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SUNANTA PRACHAM : INTERACTION OF MILK PROTEINS,
POLYSACCHARIDES AND COMMERCIAL STABILIZERS IN
PRODUCT DEVELOPMENT OF JASMINE RICE PUDDING.

THESIS ADVISOR : ASST. PROF. SIWATT THAIUDOM, Ph.D., 101 PP.

RICE PROTEIN CONTENT/JASMINE RICE PUDDING/TEXTURE/RHEOLOGY

The objective of this research was to develop rice pudding using jasmine rice
flour with 2 different protein contents (high protein jasmine rice flour or HPJF ~7.70%
protein content and low protein jasmine rice flour or LPJF ~3.54% protein content).
Mixed stabilizers (KHPS and KOSA) composed of k-carrageenan (K) at 0.25, 0.50,
and 1.00% with hydroxypropyl starch (HPS) or octenyl succinic anhydride starch
(OSA) were used for egg substitution by controlling the total solid content at the same
level of that in the egg. Milk protein from skim milk powder (SMP) was used as an
essential ingredient in the pudding too.

Jasmine flour viscosity and the interaction of milk protein-rice flour were
studied. Pasting temperature, trough viscosity, final viscosity, and setback of HPJF
were higher than those of LPJF, but peak viscosity and breakdown showed the inverse
results. An incompatible area could be seen in the mix between milk protein and LPJF
or HPJF. However, the gel zone could be seen only in the mix of milk protein and LPJF.

The physical and rheological properties (G', G", and tan ) of the puddings were
determined. All puddings with different formulations were in the light yellow color but
the one with egg had a yellower color than the substituted ones. However, the mixed

stabilizers and their concentration could enhance the harder texture and more stable



structure, especially in the LPJF puddings. All puddings provided higher G' than G"
while tan 6 was less than 1 in all studied frequencies, concluding that these puddings
behaved like a soft gel.

The microstructures presented in 3-dimensional networks of LPJF gel were
finer and showed a tighter cluster, but less in void spaces than those of HPJF gel. Also,
some milk proteins could adsorb into the 3-dimensional network structure of LPJF gel
better than that of HPJF gel, resulting in the harder texture and more stable structure.

For the sensorial difference test, there was no significant difference among
1.00KOSA_HPJF, 0.25KOSA_LPJF, and control. Both formulae except control were
sensorial evaluated again with the acceptance test and the results showed that both
puddings received scores in the range of moderate to high acceptance for all attributes.
These puddings had a shelf life at 5°C for around 10 days.

This research explored the potential of using jasmine rice flour in pudding
production while mixed stabilizers can eliminate the drawback of texture and egg-smell

in the pudding, resulting in more consumer acceptance.

School of Food Technology Student’s Signature

Academic Year 2015 Advisor’s Signature
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Analysis of variance
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Rapid visco unit
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Loss tangent
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UsznoudieTsAunazamsuazdmuegluglvesnsaesiTudaszuaznsaindonondie
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10.8 voe TusAustaviua Tnsafiu (prolamin) Wulilsauiazareluneansseadialszum
Yotz 2.6-3.3 voaTsAuTINA HazNMAY (glutelin) H30093141IU (oryzenin) SuTlsaud
araelunsanseaadntootitszinudovas 66-78 voalsaunanua (Cagampang, Cruz,
Espiritu, Santiago, and Juliano, 196; Chrastil, 1994; Matsuo, Futsuhara, Kikuchi, and Yamaguchi,

1997) 1U398909 Harmaker and Griffin (1990; 1993) na1 i lUsauilussdisenouniinaso
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Y
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an 4 4 o o Aaan o d a I
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a v a =& ' Y a Aq ¥ A 3 A Y 1A o
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U Y Y
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HAUNUUYUUUENATUNITASATNYISUAUNYUU
2.1.2.2 aNUAMIANNTHA (viscosity/pasting properties)
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o 3 A gl <3 ~ ~ dyl . . 3 <
uflawesdndand arsazarethudlenvzlinnuniiagegaiionyaiiin peak viscosity 1In1iuA
< A = A 1 ~ = (R A v A .:?
uilanvzuanaaigeonitiodninusumou odiuiuandateluinndIuinosd unuIu
I @ o ' . . 1 ' 1
ANUHHANIZAAAIIUDITZAUANUNTARIFAITN T trough viscosity ATHAAINTZHINADY
= (% A 4; ~ 1 1 = A d! 1 =
NUAGIZANUANNHHAGIATINI ANITYYTIANUNUA (breakdown) FI19VDNDIAIY
1 [ eazl 4 a [~
AINUABLTINIUNAINITHRAN 1INUUIDTZUVAAQUNYUTIN 95 BerIasaIdoa 1Tu 50 DA
= A A & = o £ £ g A 9y A '
waFea aAnuniavewdsaziniusudszavvisduduanuniiaganiefondi final
. . A A A dgl = z v a g = v A @ 1
viscosity N15NANUHUANVIUDNATINGIINAAQAUNY NI WM 1zUNIIIAG a2 1LV
a 4 : < <
Tuanaddszaesansylaommiz Tuanaveses luTaadadivue Tuwanadnuazihuduasa
] a K A Ay v 1 ~ 1 P 9 o
n1ez luTamaaudundeui Idiwni Tuanaveses luTaaneglnanusziduumeiues

aa o

denuse lalasnunaziasoedndus e midain v laanyaz Iassad v lvunnadiuma

9/ @

s ' 1 v o ' 1 @
(939130, 2547) Lla3ﬂ1Nﬂ@]N'i%‘ﬁ’JNﬂ’J”Ill‘HﬁﬂZ‘Iﬂﬂ”lﬂﬂ‘].lﬂ?ﬂﬂ?iﬁﬂ@”@ﬂﬁflﬂ’ﬂ ﬂ”lﬂ”liﬁuﬁil

] 1 Y
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250 T I T ! T ] T 100
L L Peak * Final
Viscosity

200 p—
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“ema Temperature -~

Viscosity (RVU)

Temperature ('C)

Holding Strength
100 |— @ o — a0
50 B— —4 20
Pasting N
Temperature
o] 1 J_ 1 l 1 _[ 1 1]
a 4 ] i 16

TIME [min]

d' Y] 1 d' Y a 4 A Y d‘ . .
NN 2.3 GI’J’E)EJNﬂi”I‘V\h/]llﬂﬁ]"lﬂﬂﬁ’JLﬂi"lg‘HﬂTliJﬁuﬂﬂl@ﬂllﬁﬂﬂ’)ﬂlﬂﬁf)ﬁ Rapid Visco Analyzer

VA v 7 £
URAINN: NATUTIA LATINDNA (2546)

2.1.2.3 M3tHaad 11y (gelatinization)
A g’ Yo 9 o Y] o 1<)
werhuilalasuanuiou siusz lalasnunamedrawazgniate Wendlaez
[ :’ 3’ 9 v W [] Aa a < a @
qaduni Tag Turanaveuihazdn lldununy leasendaddszusuiiauils inanisnesdanuy
o o MY o q e ~ a A4 A £ ad A a
Aunauldla shldbudladianuniamuiusezsyladu guuginasazaresunani
A A 1 a A a J =) Ad A A A .
Wiaiend1 quuguisuaIa lug wie guvgimsuwldsunilasnaiunile (pasting
A Y Y 1 A Aaq Y 42’ 1<) < o dgl
temperature) taziiio 1ia1uiouns 1 Tasnmsimugurgiildgein Wandanaznosdanniu
= A A o =& 9 A A
wdgalinansnesdlgegadag ldanuniagege andwdauilerzuaneen Tuana
a @ < o Y A g’
vo90z luTaauazes luTamaduaznizaeaisanuanmautls K ldanunilave il
A ] dy 1< A g} Y o 9 ~ v a
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a % a a a % 1 U A ) dgj L
aludu guugllumananaid lusduvewisazuanaresiuldTuuilwaaz wiaduegi
4 { ] a v [ ]
aanlsznoumanlng 1wy UsuaveeTdsdunas lvdiu dadruvesos luTaauazes lula-
a 0911 v A % < o 1 1< a9
mAAY SININsIaiesRve Tuananielufauilwazvuadugiliveadantldndae
mMsnaan luyFuveandlsauisoasinaenlAdeinT e Differential Scanning Calorimeter

[

(DSC) F49zn529 7N 51 asunasveandsnurseeuni1all (enthalpy; AH) voaudlaiile

[
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< < {
aunsonaaslimudinnuedawssneluTuanavewdld Tasuflinneluluanaiinnu
I 1 [ 9 Aq Y a a @ A 14 Y a
udasannaziamasauanuiouildluniananad lusduuniiosninde g5
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2.1.2.4 M3HA3ININIATY (Retrogradation)

4 [ J g’ { A Aa 4 <3 % { [

wiedaselnamssluiwisinanard lugudnsudias Twananeglndnu
@ v @ ] o a I 1
Tagmwiz Turanaveses luTagezmisdasssdanulmidroiuse lalasou nadlusuma
aak g ) 1A S ' A S v = . .
paruduTaseaielvinamwisoduiimaz lulin1sgaiiud1m18n (Whistler and Bemiller,
o Y =\ A @ 4%) =g I = ] =3 ~
1999) i 1R uilalinnuuilansdunniunagiidnvazidunamiion Ju uagiivues Son
F4
4 J a [ LY

Us1ngmsaiiian msnas Insinsadu n3e n13AUAT (setback) (Smith, 1979 819Tag NA

4 dy 1 a g a A o Y a
WA 1Az 1NoNa, 2546) dau Tuanaveses I lamaaunawsnnas Insmnsadu 1d laoina

v v Y

1NMITINAveInaNdunaaz lvnarlumsinauiuniies luTaa (Jane and Roybyt, 1984)

A a 9/:', =) a gJ ~ L] F) =
naziloanguugi 1id1aelUdn Tuanadaszvenimednelulaseadnvousavzgniy
=y J Qy c;y . o Y Y = ] d? cﬂj dy A o
PONUUTINIT NITIBUIN (syneresis) 71114 1ATIHT VA NANWUUUNINVY NIUMTAUAD

4 dgl "o [ Y ' a Yy 9 A

yoda1ssiuegiuieseratelsznis 1dun silauazanumduduveuils guugivag

Y 9 < a o
sreznarlunsrulIunsinanuieuuazitu Usuinuazvuiaveses lulaaiy

a qaj 4 4 <3

oz luTamaau sauisesntsznoumaniiou o veadauila (Whistler and Bemiller, 1999; A1

s &
UIIN LA INBNA, 2546)

2.2 Tilsauu

E v
hun dszneudie Tdsaudesas 3.25 TasTlsaundrdannulusiuui 2 sila Ao

o
9 v

. o . < o o
IAFU (casein) iaz TUTAUNEG (whey protein) i@ uRlu T1sAunanlusihyinulszanudesas
= z oy 2 9 [
80 ¥941UsAuBUNIMNA d1uTaanazneuLenesnd1niIuL 1d TasldnsalSuiitesves
gl Yo 1< ~ ~ a ~ A =~ S 1
W Iidauilu Moy 4.6 Ngungil 20 oIRUTATIE IOHINDINSNDUIATUDDNIL LA IU
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Y UNUNNIHA0DYITENIN 198 (whey) taz Tsaundunasagluthuniiazisoni Tlsaund
¥ 4
Fanlszunadosas 20 vealsAUUNNINA (18, 2545)
I~ 4 [ I~ = [
wduleaaiuesndsenoviwvalunoa TnTUsau (phosphoprotein) Hanbme
I~ ~ [l A a oy 1
Wueyniansanaw (globular particle) Hidv1uag lufindusa Tasdnawduluihuuazeglu
o . a9 ] 4 1 4
sUveluiwad (micelles) Hidurugudnatsdszura 10-15 wrTuwas uaaz luwad
1 1 % 1 o 4 . 1 o 4
Usznoudleniledesdaseni 1 lumad (submicell) azusazdu luwadazilsenoudie
= a [ 9 1 = . =~ . 9
nFuFiaae 9 laun weavh-lea 1A%y (o, -casein) LoaW1-1OF2-1ATU (0 -casein) LUAI-1A

