss Sualsiuiutu desanatnamiveenluse
wulwduean-agluea uar ngleesluwa Juibimslulamselusidiainludusazanisvanas oy
fAdoaziiataluiuaranssaldlunsatalusiusndn desnmsatnfetifdngaaunsa
lelasladamiwilvifnduinald  Tsfosnisanuffeonsaariafifnnnmlensendavesninadn
Watumyoiuveslsiu  ielilusiudsnsanmidulusiuiiflavuinisdesonie wazangudl 4.1
wandlidiuiudlovnsataansseenly  Fhmavesasaraaraiadudedfisudumsaraelusiin
fanmnrimataluiueisdnnu fullegamgiinsatauniuivesmsaraefiondatu edslsfion

wiiagannanisyeanluue ansazanslusiundsasdidhmaietudeenvssiinanujisouaiiann

a1sUsgneuiuedniianneenuiainiinsineyluasavany

M157199 4.1 99AUsENRUMLATIvaIs It analuu way sana luuasanisy

papUsENRU**
v L s mana lviiu sMimanaluiunazanisy
(%UMUNUAG)
TUsAU (N x 6.25) (%) 24.21 +0.18 33.23 +0.12
AL (%) 7.30+ 0.41 7.30 + 0.76
Tt (%) 12.26 + 0.51 13.27 + 2.43
101 (%) 9.13 + 0.01 5.65 + 0.06
wule (%) 25.07 + 0.62 2991 + 6.41
Aslulansa® (%) 22.03 + 1.00 10.64 + 1.00

4
o

*ANUIUNIINKARUDS 100 NUUSUNURIRAUSENaUDY, **ANRRgINNITIATIEN 2 T
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lainanisy annanisy

= S o w o o A o w Y o s A v w 5
UM 4.1 ansazanglusiiusidnaialuiusagansasanelusiiusidnannluiuwasanseniaindeinna
AN 180 200 wag 220 °C AU

v

4.2 Ysunauveeldsiunananigaisazaignnuasinnegingm

MNATNA 4.2 WU Subcritical water extraction (SWE) azanalusiulauinnin Alkaline
extraction (AE) (p < 0.05) wagazaninligeiunugamgiivensainfialy Faaenndein1suiteves

Goto uagAg (2008) 7l SWE Tunsaialusfiuansidnaialudulaenudi Weaingumngil 180 fs

= =

220 °C ansaganevziivsunalusiugeiuiieannigmiigeu ue Meamgll 200 way 220 °C lifiany

9 Y

upnaNAUeLNitedALy (p > 0.05)

1
o

A15199 4.2 SovaznananlunsanalusAusianaludunazanisesmeansazalanazinngings

PAE PSWE180 PSWE200 PSWE220

NaNan (%) 20.15° + 0.27 36.63° + 0.77 38.89° + 0.99 41.78" + 1.09

*AUAALAINNITIATIEN 3 @1, PAE; protein by alkaline extraction, PSWE180; protein by subcritical water
extraction 91 180 °C, PSWE200; protein by subcritical water extraction 1 200 °C, PSWE 220; protein by subcritical
water extraction 91 220 °C, A, B, C, .. AuadunildnyIsisiuvesdeyaluluIuwfeiuiiauwanseiuee1el

HedAyneana (p < 0.05)
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v

4.3 msAneanthaniNveslusius1ananameasazatealuaziinglngs
4.3.1 nMsazaevaelusiu

NNASN 4.3 HoNNTUINTATaIUY PAE WU pH nadenisazay FelUsAus1dagi
AINNTAEAEAgATAY pl Mogluyae pH 4.5 fs 5.5 Fernsazaievzreiutule pH 89n119IN
pl (Zayas, 1997) FH@enndoiiUNaNITNAGBIURY Singh war Sogi (2018) #lUsAUAINTITIINUG

superfine afnludiuvziirnisavanegaann 78.92% eansarated pH 12

dmsu PSWE #ildannisaiang 3 eamail avdnisasaneiusnsnsiuluduilosaniusiugnlalas

a [ {

ladgvinlilassaiavedusiugniuasudogamginisaiauanseiy waskaves pH dwwalyiduseguan

Y

wavaufsuudasly diludanuunnseeseinisagany (Zayas, 1997) lag PSWE Ailsannnisaria 3

I
a o

gaUUNNTUNANIZNTA (pH 2, 4 uag 6) eAAINTavaeNeININan1IEa1e (pH 8, 10 uay 12) aeell
ydAYN19ada (p < 0.05) @ PSWE220 agdiAnn1sazaiguinnil PSWEL80 wag PSWE200 ¥ipH 2,
4, 6 uay 10 (p < 0.05) Ferwloswnannmsiintalastadauiniign waziinnsaesiluiuindu (Goto

wagANy, 2008) Bevhlvlianuanunsalunisavanegetuy

WoNANSUIUTHUNBUAINITAaZAI8UDY PSWE Way PAE Wudi PAE 7ipH 10 wag 12 dAnisazany

o w

NN PSWE egeiliuddy (p < 0.05) 118990 PAE 8193siiUSunavednsnnaniin uag nn

>

weaUn$iniige (Sogi waz Singh, 2018) vhluiiuszqauiiunndipH 10 way 12 lesanlu pH Aifldngs

]
a 4a

N11A1 pKa, dwwalvidainisazaefuinnil PSWE ws1g PSWE dnsauealrifinfiazaieeanuigaiies

waRITanLAL (Hui-juan, Ying-li 8z Jing, 2014) A1n1sazansuad PSWE S9N ue 9 pH 2,4, 6

U819 18991NHNAVD

[%
o w Y

uay 8 AINITAZAIBUBY PSWE 9z11nn1 PAE ag9iitediAgyn1eada (p < 0.05) 19

nstalasladvadluanalussiu inlriinsnesdluninu Anisavanedeanniuy



A5199 4.3 MsazavvesansazaelusAus1UMana ludulazansemeasazaun1elaz iNeIng

pH PAE (%) PSWE180 (%) PSWE200 (%) PSWE220™ (%)
2 58.42° + 1.63 82.27"" + 2.90 94.04*" + 4.64 96.36" + 3.46
a 47.57® + 4.06 94.53" + 0.29 89.73" + 0.21 95.05" + 1.31
6 62.58°® + 198  90.84" + 4.17 89.17*" + 1.00 95.25" + 2.77
8 67.79° + 3.80 78.30" + 2.66 95.76™ + 1.63 93.08" + 0.82
10 91.53"" + 2.26 77.30% £ 3.02 76.13" + 7.80 91.69" + 3.49
12 96.87"" + 1.48 78.80" + 323  91.30° +1.37 87.43° + 3.82

32

PAE; protein by alkaline extraction, PSWE180; protein by subcritical water extraction ﬁ 180 °C, PSWE200;
protein by subcritical water extraction i 200 °C, PSWE 220; protein by subcritical water extraction i 220 °C , NS;

LalupnsinsegeditdudAgnieads (p > 0.05), a, b, c,... ALRRENISNYIITUTRIToyalULWIRARLITUTAMUUANGT

a o [y o
<
o

o ' o v

fuegrelitdudAyneada (p < 0.05), A, B, C, ... Anadeldnyisniuvesdayaluwiusudeiiuiianuunnsieiy

<

pgldydAyMsads (p < 0.05)

4.3.2 ANMUFEINISAIUNTISAAINY wag AULENYSVILNY

AuanIsalunsAaluduegiu Anisarateveaslusiy, luanavedlusiy, pH uay AuBaney
vaalushiu (flexibility) Fafeitesnudsunuvesiuseladalua (Townsend, 1983) 31nmA15199 4.4 1ile

NsauANansalunsiialntees PAE wWuin 91 pH @neiu auanisalunisiialnalufinaim

uANANEENHUEAAYNIEDRA (p > 0.05) wazilonaisan PSWE 7anadl 3 gaumad wuildl pH 4

o 9 Y

a o

PSWE azdimuanunsatunisiiialnuiosfian esindupH 7eglnd pl vedlusfiusidnn duwali

lshuiinsazganetesnan Ansiialnudadosnan waziile pH gelu ANasalunsialnazln

[ ' £% '
= =

U 11999 NUsEauTedlUsiugetu deuuilinivlusiudnnutangugeu wag Uisenlalasing
NogNeUgITY danasion1saatefiveslusiuuaznsunsHulugs JpniAveniuagennia (air-water

interface) 1@i517u v AAanuldRTY (Tang, Hettiarachchy, Horax wag Eswaranandam, 2003) @<
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Wegumninisananued PSWE wWindu auaunsalunsiinlvuaggedy Wieenn Wianistalasladaves

£
=

sty dwademsazanevesiusiufiiindu liivsunalusiuunsluiifgnie vesenmary
tnl@unndu (Cherry wag McWatters, 1981) uaiiioiU3ouifiou PAE wag PSWE wuin PAE adlennis
Aelwuannndt PSWE Lilesain PSWE gnemufeuvhaneusyladalsd Sedssasennudanguues
Tusfiu (Townsend, 1983) uag PSWE fthenafiiinainnislelasladuesensiulawmsndwalsidosiuns
Wnufduiuslalasintnueddusiiu Usunamsineiniatssasililivsunaldunsiialuudosndn PAE

(Ochia, Katsuta, Maruyama, Kubo wag Ueda, 2000)

dl a a o v v L s v ! %’ ::I’
A15199 4.4 anuansalunsiialnuveslusiusidnanaluiulasamsonisansasauaIuaziing

