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ABSTRACT

The present study aimed to investigate the effects of cooking methods on chemical
compositions, physicochemical properties, the starch digestibility, and glycemic index of brown rice
(Oryza sativa cultivar Kao Dok Mali 105 (Jasmine). Brown rice was cooked using four different
cooking methods : electric cooker, microwave oven, steaming, and conventional method.

Cooked rice samples were then subjected to analyze for proximate compositions, total starch, starch
leaching, texture analysis profile (texture analyzer), degree of gelatinization, starch digestibility, and
glycemic index. In the study on the influence of cooking methods on chemical compositions, the
results revealed that the protein, fat, fiber, moisture and total starch content were not affected by the
cooking methods, while the conventional cooking method significantly reduced ash content
(1.06%). For the study on the effect of cooking method on the texture of cooked rice, the results
showed that attributes including cohesiveness, springiness and chewiness were not significantly
affected by the cooking methods whereas rice cooked by microwave and steaming method showed
significantly higher hardness than those of rice cooked by the conventional method. The lowest
degree of gelatinization (90.96%) and starch leaching (1.34%) were significantly observed in
cooked rice using steaming method. In addition, the study on the effect of cooking methods on
starch digestibility and glycemic index, the steaming method showed the lowest value on starch
digestibility glycemic index (74.43) than those of other methods which had the values varied
between 76.73 to 78.31.

For the further study on the effects of ratio of rice to water of cooked rice on starch
digestibility and glycemic index, the ratio of rice to water of 3 levels; 1:2, 1:3 and 1:4 was applied to

cook brown rice using electric rice cooker. The results showed that the ratio of rice to water did not



significantly affect the contents of protein, fat, fiber, ash, and total starch, but influenced the
moisture content significantly. The cooked rice using ratio 1:4 had the highest moisture content
followed by cooked rice with ratio of rice to water of 1:3 and 1:2 respectively. The effect of ratio of
rice to water of cooked rice on texture showed that rice cooked with 1:2 rice to water ratio had
higher values of hardness (14.90 N) and chewiness (2.11 Nmm) than other samples, whereas other
attributes including cohesiveness and springiness were not significantly affected by the ratio of rice
to water. In addition, the lowest degree of gelatinization (84.05%) and starch leaching (0.86%)
were observed in cooked rice with ratio rice to water 1:2. For the study on the effect of ratio of rice
to water of cooked rice on starch digestibility and glycemic index, cooked rice with ratio of rice to
water 1:2 showed the lowest value on starch digestibility and glycemic index (67.94) than those of
other ratios of water which had values varied between 77.99 to 79.22.

For the analysis of Pearson’s Correlation Coefficient between various variables and
glycemic index of brown rice, it was found that fat was moderate negatively correlated to glycemic
index (r,, = -0.591) and hardness was high negatively correlated to glycemic index (r,, = -0.751);
while the starch leaching and degree of gelatinization were high positively correlated to glycemic

index (r,, = 0.760, 0.796 respectively).

Key Words : Brown rice ; Cooking method ; Degree of gelatinization ; Starch digestibility ;

Glycemic index
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M 2.6 nUUTResartimsenazmslsziuayil Inagiinvesdedsdniyagnuds
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. ozlulam 5 , 3 R
ANUG GANEIGN C.. ko ewlimsdes  awillnadiin
(%DM)

Milagrosa 26.9 Cooked 44.3+6.0 0.022  51.4+6.7ef 68.0+3.7ef
Retrograded 39.843.4 0.021 453+4.1f 65.0+2.2f
Manumbaeay  26.9 Cooked 66.6+4.1 0.028 86.8+4.9cd 87.3+2.7cd
Retrograded 50.94+5.0 0.035 62.946.5¢ 74.243.6e