FU (B-casein) uazualU1-4AFU (k-casein) TUIIUIUNLANAIIAY (Wong, 1988; Walstra,
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[ 4 [ I~ a
Geurts, Nooman, Jellema, and van Boekel, 1999) #1 lutyadainisausiseon lanly 2 ¥iia Ao
A Aa I~ a A 1 = @ 14 @ [ 4 g
suaniualih-1ndu vagyian luliuatir1adu duluwadezsawnuiungualenusy
a . I % 4 ] o a
lalasTvldnuay salt bridge Tnefinnadouneamaiuduyon diuiiulslas Ininvea
X < o s [ v o 1A 4
Tuanadenaedy luwaah ifuatlh-eduszsiudnuegusnuasinarsveundu luwaa
{0 { g ala o P [ ! {
Tuvnzndundulalasdanuiodu lumadniiual-ndusg Toudowegniouen dauf
I ara 4 Aa [
WulaTasianduaared (c-terminal) voaunalih-aguszsuoon lidruueniiveady lu-
o o a I A ~ 7 v o A %
iraaa U aosveundy luwad lun i 2.4 wdu luwadizngasiuaanuie luradgn
o d Aa { 4
Unaguaredu luwadsianiunlih-ndumsie InaTawldIng (glycopeptides) voaunili-
I 1 i aa o I 4 g a 4
wdwdudrunidulelasdlan Tanvuzifluaisdusen lddnaguueniudivesluaad
@ A o ~ <Y o a . . o Y A
Yoatums¥ounuveuadu luadalousawanuuuainesn (steric repulsion) 1 1vitndu Tu-
J a % @ 3 = 4 g’ =2 A va
IFADINANIINAIAD (Walstra et al., 1999) a9t uiadu luyad luiuudslinuauiaiu
1 v
ApanveANLYIUADYRg I LUAADANAT
J { o Y]
TdsaundduTldsfunidnyaznan (gobular protein) Ysznouale TUsAundnae
9 a 7 @ a . 2 A
wér-uanlalnayau (B-lactoglobulin) tagtoani-uandayiv (o-lactalbumin) F9h 5110

v
[ [ =

) a ¢ o 0 A a a A ¥
0802 50 L1ay 25 mﬂQIﬂiﬂunﬂﬂQﬁuﬂ AN Y ﬁjﬂﬂlﬁﬁﬂlﬂﬂjﬂﬁﬂ“%ﬂﬂ@u 9 llﬂllﬂ

[ a

Tu'lniESudayiiu (bovine serum albumin : BSA) Sugiuiﬂay‘au (immunoglobulin) an Ia-

U

ossu (lactoferrin) Tsaleany Tnu (proteose peptone) wazou lwiiana 6] (Swaisgood, 1996

MEE UFeN, 2545; Belitz and Grosch, 1999; Walstra et al., 1999)

=~ Submicelle

-/ Protruding chain
= Calcium phosphate
=  K-casein

Phosphate groups

H 2
Mnd 2.4 Taseadraveundu lusas

U¥aINN: Food-Info (2014)
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2.3 MUY

A3 (carrageenan) 1T uasszinnlaTasaoanessnionfifuiagis oy
14113 (food additive) afia ldnnavsenziaduas TuanavesmaduuwiluIndusan lsa
(polysaccharide) 713 TnsearananifunuanTad (galactose) 1Foudoiudoiuss 1naln lasd
(glycosidic boond) tlseenilunguiesratesiiaauiuiutazdmusvesnguamos
FaLa (ester sulphate groups) AL IIUIUYD 3,6—Llﬂuul€liﬂ’im!,mﬂ1ﬁﬁ (3,6-anhydrogalactose,
3,6-AG) 1dun undi- (kappa; 1) o Tom- (ota; 1) azuan1ia1- (lambda; L) AITIIUY (AN

72.5)

CH,OH CH, CH,OH £H,
0,80 o 0 0,50 i & a
0 o | o] —a
aH o oH a5y —
kappa lota
CHyH DS 0, —
HO g o
=
}/{_\0"’ >£-——U-/
0RO~ 050~
Lamda

v Y
M 2.5 Tn59e31909MIIUUUND 3 Fila

U¥aINM: Food Network Solution (2010)

v v
uA111A15190U Y (K-carrageenan) azale laa luiiimseuuinieow uazazaireld v

S A a3 A Ay ' Yy v J A Ay ° vy A
HUFOUHIOUUNAONTOULAANNIVNVYUVDININI1AYIONADNDIAINIIT08AE 50110
= < [ a ~ = o I A
misazareualdinsauuueudlasezinana (gel) Yszanmasunduiduveavaiie
Y] d' [ g % o 1 < 1 4 1
1d5uauTeu (thermo-reversible gel) Rldnvaela ilodudauiuudauan) g Welduay-
=) 1 o Y =~ 4 [ " Y 1 z
thasnuvasluuy usesznidszgeziIindu luaadnsded 1 Tag lutensueenain
4 < dgl Y A ~ + o 1 A A ' '
18 Azt WUNNTzyvod TnunmFen (K) 1azaznIdInonsanioyuInna 3.8 ua
1 1 T 3 = A o v [ 1
12 linudemsusudwwazmsazate lo Tlommssuuuiiswiunguaamaninniuaiiai-
=1

suuulszanuiosas 25-50 MlianuhaelszguesTnunadonanas wan ldvadidnyag

A ] A 1 1 = v 1 3 I 1
‘Vl'EJ'E)‘L!“Lé3JLlﬂgﬂﬂ‘ﬁquﬂﬁﬂﬁlaeﬂﬂﬂuﬂﬂﬂﬂTi”Ii]LLL!‘Ll LLa%‘V]u@]ﬂTilL%LHNLLa%fﬂiﬂgiﬂﬂllﬂﬂﬂ'ﬂ
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swdntnlndiunezinayarouToaluTassadamanuui 1 Gunction point (gel 1)) Lag1io

1 I a [ 4 {
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4 o a 3 o { 4 ) ] {

) MnFui lfinamsudadivessa (M 2.6) e sauuu 1 1dsue1msnilsau
I 1 1 1 a o o ~Aq Y = I A o =& [ o Y
Wuaiulsenovegrusulunaasumuun 1¥a1519uu ) u a5 A MNAIA IS 81 11
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UlsggluTumnavealysauuy 91378999 Thaiudom and Goff (2003) 1ag Spagnuolo et al.
(2005) wu uaihasRuuueasailosdumsuenlavesasazarenansznielshy

LY a S Y @ a o . = a

uniuTnausan 158 14 lnonisgaduvesdioaand (helix) voauaihnsduuuuuiive

I J Y Y '
Lﬂ"“b’u”lm"”liamlﬁz’s’fﬁNTﬂﬁQﬁSN@ﬂﬁlﬂfﬂlfNH]ﬁ

SDLUTION GEL! GEL N

MNA 2.6 nalnmsiAaaveInITIRLUY

uriaaian : Carbohydrate Technology (2011)

2.4 nilsaauls
(% J { o a .
uiladauals (modified starch) U189 AASY (starch) N 1910131 W19AY (native
[ an A 9 ax =\ A A o Y =
starch) 1IMUAITUATMTasuuladlaseadialagdsmand Menw ¥sos I i ldudled

autalasuntlaslaundesmaie ldmang ausumai 15 lugaamnssuonmsai 9
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a 4 I 4
uile'lenson® InsNaan15y (hydroxypropyl starch; HPS) Wuuila8imes (ether starch)
1 a 4 ] o
lunquleasenduoanadai1se (hydroxyalkyl starch) h3oudle laifidszq gnaauilsdae
= aaa = an @ . . ' J o Aan
nszUIUMIMunil Iagll §nse1dme SHiaGY (etherification) 5z MAINAMTFAD TWTHAUODN
4 . o aaa @ = 4 . . 1
losa (propylene oxide) Tag 11J§]ﬂifﬂ fu Txiden lanson loa (sodium hydroxide; NaOH) N9U
Y =X o Aaaa [ an 4 d' o a aan o

udreinlgasernuInsiausen lea (nmi 2.7) msduidulfnsenziluanziuduay
a { [] a a 4 [] a
mamsunuiny leasendavesaewoauynnilsnaronyleasond Insiia (hydroxypropyl)
£ J ] S A A YY) 3) o v o 4
Fuumflssduntiquantialumsiuiuh uazezdarnemamedunuvesTuanaaass
Y @ o 9 Y < d a a o
aoiuse lalasou Mldlassaiwveadadaisssounoas guuginsnald lussuanag

A A d? a A [ Y dgl @ 9 :}
ANUUHANNFITY N15AAs INsnsaduanad dwsones Id Tuununazweeda 1d 1w
< s Ay Y ' 3 o A g ' I
ou aamsygni ldlanuamudenianuine luiduraz AnuasMILFUTWAaz NTAZa1e

.. =< = o ] Ay 3 o ~ A A '

(freeze-thaw stability) 3amu1znazair Il luenishdeunusnuingungiid Ao 9115

BunazeIMIUEoNIYA (Tuschhoff, 1986; Singh, Kaur, and McCarthy, 2007)

S5t-0H .+ NaOH e S0y + HOH
o = A
(@17 (TwRoyamivion)
St + CHyCHCH, ~—~~% SL(}(.'I-I_.T'HE.‘H! +  NaOH
, v
(TAA1TH) 0 . 820 .
(lensond Tninagmiv)

4' a Aaan = an % 1 S Aas o
MUN 2.7 ﬂﬁ!ﬂﬂﬂgﬂiEJW]L‘VIE)iV‘I!ﬂ"]fUi%“l’i’J%‘lﬁ'GlTi"]fﬂUIWEWﬁuﬂflﬂhl%@GluﬁﬂTwmﬁ

VA v s L
URAINN: NATUTIA LATINDNA (2543)

uileeoamiladagiiauonlalase (octenyl succinic anhydride starch; OSA) 1Huuila
Uszinneames (ester starch) gnaansdrenszuaunisniuai Tneljnsenodmes Mindu
(esterification) sEHIaMs TR vesAMlasagiaueulslasa (octenyl succinic anhydride)
(Wil 2.8) ﬁﬂﬁ'uﬂqﬁﬂmﬁuﬁﬁﬁwauﬁymaz‘lajsmuﬁmgicluimaqmamﬁu awnsorh 14
Humsiinanudunialuems 18 Tasezadiaiuse: lalas Tldnszni Tuanavesae
oz luTaduazes luTamadu hldiRalaseeduawidvewvaiizreldszunianunilauas
ﬁﬂmﬂé’ﬁﬁzamﬁwﬁu (Ortega-Ojeda, Lasson, and Eliasson, 2005) wonvniiieldutldauls
0sA lussuudif TsAuuunasa1ssuuy 0sA wzawsaiiljaserlalas Tldn

.. . adg a .. . o
(hydrophobic interaction) LAZBLAN Tasauaan (electrostatic interaction) NULA Fuuazuniliini-



16

s13uuu'ld (Krstonosic, Dokic, and Milanovic, 2011; Sweedman, Tizzotti, Shafer, and Gilbert,

o Y = = dg}
2013) ‘wﬂmwwmmmamummu

CI}I-l (I)R
= Water, NaOH =
F_-~0 ! F_~0
----- (o} - > -----0 -
HO o, Z RO
HO 0----- ° RO 0----

4 a aaa an @ J Jd v A o aa J
ﬂ"l‘Wﬁ 2.8 ﬂﬁi!ﬂﬂﬂj‘]ﬂﬁfﬂl@ﬁlﬂﬂiv\llﬂcﬁuizﬁ’)'N’(?f@]13%ﬂﬂ®ﬁ]ﬂﬂ1ua°ﬁﬂ°ﬂuﬂu@u1E’I]lﬂﬁﬂ

UYaINI: Sweedman et al. (2013)

2.5 UfFuiusszrnallstuuamazindusanlsa

[

¢ o a s { a I a
Tdsauuaz Induaanlsd fu'luTo Tnamwes (biopolymers) Mtouliuingau
[l Y
diag lugaanisuemsienliuan 1asedi e e duAT LaZANUEDITHTDAUAIAT
a Y] ' =) = 4 A v W Y o Y
yowandud IagTuanaveldsauuas Tnduyan lsd vzamisnganionannuudiila
a Y Aa o 9 a A (L] @ F4
e laseadendianugudou Hamsien nseogs mnu laluszuy
2.5.1 Uszanvesiuszuaznsamalulananinevuluaiumanszyvnadlsauny
d
Twausan s (Dickinson, 1998; McClements, 2006)
o o I o A & A 1 [
2.5.1.1 Wuse Ianaaua (covalent bond) 1l ususzudsususonlosszrinangu
~ a Aaaa [ ~ ] o & o
Nemnsonalfnseunmizoudis Tuanalvg) (macromolecules) NUANA1SAY FIWUFE Tan-
o a d?’ = = s )
udazinavu luasnanyealsauuas Indusan lsantanusudon
ad a . 3 A a a o @ 4
2512153010 Iaseuaan (electrostatic force) 1Y UL sIMNA JAUWUTVDI
[ % 3 o 4 [ 1 o
wie1szy lihdsenvziuusedsgansousandniuegiuilszgmie i nliansuz sy
=} 1] A 9 [ 9 ] [ 1 qgj T W I 1
miloununioasadiuiu d1szezesgniamidedszy lihduuaaciniusadunuvsen
1Y ] [ 1 = 1 o Aa < =&
uatszeresyrIniielsey Iihiiszozeuaacinduiuseninnuudanse
[ < -4 'y @ v . . .
POULAZANNNTITIVZTUBYAUOATINTHANANT U ToooU (degree of ionization) 1tAZ AN
Yy 9 .
mmummﬂsz@ (electrolyte concentration)
I o u’zl { a Aa o o 4 1
2.5.1.3 Excluded volume 1 unsandnszozduininainid fduiusszvinens