Nge
pH PAE™ (ml) PSWE180 (ml) PSWE200 (ml) PSWE220 (ml)
2 31.00" + 1.41 17.00°° + 1.00  18.00° + 0.00 21.00” + 2.83
a 32.00" + 2.83 5.67% + 1.53 15.33" + 0.58 15.00° + 0.00
6 30.00" + 2.83 9.33° + 0.58 1733+ 252 23507 +2.12
8 3200+ 1.41  21.00™° +2.65 18.00° £ 0.00 23507 + 2.12
10 30.50" + 3.54 20.67° + 2.89 21.00% +2.65 2550 +2.12

PAE; protein by alkali extraction, PSWE180; protein by subcritical water extraction 7i 180 °C, PSWE200;

protein by subcritical water extraction #i 200 °C, PSWE220; protein by subcritical water extraction 7i 220 °C , NS;

v o w

Liupnsinsegnadidudfameads (p > 0.05), a, b, c,.. ALRRENTSNYIANTLTeToyaluLLIRARLITUTALLANGI

o [ S v

Auogelidyd1Aeneada (p < 0.05), A, B, C, ... mLaaa'ﬂ:uamsrimmummﬁuauaiuumuauﬁ&J’JﬁuﬁmmLmn@i’mﬁu

v o w

pgslivdAyn1eaia (p < 0.05)

WiansanludIuueIAIUAIIadNg NFUN 4.2 71 pH fafu PAE fianuasiivasing
AU INATRAITANANUTULRINT LA pH WU 7ipH 4 asdlaududesiign Jelimnuaedn

vaalnuuIngn 18839909 pH 4 Tewdnlng pl Uszgansuudilusiuielos daalvilinisnaniuves
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Uszatiesas Inudanediunnndti pH 8u(Singh wag Sogi, 2018) Fuile pH 98NN pI AINUAIEN

vadlunanauguiv ewinianisuaniuvesUssguulusiu Aduagnihane (Yoon uazans, 2009)

= a

91ngU 4.3, 4.4 wag 4.5 PSWE180, PSWE200 way PSWE220 71 pH 8 fianututiesdign Ja

9

AUAIIVRILNLINNTIER durIANAIIveY PSWELSD Mipefignavegf pH 10 @1 PSWE200 uae

PSWE220 feranunssatiosdigaegil pH 4 @9 PSWE200 waw PSWE220 azlvimenuassunniian

Y

d; a a a I g d'* ’oj 1 = LY
p1atlesunaniianistalasladavasasiulawseindutinnna Fawaazasalilnudannumas

[

Qﬁu (Ochia, Katsuta, Maruyama, Kubo tag Ueda, 2000) mﬁ]ﬁ]ﬂ"dlﬁu hydrophilicity ¥aa15aa1Y

14 14
] 1

(Antipova WazAtly, 1999) Fazarstlafdu ANAIFITEINNTIRTL LazliloUSsuBUAIAIINAIA)

=

494 PAE U PSWE lunnilgn wudn PSWE200 uay PSWE220 Sinuessunniign 7 pH 8 Lilesan
PSWE  azdinislelnsladesenslulawmsanmoduinnn  Suhamasrdwalilvufimunsiagedu
(Ochia, Katsuta, Maruyama, Kubo tag Ueda, 2000) Laga1n911398u9 Nakamura wag Sato (1964)
Igvhnswisuifisunadiuimanglea20% way 30% Tudayfiu (Usiu 3.3 % way 1.9 % muddv)

NUINFAYTUMANUN1A30% HA1AUAIvadlnuLInnd
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120 120
. y = -0.7039x + 86.46| y =-0.6284x + 83.12
~ \ R? = 0.8977 3 \ R? = 0.8094
S S
z =
L 3 e=@=pH 4
S 60 s 60
==DpH 2 &
=§ \ P E \ Linear (pH 4)
g a0 Linear (pH 2) g 40
€ \ g N\ ~
. N 2 3
O T T T T 1 O T T T T T 1
0 60 80 100 120 140 0 40 60 80 100 120 140
1281 (min) 1381 (min)
120
120
y =-0.6391x + 75.27 10 y =-0.6816x + 79.26
100
Rz = 0.704 \ Rz = 0.7879
$ 80 3 80
E] =
2 60 = 60
g \ == pH 6 g == pH 8
s 40 S
g% M Linear (pH 6) § 40 Linear (pH 8)
€ 20 —— - € 20 —
—_—
O T T T i} 1
0 T T T ~ 1
20 60 & 100 120 140 40 60 80 100 120 140
1A (min) -20 o (min)
min.
120
- y =-0.6804x + 76.892
- R? = 0.7504
S 80
3
"é 60
§ == pH 10
40
€ Linear (pH 10)
& 20 E
0 T T T T 1
60 80 100 120 140
-20
+381 (min)

gﬂﬁ 4.2 Anunssvesdu PAE pH 2, 4, 6, 8 wag 10
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120 =-0.5476x + 106.43
y = 0.6575x + 101.77 120 Y
100 2 =
2 R? = 0.9618 100 R? = 0.9459
£% € = pH 4
g —=—pH 2 £ 80
;E 'ff'(.s - Linear (pH 4)
& a0 Linear (pH 2) ag 60
2 g
g T $ w0
20 g
[
20 L
0 T T T T T T 1
20 40 60 80 100 120 140 0 - - - : : : .
1181 (min) 20 40 60 80 100 120 140
1281 (min)
=-0.5629x + 107.44 120
120 b4 y = -0.5322x + 102.83
Rz = 0.9481 100
100 9 R2 = 0.9849
g —— 2 80 ®=ph 8
2 80 pH 6 =
2 \ F Linear (pH 8)
g 60 Linear (pH 6) °§ 60
s € 40
] 40 §
& 20
20
. 0 . . . . . . .
2'0 4'0 6'0 slo 1(')0 1;0 1;0 20 40 60 80 100 120 140
1281 (min) ¥aan (min)
120
y =-0.6769x + 97.786
100
= Rz = 0.9691
L
S 80
=
3 =@=0H 10
2 60
2
E \ Linear (pH 10)
" N
&
20 =
0 T T T T T T 1
20 40 60 80 100 120 140
1381 (min)

gﬂﬁ 4.3 mnunssvesuy PSWELSO 7 pH 2,4, 6,8 way 10




120 y =-100x + 200
=-0.662x + 63.888 120
100 K Y R2 =1
< 8 R2 = 0.5474 2% \
s < e oH 4
£ 60 \ £ &0 :
":‘é \\ =@==pH 2 "g \ Linear (pH 4)
g 40 \ - g 60
& Linear (pH 2) | 3
€ 20 é
40
2 5
€ 07 g20 \
20 20 40 60 80 100 0 140 \
40 0 T T T 1
1381 (min) 0.5 1 1.5 2 25
1381 (min)
— _ 120
120 y-=-0.4805x + 97.666 y = -0.3103x + 100.56
2 — ~100
00 R? = 0.9841 IS R? = 0.9932
% 80 = pH 6 é 80
3 % \
§60 | Linear (pH 6) g 60
c ’s == H 8§
s € 40 P
€ 40 g .
e & Linear (pH 8)
s 20 20
O T T T T T T 1
O T T T T T T 1
20 40 60 80 100 120 140
0 20 40 60 80 100 120 140
281 (mi
1981 (min) 3 (min)
120
y =-0.3192x + 99.584
100
32 Rz = 0.9951
5 80
=
€ 60
&
g
g 40
< e=@=1pH 10
20
Linear (pH 10)
0 T T T T T T 1
0 20 40 60 80 100 120 140

1381 (min)

gﬂﬁ 4.4 Anunssvesuy PSWE200 7 pH 2, 4, 6, 8 way 10
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120
= 120
o y =-0.662x + 63.888 y = -100x + 200
o Rz = 0.5474 HlOO R2 = 1
% 80 \ £ g0
£ 60 —— 2 \ === pH 4
E 40 \\ P % 60
2 .
ag \ Linear (pH 2) ;E W0 \ Linear (pH 4)
€ 20 4 \
£ o £ 20
[ T E
20 20 40 60 80 100 0 140 0 i , \ )
w0 . 0.5 15 2 25
1381 (min) 1381 (min)
= -0.4805x + 97.666 120
120 Y v =-0.3103x + 100.56
R2 = 0.9841 510
S0 ) R?[ = O.993g
< % i 6 E?f 80
= g 6
Q i Linear (pH 6) &
>§ 0 ’% 40 l —*=rlis
€ 40 g :
g € Linear (pH 8)
€20
O T T T T T T 1
0 ' ' ' ' ' ' ' 0 20 40 60 80 100 120 140
0 20 40 60 80 100 120 140
1281 (min)
1281 (min)
120
y =-0.3192x + 99.584
100

T3 (%)
3

[N
o

ANUAIAIVDY
N
o

N
(e}

o

140

R? = 0.9951
=@=0H 10
Linear (pH 10)
0 20 40 60 80 100 120
2@ (min)

gﬂﬁ 4.5 AnuAssvesuy PSWE220 7 pH 2, 4, 6, 8 way 10
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4.3.3 NANTTUVDIDNATU Wag AULEHNYSVDIDNATY

' ' i '
| 1 a

nsiindlatufvelUsAuABvNEIuNve UL (hydrophilic) GE druliveui

[
v

(hydrophobic) tietlufeniniuindudmeiu Tnsduiiitneyluduivluenavesiuazdiuilad

[
v

Taglufuiuluanavesdiiiu 3na1s1en 4.5 wud PAE 9 pH 3 agilen emulsion activity s1¥ige
dosnlugailnde pl dwalilusiuiinisavanefidosunn Jsldawnsavilimhiviniuegluounia
Wenula wazilieansazanadan pH LWLAUU A1 emulsion activity EIRNTULUAY SULTDINIIN AINTT

avangvadlUsiuiiosnnUsegdnsuudiveddusiuaeunladly  uasillenansan PSWE fadail 3

gauuQI WudA emulsion activity TuuwdlduifedItuiu PAE 11 pH 3 uaghl pH gelu lng PSWEL80 92

o o

{l emulsion activity 71 pH 3, 5 uaz 9 971 PSWE200 wag PSWE220 egeilduddgyniada (p <

o

0.05) 1fioa1n ianslelasladaveslusiuanniiuld dwalid emulsion activity sas (Cheetangdee,