Kutsiyam 18.7 Cooked 41.5£2.7 0.031  52.4+£5.9ef 68.5£3.2ef
Retrograded 38.0£4.7  0.023  43.54£2.7f 63.6x1.5f
Kinaures 9.8 Cooked 73.4+6.4 0.080 104.2+4.5b 96.9+2.5b
Retrograded 68.3£2.4 0.030 85.6+6.4cd 86.7+3.5¢cd
Bagoean 0 Cooked 68.0+6.4  0.062 95.8+8.8bc 92.3+4.8bc
Retrograded 35.0£1.5 0.043  47.3+£2.3f 65.7+1.2f
Karaya 0 Cooked 85.440.7  0.129 126.6+1.6a 109.240.9a
Retrograded 53.5+7.1 0.112  78.2+8.7d 82.6+4.7d

17 : (Frei et al., 2003)
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Y v A Aa D) Yy A Y ) ) 9 1 L4
!,Lﬂﬂ!,!,axﬂ%u"lﬂamm le'E)\‘]GIJT]ﬂa@QV]Y]QQ']EJW‘JJ@HQGIJ1'}[1WW1 LLWHﬂ1§T]ﬂﬂ@QLLU1Jq1|TﬂElﬁlllulﬁm
(Completely randomized design ; CRD) FUADNTNANHUA (Fixed effect model) 1117998 Ao

1 1 %’ !U o 90’ )

9@]51ﬁ3u“’l]@\16ﬁ)139]91n§ 33301 ﬁf’] 1:2, 1:3 182 1:4 MNITNAaasd 3 1 3IUNUIYNITNAADY 9

HUINTNADDY
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3.2 n3esiouazasaNNIFlumInaass

3.2.1 fmeenanlvlumsnaass

9 Y o d a & = g A o A v [
VINANWUFUNINDNUCA 105 C]NTJQﬂﬂilﬁmwuﬂlmﬁ@“ﬂ@ﬂiﬂ@ WNIA

< : 1 A o
UHIEINY mmﬁﬂaizwamﬁaqummﬂu —TUNAY N.A. 2552

A oA & a d
3.2.2 !ﬂii’)ﬂﬂi’)!!ﬁ%@ﬂﬂiﬂﬂuﬂ153!ﬂ51$ﬁ

3221
3222
3223
3224
3225
32.2.6
3227
3228
3229
3.2.2.10
3.2.2.11
32212
3.2.2.13
32.2.14
3.2.2.15
3.2.2.16
3.2.2.17
32.2.18
3.2.2.19

3.2.2.20

193 0AIA199 (Glassware)

Lﬂém“ﬁbi (Balance)

ﬁﬁ}f)‘ljﬁ"ﬁlnhl‘lfm1 (Electric rice cooker) (SHARP KSH-106; Japan)
‘Viﬁ}@ﬁﬂ (Steaming pot)

Lﬂd‘%@\i"lhiﬂim‘l’\l (Microwave) (TOSHIBA ER-D23SC)

=\

vopzgliiion
Lﬂé’t)ﬂiﬂl‘ﬁ@ﬁlﬂ Wel (Texture Analyzer) (TA-XT2i; UK)
Lﬂ%i’tN‘lJ'iJLL‘LI‘LILGUEh (Shaking Incubater) (LAB TECH; KOREA)
Lﬂ%qﬂum%m ( Centrifuge) (Rotina 48 R)
Lﬂ%’@ﬂ Vortex mixer (HAMONY; JAPAN)
Lﬂ%i’tN UV-spectrophotometer (Spectronic Genesys 5)
Lﬂ%’@ﬂ Magnetic stirrer
moiueiimed (Thermometer)
1uTastula (Micro-pipett)
193993A1110% (pH Meter) (METTLER TOLEDO)
in30411¥A2 10301 (Water bath) (SCHUTZART)
m‘ém Sonicater
Lﬂd‘%@ﬁmi wﬁjﬂi au (Kjeldahl apparatus) (Gerhardt)

1A509AT wﬁ"lmi“u (Soxhlet aparatus) (BUCHI E-816; SWITZERLAND)