% 1T adg
c}?’aumummﬂqmmﬂmau
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o I @ { [
2.5.1.4 1use laTas19% (hydrogen bond) tHuuseNiiauussunaie iilu
=2 oﬂj 8+ 8. = < @ A A A A
115999 ATz AUVDI —0-H""...O O<H HIANUUAINITIVDINUTL IS NAIana Al U NI
2
qavu
A L. . d 4 <
2.5.1.5 45318 1a5 111N (hydrophobic interaction) 1 U5 anNANMLY 59011
I =3 1 A 1A 3 £ < A d?
nag 1T U9 AT 8201I0INGUYDIA TN T TUIFIAIANUTILTIVO LT IILIRUNINT U
A ad £ = ~
(DRUNYNNNIUDY 60 DIFITALTY D
7 7 I~ = ' £
2.5.1.6 5AIUADINAE (Van der Waals force) 11111153099 ALUDBOUFIDE WY
Ay o 1 4
lavieelul§duiusszninellsAunas Tnduana lsq
a ayv o (¢ d
2.5.2 mapalfauiusveslistiusazInausan’lsa
{ o LB Y] ] 1
luasazareniiTsdunaz Tndusani lsdegsuniuszausonlsgniuznsog
' [ < . [ {
sl 3 31Dy (McClements, 2006; Goh, Sarkar, and Singh, 2014) AduaadlunIng
A . I (L] [ = = A A = o
2.10 A9 1) Complexation tHun1sogsaunuvesldsaunaz Indusan lsafinansediganu
winnaunamsnaniu sldinanisegsawnu’la 2 uuu 18un Soluble complex TsAuuaz
= A A = [ [l ) Y = I dy
Tnduwaa lsaninanssdeganuazuvivassed lumsazaem Iimsazaelianyuziiuilo
= o = = s a A o o % = =
@eanuvedTlsAuuaz Indusaa lsanmal fduiusiu uag Coacervate 11/5Aunaz Tna-
s a = Y - o Y a o [
uaan lsaninansspeganuIzanAzNou (precipitate) i lvimansuenduvosdiszazmeaiu
3 A g/} egj = = s a a o o Jd o
devFuivuvesaisazatonazyuvesllsdunaz Induagan lsanmad fauwusiu
I 1 @ = A a Ay o Jdo 1 a
2) Cosolubility (un1segsunuves lilsauuag Indusan lsaninal fduiusiulas luifa
:J’ @ I g = o 1%
MsueNFUVeIdITazals msazaelanyaziutiomednu TagusiaeganazusINanvea
= = I @ 1 @
Ts@unaz nauaanlsalinnuaugani 3) Incompatibility H301150¢3 1WA UMD UNITHEN
= =) d a v @ 1 a
i@ (phase separation) Tutanavesllsauuag Induzan lsainanmsnaniuuinniunans
Y 4
Aega dawaliinamsuenduves Tuananidod
av A o Aaov o J J
UIVGUDY Spagnuolo et al. (2005) NIMIANYIHAVON FAUNUTTEUNUATULAY
o { @ Y J
Tnauyan 1sa luszuundseneudlsuatthasSuuunaz Tagatuiy wudi uadidan-
nunszavanuduiulugiedesar 0.015-0.02 ansatlesdumsusnlavesarsazaie
1 ~ Y] a S Y Y] a 4 =
meruszre lUsaunnnn Induann 156 18 Tasnsqaduresdseanduoaunlnsduuy

a = 4 9 9 ] d'
‘]JLlW’Jﬂli’)x‘llﬂ"]ﬂ!"lm"]faaLLﬁ%ﬁiNIﬂNﬁﬁx‘i@"ﬁﬂﬂ“’ﬂ@xﬂi}ﬂ (®Mn 2.10)
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Protein ¥ Nt
Solution ¥ - \g ’J\g Polysaccharide
¥ Solution
il I Y
—_— o~
ATTRACTIVE REPULSIVE
INTERACTION INTERACTION
Complexation | High C | Low C |
1-Phase 2-Phase 2-Phase \ I—P&
%k St B A
5 Transition (pH, 1) e
| [dee v [T
¥ v T
Soluble Coacervate Incompatibility Cosolubility

Complex or Precipitate

4‘ (% 1 @ A = = J @
MAUN 2.9 aﬂymzmiagi’mﬂummmiazawwuTﬂmuuazTwmwﬂm”liﬂwmmu

U¥aINu: McClements (2006)

d‘ o 3 ~ = J
HAN 2.10 ﬂa"lﬂmifmENﬂ"umstWﬁﬂJammJahmsmmuimmumswﬁmmmcﬁullmmaa

a

J 1 {
uaz Iwduwan lsa: (A) Tassadwvewatihmsduuneglugil coil Ngumgil
' @ § o 1 ' J
FUHI0321HINNTZUIUMIWIE0 lsiwdu; (B) Weodandiuszrinundu lumad
Aunatiiasituunlugl coil luaugansena depletion flocculation tagz/M3e
INA segregaative interaction; (C) 1A59a519v09uAYY1A1513uuU d8U1A coil
o3| . 4 o < a Ay o o 1
i1 helix Wounihams@unugnildiduas (D) malgduiusszrniunihh
~ A P L ~ s a A
A3 UN Insaa3 1900 double helix AT luradusnuyareuniely
HaENYUDN

UHAeNIN: Spagnuolo et al. (2005)
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& U N
2.6 1UDANWT (Texture)

Y
= (A IS)

' { 1 o a & o
Yy ﬁ'llWﬁﬂlﬂ\i@ﬂ"i']3llﬁ']ulﬁﬂ')"’fl}ﬂ\iﬂ@ﬂ?ﬁﬂﬂuiﬂﬂmﬂWW@’]ﬁﬁlﬁﬂlﬂﬂéjﬂiIﬂﬂ‘?\uﬂuﬂ'ﬁ
v 9 ] E4
Sudnnuidnniathn Taeisuanmsnaemiansasn (first bite) A3 aniloAe) (chewing)

YR 4‘ . . [ YR til o W dy
ngﬂ'ﬂllgﬁﬂli]ﬂ‘]_lﬂ@'lﬁ'ﬁﬁluﬂ']ﬂ (mastication) Llazﬂ'ﬁﬁﬂﬂ'ﬂmEﬁﬂiulu@ﬁﬂﬂﬁﬂlﬂﬂﬂWﬁWﬁu
I o 09/’ Aa [ @ A 3 1
Lﬂufﬂiﬁﬂﬂ'3111i}ﬁﬂ‘ﬂ\‘]VI1\1ﬂ"IfJﬂ'I‘Wl,Lﬁgvn\iﬁ?ﬁ'JVlfﬂﬁ'nJﬂu (AuUaU, 2544) “ﬁ\?ﬁ']i]”liﬂllll\‘l
an a o dy v W ¥y A A < ad A v 1 tﬂy
'J‘ﬁﬂ']ﬁﬂﬁmﬂJuaﬂ‘]&lﬂ!glu@ﬁuWﬁjﬂﬂﬂ'ﬁﬁl%!ﬂﬁ@ﬁuﬂﬂ@ﬂlﬂu 395 A9 1) NI1TIAATNUITUNN
[ o { [ 1 1 o 1 @ 1 1
109A19 AT (fundamental measurement) ﬁ]ztﬁEJZIGIBJ)ENﬂUﬂHLNﬁ‘JﬂﬂﬁzﬂW]ﬂ@?’ﬂfﬂﬁ "l@g]}l,!,ﬂ

. (g . =2 . o . A
HIINA (compression) bt IID A (extrusion) LLTIA (tensile) ITINA (cutting) LASUTILIR DU
I 1 ~ an dy [l o Aa g
(shearing) 1udu uadoyan Idanismsii liansahun1dlumsdszdiuanuidndnuiio
o o g v o 1 @ o Vi Aa o o
E‘TNNE‘TGUmS:LﬂEJ’Jhlﬂ 2) ﬂﬁ’Jﬂﬂm‘lJ“lJ‘]JiS:QﬂGI (empirical measurement) ﬂzhl@ﬂmummauwu‘ﬁ
1 Y

Aumsianmnlszamdudaua ldawisneiuenanmsvesainia lduuiiugiunieias

o P Ao Jya Y A 1% o &£ ' 3 o 1 A = 1
ﬁ'lﬁ@]il,l,agﬂ'l‘ﬂ:]ﬂ]lﬂﬂU@ﬂUlﬂLWﬂQﬂmaﬂ‘Hmgiﬂﬂmaﬂ}!mgﬁu%ﬂ'luu AIDYNIATOINDLITU

v
|

fruit pressure tester, bloom gelometer 101 penetrometer Hudu 3) N3 ROUUVUNITIABIVO

< . . y A A Ao @ o 4 v dy 4
HUBY (imitative measurement) Gl“]ﬂﬂ5@\1%@1/]1]?7?3ﬂﬂ’]i1/]']\‘l'llv!ﬂa']Elﬂﬂﬂ'lil,ﬂﬂ')sllf]\illklﬂﬂiﬂﬂ

=

3 A A A ' o A Y = Y & A A Yo
$1aT el o NAINTOMIA TN UTLEZNINUITDANUAUNUANNAS oA 19 F3AToIl 0N 1939
Y
1 as @ d Aaa a
AA0ITNTHAO texture analyzer (Bourne, 1978 919 1A Toyn1nsal Asiad, 2549)
v W g v W an I~ v @ 4 v W

MsiadnbailoduRaf 1875 texture profile analysis 1 unsindnbailodula
a . 9 [ 1 a 4 dy v W A A A =~
1390 (mechanical) 2813 IaANIIUMB VoAUt o dU Ao TNl Asunilas lddielins an

o U dy [ [ d' Y = [ [ 4 t:i o w [ (] 1 [

Aszi andledudan ldszlianuduiusvoasanniziinudiegiansnal Iagmumsng
[} ] v o o 09// d' [ dy LYY d‘cu Y Qddyd (%
AVUADINVBIRIIATIUIU 2 aFe (MR 2.11) ansazilodudandaldanisil 7 dnyae

9
Taslitenudaso lil
A A a0 q 9l a
- A7N)312150AUNIO (fracturability) A0 HIINAYALINNINTHTUDIHITIAAN
MIuaninue lutaneananiu
d' o

2 A A A ' M v
- A2ULYY (hardness) AD LLSQ‘VHJﬂ’]ll']ﬂ‘VIQ‘ﬂcluslfj\iﬂ'ﬁﬂﬂﬂﬁ\uﬁﬂﬂﬂ'ﬂﬁGﬁu@ﬁ’ﬁi

ANV NN BUENDONINAU

]
= o

9 v
- ANUNIZAA (cohesiveness) ﬁ@ LLiQ‘VI1/]1(11’9!{51)'1!’f]"lﬂ"liﬁﬁ"lfléhﬂ'ﬁ)ﬂﬁﬁ]&ﬁ]ﬂﬂ?ﬂ
2

[ 1 d [ a [

llﬂﬂﬂ@ﬂﬁ]'lﬂﬂuﬂfl'l\‘]ﬁﬂuiﬂ! muaﬂﬁﬁmmmmmiumi?}mmzﬂumﬂu%ummi ATUIU
v o . & 4 R o A v o A & .
Vlﬂi]']ﬂ@ﬁ51ﬁ3uwuﬂ%ﬂx‘ilﬁﬁ‘ﬂlﬂuﬂﬁﬂiuﬂ'l'iﬂﬂﬂi\iﬂﬁ"ﬂ\‘]?‘]@ﬂi\?ﬂﬁuﬂ (COhCSlvel’leSS:
Area2/Areal)
4 v
- mmﬁﬂwqu (springiness) ﬁ@ ﬂ'ﬂiJﬁ'liﬂiﬂsUfJ\‘]GIfufﬂﬁ']iﬁﬂgﬂﬁUQﬁﬂTlglﬂlJ