[y

2014) waniilewSoudlou PAE fu PSWE wudn 7 pH 9 PAE il emulsion activity ldumnsingan
PSWE200 waz PSWE220 eghefitiudfty (o > 0.05) usl PAE & emulsion activity #1n31 PSWE180

Wesannslalaslataveslusfiundimanansiiuauvesan surface hydrophobicity Lagn1savaleves

£

1USAUNATU (Cheetangdee, 2014) Taun15LLAUVDIAT surface hydrophobicity aztiuUsednsaAwW
Y8IN5AATU (adsorption) YeLlUsAUULNURIVDINIU NSILTUVBINTTarAILTaAINAiDN1TNTEANY

mvaslusaulunigaiaiaesinlyd emulsion activity gy

A1 emulsion stability aglasudndnwaannslelasladaveslusaululuwuilduieadiu emulsion

activity WaNa158u1A1 emulsion stability 984 PAE sian1sildsunlasuss pH (1151991 4.5) wua1 91 pH

[

3 fiaudnlna pl 3sd@1 emulsion stability ﬁﬁﬁ?j@ waziile pH aﬂméﬁu A1 emulsion stability zasTu

Y

WAL PaenRReafuNWIIEVed  Singh way  Sogi (2018) Tlunismaaesldlusiusidninug

superfine @inalusiis Wul1 emulsion stability SLWAlTLALTY o pH LWNTW uazillaRaian PSWE

=

WU 7 pH 3 PSWE180 § emulsion stability $1nd1 PSWE200 uaz PSWE220 (p < 0.05) waziile

= I

NITUNAVDY pH WU i pH 5 PSWE180 way PSWE200 & emulsion stability qa‘m'aﬂ wagn pH 7

9

a

W31 PSWE180 A1 emulsion stability @sfiagn wenanduileiUSeuiiiey PAE uag PSWE agwuil

9

PSWE dulugjiie1 emulsion stability gendt ilesanndnisiinujisenuaaisa (Maillard reaction) &4

NNITNAGBIVDY Lesmes uag McClements (2010) leinaili31 emulsion stability agdlenasdumu
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USunaucarbohydrate—protein conjugate @sl@ly P-lactoglobulin tag Dextrans Lﬁuilmqaus[umi
nAaes Fedadidnransauidennandidu wu nsidlivnuvaznuanlauuusuulun1siasegs (Kato,
Minaki wag Kobayashi, 1993), aslgndlusiunazinniulunisiiasigst (Neirynck wagaeg, 2004) 9

laNaannAaaIiy

A157199 4.5 NANTTUVBIDNATY WAy AINULEDESUBIDNATUVBILUSAUSITENR s ULaLanNSYR e

ansaralsneLazinNaInge

pH PAE PSWE180 PSWE200 PSWE220
Emulsion 6 o " .
3 0.06® + 0.02 0.28"* + 0.09 0.15% + 0.02 0.06® + 0.01
activity (Asoo)
5 0.53" + 0.03 0.17° + 0.03 0.33% + 0.01 0.55"" + 0.04
7 0.76® + 0.04 0.96™ + 0.02 0.54° + 0.09 0.77* + 0.03
9 0.75® + 0.12 0.96™ + 0.38 0.67* + 0.05 0.79* + 0.11
Emulsion “ c . .
3 1252+ 052  13.12°+030 2259+ 030  3597* +4.42
stability (min)
5 2530+ 0.72 4498 +373 48.18" +3.73  33.61%° + 357
7 23.45C + 0.01 4981 + 568 3713 +568 2157 +294
9" 27.73% +0.18 24.18° +2.62  27.69 + 2.62 28.99° + 6.36

PAE; protein by alkali extraction, PSWE180; protein by subcritical water extraction 71 180 °C, PSWE200; protein
by subcritical water extraction ﬁ 200 °C, PSWE220; protein by subcritical water extraction ﬁl 220 °C , ns; la
upnENeEeited1ANIada (p > 0.05), a, b, ... ﬂ'wLa?{aﬁﬁﬁﬂmmqﬁ’umaqﬁa;daiuumé'?aLﬁmﬁuﬁmmmesmﬁ’u
ogafitiddnymeadd (p < 0.05), A, B, C, ... Auadsiifidnusssiuvesdeyalunuiusudeaiuianuunnsiisiuseig

frlpdAgyneaia (p < 0.05)



41

uni 5
dgunani1snnaey

Mnnmsinasinud fenuduldldlunsldhidngranalusiuidm dsldusunananani
gegawinny 41.78% Lﬁaaﬁ'@ﬁammﬁ 220 °C lagdaninniNSanangasazalsane 31NA1TIATIZHA
ANTazaneueslUsiu PSWE220 ummiavmsmmma@ 1 PSWE220 aglvirnnisazaneiuinndn PAE
7l pH 2, 4, 6 waz 8 s PAE fsdimuanuisalunisiialnufifinds PSWE fildannisadad 3 gty
A pH wiruAsivestnlutiy PSWE %mmngqmﬁ PAE \lofiansanandnsinisanasesny &9
PSWE200 uaz PSWE220 fmnuasiivedugaiian  uwazidedinsevieandininindiiadunudi

'
v aAa a av o 1 =

PSWE180 ﬂ%lﬁﬁ?@%‘ﬂﬂﬂﬂﬁillﬂ’]iLﬂﬂ’eJﬁJaGU‘Llﬁﬂﬂ’J’] PAE 1 pH 7 waw 9 UDNINUUANULENYTVO

dlatung PSWE &Numaqmﬂ PAE 7 pH 5 1uwﬂamwﬂmaamiaﬂﬂ wag PSWE180 azfmauieiiys

a

VDIDLAT U] mn pH 7

Y

ndoyadndu PSWE  enazunzdwsuihliuldlundndasinioshuifianisdunse  wu
Auw, sport drink WetasunmAmsensLastislunsdudiadlvieesluniowuls e niauds
nsavanefintu pH Mdunse wagenaii PSWE iﬂLﬁuﬁﬁa%MLaaﬂummsUwmw@ﬁaéﬁulé’ WU 11899

LU, maam L‘UL!G]‘L! FYENUANISIAADIATULALANNAINIVDID ”aSE'fu
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ANAKUIN N
aAa o =Y = W
FBaiiuauIY
n.1 N1sanalusAuaINgIv12
1.1.1 nsanalusAuaInNs1Tanaludunleasazaien (alkali extraction)

a5

a-amylase (Liquozyme® 2.8X, A.R. grade)

glucoamylase (Dextrozyme® GA 1.5X, A.R. grade)

sodium hydroxide (A.R. grade)

hydrochloric acid (A.R. grade)
gunsal

- Vacuum filter

- Filter paper Whatman No.1 (Whatman, Maidstone, England)
- Buchner funnel

- centrifuge (Hettich, Rotanta 460 R, Kirchlengern, Germany)

- Stirring Hot Plate (IKA C-Mag HS Digital Stirring Hot Plate, 7 x 7", 230 VAC)

A8n1snAasg

[
1Y (Y]

Y a aa . = o a & v &
RENRNOMIPNIN Jlamyangyuen wagAny (2005) BIUNTIUASULUAILANUDSLVUNBUY AN

1. istmuazangluihnauludnsid 1:10 udsupH TWviAu5.60 Aawansazats 1.0 M
NaOH 38 1.0 M HCl 301y a-amylase aslu 0.5 ml wdatiluuui 83 °C 1una 90 w1l lay
HEALRANERIGN

2. 159 ande 1 w1UsupH TWvndu 4.4 udr3adu glucoamylase aslu 0.5 ml drluuud 60 °C
3 a 1 1 1 a = Y =2 o 4 [ a Y gj ¢ a
Junan 60 it lnswenegssiaiiios 60 uit widswlinnusownedugueululigamgd

85 °C 1unan 10 i
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s19ende 2 wduwdesdt 8000 rpm Wunan 10 wifl udiEedmvenzneuesny
wvesgluihnduudniludumisaduiu Tnevhl 3 ade

th$rinmande 3 TusuwisduAuiigumnd 40 °C

vhsdnaialuiuands dluuwiuasslutindulssana 7.14% solid content (0.5 ¢ Tutnau
7 ml)

a

Wansuvnagluuiu pH Tiindu 11 Tagldansazany NaOH 1 M figaungil 25 °C wazldia
Tunslalaslada wWunan 45 wndl

IMIUTU pH vesansuviuaeeliild pH 7 Meaisazany HCl 1 M wivengaufizen

o o v a N 1 1 a 1Y 1% . [ o
hifvidesguenasnaindiunazatgld (soluble product) se vacuum filter faensld
N3zAIENTeY (Whatman No.1)

a

Wudansazaneglifigamall -20°C eldlunsiasgsiauifsnesialy
n1.2 msanalusiueanainsignlslusiumeiinneings (subcritical water extraction)

=
GRELSGEY

- Amylase: Liquozyme® 2.8X (A.R. grade)

Glucoamylase: Dextrozyme® GA 1.5X (A.R. grade)

Sodium hydroxide (A.R. grade)

Hydrochloric acid (A.R. grade)
gunsal

- Batch reactor (AKICO Co., Japan)

- Electric furnace heater (AKICO Co., Japan)