4 a 4
nyeannedule (VELP scienctific)

3.23mamunlylumsnaass

3.2.3.1 arsaunlsuaszdmlsna lulasnurie lUsauiswaaan

(Crude protein)

323

1.1 nsadraasniiudu (H,S0,) (Caro erba)



3.2.3.1.2 Tnumaideusaa (K,S0,) (UNIVAR; AUSTRALIA)
3.2.3.1.3 apdnjeSdama (CuSO,) (ANALAR; ENGLAND)
3.2.3.1.4 asazare ey laason leaiduty 35 % wv (UNIVAR;
AUSTRALIA)
3.2.3.1.5 asazarelwfenleason leaidudy 15 % w/v (UNIVAR;
AUSTRALIA)
3.2.3.1.6 8159221803ALE3NBNAT (H,BO,) (RANKEM; INDIA)
3.2.3.1.7 a3aza18duAAMBSHE
3.2.3.1.8 @1saza1enasgiuvednsalalasnaesariudu 0.2 N (J.T. Baker;
THAILAND)
3.2.3.1.9 JaqIuqUMSIADA 151 rpnseiiing
3232 amaiileinsedSane lviy (Crude fa)
3.2.3.2.1 Petrolium ether ¥299A1A0A 40-60 DIANFAITEE (RCI Lab scan)
3.2.3.2.2 Acetone (NORMAPUR)
3233 asniilanseinidulee1msan (Crude fiber)
3.2.3.3.1 asaza1ensadailizaudu 1.25 % (Caro erba)
32332 asazaeInunangeonlaasen leddudy 1.25 % (BDH)
3.2.3.3.4 Acetone (NORMAPUR)
3234 ssnlilFumsinngiBandlatanu (Total starch)
3.2.3.4.1 Potassium hydroxide (2 M) (BDH)
3.2.3.4.2 Sodium acetate buffer (100 mM, pH 5)
3.2.3.4.3 Sodium acetate buffer (1.2 M, pH 3.8)
3.2.3.4.4 Sodium acetate buffer (200 mM, pH 4.5)
3.2.3.4.5 Ethanol 80% (ANALAR; ENGLAND)
3.2.3.4.6 Thermostable Ol-amylase (SIGMA; GERMANY)
3.2.3.4.7 Amyloglucosidase (SIGMA; DENMARK)
3.2.3.4.8 Glucose oxidase-peroxidase (MEGAZYME; IRELAND)
3.2.3.4.9 D-glucose standard solution (SIGMA; USA)
323.5 aaalinlFlumsiinaziudlafignazdns (Starch leaching)
3.2.3.5.1 Ethanol 95% (ANALAR; ENGLAND)

3.2.3.5.2 Sodium acetate buffer (pH 4.75)
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3.2.3.5.3 Amyloglucosidase (SIGMA; DENMARK)
3.2.3.5.4 Glucose oxidase-peroxidase MEGAZYME; IRELAND)
3.2.3.5.5 D-glucose standard solution (SIGMA; USA)
32.3.6 asaiin 1y lumsinszdszduveansifianarf Tusdu (Degree of
gelatinization)
3.2.3.6.1 Iodine
3.2.3.6.2 Potassium iodide
3.2.3.6.3 @1582018 KOH 10 M (BDH)
3.2.3.6.4 Hydrochloric acid (J.T. Baker; THAILAND)
3237 amnflilFlumsiinneiraunamansvesmsdesnils
3.2.3.7.1 HCI-KCI buffer (pH 1.5)
3.2.3.7.2 Pepsin solution (SIGMA; GERMANY)
3.2.3.7.3 Tris-Maleate buffer (pH 6.9)
3.2.3.7.4 Sodium acetate buffer (pH 4.75)
3.2.3.7.5 Ol-amylase (SIGMA; GERMANY)
3.2.3.7.6 Amyloglucosidase (SIGMA; DENMARK)