Y Y v
wiooandmlunsanglvesFuemsndainniludasueiisudinonusonnnFueInis
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Y 1 Y 1 v
A1 189100 A 1A IUVBITLHLNIANTOANNEIITEHINMIAAATINADIADATINN A
(springiness = Distance2/Distancel)
= a o . A Hq Y Qy = = a
- ANUKUYIAANY (adhesiveness) AD TIN 1FUNTFUDIMITNIHTUIIAADDNIIN
2
mauilnluvazife)
A a = . A o g £ g & A
- AMUHYIAATA (gumminess) 1D WAITU IUNITAIDIMITNITINAUNAINGD
Aq v 0o q ¥ 4 2 2 o = o v 4 A VY o Y]
u3an 15 lumsilde st avaltendliesnaudeduniounaznau la A laan
HAANMUDY hardness 1) cohesiveness (gumminess = hardness x cohesiveness)
g . A o g < A Hq v 0o q ¥
- N151A87 (chewiness) A0 WAIIU 1UN1TAEIDIMITUVIHTOUTIN 1F Tunsi la
<2 = o 9 ~ A o Y Y .
DINITUVIIUDITUNTONNIZNAY mmm“lmmwa@mmm hardness N1J cohesiveness 8%

springiness (gumminess = hardness x cohesiveness x springiness)

<+———— FIRST BITE ———<—— SECOND BITE—»
~—Downstroke —-<— Upstroke—+-< Downstrokes Upstroke~

Hardness 1

Fracturability
¥ Hardness 2

Force

Area 1
D1 —| Stringiness

q [e——i

Area 3

Adhesive Force
Time —

v k4
M 2.11 nslmsIadnyaeiiloduRaAY texture profile analysis

U¥aINI: Bourne (1978)

2.7 Inennszua (Rheology)

a s { o :
Inenseud o MaasnanyuneIRuNTasugl (deformation) tazns Tna (flow)
o A o~ o 2 A9 ya = ) a v 3 '
voiJaquielusannszihimas it lassaanas nganssuvesiagiineg ausauig

o S o oA S < S o 4 4
Jaqoomiu 3 Uszian fie 1) Tagnlaniian s uveunda (solid) Wuiagniinislasu

q

[ o o A ) [ 19 =~ [ A
zﬂﬁ%‘]uﬂﬁﬂu@nlﬂﬁﬂﬂﬁg'ﬂW (force) Nﬂ?ﬂ:nll!ﬂulll]5W‘L!§5]5\1ﬂUﬂ')”llllﬂif]ﬂllazjﬁﬂﬁﬁllniﬂﬂu
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o 1 a 4 ] o @ ! B2 I . . [ @ :
sundungsruan 1diie lifusannsed 2) Taandautiansiduvewnan (liquid) uiagh

1 Y]

a A Y o A Y o 1 = [ a
winams lnadie ldusansgi ualengaliusanseii luansodundugzlau uag 3) Jag
Ao vAaa a a . . [ @ A wa 1 1 [ A A
nawiada lagaradn (viscoelastic) uiagnuguauinogsznIgveaiuveunaInell
Y ~ A . A A l . A < 2 Y
AN¥UIHEIMUA (vicous) IMUBUVBUNAIAZIANEY (clastic) tMTBUVBWAITUNAUAGINY
Taonilo1dusansziiagzuldsuglufoanveunaiuazilongaliusinsziazinans
= 1 = o < 1 A [l v A A a 9
AugUiswAnInUve I uamsauglaz luamsonduauuumiiowan 1

(A o IS vaa a a
lumsdnuIaseadnuesomnsiidnsasiunazdnuiauiadalndaradnves
wa Tngiloniam lugaadzay (storage modulus; G) HaasdanslantianNudarguuoide
Tagilolinsannsgiriagazazaunasnunlslunsalaouzd BAmeluiagivenoziinn s
Tumsaugiiuilongaliusanszit arTugddgaide (loss modulus; G") HaRIdIMsHaNta
= o 4 [ Y Y @ A a A
lnaniiavesiag Fawasnuazgnldlumsadrawazaaeiuszaaeanaiinamslagsu il
nazazgyaate 1 luaug iy ayududagade (loss tangent; tan §) udaIdedad N0
= wAa A 1 wvAaMN [} R S 09;’ 1 Y Y [
mstaua nanilaaeauiatargy (tan 8= G"/G") FalA1AA 0-c0 TagA1 tan 5 1oen I
1 ueraaiaglautiamsdanguunniing vaniia nazdia an 8 ¥INN 1 uaaIN gl
autians Inantaunnanseangu (Stefffe, 1996)
A A A 9 = A a A A a
nIoalen g lumsAnyinaauianIaIngInszuane 1n509INIINTTUA (theometer)
£ A & A Y G~ .
FIUNIUVUNAIVANANUAY (stress controlled) LAZAIUVAVANNIATIA (strain controlled) Tag
ekl (probe) RnTNNa 19N 0ANTINTLIABAIBE1Y 19U concentric cylinder, cone and plate,
<3| { A a ' o
parallel plate 1@ (MW 2.12) MsfnIguautan1IneInszuaaITannINanyue
. g ¢
madegl1d 2 Uszian Ae 1) nuumsidegluin (large deformation) unisnagounldusa
<3| a "o 4 a o a @ '
WulSnaunnuniagitednymganssunas Tnssaswvesiaqguazinanisuann sy n1s
. g
NAADUNITADIIANUIAL (stress relaxation test) (LAY ATNAADUNITAU (creep test) wudu
as dyd 9 aA a [ 1 =Y Y A [ a
FwMsildennengAnIIuNIIReDAURIYRITagaonsIlanyuy IndReInUaN1IZITe Lag
Yy a4 A 9 @ o A o = Y
Pordene Inseainvediggozgninatsluvasniimnaaey 2) tuumsideglios (small

Y [ o =

. I Aq ¥ a Y 5% =<
deformation) L‘]Juﬂﬁ‘ﬂ@ﬁ”ﬁ]‘ﬂ‘l/]1ﬁlliﬂﬂiu1muﬂﬂllﬂﬁﬁﬂ Iﬂi\iﬁ‘ﬂ\‘iﬂlﬂ\ﬂﬁﬂ%\‘iﬂﬂﬂTt,ﬂEJ!,WEN

Q u

Y v =

<} a Qs}l 1 ] @
l’ﬁﬂﬁf)ﬂ Gluﬂ15‘l/]ﬂ’d’é]ﬂ%$uEJlJGN‘?nﬂ’NiJLﬁuﬁ?f)ﬂ’ﬂhlﬂ?ﬂﬂﬁﬁlﬂﬂﬂﬂﬁﬂﬂﬁﬂ@]ﬁﬁ]ﬂﬂ1iﬂ@ﬁ@ﬂ

WHANTTUMTADUAUBIVDITAQIINANUAN UAND 19U MITNATDUUD FU (oscillatory test)

'
agdaa

£ g Y Aav 1
FuiluIsnienls luauIdead 9
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Rectangular
Torsion

Concentric
Cylinders

Cone and Parallel
Plate Plates

Very Low to Very Low to Low Viscosity
Medium High to soft
Viscosity Viscosity Solids

Solids

MNA 2.12 HIAHAAN 9 §115 VRTINS

VA s
URAINN: DUIAUN (2553)

o o . o Y} Y
ﬂ'liTIﬂﬁ’rTULL’]J‘]JﬁUL”]JUﬂﬁ‘ﬂﬂﬁﬁ)ﬁ‘ﬂN‘Wﬁ’m (dynamlc test) Iﬂﬂ?ﬁﬂﬁ]%gﬂiﬂﬂ?1h!ﬂu

]
@ 1 =1

Y
. a I
(stress) W?ﬂﬂ'ﬂﬂm%ﬂﬂ (strain) LL%’J?@ﬂTﬂTﬁ@]@Uﬁu@ﬁ“ﬂ!ﬂﬂﬁutﬂuﬂ'l’]iJm?fJﬂﬁ?@ﬂ'ﬂll!ﬁu

& anAa A Y a A o Y o = Y =
“D'Q'J'ﬁ‘ﬂuﬂ“ﬂf’)f‘nﬁiﬁﬂ'J“J!ﬂjﬂﬂﬂ\ﬂﬂllﬂ')ﬁﬂLia')3@ﬂ’]i!fﬂaﬂullﬂﬁQﬂ'ngJ!ﬂu"lﬂ@]'luﬂ'nuﬂsuaq

q

) 1

msdulaeieliusnszimTalianunseaneiaaudriannuduiasuaueslugilnil

E4
@ %

s . vy < 2 P Yy Ay y ° '
]1“]51! (sine curve) B NUYN maﬁﬂumﬂuﬂmmm ﬂi]‘l/\';ﬂul“])’uﬁll’f)\‘]ﬂ’ﬂumuﬂ"lﬂ%81/]13411@11\‘1

q

k4
A 9 Y [ Y]

=l a2 9 3 4
ANVDIANIVIATYA 0 DIAT UIDEDUNUNUNDA D1 ﬁﬂumﬂummmaaﬂsmgﬂ'lmummmm

a

Y o

RunagAUAT eIz asun L 90 03 uagd1idalanialalndaradn aAntndun
ARUAUDINDANUIAT AU LT UL TN an U TaslAIA1AUTENII 0-90 BIA (Steffe,
1996; McClemens, 2005) JR1INATBULLY oscillatory LHNTNATOUHIFINANUIATIAYTD
9y A A [ I ~q o Y .
ANuIANAINNIMNIZauaaa10819n 1g lun1snaaesalemsnaaonugluunves strain
A 9 a A Y o o oA Ao A Y o
sweep 1130 stress sweep 1ag9g 1dauAssanITon NUAUAUAI0619NANNDA 9 AN udada
Y A =) 3 A J = A 9y A o 1 =
MIABVAUBIVOIANUIAUHTOANVIATEA DINUUADNAIANUATIANTOANVAUNAI0E19T
Y 1 ] { I~/ o [
Tugdadazavoeglugreniuduas (linear viscoelastic region; LVR) liiin1snadeuaolu
v = A v AL yy Y o
5UMUDY0Y frequency sweep Tagaz IiANMIATsANnToAMIAUAINF Id910 LVR ud2Tans
' Aa (A Yq Y 1 a A Y A '
apuduoInusaNuanasunlacly mslildannunseanionnununeglusig
o’z’ I ] =S A Y [V 1 1 o 9 A
LVR ymageuiimiumazrnanunisanioanuauainang bis ldquanifves

f108199NNTLNVIINNINATBY (Sochi, 2010)



23

Elastic solid

Strain
Stress '/\/\/
M{

Viscous fluid =10

Strain

Strain

Stress

d‘ o Y A 1 = [ PR wvAa 1
MAUN 2.13 ﬂﬁTV‘Inl“lﬂ!ﬂlﬂﬂﬂ']']lllﬂﬂﬂﬁ@ﬂﬁuﬂﬂﬁﬂﬂl'lu!ﬂﬁﬂﬂall‘!?ﬁﬂﬂilﬁﬂﬂ QN

uriaanan: Wyss, Larsen, and Weitz (2007)
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aquazIsNMINAasd

W a
3.1 gAY
9 a ] .. . . A A @ < A 1 a =
3.1.1 91viouuza 1 (Thai jasmine rice) N9 1gHaI NN linu 13 910
Aa o a A A 4 o w
USEHN &4 dumesmsa 199 Uszimelne
o/ . . a a v Ay
3.1.2 UNRVIANUIUEY (skim milk powder; SMP) USunau Tdsausoeas 36 Ausutiow
v Y Aauv A z:? o d o w
ANdesaz 5 91NUTHN 3AN WS T 1na Uszme lne
v
3.1.3 11M1aN310U17 (sucrose) MMNUTEN TIUNBATYAFMNTTU 3100 Uszmet Ing
3.1.4 uad11n1513 1Y (k-carrageenan; K) 910 U587 Ineyaueuniinea 11
Uszma’lne
3.1.5 utlefudrlevdedaudls laasend Insita (hydroxypropyl starch; HPS) 91AU5E%
a 4 4 o w
aeny wodavhed amsy e Uszimealne
@ ) v W a v Aaa 4 ..
3.1.6 utleiudrdevidedaudsooamiladadinuoulalase (octenyl succinic
a o a 4 4 o @
anhydride; OSA) 11U a1 ueanhed am15y $10a Uszmnealne

o

3.1.7 ooy (margarine) U51na lviiudesas 83 11nU5HN d1ga 1

[

A Uszime ne

a o

3.1.8 14'lA (egg) 91nUTEM el $10a Usznalne

4
a o w

3.1.9 100 (salt) 1INVTHN gAEUNIsNNABUTANT 3100 Uszine Ine

3.2 gUnsaiuaznesile

3.2.1 m"f"@mmmuwgum'%m (Centrifugal mill, ZM-1000, Retsch, Haan, Germany)