- Vacuum filter

- Filter paper Whatman No.1 (Whatman, Maidstone, England)
- Buchner funnel

- centrifuge (Hettich, Rotanta 460 R, Kirchlengern, Germany)
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- Stirring Hot Plate (IKA C-Mag HS Digital Stirring Hot Plate, 7 x 7", 230 VAC)
BNINARDY

§4B991NANTI598Y Goto uazag (2008) lavihnisanalusiuainsidnanaluiumisuindngs

o

(subcritical water) uaiin1sanunUaddntios Aadl

10.

ihsnnnazagluhndulusnsdiu 1:10 warusupH Tiyindus.60 Awansazaty 1 M NaOH
A = a [ o oA ° I =1 1 1

%38 1 M HCl 96 a-amylase aslu 0.5 ml udluuud 83 °C 1Wunan 90 wil lneweoeng
U ﬁl

Rl

11579131090 1 wUSupH TWAy 4.4 uadadu glucoamylase aslu 0.5 ml Wrluuu? 60 °C
I al 1 1 1 A Y =2 o v o a o 5 ¢ al a °

Junan 60 wiil Teswgregsiailos udPahulienuiounedudueulsdiigamgll 85 °C

Wunan 10 i

dsdmnde 2 wnduiesdt 8000 rpm Wunar 10 Wil udiFediuveinznaussnii

wuasglutnauud i luluneaduau Tneviaed 3 A3

1$19M9nte 3 TuauurstuAuiigamgil 40 °C

snsunseuwislluinasslutiinauyssana 7.14% solid content (0.5 g Tuuindu 7

ml)

Prarsuviuasylulaly Stainless steel batch reactor 8.8 m

(%
[y

dip384 electric furnace AsguMInNNGBINTS (HWFUINAILLALYIIN 3 gaungil Aiw 180,200

wag 220 °C)

1d reactor WlUlu electric furnace heater seUszanny 20 wilielvigaumgilludanmain

foens wieuduusumudulu reactor liiegiiuszuna 3.97 MPa s nuuisliAnUjisendu
a

181 30 Ui

b1 o o ¥ @ 1 [ v a o 1
Intuazt reactor lvhliduategsdunduneamagiviestasnsudatlu cool water bath lng
nszvunaiiigulagldnaiyszunn 3-5 wiil

wens1gINmABRgINaNTWIILAREMIENSIY vacuum filter laensldnsea1unses (Whatman

No.1) INNUUYLAN reactor ABUINAY 5 Ml WAIFBNNIUNTLANYNTDIDNAT
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11. nvansavarednlalifigangd -20 °C ethluinsziaudfiinssely

Y

a ¢ 1a 3 = o v
1.2 M5As1TRUsUNaeIAUsSENaUNLAd lus19M

N153AT189UTUIUANTUTEOUNANTUSITINI TNV B Tae AOAC (2000)

n1.2.1 MsAsIERUsuIaAIudulusI912

aunsal

fauauieu (hot air oven, Memmert 34 UF110, Germany)
U a a
QQEJEJ%'GJJJLUEJQJ

LAEALALGIDS

ada ¢
ABUAINSN

10.
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Fawmiinaueglilenfiouuisuaznsliiiuludesiccatorud(uiinihmdnfuuuounaiey

3 AIAUG)

Tasrdniuszana 0.5 g adluauegilifien Tuiindwinfiwiueuneden 3 dumis

a

wawiegnlldlugovauseou figamgll 100 - 105 °C 1Wuran 1 wu. 30 Wil

Y

anusegeenangeu withunldludesiccator Asliduauiaamgiivies
Feihwinaumedrsuamiuinal (At 3 dumns)

1191UFHIBENIBH1BUDN 1 V.

a v

wusiegseanungeu wildludesiccator Asliuigaumgivies

Fajmtinaumsgeaniauriaztuinimin
ido 6-8 g 1 ¥u. udmtinAs (Uasuwdasliiiu 0.001 g)

1%

o - o a J o a & [ [% o v
ﬂ’]‘LJ'JmuqﬂUﬂWﬂﬂﬁlﬂiﬁﬁﬁ’]ﬂﬂﬂia‘ULLEﬂgﬂ’ﬁﬂiLl‘UiiJ’]ilJﬂ’J’m‘UULUUi@EJaSU’WIUﬂLU‘EJﬂ

basis) Inaumtnfmely Ae Wntinuaain

(dhwiinth X 100)

UnnfIDE1e

Sosazanudulvngn =

(wet



1.2.2 msasignusunanaulelusianm
gunsal

wyNUAUaNsea

KUV

NszAUanLE

Buncher funnel

Vacuum filter

AR

Aauauseu (Hot air oven, Memmert $u UF110, Germany)

Stirring Hot Plate (IKA C-Mag HS Digital Stirring Hot Plate, 7 x 7", 230 VAC)
muffle furnace (CARBOLITE, model CWF 1200, Cambridge, England)
\A309%9 4 Fums (Scaltec Instrument GmbH, SBC 31, Goettingen, Germany)
LAALALADS

theorgiiey
S
a1siAdl

sulfuric acid 1.25% (w/w) (A.R. grade)
sodium hydroxide 5% (w/w) (A.R. grade)
hydrochloric acid 1% (w/w) (A.R. grade)
ethanol 95% (A.R. grade)

UINAUAULFADA

3315 IEN

'
LY 1

YIFg19uianNunsana luwal Yssuna 5 nsu Taludnnasvunn 500 Jaddns (Uuiin
UIUNTLUUDU NALYN 4 HLAL)

WU H,S04 1.25% audeUaUanUsues 200 Jadans
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11.

12.

13.

14.

15.

16.

17.
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Tanufouswion uddudelvgou 20 wii Tusewinansdu mnUsunsansniia 200
fiaddns Anihnausuienlitedn sewinedu Iauseuisiidvaneeaiussezy
thaauwaNNINsesrIuEnEMUvane g Hu vunTaeyviues dansuuringusan Adetul
deysyIne

5Nmﬂsuaq€hadwqﬁaaﬁqmé’uﬁmﬁawmaGm%y’q suthiteusenuldifiunsadn madeuny
Hunsevenhiiesnindenseauana)

thnnldnduadudninesluda sndinndnegfidhumun Wzesndeinduliinadesiian
Wl NaOH 5% USuws 50 Ladang

duthnduduiiensuiisinuend3uins 200 faddns

Tenudeuaudion udidudaslngeu 20 wift Tusewinansiu mnUsunsanawsniIln 200
fiadans Wdnihnduduienauiedn ssrinedu ausmesuiufitilanseanadussosg
thauNANNINTaSEIUE I IUANE Y Tu vunTIeyviued densuutingusa dertud
deysyIne

Samnsethndusiuiiennanenass wdvedae HCl 1% 1 aSs antudedehnduduienau
ddeirueenuliifunsadn megeumudunsevesihdsiinuesnundensyauanda)

a

Ygn1nmE ethanol 95% anuutnnldasluiisergiiilien euludevauioungaumgl
o [~ QIJ & ’oj £ d'

10045 °C 1Juian 2 97lue viseautnunaen

ihineergilillteanianngeu Admdulundaiawmasuaitainnin Ginavtmdnvasnivue

o v !o’ LYY 1 =4

AUUA U IN A9 TU W)

o'J a a i d‘ ay v < LY =1 g Y] c{' 1

mﬂgmuawwmmmLmLLawﬂmau (VUNNUIVUANLLUUDU)

inneenunldnsdida thluwiuy hot plate auldiddmuazrunaiy

Pldnsialuaen (muffle furnace) 91 550 °C aulaLanav?

Wp3Bidasenunanwmn Adiiuluedanwmes udrdedmin (Fnavihudnvesnivuy

Avualintndagaudu W,) A %crude fiber @Iuaunig

% crude fiber = (W;—W,) x 100 %

UMUNAIBE 1WA (2)

e Wi = Yndn crude fiber + Wntinggn, W, = Uudnean
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1.2.3 Msasigusunalusiu (Crude fat)
gunsal

. ip3esannlusiu (Soxhlet extractor, Gerhardt, U HC61, Germany)
- 1A383TELMY (rotary vacuum evaporator, Eyela 3u SB-651, Japan)
- gauauseu (Hot air oven, Memmert Ju UF110, Germany)

- desiccator

GREIGEY

- petroleum ether (A.R. grade)
RLRIGERETY

1. Febmhmefuuuiiriunsevuuasidniuly  desiccator war  (uiindhming
wluounAtion 4 fumis)

2. Fa3791 3 g laaslulu thimble

3. Td thimble aslu central syphon w®s Soxhlet apparatus I@Sﬁmﬁﬁ’laiaﬂagjﬁﬁu
thimble

4. FRUINNULUULIAY Soxhlet syphonilay condenser

5. 1d petroleum ether asld 200 — 250 tinudu central syphon vee Soxhlet apparatus

6. Hardns reflux Wu 5 w8 6 neasoIunil vimsmutiuu 2 Y.

7. thwanduwuulusiaiu vacuum rotary evaporator Wierdn petroleum ether

a

8. ihuaduwuulleuludouaniou Ngamgll 100 - 105 °C Wunan 1 9y, wasiidlidu
u desiccator
9. Wwniuwuulyaimidn (Fnavdmtnaivue wlausunn crude fat )

10. f1uad %Crude fat MEgnT

dwwin crude fat X 100
%Crude fat =

WUINLNAIDE1S
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n.2.4 Msaas1ziUsualusiu (Crude protein)
gunsal

- protein digestion unit (BUCHI model K-424, Flawil, Switzerland)
- kjedahl apparatus (BUCHI model K-350, Switzerland)

- scrubber (BUCHI, model B-414, Flawil, Switzerland)