3.2.3.7.7 Glucose oxidase-peroxidase (MEGAZYME; IRELAND)
ax
3.3 I5N1TNAaed

3.3.1 MIASLNAIDELNS

v
! A

= Y] v v k% a a = J =
3.3.1.1 NSATYNAIVYNVIINANNHIANITAN ] LWBANH @Qﬂﬂi%ﬂi’)ﬂ‘i’lﬁ!ﬂﬂ

[
o U U

Banandlsnanua Wanandlsignrzés gadnvazdiiioduda szauvesmsina
] U | 4 Y w A A A % as
i luatu anuansalumsgealaveailaazayiilnadiia daulasainisves
Juliano (1985)
o 9 v a = A ¥ A Ay v
1d1Indesvnnenuza 105 nzmznlaenesndleiniesddndes
0 v 9 g < & o v by o 9 & Yy and a
dnaadiaumaa niuiinyedeniieredn i msyalasmsiis mayeaieIsauay
) Y Adq Y 2 1o 1 a o =
e tazmayaaie lulasnv gamgiinldlunmsyanediuunaz3s dulsinrugu
A 9 3 o 9 £y a v 9 <3 3 o
e Ysmaduazii lumsye 1hd1Indesvinenued 105 Antudumuaninmga

1 Y $ [
aontorann Idhlgeasidiui 1:3 nanldlumsane 35 i udeaedn 5 i
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! ' A H o [ J ?,‘

e lrianudouszgldmeoungigeganldlumasna 100 ¢ yadae luTasnnlddasiaui
Hq Y A o = a o Axt

1:4 a1 umsye 25 i heonuaunn 10 Wi gurgiigeagalunisye 100 C yauuDIs

Y a < o @ 1 ¥ a3

aqan (Luudei) dudnldsasiaiuii 1: 6 daeliussduumaadiouan 20 wiaugn 5

= Y a 3 a y

Wi udasmiwenasaedn 5 w1 gungigegalunine 100 C nazyalasmsits duilu

u U Q

Y K

Y A o 9 ' @ ' ¥ &2 g = a
mJauﬂmm@mmﬂﬁm%uzmeaﬁ oAU 1:1.25 Bt uran 30 un Qmﬁﬂum’dﬂﬁlu

U U q

A A J

° o ¥ ANy T3 1 U o o Y .
mMins 100 € i ldutailuaesdaiu daunsnir 1)ty Freeze Drying iioins1e1
4 a0 ~ o a 4 dy v W 9 g’/ =y Y A
pendsznoumanll dauideni fmsziileduda Ysuamilmanue Sunanilsignr:
9 [ a = v v Y Y v A aa Y=
A9 szauveamIng wai luwsu anveavisolumsdes laveauils uazawil lnaduanun
= U \ Y ;d' = % \ k% \ ?)’
3.3.1.2 MINENAIDEIVIINIGNNBANHIOAI A IUVBITIINBI UM 3T
1 d = Y & Y d' Y (Y] Y &I [YR-Y)
aeasnlszneumunil Yamnawilanarna Smnamilingnyzars pauanvazavioduria
U a A (Y} i % Y Y\ A a
F2AVVBINM DA 1T anuaasalumsdedlaveauils vazarillnadiina
o Y Y a ~ A v Y <3 < g‘/ )
11191I039991IA0ANZA 105 NALMIaenoenuIAAYIIALLAA AUUIINN
) =% 90’ Q'J
wilagldudonsdn Wi laslddaeg1adnn 100 n5u uaz limaulunisys 200 300 uag 400
Aa aa 1 a d o 1 o w
Naaans na1MIFlumane 27 36 uaz 47 Wi Aadlusasiaiu 1:2, 1:3 uag 1:4 Muday
o ~ A ~ D) ? 4 Aq v o ¥ A v o
autlshauauie Ysmaduazinaun s lumsyahdnnyada lviudanuy Freeze
. A A 4 4 =\ o ¥ ~ 9 L] 1 U o o 9y
Drying 1i3tns1zHendsznoumanil i lautadluaesdiu aduusmi Ity
. A a 4 J A A o a ¢ X o o 9|
Freeze Drying 110 3n5 1z osAdsznoun1uall auiaeni lddmseiileduda YSunamdlse
2y 9 A ) o A ~ o ' ¥
navua Ysmanilaignrzdn szauvoamsmanai lhuasu anuaunsalumisdosla
Y = A a v A
voudla uazawil lnaduanua
a d
3.3.2 MIIATITH
a d d Y
3.3.2.1 myansztiesnszneumaniiludnign
a d a d
3.3.2.1.1 M mazrmifBnalulasnursellsaurenuitwamai
(Total nitrogen and crude protein : Kjeldahl method) (AOAC, 2000)
LY Qy 4 1 [ &
Tadagaiugumsiien 2-3 31 lunasawaman 1d K,S0, 3.0 N3N 1d1%3