322 L‘ﬂ?f’) YRR 1N (Vibration Sieve Shaker, Analysette 3, Fritsch, Idar-Obestein,
Germany)

3.2.3 Lﬂ%@ﬂﬁlhl%]lm%@{ (Homogenizer, T25 basic, IKA, Staufen, Germany)

324 Lﬂ%@ﬂ‘ﬂum’%ﬂﬂ (Centrifuge, CR 22G III, Hitachi Koki, Tokyo, Japan)

325 1A ? RRCLEREERIE, (Rapid Visco Analyzer (RVA), Newport Scientific Inc.,
Warriewood, Australia)

3.2.6 1AF9A T (Colorimeter, ColorQuest XE, HunterLab, Virginia, USA)



25

3.2.7 Lﬂ?ﬁ)ﬁalﬂ 318 ﬁ'Lﬁy@ qdura (Texture Analyzer, TA. XT. Plus, Stable Micro System,
Godalming, UK)

3.2.8 Lﬂ?@xﬁ’ﬂ aulANIINeINIZUE (Rheometer, AR-G2, TA Instruments, New Castle,
USA)

3.2.9 Sg]) 81 (Oven, UNE 550, Memmert, Schwabach, Germany)

3.2.10 Nd03 aNT9 minuuneuInea (Confocal laser scanning microscopy: CLSM,

Nikon Alr, Nikon Crop., Tokyo, Japan)

AaA o =\ = W
3.3 IFAUUUNIFTIVY
3.3.1 mamsaanilatnivienuza
= 9 a 9 ay A a
wisuntlsdnvonnzalasmsuadvennzadioniouaLUUNYUINIBT (ZM-100,
1 ] 4 ] 4
Retsch, Haan, Germany) 14250 WHIUAZINT UV D5 1MUY 80 (FUNIUAUINA1NFAZLNTI 180
9} 9} Qd’d =) ~ . - . . .
luTasmas) ag ldutladveuuzaniilsumTisAuga (High protein jasmine rice flour; HPJF)
09)1 o a { [} o I~ a Y a
nndwiwtlsdnvenuzadiui limugaznnsdldduduuilsdnnevuzaniusua T sdu
@1 (Low protein jasmine rice flour; LPJF) @A Naaa191n J9un1 uazane (2546) laonis

Y
1 a =S 4 o o [
uruiladnvevuzalumisazare Tmasy laason ledanududuiosas 0.35 Tasimiinego

a =

a o ' { < o J
Usuas Tusasiaau 1: 5 Neavgil 20 esAusaiod (Hunal 15 $21ue ud239d19A 19000

Q

9
o Y

Y} S 4 ™) A A Vo o D} vy
AYUINAUIUNTIE MU WNUAINLOY NN 7 ﬂ’]ﬂuu@llL!W\T@]gﬂﬂi‘lllﬂﬁiﬂﬂclsﬂﬂﬂﬂ (UNE 550,

a =) o

A < o
Memmert, Schwabach, Germany) ngauUnnu 50 DIA UK ALV L‘]J‘L!L’Ja1 24 "li’ﬂllﬂ HINECNDULLUN

6
v
2 v 3

Ay ¥ ' ' s 9 7Y Aada A a
nlavvauazssuruazINT MUY 80 DAATINaL MWa1sTIveuuzanTlsua Tsau
A
d d
3.3.2 myanzviesnilsznaumauniveanileiniviennza
° v ad A A a Y Y A s
Thutladvienuzane 2 v Ao HPIF tag LPIF Mwsonldainden 3.3.1 v1msizs
Y
UsuaTsau Tviiu anuau i (AOAC., 2005) taziSuaezii Taer (Juliano, 1971)
=S wAa Y =) Y a
3.3.3 msfnnaEuiamuaNIriave il IvenNza
° Y a o A A a ] Y A =
uilat1veuNzadie 2 Uy Ao HPJF tag LPIF nwseuldanden 3.3.1 widny
AuautasuANuniiadlsnToeianunila (RVA-4, Newport Scientific Inc., Warriewood,
. v Y a A 9 A2 g v
Australia) Tagldvunoun1asgiu (e 1) Mnguan Ao lrgunglisuduuazganig
(Y = o Y Y Y <3 [ Y ~ 1 =
191 50 DIRUFATEA DAT1015 ANV ToULAE IMANWBUMINY 12 peryarteaaoUIN

=) =

A I~/ [ 1
AsQUNYIN 95 peruwarBod 1iuna 3.5 Wil usuReUIMIINY 160 souaowd tagldnarlu

Y
Jd o ad A

MIAATIZHNWNA 13 17 TuinagungiinEuasumlainiumila (pasting temperature)
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ANMUHUATIGA (peak viscosity) AITWH ARG A (trough viscosity) NMTFITIAINHTA
(breakdown) ﬂ31uﬁﬁﬂqﬂﬁ1ﬂ (final viscosity) HATMTAUAD (setback)

av o d d a
3.3.4 msangnalmlfauiusveslisavuunazlwadusamlsanindivennsa

[V 4

Ao s a o
msanena Indfduiusveslusaunuuaz Tndusan lsanndameuuza dautlag
31NITUD I Bourriot, Garnier, and Doublier (1999) tta ¢ Thaiudom and Goff (2003) CEEE
v a o ~ Y v v
asazateuilidveuuzaainudlane 2 uny (HPIF uag LPIF) innudududesas 6 Tag
gj L a Y oy A a = Y
minaelsnas Tasazarendlsdnluinlsmnnleoounguugil 30 ossuaaidod wawld

Y o ~ qu o Y Y A a =< =
DU 15 UIN mﬂuummmzma”lﬂiwmmseumqmwqu 90 D3 95 DA ALBYT AU

=

Y o 1 A I o
172N ALIANTUIU 15 “Lﬂﬁ Lga’;uﬂﬂummmwm 5 ?Nﬁn‘;]fméljfﬂ’d gﬂunm 24 “lf’ﬂiN

q U

! % A Y 3’ o 1 a
mumiazmﬂiﬂiauuuNwmnumElm%mwmmvffwffuiaﬂaz 15 Iﬂﬂu'lﬁuﬂ@ﬁ]ﬂilﬂﬁﬁ

a =

J { Y
TagazareTisAuunluthlsaonnleooungumgil 30 esausaiFod naulddiiu 15w

U

a

o o ) ¥y A A v
vindwih ) danuSeungungil 75 esrwaiFod auaisazaleaaeana1uiy 15 wii uda
o o @ 1 4 1 ] Y
Masazareldsauuunauduasazateuidesdniedulusasidrunuanaresiu Taeld
) an Y 9 Yy = 2 o
arsavareuilednveunzalinnududugaiiodosas 0 84 5 Tagtiniin uazaisazaie
= = Yy 9 9 9 = :} o a [ a aa
Tsauuudanududugameiosas 0 89 12 Tagiimiin Usnas Tagsmminy 30 Jadans
o o Ay ¥ Y A a 7 . ~ 3
e uraun lanauatansodla Tud luses (T25 basic, Staufen, UK) 112130159 8,000

a =

[ o 1 ~ ] { I ) ) y
seudowil Wduwaui 1d luungungi 5 esswadeod et 24 ¥ Tua uani il
4 4 < < a o ¢ o o =
HAGINANNGITOU 1100 x ¢ 1WUIA1 30 UIN FUNANTAULINTUUDITITALANTY VUNN

paudnihoyan 14 ladans e laezunsy
a ‘;‘ Y a
3.3.5 MINANNARIUIONNLE
g 9 a 1 [ 9 J Y ay
waawiennzagasla 1 (Egg; E) Usznoudie mad (paste) uilednmouuzasos
:} @ @ 9 :’ o [} 1 a I
az 29.02 Taenimiin ensazaeuunsniuesosas 56.29 Tagriwiin Ja'ln 1 esdailu
Y Y v 2
$ouay 5.86 lagrimiin Waaniedesas 7.27 lasiimiin ndedesas 0.09 Tasimiin uay
= 9 3’ v ad o A o 4 9 a 9 a
1nsusesay 1.47 Tagiiviin A3a5mae Wmaauilaivenua uilsdiveuuzanaw
Y Y v
nuthld Idanudududosas 20 Taeimin udrliarudoungungid 90 f9 95 pen-
v
e a WY 30 W1N) VIHANAUETazasUuNRNINATULEY (UuRIaiuerausuii 17 14
Yy Y v J o oS A ~ o v Y ~
anuuIuiesas 23 Tasimin) 1v'ln Waansie inas vazuinmsu i lddanudeun
a =< = ~ Y A © [ dy
gl 60 14 65 DIRIFATA AUNTUAADANAT 30 U 92 ladrunauTanyuziluile

Y 1 a J 1 J a a qa: Qy
Sty dnladrenaradnvuie 1 e (Ltgf'umgfuﬂﬂan SIFUANAT §9 3 LYUANAT) AN

o}

a =

PBhsudnilfu B udduigumgil 5 esmusadod ilesomsnaaovde il

U
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1 Qy a 1 A 1Y 1 4
daunaasdinrenuzagas ldarsmuanuasiawauunu v szdsznonlidreman

Y
Llﬂ\‘]"’lal}W’JﬁfJiJiJzﬁ A1522AOUVHIVIANUIUS HINANI Y Lﬂﬁ@ wazimsuludadrunelnu

[

fugasaruay uazldmsiivanuasdmauunu'ly Taslduaddinstuuuiissduai
Wutudenaz 025 0.50 wag 1.00 Tasthmin naudyleasond Insfianioseamiiadadiin
wou'lalasdaasylinlsuasrumtulSinavewdaluly ewdelulidaunituiesay
23.02 90314 1 1loq) g imskaanaaa e unmshutldinenzafumsfivaunag
Smsnnnaufund v IRamadnaunou 1 W raufusszazasuumanaie

1 4 9 ) 3 a Qy 9 a 1 []
uazmuﬂ‘izﬂauﬁu 9 LLﬁ'J‘I/]W]13J"U‘Ll@ﬁ]‘1ﬁlﬂxiﬂ15Nﬁﬁﬂ@ﬂﬂm13ﬂﬂhh3ﬁq¢]iiﬁjﬂl

v ' v
= a

awv J Y a 9 o :JI a { o
Gl‘L!\‘ﬂ‘L!’Jﬁ]ﬂﬁi]%3J‘Wﬂ@Nall1’31’7@3J1I3ﬁﬁ@]@ﬂﬂ1ﬂ1i%ﬂﬁ@ﬂﬂ\1ﬂuﬂ 14 ’s:,fﬁﬁ ﬁ’ﬂ ‘Wﬂﬂ\‘iﬁ“ﬂ1

q q

A

910 HPJF lugasld lanTegasniugu (E_HPIF) gasldasmiuanuaidinauiszduany
[Wutuaaquny 14 (0.25KHPS HPJF 0.50KHPS HPJF 1.00KHPS HPJF 0.25KOSA_HPJF
Y 1
0.50KOSA_HPJF ttaz 1.00KOSA_HPJF) nagnaasniiin LPIF lugasld linTegasniungy
(E_LPJF) gasldarsmunnunsdinaduinszauanududuais  unu'ly (0.25KHPS_LPIF
0.50KHPS_LPJF 1.00KHPS LPJF 0.25KOSA LPJF 0.50KOSA_LPJF 1o 1.00KOSA_ LPJF)
U ng Y .: Y a
3.3.6 MIIAUUDANNANAAIVIHOUNLA
[ 491 v @ Qy 9 a ad Ao A aAaou J [ < [
o dURaNAAIUIIMBNNEAMNNITMINAALY 03910 ONTHNT  5%e uazNyv Iy
Y
(2551) 118 Nunes, Batista, Raymundo, Alves, and Sousa (2003) Iﬂﬂﬁ?ﬁﬁ@ﬂNWﬂﬂﬁN”l’?ﬂ BT
) Y
inyodailaduia (TA. XT. Plus, Stable Micro System, Godalming, UK) l¥¥anauu cylinder
] Aa A < @ (] Aa a 1A ~
probe VuAIFUAIFUINA19 25 Haamas As2lunInadied1e 2 TaawasaeIuil aao
Y
TLeZNMINAVUAI8 60 11oFIFUA VoI INgIYDIHIeE1e inTnaaeIdindeay 3 4
< o J o R 1 < ~ =X a .
Wuszezna 2 ddart Taetiunna1n1usY9 (hardness) AU HEIBAAA (gumminess) AN
Y
81418 1UN 15187 (chewiness) A2 1WA 1W150 1UN15IN1ZA 2 (cohesiveness) AN BAT g1
(springiness) HAEANUKHEIAANY (adhesiveness)
3.3.7 MyInananiIvenNza
o w 1 Qy v = 9 d‘ v A 1 o a
Waednadniaad laslsnsosiadssuy CIE (L* a* b*) uradnuiland
v Y
AT D65 NuANNTENY 10 0381 $INTNAADIAI0E19AT 3 F1 TufinA1 L* a* uag
A I l 1 . & A A Ao K A A 1
b* TagNa1n1 L* 1T uaA1n21uu19e319 (lightness) FIUA1910 0 ADFA1 D9 100 ADTV1 A1 a*
1 3 T d I 1
ldavenanuiluduaansedie (redness) Tagandluuinszuanidannuiuduaanazan
< = & A A ! ' 9 1 & A A A ad a
WuavszuaasdeaNnuiudied darua b* lsusvenanuudvasanioduinau
T3 = I = A T d = I =
(yellowness) Iaonnduuinszugasneanududimassuazanduavezuaasnannniug