- conc. sulfuric acid 98% w/w (A.R. grade)

- hydrochloric acid 0.1 wag 0.5 N (A.R. grade)

- @15agang sodium hydroxide 50% w/v (A.R. grade)

- @198¥a18 boric acid 4% w/v (A.R. grade)

- selenium mixture (A.R. grade)

- BuAlemes (wlsulpgazany methyl red 0.125 g uag methylene blue 0.0825 g

11 90% ethanol USu1ms 100 Hadans, AR-grade)
AFATIEN

1. Fasrdmuuszane 1 ¢ Tdaslu 500 mi Kjeldahl flask
o 1d Kjeldahl catalyst 5 g (518®5187U 1:9 U89 K;504:CuSOs) wag 20 ml conc.H,S04

a

3. thasavanglulianudousiarsestes ﬁqmmuﬂismm 350 — 380 °C auansazae
Flesiagela

a. fslidunduduingu 50 mi. aslu Kjeldahl flask

5. 1d Kjeldahl flask Tufirdesndusenluiy (distilation apparatus) 4 distillation bulb
drunails receiver auma flask 250 ml. fivsznaulusie 25 ml vas 4% boric acid uaz
3 vuaUed indicator (1 @1wwey 0.2% methyl redluethanol 95% : 5 @uwes 0.2%

bromocresol green luethanol 95%)

6. 1d NaOH adlu Kjeldahl flask auansavaneidudsn
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7. vhmsnduseslande WJunan 5 i
8. 1 receiving flask U titrate iU 0.1N HCl
9. AW %Protein TufagNMILENT
%N = (ml HCI — ml blank) X normality X 1.4007 X m
%Protein = %N X conversion factor

1.2.5 AM5IATIERUSUILA (Ash)
gunsal

- crusible

- muffle furnace (CARBOLITE, model CWF 1200, Cambridge, England)
- hot plate

- desiccator

- Lﬂéﬁ]ﬂsﬁllﬂ

<

ada
A5AINY

1. %1 crucible fleuukudr wavisliBuudsly desiccator (Sufindmeiniudueunadeu
4 FIUNUL)

2. #1591 g Cuiindweinfiudueu nafley 4 ) Tdly crucible

3. 1h crucible Ty burner figgaatu auldiddduazunaiu

4. tluwsielu furnace 71 550 °C auldidndvnam

5. 11 crucible oA Aslhduly desiccator widaimin (Suiindweinfiuduey
vadoy 4 fuvls ditindildesdudminign)

6. AW %ash AIBFAT

dwihash X100

%ash =——
UINUNAIDE
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1.3 nsAnwaNURARaUINYelUsAUsIT1INana ta
1.3.1 N1saganevaslusiu
adsead

- 1.0 M sodium hydroxide (A.R. grade)
- 1.0 M hydrochloric acid (A.R. grade)

- answedlunsiasigdicrude protein
¢
aunsal

- centrifuge (Hettich, Rotanta 460 R, Kirchlengern, Germany)
- vertical shaker

- gunsallumsimsevicrude protein
ada <
AN

auUAn1Tazanseieg1lUTAUD19B991INI5UDY  Bera WAz  Mukherjee (1989) @adinns

o

WaruwUasantes A9t

1. thansazanslusiuniiusunaldusiu 0.25 %wiv 11 5 ml wadtudnnes 50 mi.

2. USupHaIn 28912 (2, 4, 6,8, 10 uag 12) lagly 1.0 M NaOH/HCI wdansazany
TUldvaon centrifuge uwahluwendunan 1 $lus

3. il dunied 4,400g \Uunan 20 w7 thduvedsupernatant U3LASIERUSHNM

TUsAulpedSuos  AOAC(2000) waz auvdnisazatsvaslusiuarunsausziiulaann

[

AUNNTAIT

. ; lsAulusupernatant (mg)
auUAnisazatevedlisiu = — — — 100
USunalusiunavualuluseiusiegns
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1.3.2 NANSSUVIDNATU WAT AULEHDYTVDIDNATU

a
GRELSGEY

- 0.1 M Sodium hydroxide (A.R. grade)
- 0.1 M Hydrochloric acid  (A.R. grade)

- Sodium dodecyl! sulfate (SDS) (A.R. grade)
gunsal

- centrifuge (Hettich, Rotanta 460 R, Kirchlengern, Germany)
- spectrophotometer (Thermo Spectronic, GENESYS 10UV, Rochester, NY, USA)
- pH meter (Eutech Instruments, pH 2700 meter, Ayer Rajah Crescent, Singapore)

- cylinder 25 ml
ada L3
ABIAIISN

AANTTUVDIDLATULAY ANULEDETVIDNATU 9199991N5UBY Pearce wagKinsella (1978) @44l

[

1. thansavanelusiufidusunalusau 0.1% wA) 11 9 mi
2. USupH Wi pH 3, 5, 7 waz 9 Tagldf 0.1 M NaoH/HCl snazansluthsiudawides 3 ml

3. thasavarelusiuluhomogenize 71 10,000 rpm Wunan 1w

g '
v

4. viasntumisaad Tiuadlatunnuves cylinder an 0 wag 10 w19 Ysuws 50 pl
$8 micro pipette WINWANAU 5 ml of 0.1% SDS Wa1iA Absorbance 91 500 nm @1

Absorbance 7 0 w1l tJusfiuans Emulsion activity wag Absorbance 7 10 Wil vas

[

AsiARemulsion AB AANULEDYSYDIDNATUAIUNITAIWIUVDIANNITAIL

Ay X At

Emulsion stability index (min) = An



60

1.3.3 AUAINITANALLAA LN LAy ANLEDsVILNY

a
GRELSGEY

- 1.0 M Sodium hydroxide (A.R. grade)

- 1.0 M Hydrochloric acid (A.R. grade)
gunsal

- centrifuge (Hettich, Rotanta 460 R, Kirchlengern, Germany)
- spectrophotometer (Thermo Spectronic, GENESYS 10UV, Rochester, NY, USA)
- pH meter (Eutech Instruments, pH 2700 meter, Ayer Rajah Crescent, Singapore)

- cylinder 50 ml

[

ada
A59LAIS

! wva a v 19 a ad
NavUeY pH G]E]ﬂﬂflﬂlm@ﬂ'ﬁmﬂiw&lLLagﬂ'J’]lIﬂQGY]“UENIWZJE]'NEN‘\]'m’JGSUEN Kato, Lee Wag

(%
o [

Kobayashi (1989) usiin1susuilasuanties fafliunousadl

1. thansazanelUsiufiiusunadusiiv 0.25% wiv 11 30 ml

2. USupHlidu 2, 4, 6, 8 uag 10 M 1.0 M NaOH/HCI

3. iharsavanelusiuluhomogenize @18 high speed homogenizerﬁma% 6 (54,000
rpm) Wunan 1 Wil

4. AnuANaINsalunsininy Qﬂﬁﬂmmﬁasﬂ%mmsuaﬂmﬁtﬂuﬁu (ml) wag AN
AAURINY WASa1R1n USumsing ﬁLaawmq (30, 60, 90, 120 wi) lneazAnu

[

Sevarvedlnuvdeagnaun1sAail

L . UsuesvodlWusudu — Usunsvedlnuinaniug
aassveslnulusiu (%) = ~ — x 100
UsuaswaEusu
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M157197 .1 ANUAIFIVBIINLLYaslUsAUSWNana LAz AR YRsENITaTANYA1MAS LN

Ngw
AN
W i pH PAE (%) PSWE180 (%) PSWE200 (%) PSWE220 (%)
2 53.96” + 3.24 88.73" + 7.63 833" + 3.93 9.15" + 5.50
q 53.14%° + 0.28 100.00™ + 0.00 0.00° + 0.00 333"+ 333
30 6 33.00°“+ 631 100.00" +0.00  83.33"°+471  76.64°" + 0.90
8 41.89°° + 13.62  90.57°" + 1.55 91.67" +393  81.73" +19.41
10 3728 £+ 727 7851° +682 8849 +1.40  75.81° +7.69
2 36.98"® £516  59.97° + 1.62 556" + 3.93 9.15" + 5.50
q 27.75°°® £ 152 7321" £ 252 0.00° + 0.00 0.00" + 0.00
60 6 2344+ 221 73.89“" + 550 64.17° + 1.18 59.55"% +0.64
8 23419 £ 118 7281 +868  83.33°"+000  79.73" +22.24
10 1926+ 7.04  55.48°° + 4.03 81.69” + 3.56 45.37°° + 6.55
2 17.60°° + 6.04 34.31" + 1.39 4.17" £ 1.96 6.98" + 2.43
q 27.75°°% + 153 5357+ 505 0.00° + 0.00 0.00 + 0.00
90 6 14.96°® + 0.95 57.78% + 3.14 54.17™ +1.18 55.00°" + 7.07
8 15.64% + 069 5132+ 186  7083"+196  79.73" + 2224

10

14.44% + 5.28

28.29" + 4.65

71.22% + 3.49

35.42°® + 2,95
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2 12.60™ + 1311 2859+ 1.16 2.78"™ + 392 6.98"° + 2.43
q 1843 + 721 41.07"" + 2272 0.00® + 0.00 0.00® + 0.00
120 6 13.17°° + 3.47 36.67 + 4.71 42.50% + 353 49.45" + 12.09
8 10.89° +1.73  39.80"™ +326  63.88"°+393  75.45™" +21.86
10 9.36 + 8.19 2357 + 3.88 60.75% + 3.41 2755 +2.29