19619 0.3-0.4 n5u laluvasaania By Cuso, 0.13 n¥u udUAYN H,S0, Ut 6.0

aa [] d’i ?x’; 1 o ] d‘ [] & = Y|
aaans a9 luraoadIL SRYIRIAGEY i]”lﬂ‘l!uclﬁ‘ﬁﬂ@ﬂlﬂﬂﬂ1ﬂﬁ1uﬂfﬂﬂmiﬂﬂ898%@%&@11?\]?\]1

e &)

= Y o [ 1 = y ¥ 2 Yy o S A Y
HUIU 20 UIN LAININITIBIAD 90 UIN ﬂ1ﬂuu§l\1ﬂ\11ﬂ‘ﬁwu UIaoalaAIn VIEJ@EJLLa’J"l‘lJ

=

a %‘ < Aa aa =Y 1 A A o A Y o J
@utinau 18 dadaes WSmesdszana 3 1 vesnsandoariioniseannsa) udnildaly
FOINAUVDUATOINAUOA TUIA NALNEITAZA10 NaOH 1uaU 35 % w/v 19 Inaaswaunuens

4 ' ' a aa { 1 A o
luvaeaaaian lulfSu1asa1s 5 1 (30 aaans) ¥es H,80, 714600 a29d13 H,BO, duA7
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a