J a
HINU



28

3.3.8 M3IANNNAIMIVOINANIU1IVONNTD

o w ' Qy A g Y 9 @ o [ Qy g‘ Y o a g’

wmedrayaasinu I ludisuniannund Tasdunamssuihudrialsuai
~ Qy =\ Y] 1 A g dy A [ 1 9 oy A Qy o
ngueonuunsuiuduihuiemendaaIuTegas ¥oIINENDONYT 111N1TNAADY

@ [ g} 3 @ o
Aeg19ae 3 91 11 uszeznal 2 dlan

v
a

3.3.9 M3 IanuaNTAMIINGINIZUAVINARITIIHONNZA
Y [
TanuaulaN19INeINTLUAVDINAAIT1IMONULAAINITNAAUIA 91N Alamprese
9 ]
and Mariotti (2011) 1114708197 AAw1TAA101AT0ITadNITANIINGINTZIE (AR-G2
Rheometer, TA Instruments, New Castle, USA) 11015 NAT0ULUUTY (oscillatory test) Tagly
v ] 4 Aa a 1 1 1 ] 1 [ v o
W2 IAuUY parallel plate y1AFUATUALINA1 40 HAAIWAT FDIINTLHINAIDINUR TR
1 Hadmas AIUANYUNNTUDIAIDINN 25 DIARUFAIFIA HININATOUNIAIINIATATN
9 an . A 9 ) [] a a a a 9 .
MUIZAUAI8IT strain sweep test 10 1HIUNITN U189 Inda1danFud Y (linear
Y
viscoelastic region : LVR) U04WAAIU1IM0uNZagAs 1d 19 (§ATHIATFIU) HIMUATI
) . = J I 4 A ~ a 4 1 = =
ANVIATYA (strain) 0.01 DI 100 1OTIFUA UALANINDAIN 1 1FTAT WU LVR UAIANNATEA
' ' = s Jhs B = wa a 2y
9811929 0.01 89 1 JosFUA MINTUIININIANEIRVAVTANININGINTLUTUDINAAIU?
a Aa o 1 . a J
NOUNZDAIYIT frequency sweep test TIHUALIIANUD 0.01 D9 100 1FTAH LATAIINIATUA

4

I [ 1 o 1 o S

0.1 1Wosiua Jan lugaaaay (storage modulus; G') A1 luQaagaydy (loss modulus; G")
Y
1 v = o @ [l o o

nagAYUANAT g e (loss tangent; tan 3) ¥1N13NAADIAIBE19AY 3 F1 1T UTZEZIIAN
2 et

3.3.10 msan¥IlnssaamalunansinIvionnza

Y v
AnunlaseadumolunansiiveuuzadisndesnanssminuuaouIdaoasiah 19
4
1@1IED5 1UNITEUNU (confocal laser scanning microscopy; CLSM) (Nikon A1R, Nikon Crop.,
Tokyo, Japan) # wATMsnaaulasain Acero-Lopez, Alexander, and Corredig (2010) tta1g
) Yy ) 9 J . . . . =

Matignon et al. (2014) T9ddou 38 laun 8-amino-1,3,6-pyrenetrisulfonic acid 1 3® APTS
Y '
@za1e APTS Twihnduli ldanudududosas 0.001 Tasunanedsuing) 1sdeududledn

& ad a Lo . . & - v
eraana AN Fluorescein isothiocyanate isomer I ¥199 FITC (aga18 FITC Tuozg Taul

1 a 3
Taanududuiesas 0.001 Tasuranedsuing) l¥deudlisauuy uaainaludwer uay
Rhodamine-B-isothiocyanate 138 RITC (@za18 RITC Tuumueald ldanududuiosas
1 Aa vy = A LY 3 = 1 @ [l a

0.001 Tagulanelsuias) Ideudarsiuanuasdinay uaaswaluduag daudl06199
9 =~ = ] ] A 9 a A
douaiond 3 daulng 9 Ao 1) paste uflidiveuuza (HPIF w30 LPIF) 81502010 UNANY1IA
YUIUY LA ITINNANUAIAINEY (1.00KHPS 1350 1.00KOSA) 10583 enn 1IN ANy

TassadrameluvesaiulseaeunoumIna 2) @15a2a18NausEHI paste Uilad 1oy
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¥zA (HPJF %30 LPJF) NUa5asa18UUHIUIANUILE 1azaSInuANUAIAINaN (KHPS H30
KOSA) fugsazateuusiviaiuuenmdadiuuaz 3ismsmsoudornunuluyaaedng 3)
waAId1IvMenNzagas 1.00KHPS HPJF 1.00KHPS LPJF 1.00KOSA HPJF 114 g

a =

u’/‘ S o ] ng < : [ Y
1.00KOSA_LPIJF mﬂuum‘umammwuﬂll%“lué’mu‘ﬁqmwﬂu 5 eernased (a2

U

v @ 1

1 ) = 9 3 = 9 A v dyﬁ
AeuinAn Inssadnmelu Tuaeumsanilnssaiumelulidsiine dndlred19aauu
4 a4 o ' 3 9 A Y o ' < 1 =y ¥

aladuazindsalrediuaniooiie 1dar0d19nszneilunduyig o neaddouasliion
1 o T 1 a dg 1 1
daulsznoulasludredediiuflsdnuzaidudiulsenouszdosneaddonuilsaslnou

~ [ 3 = =9 1 d‘ A Y L] Qy
Uszunm 1 i nasnniiudaneaddeudiutlsznoudu 9 awasll vieludredianaas

v Ay ) a & Ay a Ay 2
wdeanoaddouutlsinnenuzanou minnoaddon TUsaunuuuazddonasiunnung
@ o w 4 a I @ @ ] ) ] o’u’j
amauaday Wereaddouas ludr 1dnszantaa ladtaiunudiedis hukue ladiu
(% Jou {o o J
lidunag Inssadrnelulasldiauding (objective lens) NH1AI8 20 150 40 1
3.3.11 msisziivwamalszamdudanaasinvenyza

3.3.11.1 msdsziiiuanuuanag

o a J Qy 9J a = = [ 1

MMsziivaNuuANa1YeINAAITIoNNEa IaenlTeumeuanyaiza1e 9

v k4 Y v

1aun & ndusa anufion ioduda nazanyuz IagsINY0INARITEHINgAT Ida5INN
anuassauunu linugasaruguasuiladazsia Taslddnadounialszamdudalu

@ 9 a

9
a w o Y ) o a 4
i%ﬂﬂﬁﬂﬂﬂgﬂﬁﬂﬁ (laboratory panels) 91U72% 30 AU mﬂuumsﬁ’@gammwmsamswwmm
aay

1 a 4
UANA NN NADAAIYNITUATIZH NN 51591 (Analysis of Variance; ANOVA) Loy

= ~ ' A Y A o = Qy A o 1
L“]JiEJ”]JL‘V]El‘]JﬂWmﬁEJI@EJGl%I‘]JiLLﬂﬂJ SPSS INBAAIBDNNAAINNIIIN HPJF ttag LPJF 9810

9 ~

1 gashianulndifesniouanaisllnngasaiuauiesnganidszdiunanialszain
dudauuulsziumseensuso
3.3.11.2 m3dszRiumseeniy

o g Ay v a ' 1A Y A A 1
mws&mw"lm”mmiﬂizmumm,mﬂmmmmm‘lﬂammmaummﬂﬂmﬂ

q

Y = a [ [ a [ Y Aam Y
gasnuqguitesngaulszmuramalssamduianuulsaiiunissansuaieasms In
v Y
azuuuaNnuseyludnvazas o 1dun & nausa anudleu ileduia uazdnyus Inesi
9 2
Yoanansaregnaaounlseamdaudaluszauiesl§ianis $1uau 30 au vl
) a 4 1 aa a 4 .
Foyau1iIN1IINTIZHAMNIANATNINNADARIENITAATIZHENIANUND 515U (Analysis of
Variance; ANOVA) tazilssuiisuaunas Tnsldlilsunsy spss
= < Qw Y a
3.3.12 M3ANYINYMINVVBINARITIIHONNZA
o Qy o a [ o a ad
WINARIGATNAIUMIUTZIIUNITEOUTVLININITATIVAVUA NN YAUNT O LAY

ANTIEHIIUAUNT I arua Daduazs1 (FDA BAM, 2001) uag Colifrom A1 E. coli (3M
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. 4 o 2 vy A A a &
Petrifilm) ﬁaﬂﬂﬁgﬂgnaWﬂTﬁlﬂ’Uiﬂﬂ1w9931uﬂlﬂuﬂqmﬁgﬂ S5 O ALY Ly e Lﬂut3a1

9
Y] dAa 4 a o <3 a a
2 dla ArTziraguAIMN1IauNs fudiineegmsnUUeINAAIT oA
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Nﬂﬂ]iﬂﬂﬁﬂﬁ!lﬂ%ﬁﬂ”ﬁﬂi

4.1 asni)szneumaniinazaaauiinne q vewtlsivenuza
4.1.1 aandszneumaniiveantlainivienaza
pafilsznoumaniivesutladineunsaiisiUsuia TsAunin (high protein jasmine
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Y
ieduiavoauilatn (Hamaker and Griffin, 1993; and Wongdechsarekul and Kongkiattikajorn,
o 09./} =1 A A ' 09.1} [ [ g} <3 4 <
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M13197 4.1 03A15ZnoUMaIATueY HPIF 1ay LPIF

asrilszneumanil (Josazvenimiinilun) HPJF LPJF

Tlsau 7.7040.05" 3.54+0.04"
avsiu 0.69£0.04" 0.13+0.08"
1M 0.4240.01° 0.16+0.00"
AT 9.38+0.01° 8.25+0.03"
oz lulad 17.07+0.06 19.23+0.06"
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myasunasnnuriaves HPJF wag LPJF LaaInandn15199 4.2 Wy HPJF o
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gaungNNEuIMIlasunlainunia (pasting temperature) g4n31 LPJF tHp391n T1)saulu
9 o @ 3’ < o a A v Y 1<) 4 9
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o 1 1 { Y] 1 3 { ng Y 4 Aa a
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o o o <4
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4 { Y] ] ] 1 AaAa I~ 9 a o 9 1
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M990 4.2 AUANTANINANUNTIAYDI HPIF 1y LPIF

Pasting Peak Trough Final
Breakdown Setback
Flour Temperature  Viscosity  Viscosity Viscosity
(RVU) (RVU)
{0 (RVU) (RVU) (RVU)
HPJF 84.03" 99.17° 74.71° 24.46" 147.50° 72.79°
LPJF 73.50° 129.63° 39.75" 89.88" 73.30° 33.54
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A o Y a qaj a ] [ 1 [~} 4
lll’élu1ﬁ1iﬁ$ﬁWEI!I,‘ﬂQGUTN’i’E]ll1]8ﬁ‘ﬂQﬁﬁ]\‘i%uﬂulﬂﬁ’é)\i@lﬂﬂEm%EﬂiNﬂJ@ﬁmﬂﬁ@n‘i%