PAE; protein by alkaline extraction, PSWE180; protein by subcritical water extraction 71180 °C,PSWE200; protein
by subcritical water extraction 91 200 °C, PSWE 220; protein by subcritical water extraction 71220°C , a, b, c,..
Aadenianvsisiuveoyalunuinufedfulinnuuandsiueg1slitedfymeada (p < 0.05), A, B, C, ... ALadey

nignwssiiuvesdeyalusuiveudsiiulianuuandesiuegeideddymeada (o < 0.05)
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A15199 A.1 NANFTIATIENAIULUTUTIUVDININTTUVDIDUAYUVDS PAE

AANUIN A.

mﬁl,mwﬁ{fayjawmaﬁﬁ

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model .640% 3 .213 52.958 .001
Intercept 2.218 1 2.218 550.858 .000
trt .640 3 213 52.958 .001
Error .016 4 .004
Total 2.873 8
Corrected Total .656 7

a. R Squared =.975 (Adjusted R Squared = .957)
A1519% A.2 NANISILATIZRANULUSUTIUYBININTSUVBIDNaTUVDI PSWE180

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 1.633% 3 .544 245.365 .000
Intercept 4.229 1 4.229 1906.012 .000
trt 1.633 3 .544 245.365 .000
Error .018 8 .002
Total 5.880 12
Corrected Total 1.651 11

a. R Squared =.989 (Adjusted R Squared = .985)




A15197 A.3 NAN1TIATIEAANULUTUTIUVDIRINTTUYBIDNATUVDY PSWE200

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 475° 3 .158 53.742 .000
Intercept 2.127 1 2.127 722.470 .000
trt AT75 3 .158 53.742 .000
Error .024 8 .003
Total 2.625 12
Corrected Total .498 11

a. R Squared = .953 (Adjusted R Squared = .935)

A15197 A.4 NANITIATIZIAULUTUTIUVDININTTUVBIDNATUVDY PSWE220

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 1142.621°% 3 380.874 23.949 .000
Intercept 13791.152 1 13791.152 867.191 .000
trt 1142.621 3 380.874 23.949 .000
Error 127.226 8 15.903
Total 15060.999 12
Corrected Total 1269.847 11

a. R Squared = .900 (Adjusted R Squared = .862)
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A9 A5 WANITIATIEIAMULUTUTIUVBIAINNAIAIVDIDLTATU PAE

Tests of Between-Subjects Effects

Dependent Variable: data

65

Type Il Sum of

Source Squares df Mean Square F Sig.
Corrected Model 270.100° 3 90.033 441.411 .000
Intercept 3954.177 1 3954.177 19386.374 .000
trt 270.100 3 90.033 441.411 .000
Error .816 4 .204

Total 4225.092 8

Corrected Total 270.916 7

a. R Squared =.997 (Adjusted R Squared = .995)
(51’1‘5'1017; A.6 mamﬁmwﬁmmLLU3U3’;uﬂuaﬂmmm€f’maa5ﬂa$§u PSWE180

Tests of Between-Subjects Effects
Dependent Variable: data
Type Il Sum of

Source Squares df Mean Square F Sig.
Corrected Model 2697.592° 3 899.197 67.689 .000
Intercept 13087.966 1 13087.966 985.223 .000
trt 2697.592 3 899.197 67.689 .000
Error 106.274 8 13.284

Total 15891.832 12

Corrected Total 2803.866 11

a. R Squared = .962 (Adjusted R Squared = .948)



AN A7 WANITIATILIAMULUTUTIUVBIANUAIAIUBIDLATU PSWE200

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 1142.621° 3 380.874 23.949 .000
Intercept 13791.152 1 13791.152 867.191 .000
trt 1142.621 3 380.874 23.949 .000
Error 127.226 8 15.903
Total 15060.999 12
Corrected Total 1269.847 11

a. R Squared =.900 (Adjusted R Squared = .862)

A15199 A.8 WANNTILATITIAMULUTUTIUVBIAINUAIAIVBIDLAYY PSWE220

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 361.971° 3 120.657 11.577 .003
Intercept 10826.634 1 10826.634 1038.854 .000
trt 361.971 3 120.657 11.577 .003
Error 83.374 8 10.422
Total 11271.978 12
Corrected Total 445.344 11

a. R Squared = .813 (Adjusted R Squared =.743)
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15799 A.9 NANTISIATIEUAIULUSUTIUVDININTTUUBIDUAYUN pH 3

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model .088% 3 .029 11.233 .005
Intercept .203 1 .203 77.869 .000
trt .088 3 .029 11.233 .005
Error .018 7 .003
Total .336 11
Corrected Total .106 10
a. R Squared =.828 (Adjusted R Squared = .754)
A1519% A.10 mamﬂmﬁvwmmLL‘Uiﬂiaumaaﬂﬁ]ﬂismaqam%w pH 5
Tests of Between-Subjects Effects
Dependent Variable: data
Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model .266% 3 .089 157.014 .000
Intercept 1.682 1 1.682 2977.009 .000
trt .266 3 .089 157.014 .000
Error .004 7 .001
Total 1.899 11
Corrected Total .270 10
a. R Squared =.985 (Adjusted R Squared = .979)
A1519% A.11 maﬂmLﬂﬁ“‘wmmu:Uiﬂiaumaaﬂaﬂiimmamawm pH 7
Tests of Between-Subjects Effects
Dependent Variable: data
Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 271°% 3 .090 15.118 .002
Intercept 6.205 1 6.205 1036.912 .000
trt 271 3 .090 15.118 .002
Error .042 7 .006
Total 6.716 11
Corrected Total .313 10

a. R Squared = .866 (Adjusted R Squared = .809)
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=] a ¢ a av & a
15799 A.12 NaNISIATIEUAIULUSUSIUVDININTTUUBIDUAYUN pH 9

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model .135% 3 .045 7.399 .014
Intercept 6.694 1 6.694 1099.462 .000
trt 135 3 .045 7.399 .014
Error .043 7 .006
Total 7.148 11
Corrected Total 178 10
a. R Squared =.760 (Adjusted R Squared = .658)
A1519% A.13 mam‘nLﬂiﬁv‘wmmLL‘Uiﬂiausuaammmmmaaauaﬁuu‘m pH 3
Tests of Between-Subjects Effects
Dependent Variable: data
Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 1002.632% 3 334.211 56.706 .000
Intercept 4726.974 1 4726.974 802.039 .000
trt 1002.632 3 334.211 56.706 .000
Error 41.256 7 5.894
Total 6284.455 11
Corrected Total 1043.888 10
a. R Squared =.960 (Adjusted R Squared = .944)
A1519% A.14 mamsamiﬁ“‘wmmLuJiﬂiausuaammmmsuaqa:ua%uw pH 5
Tests of Between-Subjects Effects
Dependent Variable: data
Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 826.909% 3 275.636 23.147 .001
Intercept 15404.422 1 15404.422 1293.603 .000
trt 826.909 3 275.636 23.147 .001
Error 83.357 7 11.908
Total 17781.689 11
Corrected Total 910.266 10

a. R Squared =.908 (Adjusted R Squared = .869)
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M15°199 A.15 NANITILATIZUAIULUTUTIUVBIAIUAINIVDIDUAYUN pH 7

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 1464.696% 3 488.232 19.821 .001
Intercept 11610.511 1 11610.511 471.355 .000
trt 1464.696 3 488.232 19.821 .001
Error 172.425 7 24.632
Total 14248.254 11
Corrected Total 1637.121 10
a. R Squared = .895 (Adjusted R Squared = .850)
A15797 A.16 Nan153ATIZIANLUTUTILYRIAILASIvesBatuT pH 9
Tests of Between-Subjects Effects
Dependent Variable: data
Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 38.201° 3 12.734 4.316 .051
Intercept 7862.403 1 7862.403 2665.038 .000
trt 38.201 3 12.734 4.316 .051
Error 20.651 7 2.950
Total 8135.504 11
Corrected Total 58.852 10
a. R Squared = .649 (Adjusted R Squared = .499)
Gl'li’Nﬁ A.17 WaN15ILATIEHANULUSUTIUYBIAINTAZaN8BY PAE
Tests of Between-Subjects Effects
Dependent Variable: data
Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 3757.575% 5 751.515 100.687 .000
Intercept 60135.793 1 60135.793| 8056.927 .000
trt 3757.575 5 751.515 100.687 .000
Error 44.783 6 7.464
Total 63938.151 12
Corrected Total 3802.358 11

a. R Squared =.988 (Adjusted R Squared = .978)
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A15197 A.18 NANITIATIERANWUTUTIUVRIAINTAYaN8YBY PSWELS0

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 529.051° 5 105.810 12.096 .004
Intercept 84011.578 1 84011.578 9604.122 .000
trt 529.051 5 105.810 12.096 .004
Error 52.485 6 8.747
Total 84593.114 12
Corrected Total 581.536 11
a. R Squared =.910 (Adjusted R Squared = .835)
Gl'ﬁ']si‘l?l' A.19 WaN15ILATIERANULUSUTIUYBIAINNTATANURY PSWE200
Tests of Between-Subjects Effects
Dependent Variable: data
Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 484.085% 5 96.817 6.610 .020
Intercept 95825.713 1 95825.713 6542.105 .000
trt 484.085 5 96.817 6.610 .020
Error 87.885 6 14.648
Total 96397.684 12
Corrected Total 571.970 11
a. R Squared = .846 (Adjusted R Squared =.718)
Gl']i’Nﬁ A.20 WAN1ILATIERANULUTUTIUYBIAINITAZANURY PSWE220
Tests of Between-Subjects Effects
Dependent Variable: data
Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 106.220% 5 21.244 2.614 137
Intercept 104108.105 1 104108.105 12811.417 .000
trt 106.220 5 21.244 2.614 137
Error 48.757 6 8.126
Total 104263.083 12
Corrected Total 154.978 11

a. R Squared = .685 (Adjusted R Squared = .423)
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A5199 A.21 HaNITIATIZRANULUTUTIUVRIAINITAZART pH 2