51105 10 Hadaasldasluviagilsuyvuna 500 Hadans 1By mix indicator 3 vea 1111219

Y '
v

° 1 A A ] & o A & @ Y Y
undsaeannaunla vinuhesinauld lawsndvaisazais HCL iyt 0.2 N
=2 Y o K
dgaauyaudiuiineg
Y] d .
3.3.2.1.2 mamfSanalviiud eI ssentitan (Extractable lipid : Soxhlet
method) (AOAC, 2000)
FI9208191 5200 3 NN INVUNTZAEFIAISHazHoadla ]y Extraction
o ) 4 a 4 ] & 4 o 4 90’ o 1
thimble 1az¥NTAIN Adapter HUT1ATRIUATIZH 1 Fadnneslseduaseald Iauming
[ = = 1 A Aa o 9y "o o A 1 = 14
wiveuazBeanaleiaaniy udrladaihazaiene Petroleum ether laasluiinines 100
A aa 1 @ 1 4 [ [ %’ 1 4 [
Hiaaaasld Thimble UsTIAI08 1A IUNBBATDNTIANUS USRI INT Tnaveuir AT oIana
v ) v & A o ¥ o A
Tz ay AAUTZUY Reflex AI852UU Steam bath 1111381 90 11H nidanmimi lleun
a o I < o Y 2 Y2 g < ¥ @ @
gangil 100 c Funan 19 Tus nasminisddisulnulogaanusunezsarnimin Ty
d
3.3.2.1.3 msansehivdulee1msay (Crude fibre) (AOAC, 2000)
g 2 v 9 . A v ' X v ¥ v Y
FM1iN828n304 (Crucible) Nrumsey lannudundrnaimin’ls
ES L, 3 Il @ U o 1 ]
niniuruihmingeglszna 1 nfu laludienios (Crucible) ihdaonsesldluunuvesyn
wlsmandulesnnsauduaisazats H,S0, iWudu 1.25 % n¥oulasms lvanuiounouuu
] Y 9 Y Aa 1 ] = @ A aa @ g o Yy kY ' Y
uiulianudou uduanlusesdesaudeszan 150 Nadans nasniuri 1 oudleunu ¥
anuieuiioaana lumsduliineaneadisilesnunsinanes (N-octanol) Yszanm 3 vea
[ = A F ) 1 = A A Qy ~ A 9y
nasnnimafeaudiauaelUdn 30 uri Waau'lf Vacuum iieszuionsa H,80, aonuda
9 9 g v 9 g’/ g‘/ Aa aa Y 9 1 g’/ a £ ~
aemeinaudou 3 ase asazlszna 30 dadans IWmsdramazasutlaaulii Pressure
A o ) ' Y o q Y1 Y Y Y o o
oauliemariuguvesdlonses i lvdwnayludroutngnmdinu lagnaoananin
! %’ g‘/ a { o '
YassiannisgamoesnaunuaLaIANa15aza1e KOH udu 1.25 % v ldiouldnouudn

a1l 150 Haaans WioudUKea N-octanol Uszinar 3 nea udrduldifonuiu 30 undredae

2 4w ¥ vy v ¥ L I oa ¥ v oy a Y
HUINAUITOU 3 AT LA WAWUINAUIUDN 1 AT LAIANDN 3 ATINIY Acetone 1331915 25

a

a aa a v Y 9 ¥ Ao Y o q Yo ' Y ) A
aaang L‘]Jﬂcl?iﬂ?]”mSE’J‘L!HJ”ITJﬂﬂiﬂ‘ﬂ‘ﬂ1ﬂ”limﬂ‘1/lﬂ1ri@]’si’]EJ”Ncluﬂ’JEJﬂS@QLmﬂﬂEJ@UVIQmﬁﬂll

’ o A 1 v 3 Y AKX 1A Wdy I ¥ Y Y a
105C W 1 52T wseaunaz lahmiinasi asmi latidhnihminveuduleay
a ¢ Y
3.3.2.1.4 M3AUATIZHIO (AOAC, 2000)
. ' { a o I
Taeid2e Crucible 1)a1luam (Muffle furnace) Ngmmgil 550 C 1Funan

o < . o o . ]
15w M ldduaaly Desiceator MUsEIaL 1 %2 TU9 F3828 Crucible 1 aziBoadane

v
[ v W 1

Haansu A0819011151 5218 5 05U a3ludae Crucible 119828 Crucible U1 Trldhlug

@ A a (% @ ' : I 1 o . U
adu muguvgifazdesauaiunua lluazdedalasuiluaudd 182 Crucible Talu

U

a (]