Y ~

1 9 [ ~ a = I = ~ 1
NIUANLAZHANANNYUN YU 95 DAL ALY e Wunan 3 UIN (AINN 4.1) WU LPIF (DN
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4.1c) ﬂWWuﬂWilL“lfﬁluﬁTiﬁza1E|ﬂNLW@ﬁﬂﬂ!ﬁﬂIﬂ‘i@]uﬁ)@ﬂlm%NTuﬂTi‘]Jﬂf]ﬂﬂi\ﬂ’iﬁ NOULNIY
< 4 1 T a 1 A < 9 A o 9y
GUHW]IJJQﬁﬁ15%1@8ﬁ'}u1ﬂﬂlumﬂﬂ’ﬂ HPJF (1NN 4.1a) LaNUDY uazmammiazmﬂuﬂwn
{ a I J < 4 a @
ldunguugil 95 eeruaadoa iWunal 3 uiA woa1 Wada15¥ve9 LPIF AAN1T N6
09./} { { < 4 a @
LHAagUANdINNINUA (ﬂTWﬁ 4.1d) “lummzﬁgmﬁmiwm HPJF Lﬂﬂﬂ?iW@\i@’JLlﬁ%ﬁﬂTiLMﬂ
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(FAAYY, UTUA LAZYNTUI, 2553; Chatakanonda, Wansuksri, and Sriroth, 2011) HAZNHANDNI
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(Li, Shoemaker, Ma, Lou, and Zhong, 2009; Cardoso, Putaux, Samios, and Silveira, 2007) NN
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4 4 1 [ {
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gunQil 95 perwaIFod 3 U1T (b); @1502810 LPIF noUAN (o) Hazd15azaiy
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uniludganszneunanididy hivdesluniwilsdnvennzan lddnuaauaianiany
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Noisuwan, Bronlund, Wilkinson, and Hemar, 2008; Noisuwan, Hemar, Wilkinson, and Bronlund,
2009; Chappellaz, Alexander, and Corredig, 2010)
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nneamIAnEInaaniananuriaveilsdiveuugannudl HPIF 1ha3 Ins-
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Tulassadresnunmuiiaveuiiauiluiioaisazatenangnirldiduas (Noisuwan et al.,
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HALINGINTLUAVDINAANUI (Alamprese and Mariotti, 2011; Considine et al., 2011)
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o
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v
a

{ d § d 1 { o
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w0z luTaadulasssaveusanduaduainlusauuy SMP Adsanfinognielulaseadis
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1. AEMAnszriesndszneumand
a d A = .
1.1 M35 erU5inallsiu Kjeldahl method 928.08 (AOAC, 2005)
Fadreeaszana 1 NSy ArenTeadanation 4 Auia vuasraIEnseazvield
Tunasanauut Bua5139{nse1 (K,80,: CuSO,8as1du 10 : 1) USwa 5 nsu uduaw
nsadannTn (H,80,) Wudu 15 Haaans aalunasaudi thlldesuumdosguugilszum
~ ™ a A qg/’ qy < ) 1
400 parsaiFed aunsenldarsazareladiwerendii dana A liEuudsaihndedn
d’ q'.l = 1Y Y o a 9y Y a Aa aa 1
n3e9nan Tuvazmednuliiaisazarensauesmiudu 4% Usuias 25 Haaans laaslu
Aa aa a a 4
Erlenmeyer flask Y110 250 Uanaag HAINEADUAIANDT WE N 4-5 Y EA (bromocresol green
a 4

0.22 N5U 1ae methyl red 0.075 N1 azatelueniuea 95% UYsu1as 96 Haaans LaAY

arsazane Txdenlaasenlad (NaOH) 0.1 Tuas USuas 3.5 Taaans wanlidnu) 1l

'
1Y

' 4 '
119350951 distillate 11N Foenau laslnlaronasaguluaisazarsuesn aniuaieaz i
a 3‘ Q'J a a Aaa a 4 a
maaniiinaulsuias 70 dadans naz@uaisazare l@on lanson lad 40% UTuas
v v v 9
50 iaaaas aslurasanau KimsnausuaIsazatolu Erenmeyer flask tiududniszuia
Aa aa Y =K o @ A 4
150 iadans udr9ui 1l Inmsanvaisazatensamaeuiasgiu (HC) 0.1 uosuoa U
= @ A ° = ~ v Ay Yo o
asazaren)dagwiudiacenmi simsnlSeuwieuan ldnunaoa blank $1015NAADI

% 1 g‘ o a = 9 1 d'
f10819a2 3 41 Arudurlsunallsauudivaimae
corrected acid vol.(ml)

%Protein = Normality HCI (g/L) x x 14 x 100 x factor
Wt. of sample (g)

1®  Corrected acid vol. = USu1asnsan ¥ lnmsadiedna — Usuasnsan s lnmsa blank

Factor 1970 5.95

a d a [y

1.2 munszviSainadlviiy Goldfish method 945.16 (AOAC, 2005)

PUNADANTZATHNTOIA M UNITANA (thimble) Hazn1wuz ldnasaana (can) ludou
A A ~ < 3 0o q v Y, A 9o 2 o
Nguwigil 70 eerusaied Hunar 24 5 Tue i ldieuasluggannurundisaringin can

Y v ' v
Ao 1% amiusadiegalszuna 2-3 AT A8IATPIFINATEY 4 F1UHU VUNTEAY
1 1 Aa A 4 A aa 1

nseaudrvielaasly thimble 01l Tas@eudmes 80 aaans aalu can 14760 thimble 1Az

@ 4 v o o o 0 .
can !ﬁﬁﬁﬂmﬂ?@ﬂ Goldfish extractor analluIal 3 %2 14 lﬁ@ﬂ‘iﬂmﬁuﬂ 11 thimble L1aY can

9901121911 Hood Uszunas 15 u1fi 39101 can liovfiguingil 70 esmuaradoe Wunan
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24 1 Tue M ldilduasludaaausuudrvaiimin can NIn15nAavIdI98198E 3 4
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Wt. of fat
%Fat= —— x 100
Wt. of sample

' v Y
e Wt of fat = 111N can HAIANA — 11MIA can NOUANA

a d A
1.3 msnszrdSnasm Dry ashing method 900.02 A (AOAC, 2005)
4 { a <
wrdenszideanu Tl (crucible) TuianmN g gl 550 osrusaiGeod 1dunal
o o qYa v A 9 & o S 4w v Y E
3 47 T i ldguasluggaanudundrsaimmin mimiugededalszana 5 nsu drunieq
o a o ' 1 . o a ~ I
Fanatoy 4 Auina Tdaslu crucible 1H T Tumumnguvigh 550 esswadoa iHuna
o A g} 7 @ 1 ~ k4 o w 1 o Y <
12-18 ¥2 Tud ¥39 91T NU0IAI9619AIN 11AIIAI081900n 1 AR AT M IEu Ty
2 ' v v
Taganuisu saiimindied1s Kinsnaassdiedieay 3 41 Arudmmidsuandndan

\ d'
ANQY

Wt. of Ash
%Ash = — x 100
Wt. of sample

¥ v Y
9 Wt. of Ash = 1119170 crucible WS OUAIDE19H AN — 1 IM1TN crucible 11l

1.4 M3INNZHUSINVANNTY method 925.10 (AOAC, 2005)

1]
= a =

puMruzezgiifionnsonrla (moisture can) TudouNgumgil 105 eeswaFod

a K} U
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(A-B)
%Moisture = — x 100
C
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1.5 msnnzrvSinaeziilaa (Juliano, 1971)
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3. M3ANHIDIYMINVUBINAAITIIHONNZE
3.1.1 msmﬂ?mm@ﬁun’%’ﬁﬁwm (FDA BAM, 2001 Chapter 3)
Fai061991113 25 nFu lalugedua (Stomacher bag) vasazateemlativivios

Aa Aaa o 4 1 1<
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3.1.2 msmFainadiaduaz st (FDA BAM, 2001 Chapter 18)
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T-Test
Group Statistics

Flour Mean Std. Deviation  Std. Error Mean
Protein HPJF 7.6967 .04619 02667

LPJF 3.5433 .03512 .02028
Fat HPJF .6928 .03779 .02182

LPJF 1271 .07540 .04353
Ash HPJF 4220 .00626 .00361

LPJF .1632 .00407 .00235
Moisture HPJF 9.3767 .00577 .00333

LPJF 8.2500 .02646 01528
Amylose HPJF 17.0667 .05774 .03333

LPJF 19.2333 .05774 .03333




Independent Samples Test

Levene's Test for

Equality of t-test for Equality of Means
Variances
95% Confidence Interval of
Sig. (2- Mean Std. Error
F Sig. t df the Difference
tailed) Difference Difference
Lower Upper
Protein Equal variances assumed .645 467 123.982 4 .000 4.15333 .03350 4.06032 4.24634
Equal variances not assumed 123.982 3.733 .000 4.15333 .03350 4.05764 4.24902
Fat Equal variances assumed 1.744 257 11.619 4 .000 56577 .04869 43057 70096
Equal variances not assumed 11.619 2.945 .001 56577 .04869 40915 72239
Ash Equal variances assumed 1.048 364 60.068 4 .000 25877 .00431 24681 27073
Equal variances not assumed 60.068 3.435 .000 25877 .00431 24599 27155
Moisture Equal variances assumed 7.000 .057 72.062 4 .000 1.12667 .01563 1.08326 1.17008
Equal variances not assumed 72.062 2.190 .000 1.12667 .01563 1.06469 1.18864
Amylose Equal variances assumed .000 1.000 -45.962 4 .000 -2.16667 .04714 -2.29755 -2.03578
Equal variances not assumed -45.962 4.000 .000 -2.16667 .04714 -2.29755 -2.03578

¢8



2. vamsadAvesnaaNtANIANNKIave il s IeNNZ D

86

T-Test
Group Statistics
Flour N Mean Std. Deviation  Std. Error Mean
Peak Viscosity = HPJF 2 99.1650 .58690 41500
LPJF 2 1.2962E2 3.71231 2.62500
Trough HPJF 2 74.7100 .05657 .04000
LPJF 2 39.7500 .82024 .58000
Breakdown HPJF 2 24.4600 .65054 46000
LPJF 2 89.8750 2.89207 2.04500
Final Viscosity =~ HPJF 2 1.4750E2 1.52735 1.08000
LPJF 2 73.2950 .88388 .62500
Setback HPJF 2 72.7900 1.47078 1.04000
LPJF 2 33.5400 .05657 .04000
Peak Time HPJF 2 5.7650 .04950 .03500
LPJF 2 4.3650 .04950 .03500
Pasting HPJF 2 84.0250 4.63155 3.27500
Temperature LPJF 2 73.5000 .00000 .00000




Independent Samples Test

Levene's Test for Equality of
t-test for Equality of Means

Variances
95% Confidence Interval of the
Mean Std. Error
F Sig. t df Sig. (2-tailed) Difference
Difference Difference

Lower Upper
Peak Viscosity Equal variances assumed 1.616E18 .000 -11.461 2 .008 -30.46000 2.65760 -41.89474 -19.02526

Equal variances not assumed -11.461 1.050 .050 -30.46000 2.65760 -60.65818 -.26182
Trough Equal variances assumed 2.412E16 .000 60.133 2 .000 34.96000 58138 32.45853 37.46147
Equal variances not assumed 60.133 1.010 .010 34.96000 58138 27.73537 42.18463
Breakdown Equal variances assumed 8.313E17 .000 -31.208 2 .001 -65.41500 2.09610 -74.43378 -56.39622
Equal variances not assumed -31.208 1.101 015 -65.41500 2.09610 -86.91783 -43.91217
Final Viscosity Equal variances assumed . . 59.468 2 .000 74.20500 1.24781 68.83612 79.57388
Equal variances not assumed 59.468 1.602 .001 74.20500 1.24781 67.33296 81.07704
Setback Equal variances assumed . . 37.713 | .001 39.25000 1.04077 34.77193 43.72807
Equal variances not assumed 37.713 1.003 .017 39.25000 1.04077 26.11760 52.38240

Peak Time Equal variances assumed .000 1.000 28.284 2 .001 1.40000 .04950 1.18703 1.61297

Equal variances not assumed 28.284 2.000 .001 1.40000 .04950 1.18703 1.61297
Pasting Temperature  Equal variances assumed . . 3214 2 .085 10.52500 3.27500 -3.56619 24.61619
Equal variances not assumed 3.214 1.000 192 10.52500 3.27500 -31.08782 52.13782

L8
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3. wamaaanveansisziumamalszanndudavesnafsiIioNNza
3.1 msidszidiuanuuanag

3.1.1 WAAINIIN HPJF

Univariate Analysis of Variance
Tests of Between-Subjects Effects

Dependent Variable: Color

Type III Sum of
Source df Mean Square F Sig.
Squares

Corrected Model 184.157° 35 5.262 10.606 .000
Intercept 466.519 1 466.519 940.347 .000
Sample 122.248 6 20.375 41.068 .000
Panel 61.910 29 2.135 4303 .000
Error 86.324 174 496

Total 737.000 210

Corrected Total 270.481 209

a. R Squared = .681 (Adjusted R Squared = .617)