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 1809.721° 3 603.240 54.081 .001
Intercept 54807.664 1 54807.664 4913.548 .000
trt 1809.721 3 603.240 54.081 .001
Error 44.618 4 11.154
Total 56662.002 8
Corrected Total 1854.338 7
a. R Squared =.976 (Adjusted R Squared = .958)
A1519% .22 mamﬂLﬂﬁﬁv‘wmmLLUiUiaumaammia“mw pH 4
Tests of Between-Subjects Effects
Dependent Variable: data
Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 3144.712% 3 1048.237 229.104 .000
Intercept 53424.591 1 53424.591 11676.525 .000
trt 3144.712 3 1048.237 229.104 .000
Error 18.302 4 4.575
Total 56587.605 8
Corrected Total 3163.013 7
a. R Squared =.994 (Adjusted R Squared =.990)
A1519% A.23 mammLﬂﬁ“‘wmmLLﬂiUiausuaammiavmw pH 6
Tests of Between-Subjects Effects
Dependent Variable: data
Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 1316.411° 3 438.804 58.552 .001
Intercept 57067.557 1 57067.557 7614.900 .000
trt 1316.411 3 438.804 58.552 .001
Error 29.977 4 7.494
Total 58413.945 8
Corrected Total 1346.387 7

a. R Squared =.978 (Adjusted R Squared = .961)
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A5199 A.24 HANITIATIZRANULUTUTIUTRIAINITAZa7 pH 8

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 1031.386% 3 343.795 55.272 .001
Intercept 56089.482 1 56089.482 9017.435 .000
trt 1031.386 3 343.795 55.272 .001
Error 24.880 4 6.220
Total 57145.748 8
Corrected Total 1056.266 7
a. R Squared =.976 (Adjusted R Squared = .959)
A1519% .25 mam‘nLﬂﬁﬁv‘wmmLLUiUiaumaammia“mw pH 10
Tests of Between-Subjects Effects
Dependent Variable: data
Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 445.306% 3 148.435 6.821 .047
Intercept 56662.775 1 56662.775 2603.681 .000
trt 445.306 3 148.435 6.821 .047
Error 87.050 4 21.763
Total 57195.132 8
Corrected Total 532.357 7
a. R Squared =.836 (Adjusted R Squared =.714)
A15199 A.26 mamsaLﬂﬁ“‘wmmLLﬂiUiausuaammiavmw pH 12
Tests of Between-Subjects Effects
Dependent Variable: data
Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 346.599% 3 115.533 15.890 .011
Intercept 62811.918 1 62811.918| 8638.796 .000
trt 346.599 3 115.533 15.890 .011
Error 29.084 4 7.271
Total 63187.601 8
Corrected Total 375.683 7

a. R Squared =.923 (Adjusted R Squared = .865)
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A151971 A.27 NANTIATIENANNLUTUTINVRIANELNSaluNSIAAlNLUDY PAE

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 6.400% 4 1.600 .246 .900
Intercept 9672.100 1 9672.100 1488.015 .000
trt 6.400 4 1.600 .246 .900
Error 32.500 5 6.500
Total 9711.000 10
Corrected Total 38.900 9

a. R Squared = .165 (Adjusted R Squared = -.504)

A151971 A.28 NANITILATIENANULUTUTINVRIANELNTaluNSIAALlNLUDY PSWEL80

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 572.933% 4 143.233 37.693 .000
Intercept 3256.067 1 3256.067 856.860 .000
trt 572.933 4 143.233 37.693 .000
Error 38.000 10 3.800
Total 3867.000 15
Corrected Total 610.933 14

a. R Squared =.938 (Adjusted R Squared = .913)

A15197 A.29 NANTIATIENANULUTUTIUVRIANNELNTalUNSIAALNLYRY PSWE200

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 49.600° 4 12.400 4.537 .024
Intercept 4824.067 1 4824.067 1764.902 .000
trt 49.600 4 12.400 4.537 .024
Error 27.333 10 2.733
Total 4901.000 15
Corrected Total 76.933 14

a. R Squared = .645 (Adjusted R Squared = .503)

73



A157197 A.30 NANTIATIENANNLUTUTINVRIANELNTalUNSIAALNLURY PSWE220

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 132.600% 4 33.150 7.709 .023
Intercept 4708.900 1 4708.900 1095.093 .000
trt 132.600 4 33.150 7.709 .023
Error 21.500 5 4.300
Total 4863.000 10
Corrected Total 154.100 9

a. R Squared =.860 (Adjusted R Squared = .749)
A157199% A.31 mamﬂLﬂﬁﬁvwmmLL‘UiUiausuaammmmsa"lumil,ﬂmimm pH 2

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 274.900% 3 91.633 45.817 .000
Intercept 4541.400 1 4541.400 2270.700 .000
trt 274.900 3 91.633 45.817 .000
Error 12.000 6 2.000
Total 4655.000 10
Corrected Total 286.900 9

a. R Squared =.958 (Adjusted R Squared = .937)
A157199% A.32 mammLﬂﬁ“‘wmmLLﬂiUiaummmmmmﬁiﬂumimmimm pH 4

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 834.767% 3 278.256 125.215 .000
Intercept 2774.400 1 2774.400 1248.480 .000
trt 834.767 3 278.256 125.215 .000
Error 13.333 6 2.222
Total 3313.000 10
Corrected Total 848.100 9

a. R Squared =.984 (Adjusted R Squared = .976)
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A5199 A.33 HaNITIATIZRANULUTUTILTBIANANsalUNSAALNLN pH 6

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 570.267° 3 190.089 44.150 .000
Intercept 3856.017 1 3856.017 895.591 .000
trt 570.267 3 190.089 44.150 .000
Error 25.833 6 4.306
Total 4093.000 10
Corrected Total 596.100 9

a. R Squared =.957 (Adjusted R Squared = .935)
A15199 A.34 mamﬂLﬂﬁﬁvwmmLL‘UiUiausuaammmmsa"lumil,ﬂmimm pH 8

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 212.500% 3 70.833 14.912 .012
Intercept 4512.500 1 4512.500 950.000 .000
trt 212.500 3 70.833 14.912 .012
Error 19.000 4 4.750
Total 4744.000 8
Corrected Total 231.500 7

a. R Squared =.918 (Adjusted R Squared = .856)
A157199% A.35 mammLﬂﬁ“‘wmmLLﬂiUiaummmmmmﬁiﬂumimmimm pH 10

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 148.433% 3 49.478 6.228 .028
Intercept 5723.267 1 5723.267 720.411 .000
trt 148.433 3 49.478 6.228 .028
Error 47.667 6 7.944
Total 5813.000 10
Corrected Total 196.100 9

a. R Squared =.757 (Adjusted R Squared = .635)
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A1599 A.36 NANITILATITIAULUTUTIUUBIAILASAIVBIIWNTA pH 2, 30 W9

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of

Source Squares df Mean Square F Sig.
Corrected Model 9046.594% 3 3015.531 105.482 .000
Intercept 12827.291 1 12827.291 448.691 .000
Trt 9046.594 3 3015.531 105.482 .000
Error 114.353 4 28.588

Total 21988.237 8

Corrected Total 9160.946 7

a. R Squared =.988 (Adjusted R Squared = .978)
A1519% .37 B\Iami’aLﬂﬁﬁ”‘wﬂ’muLL‘Ui‘lJi’J‘LJ‘UEJ\‘iﬂ’J’]ﬂJﬂQG]’J‘UENIW%JVI pH 4, 30 U

Tests of Between-Subjects Effects
Dependent Variable: data
Type Il Sum of

Source Squares df Mean Square F Sig.
Corrected Model 13427.835% 3 4475.945 802.892 .000
Intercept 12241.522 1 12241.522 2195.876 .000
Trt 13427.835 3 4475.945 802.892 .000
Error 22.299 4 5.575

Total 25691.657 8

Corrected Total 13450.135 7

a. R Squared =.998 (Adjusted R Squared = .997)
A15199 A.38 mammLﬂﬁ“‘wmmu:Uiﬂiausuaammmmsuaﬂ%lw pH 6, 30 U

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 4891.785° 3 1630.595 103.708 .000
Intercept 42926.086 1 42926.086| 2730.153 .000
Trt 4891.785 3 1630.595 103.708 .000
Error 62.892 4 15.723
Total 47880.762 8
Corrected Total 4954.677 7

a. R Squared =.987 (Adjusted R Squared = .978)
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A15199 A.39 NANITILATITIALLUTUTIUUBIAIILASAIVBIIWNTA pH 8, 30 W19

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 3306.807° 3 1102.269 7.600 .040
Intercept 46772.332 1 46772.332 322.495 .000
Trt 3306.807 3 1102.269 7.600 .040
Error 580.130 4 145.033
Total 50659.269 8
Corrected Total 3886.937 7

a. R Squared =.851 (Adjusted R Squared =.739)
A157199 A.40 wammmﬁﬁvwmmLL‘UiUsa‘umaqmmmmmaﬂmm pH 10, 30 U

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 3036.570% 3 1012.190 25.220 .005
Intercept 39225.022 1 39225.022 977.345 .000
Trt 3036.570 3 1012.190 25.220 .005
Error 160.537 4 40.134
Total 42422.129 8
Corrected Total 3197.107 7

a. R Squared =.950 (Adjusted R Squared =.912)
A157199% A.41 mamiaLﬂﬁ“wmmLLﬂiUiamaammmmmaﬂﬂw pH 2, 60 U