{ & o . o <
P UANQAUNAN 550 C U 16 %2119 101820 Crucible pan1A@ A Tlvi 1FEu

U
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1 o 1 a ?,‘ ) a a o 1 %
Desiccator A umdsiidmdaueg Tiamihnay 12 dadniy Iunwdaauliidinszaeda
! o . ! %’ o .
arudnunand linua udnidae Crucible lioulasiauwie 11182 Crucible Tuduaen
~ 4 Y Y ¥ o q Ya . vy & 3 o A
on 24 ¥ Tug au ldidrdvnnavua liaulu Desiccator 1dr¥aMniminazidon
Dareiaaniy
a d X
3.3.2.1.5 M5IATILHATINTU (AOAC, 2000)
Tagoutielda0819 (Moisture can) Wiourh TudovauSougmungi 103:2C
o < 4 . s 3 @ 4 &
widszana 15 wid shldeuluTagannusu (Desiccator) Faiminnioush Taoinseers
' U o ' o ' 1w ' ) 3 o
aziden (nAtoy 4 dwmni) Fidaedelszanm 3 - 5 nin ldasludieldaredn duiinimin
o ° o ' < X
ldevlugovandou 1032 ¢ sz 2-3 33 1us aseldiduluTogannuiu sz
= Yy < %‘ Y
30 WA AN
¢ o .
3.3.22 myannzhfRinanilaisnug 91075909 Goni azauz (1996)
v o ' 9 Y d' Y a a o ¥ o A 1 1
08 11INA09NHIUEINT 100 Haaniu (arhminfiuvueou) ldviaea
Centrifuge YU1AANYOE1A 17 Haaans 1auenIUea 80% Usuas 5.0 Haaans 11 lduuh
a °o g ) ) A . a
gl 80-85 C1Huar 5 i udnh luwauliidhnudlenses Vortex mixer uen1voa
= A aa g‘/ o X = ~ <3 I = Y U
80% 9n 5.0 Haaans 1niuth ldTwmlesiaauGa 3,000 pm Hunar 10 Wi udandiule
9 ] )
N9 @AY KOH 2 M Y515 2.0 Taaansas i lunasa Centrifuge 1d11UA81AT 09 Magnetic

< A

. < ' 4 %’ a .
stirrer Wunan 20 wH lunassnfiudaiioazaisuile 1@y Sodium acetate buffer 1.2 M (pH

Y

Aa aa a A aa 4
3.8) a411) 8.0 Taaaas(wiow Stirrer ) UAUAY Ol-amylase 0.1 Jaaans uazou lo]

Amyloglucosidase 0.1 Haaansway 1IN UAI8IAT09 Vortex mixer 1a239%1 1)1y u

ee

a N I (] ]
Water bath gUNHYN 50 ¢ e 30 'Lﬂﬁ Iﬂﬁlt@W@ﬂﬂNHﬂJEﬂtﬂu“ﬁ’N q 1-2 A3

hasn1dlud1sduuimla Volumetric flask 4119 100 Hadaasisuisuasld

Y
vy & 2

A aa H . . o
A3 100 Haaans da2v1i11)517910 leeou (Deionized water) Ha I uudraan’ld 30 w1

g U A aa J ¥ a A aa o
mﬂuu@,ﬂmsazmamuiﬁ 0.1 Hananslavaeanaasy (3 41) 1,y GOPOD 3.0 ¥aaass N

a

H g aa o Aa aa o
blank Tael41i1nau 0.1 Haddns weruny GOPOD 3.0 Hiadans 11azii1 Standard glucose Tnuga

]
=1

Standard glucose 0.1 aaans HauAL GOPOD 3.0 Haaans 1 luuneamail 50 C Wuna 20

Q u

Y o

wi 1 limih e ganaunasianuenaau 510 i Tuwas sdnih llduoum

Y
5uauilanaviua

= Y

d @
3.3.2.3 mydmnzitSanamilenignyzas (Starch leaching) AaulaininIsved
Williams tiagaue (1970)
v o "9 o v 3 o A aa Y Y Y 9 o
HIFIDENVIYIGNN 5 NFU wauAInau 10 Yaaans Tsunaumanlvminu

g‘/ ) X . I o . { <3
i 1T unanale Vortex mixer Wunan 2 1i ud1ih 1 Centrifuge AANMI5IT0Y 3000
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a

I 1 { aa a A aa
rpm Wuan 10 ‘L!”I‘ﬁllf’hﬂﬂﬁ15a$a18ﬁ3uﬁ1ﬁﬂ1 2 UADNT NN IUDA 95% 8 uaaamuﬁ)’s