Post Hoc Tests

Sample

Homogeneous Subsets
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Color

Duncan

Subset
Sample N

1 2 3
Egg 30 .00
1.00KHPS 30 93
0.25KHPS 30 1.17
0.50KHPS 30 1.93
0.50KOSA 30 2.10
1.00KOSA 30 2.13
0.25KOSA 30 2.17
Sig. 1.000 201 248
Means for groups in homogeneous subsets are displayed. Based on observed means.
The error term is Mean Square (Error) = .496.
Univariate Analysis of Variance
Tests of Between-Subjects Effects
Dependent Variable: Flavor
Type III Sum of
Source df Mean Square F Sig.
Squares

Corrected Model 95.652" 35 2.733 4.034 .000
Intercept 267.471 1 267.471 394.821 .000
Sample 48.695 6 8.116 11.980 .000
Panel 46.957 29 1.619 2.390 .000
Error 117.876 174 677
Total 481.000 210
Corrected Total 213.529 209

a. R Squared = .448 (Adjusted R Squared = .337)
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Flavor
Duncan
Subset
Sample N
1 2 3
Egg 30 .00
1.00KOSA 30 1.07
0.50KOSA 30 1.23 1.23
0.25KHPS 30 1.30 1.30
0.25KOSA 30 1.37 1.37
0.50KHPS 30 1.37 1.37
1.00KHPS 30 1.57
Sig. 1.000 215 167
Means for groups in homogeneous subsets are displayed. Based on observed means.
The error term is Mean Square (Error) = .677.
Univariate Analysis of Variance
Tests of Between-Subjects Effects
Dependent Variable: Smoothness
Type 111 Sum of
Source df Mean Square F Sig.
Squares
Corrected Model 141.371° 35 4.039 8.719 .000
Intercept 368.019 1 368.019 794.389 .000
Sample 86.248 6 14.375 31.028 .000
Panel 55.124 29 1.901 4.103 .000
Error 80.610 174 463
Total 590.000 210
Corrected Total 221.981 209

a. R Squared = .637 (Adjusted R Squared = .564)



Post Hoc Tests
Sample

Homogeneous Subsets
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Smoothness
Duncan
Subset
Sample N
1 2 3 4 5

Egg 30 .00
0.25KHPS 30 1.10
1.00KOSA 30 1.30 1.30
1.00KHPS 30 1.30 1.30
0.50KOSA 30 1.60 1.60
0.50KHPS 30 1.73
0.25KOSA 30 2.23
Sig. 1.000 287 .109 449 1.000
Means for groups in homogeneous subsets are displayed. Based on observed means.
The error term is Mean Square (Error) = .463.
Univariate Analysis of Variance

Tests of Between-Subjects Effects
Dependent Variable: Texture

Type 111 Sum of
Source df Mean Square F Sig.
Squares

Corrected Model 142.062° 35 4.059 6.782 .000
Intercept 448.805 1 448.805 749.923 .000
Sample 99.295 6 16.549 27.653 .000
Panel 42.767 29 1.475 2.464 .000
Error 104.133 174 .598
Total 695.000 210
Corrected Total 246.195 209

a. R Squared =.577 (Adjusted R Squared = .492)
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Texture
Duncan
Subset
Sample N
1 2 3 4
Egg 30 .00
1.00KOSA 30 97
0.50KOSA 30 1.57
0.25KHPS 30 1.73 1.73
0.25KOSA 30 1.93 1.93
1.00KHPS 30 1.97 1.97
0.50KHPS 30 2.07
Sig. 1.000 1.000 .068 131
Means for groups in homogeneous subsets are displayed. Based on observed means.
The error term is Mean Square (Error) = .598.
Univariate Analysis of Variance
Tests of Between-Subjects Effects
Dependent Variable: Overall
Type 111 Sum of
Source df Mean Square F Sig.
Squares
Corrected Model 103.362° 35 2.953 6.608 .000
Intercept 422.876 1 422.876 946.228 .000
Sample 80.524 6 13.421 30.030 .000
Panel 22.838 29 788 1.762 014
Error 77.762 174 447
Total 604.000 210
Corrected Total 181.124 209

a. R Squared = .571 (Adjusted R Squared = .484)
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Overall
Duncan
Subset
Sample N
1 2 3

Egg 30 .00
0.25KHPS 30 1.40
1.00KHPS 30 1.43
1.00KOSA 30 1.47
0.50KOSA 30 1.73 1.73
0.50KHPS 30 1.90
0.25KOSA 30 2.00
Sig. 1.000 .079 .147
Means for groups in homogeneous subsets are displayed. Based on observed means.
The error term is Mean Square (Error) =.447.

3.1.2 uﬂaeﬁﬁmn LPJF
Univariate Analysis of Variance

Tests of Between-Subjects Effects
Dependent Variable: Color
Type III Sum of
Source df Mean Square F Sig.
Squares

Corrected Model 235.657" 35 6.733 19.090 .000
Intercept 658.971 1 658.971 1.868E3 .000
Sample 184.629 6 30.771 87.243 .000
Panel 51.029 29 1.760 4.989 .000
Error 61.371 174 353
Total 956.000 210
Corrected Total 297.029 209

a. R Squared = .793 (Adjusted R Squared = .752)



Post Hoc Tests
Sample

Homogeneous Subsets

Color
Duncan
Subset
Sample N
1 2 3 4 5
Egg 30 .00
0.25KHPS 30 1.03
1.00KHPS 30 1.73
0.50KHPS 30 1.77
0.25KOSA 30 2.27
0.50KOSA 30 2.57
1.00KOSA 30 3.03
Sig. 1.000 1.000 828 .052 1.000

Means for groups in homogeneous subsets are displayed. Based on observed means.

The error term is Mean Square (Error) = .353.

Univariate Analysis of Variance
Tests of Between-Subjects Effects

Dependent Variable: Flavour

Type 111 Sum of

Source df Mean Square F Sig.
Squares

Corrected Model 100.557° 35 2.873 4.797 .000
Intercept 224.233 1 224.233 374.405 .000
Sample 38.933 6 6.489 10.835 .000
Panel 61.624 29 2.125 3.548 .000
Error 104.210 174 .599

Total 429.000 210

Corrected Total 204.767 209

a. R Squared = 491 (Adjusted R Squared = .389)
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Flavour
Duncan
Subset
Sample N
1 2
Egg 30 .00
0.25KOSA 30 1.07
0.25KHPS 30 1.17
0.50KOSA 30 1.17
1.00KHPS 30 1.20
0.50KHPS 30 1.27
1.00KOSA 30 1.37
Sig. 1.000 .196
Means for groups in homogeneous subsets are displayed. Based on observed means.
The error term is Mean Square (Error) = .599.
Univariate Analysis of Variance
Tests of Between-Subjects Effects
Dependent Variable: Smoothness
Type 111 Sum of
Source df Mean Square F Sig.
Squares
Corrected Model 118.214° 35 3.378 7.388 .000
Intercept 295.243 1 295.243 645.844 .000
Sample 66.457 6 11.076 24.229 .000
Panel 51.757 29 1.785 3.904 .000
Error 79.543 174 457
Total 493.000 210
Corrected Total 197.757 209
a. R Squared = .598 (Adjusted R Squared =.517)
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Smoothness
Duncan
Subset
Sample N
1 2 3 4

Egg 30 .00

1.00KHPS 30 1.07

0.25KOSA 30 1.10

0.25KHPS 30 1.17

0.50KOSA 30 1.40 1.40

0.50KHPS 30 1.67 1.67
1.00KOSA 30 1.90
Sig. 1.000 .083 .128 183
Means for groups in homogeneous subsets are displayed. Based on observed means.

The error term is Mean Square (Error) = .457.
Univariate Analysis of Variance

Tests of Between-Subjects Effects
Dependent Variable: Texture
Type 111 Sum of
Source df Mean Square F Sig.
Squares

Corrected Model 106.776" 35 3.051 5.550 .000
Intercept 276.576 1 276.576 503.141 .000
Sample 66.924 6 11.154 20.291 .000
Panel 39.852 29 1.374 2.500 .000
Error 95.648 174 .550

Total 479.000 210

Corrected Total 202.424 209

a. R Squared = .527 (Adjusted R Squared = .432)
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Texture
Duncan
Subset
Sample N
1 2 3
Egg 30 .00
0.50KOSA 30 .83
0.25KOSA 30 .90
0.25KHPS 30 1.50
1.00KHPS 30 1.50
1.00KOSA 30 1.63
0.50KHPS 30 1.67
Sig. 1.000 728 435
Means for groups in homogeneous subsets are displayed. Based on observed means.
The error term is Mean Square (Error) = .550.
Univariate Analysis of Variance
Tests of Between-Subjects Effects
Dependent Variable: Overall
Type 111 Sum of
Source df Mean Square F Sig.
Squares
Corrected Model 115.067" 35 3.288 8.930 .000
Intercept 422.876 1 422.876 1.149E3 .000
Sample 85.657 6 14.276 38.779 .000
Panel 29.410 29 1.014 2.755 .000
Error 64.057 174 368
Total 602.000 210
Corrected Total 179.124 209
a. R Squared = .642 (Adjusted R Squared = .570)



Post Hoc Tests
Sample

Homogeneous Subsets

Overall
Duncan
Subset
Sample N
1 2 3 4
Egg 30 .00
0.25KOSA 30 1.33
0.25KHPS 30 1.37
1.00KHPS 30 1.57 1.57
0.50KOSA 30 1.70
0.50KHPS 30 1.77
1.00KOSA 30 2.20
Sig. 1.000 162 232 1.000

Means for groups in homogeneous subsets are displayed. Based on observed means.

The error term is Mean Square (Error) =.368.

3.2 m3sziiumseansuueINaAd 1.00KOSA_HPJF taz 0.25KOSA_LPJF

Univariate Analysis of Variance

Tests of Between-Subjects Effects

Dependent Variable: Color

Type III Sum of

Source df Mean Square F Sig.
Squares

Corrected Model 22.500" 30 750 2.075 .026
Intercept 476.017 1 476.017 1.317E3 .000
Sample 2.017 1 2.017 5.579 .025
Panel 20.483 29 .706 1.954 .038
Error 10.483 29 361

Total 509.000 60

Corrected Total 32.983 59

a. R Squared = .682 (Adjusted R Squared = .353)



Univariate Analysis of Variance

Tests of Between-Subjects Effects

Dependent Variable: Flavor
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Type III Sum of
Source df Mean Square F Sig.
Squares
Corrected Model 54.000° 30 1.800 2.786 .004
Intercept 395.267 1 395.267 611.890 .000
Sample 11.267 1 11.267 17.441 .000
Panel 42.733 29 1.474 2.281 .015
Error 18.733 29 .646
Total 468.000 60
Corrected Total 72.733 59
a. R Squared = .742 (Adjusted R Squared = .476)
Univariate Analysis of Variance
Tests of Between-Subjects Effects
Dependent Variable: Mealiness
Type I1I Sum of
Source df Mean Square F Sig.
Squares
Corrected Model 30.300° 30 1.010 1.021 478
Intercept 380.017 1 380.017 384.212 .000
Sample 817 1 817 .826 371
Panel 29.483 29 1.017 1.028 471
Error 28.683 29 .989
Total 439.000 60
Corrected Total 58.983 59

a. R Squared = .514 (Adjusted R Squared = .011)
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Tests of Between-Subjects Effects

Dependent Variable: Texture
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Type III Sum of

Source df Mean Square F Sig.

Squares
Corrected Model 23.800° 30 793 591 921
Intercept 355.267 1 355.267 264.625 .000
Sample 067 1 .067 .050 .825
Panel 23.733 29 818 610 .906
Error 38.933 29 1.343
Total 418.000 60
Corrected Total 62.733 59
a. R Squared = .379 (Adjusted R Squared = -.263)
Univariate Analysis of Variance

Tests of Between-Subjects Effects
Dependent Variable: Overall
Type III Sum of

Source df Mean Square F Sig.

Squares
Corrected Model 41.900" 30 1.397 3.193 .001
Intercept 400.417 1 400.417 915.539 .000
Sample 4.817 1 4.817 11.013 .002
Panel 37.083 29 1.279 2.924 .003
Error 12.683 29 437
Total 455.000 60
Corrected Total 54.583 59

a. R Squared = .768 (Adjusted R Squared = .527)
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- The effect of protein content in jasmine rice flour on textural and rheological
properties of jasmine rice pudding. Sunanta Pracham and Siwatt Thaiudom. Oral
presentation. ICAAI2014 November 20-21, 2014. Mae Fah Luang University,
Chiang Rai, Thailand.

- The effect of protein content in jasmine rice flour on textural and rheological

properties of jasmine rice pudding. Sunanta Pracham and Siwatt Thaiudom.

International Food Research Journal. 23(4): 1379-1388 (2016).