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 3922.912% 3 1307.637 69.834 .001
Intercept 6233.460 1 6233.460 332.897 .000
Trt 3922.912 3 1307.637 69.834 .001
Error 74.900 4 18.725
Total 10231.271 8
Corrected Total 3997.811 7

a. R Squared =.981 (Adjusted R Squared = .967)
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GI'TSN‘I'?; .42 wamﬁmeﬁmmLLUSﬂsauﬁuaqmmmﬁwaﬂmﬁ pH 4, 60 U
Tests of Between-Subjects Effects
Dependent Variable: data
Type Il Sum of

Source Squares df Mean Square F Sig.
Corrected Model 7163.846° 3 2387.949| 1097.456 .000
Intercept 5096.399 1 5096.399 2342.208 .000
Trt 7163.846 3 2387.949| 1097.456 .000
Error 8.704 4 2.176

Total 12268.948 8

Corrected Total 7172.549 7

a. R Squared =.999 (Adjusted R Squared = .998)
A1519% A.43 Namﬁ’aLﬂﬁﬁ‘”‘wﬂ’nmLL‘Ui‘lJﬁ’J‘L!GUENﬂ’J’]ﬁJﬂ\‘im’JSUENIWNVI pH 6, 60 U

Tests of Between-Subjects Effects
Dependent Variable: data
Type Il Sum of

Source Squares df Mean Square F Sig.
Corrected Model 2914.802% 3 971.601 105.232 .000
Intercept 24429.011 1 24429.011 2645.848 .000
Trt 2914.802 3 971.601 105.232 .000
Error 36.932 4 9.233

Total 27380.745 8

Corrected Total 2951.734 7

a. R Squared =.987 (Adjusted R Squared = .978)
A15199 A.44 mamiaLﬂﬁ“wmmLLﬂiUiamaammmmmaﬂﬂw pH 8, 60 U

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 4686.847° 3 1562.282 10.935 .021
Intercept 33612.841 1 33612.841 235.268 .000
Trt 4686.847 3 1562.282 10.935 .021
Error 571.483 4 142.871
Total 38871.171 8
Corrected Total 5258.330 7

a. R Squared =.891 (Adjusted R Squared =.810)
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A15199 A.45 NANTILATIZIALLUTUTIUYBIAIUAIHIVBIIWNT pH 10, 60 W1

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 3999.081° 3 1333.027 43.918 .002
Intercept 20362.728 1 20362.728 670.874 .000
Trt 3999.081 3 1333.027 43.918 .002
Error 121.410 4 30.353
Total 24483.219 8
Corrected Total 4120.491 7

a. R Squared =.971 (Adjusted R Squared = .948)
A15199 A.46 wammmﬁﬁvwmmLL‘UiUsa‘umaqmmmmmaﬂmm pH 2, 90 U

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 1118.2922 3 372.764 30.966 .003
Intercept 1988.532 1 1988.532 165.190 .000
Trt 1118.292 3 372.764 30.966 .003
Error 48.151 4 12.038
Total 3154.975 8
Corrected Total 1166.443 7

a. R Squared =.959 (Adjusted R Squared = .928)
AN5199 A.47 mamiaLﬂﬁ“wmmLLﬂiUiamaammmmmaﬂﬂw pH 4, 90 U

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 3973.188% 3 1324.396 190.313 .000
Intercept 3306.189 1 3306.189 475.091 .000
Trt 3973.188 3 1324.396 190.313 .000
Error 27.836 4 6.959
Total 7307.213 8
Corrected Total 4001.024 7

a. R Squared =.993 (Adjusted R Squared = .988)
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A15199 A.48 NANTILATITIALLUTUTIUUBIAILASAIVBIIWNT pH 6, 90 U9

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 2498.155% 3 832.718 53.584 .001
Intercept 16543.769 1 16543.769 1064.554 .000
Trt 2498.155 3 832.718 53.584 .001
Error 62.162 4 15.541
Total 19104.086 8
Corrected Total 2560.318 7

a. R Squared =.976 (Adjusted R Squared = .958)
A15199 A.49 wammmﬁﬁvwmmLL‘UiUsa‘umaqmmmmmaﬂmm pH 8, 90 U

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 4846.704° 3 1615.568 12.860 .016
Intercept 23656.751 1 23656.751 188.315 .000
Trt 4846.704 3 1615.568 12.860 .016
Error 502.493 4 125.623
Total 29005.948 8
Corrected Total 5349.197 7

a. R Squared =.906 (Adjusted R Squared = .836)
A157199% A.50 mamiaLﬂﬁ“wmmLLﬂiUiamaammmmmaﬂﬂw pH 10, 90 U

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 3514.622° 3 1171.541 66.586 .001
Intercept 11155.892 1 11155.892 634.064 .000
Trt 3514.622 3 1171.541 66.586 .001
Error 70.377 4 17.594
Total 14740.891 8
Corrected Total 3584.999 7

a. R Squared =.980 (Adjusted R Squared = .966)
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A157199 A.51 NANITILATIZIALLUTUTIUUBIAIUASHIVBIIWNT pH 2, 120 W1

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 767.645% 3 255.882 5.261 .071
Intercept 1298.263 1 1298.263 26.692 .007
Trt 767.645 3 255.882 5.261 .071
Error 194.555 4 48.639
Total 2260.463 8
Corrected Total 962.200 7

a. R Squared =.798 (Adjusted R Squared = .646)
A157199 A.52 wammmﬁﬁvwmmLL‘UiUsa‘umaqmmmmmaﬂmm pH 4, 120 U

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 2282.864% 3 760.955 5.354 .069
Intercept 1770.292 1 1770.292 12.455 .024
Trt 2282.864 3 760.955 5.354 .069
Error 568.562 4 142.140
Total 4621.717 8
Corrected Total 2851.425 7

a. R Squared =.801 (Adjusted R Squared = .651)
A15199% A.53 mamiaLﬂﬁ“wmmLLﬂiUiamaammmmmaﬂﬂw pH 6, 120 U

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 1487.449% 3 495.816 10.285 .024
Intercept 10052.323 1 10052.323 208.523 .000
Trt 1487.449 3 495.816 10.285 .024
Error 192.829 4 48.207
Total 11732.601 8
Corrected Total 1680.278 7

a. R Squared = .885 (Adjusted R Squared =.799)
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A15199 A.54 NANITILATIZIALLUTUTIUUBIAIUAIHIVBIIWNT pH 8, 120 W1

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 4897.823° 3 1632.608 12.888 .016
Intercept 18058.624 1 18058.624 142.556 .000
Trt 4897.823 3 1632.608 12.888 .016
Error 506.708 4 126.677
Total 23463.155 8
Corrected Total 5404.531 7

a. R Squared =.906 (Adjusted R Squared = .836)

AN A.55 NANITILATIZRAILLUTUTIUVIAIIUNASAIVBIIWNT pH 10, 120 U9

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 2836.343° 3 945.448 38.213 .002
Intercept 7348.107 1 7348.107 296.991 .000
Trt 2836.343 3 945.448 38.213 .002
Error 98.967 4 24.742
Total 10283.418 8
Corrected Total 2935.310 7

a. R Squared = .966 (Adjusted R Squared = .941)
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A15197 A.56 NANITILATIENANLUTUTIUVDIANNASAIVDLNLTDS PAE

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 6921.579% 19 364.294 9.747 .000
Intercept 25502.272 1 25502.272 682.348 .000
Trt 6921.579 19 364.294 9.747 .000
Error 747.485 20 37.374
Total 33171.336 40
Corrected Total 7669.064 39

a. R Squared =.903 (Adjusted R Squared = .810)

A151990 A.57 HANTISHATIETANLUTUTIUVBIAINUAIAI vl NLYDs PSWE180

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 22515.948° 19 1185.050 27.362 .000
Intercept 141168.298 1 141168.298 3259.498 .000
Trt 22515.948 19 1185.050 27.362 .000
Error 866.197 20 43.310
Total 164550.443 40
Corrected Total 23382.145 39

a. R Squared = .963 (Adjusted R Squared =.928)
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A15197 A.58 NANITILATIENANNLUTUTIUTRIANUASA VDL NLYDS PSWE200

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 50388.980° 19 2652.052 329.742 .000
Intercept 76888.413 1 76888.413 9559.910 .000
Trt 50388.980 19 2652.052 329.742 .000
Error 160.856 20 8.043
Total 127438.249 40
Corrected Total 50549.836 39

a. R Squared =.997 (Adjusted R Squared = .994)
M1519% A.59 NANISIATIZRANNBUSTUTIUYBIAIUAIRIVDILNLYBS PSWE200

Tests of Between-Subjects Effects

Dependent Variable: data

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 39764.869% 19 2092.888 18.589 .000
Intercept 60375.235 1 60375.235 536.253 .000
Trt 39764.869 19 2092.888 18.589 .000
Error 2251.743 20 112.587
Total 102391.847 40
Corrected Total 42016.612 39

a. R Squared =.946 (Adjusted R Squared = .895)

A15°99 .60 NANITIATIZIANULUTUTINVD%Yeild protein VOINITARARIPANNLAZUINIINGA

Tests of Between-Subjects Effects

Dependent Variable: data

1%

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 848.262° 3 282.754 398.254 .000
Intercept 14167.770 1 14167.770 19955.063 .000
trt 848.262 3 282.754 398.254 .000
Error 5.680 8 .710
Total 15021.712 12
Corrected Total 853.942 11

a. R Squared =.993 (Adjusted R Squared =.991)

84



AANUIN 3

mwgunsalgluauide

g‘lJ‘ﬁ 1 4. 8.8-ml stainless steel (SUS-316) batch reactor (AKICO Co., Japan)

gll‘ﬁ 2 4. Electric furnace heater (AKICO Co., Japan)
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