Y
panldisng simiugamsazated9dun 1 1adans AN Sodium acetate buffer (pH 4.75) 1

a o

aaans wuenled Amyloglucosidase 30 luTasans udrih lihiungangil 60 C wiu 45 wrd

U

?1’/ o a 4 %’ A Y A aa
mﬂuuuﬂﬂamﬁzwmﬂ‘%mmmma Tﬂﬂﬂﬂﬁ”liﬂ%ﬁ181/]ﬂml17] 0.1 yaaaas

a

lavaoanaasd (3 1) Ay GOPOD 3.0 Uaaans 111 blank Tasldiinau 0.1 Uadans Hauiy

a Aaa

GOPOD 3.0 Haaan3iaz Standard glucose 1A8@A Standard glucose 0.1 Ha@ANT WaNn1

[ A A

A Aaa o oA a o < = ]
GOPOD 3.0 Hadans i liinigumgil 50 ¢ 1ilunar 20 Wit 'l dasganaues
nnweaau 510 i luwas udnh lldunamlsunadlsignrzdn
% &’ U v Y % asy asy
3.3.2.4 MIAUUTNATUN Aaiad91nI5U09 Bao LazAmE (2004) L1AZITVDY
Cheng Hazaale (2005)
v A v o g v W 1 . 9y .
ldaseeiaanyazioduid (Texture analyzer) U TA-XT2i 1a81% cylinder
1 4 a A Y 1 1 @ g [ % [
probe VuAFUHIUAUENA1S 35 Tadwas Sadeeedgnlalunszueniaiioduda 40 niu
wazden11s5unsu Texture profile analysis AvualHszez Probe na'lUNd10619 10 mm
<3 ke o v o (] o 1 o 1 I
A8ANUITI 2 mm/s NAUUTIMTIAAI0819T LA URNHaA1e 9 Aal ANULYY (Hardness),
AMMINZAANY (Cohesiveness) 11AZANBANEGY (Springiness)
d (Y] (Y]
3.3.2.5 MIIANLHITAVVIM DA Ity (Degree of gelatinization)
axy . .
9105V Brich L4ag Priestley (1973)
o Y A 1 aa o q Y ¥ Y = a _o© v ' '
nNyasazIsuIh e lugey Ngumgil 58 C 1AIUATOUNIUAZINTA
v W 1 9 9 ] U %’ < A Aaa a Aa Aaa = Y o
wadedauiledng 0.2 nsu lariinau 98 iadans iy KOH 10 M 2 Hadans au 5 wiiudnil
an 4 1 a U Aa aa a a 14 Aa Aaa
wuasisuenaiula Yuleaiula 1 adaas funsalalasaasin 0.5 Tuans 0.4 Hodans

Y 3

v 9
USul5inasiasu 10 Tadansalornnau ldasazate’leTodu 0.1 Hadans wawiluile

]
=) =

Reanuudnilliammsganauneei 600 i Tuwas

a

Y 1 1) [ %’ < aa a
naaosamenu Iagsadiogauiledn 0.2 nsu lduiinau 95 Uadans 1y KOH
A aa o Aa A 4 1 a 1 A aa a
10 M 5 Uaaans au 5 windnill wuasisuendiula daladiula 1 Hadans tiunsa
a 4 Aa Aaa Y] Aa Aaa 2,‘ < 1
lalasaanin 0.5 Tuas 1 aaans Usuilsuasldasy 10 Tadansdlerinau laesazais
= a Aaa < g = @ Y o o 1 A ~
ToTodu 0.1 Hadaas waudwiiomernuudnirliiamnisganaunasi 600 w1 Tuwas
o 1 A 3’/ 9 1 d‘ 9 d' Y o 1 d' 9 1
MAINMIYANAULEINNTULINNMITAIAN IAnINABURdEY a2 lauumua
lugumaduasweans s gIvTzAUveIMInana1R luwiuvesi1IuIaenuza 105
a d d U Y d' U v
3.3.2.6 MIIANZHIAUNarNansvaImseaaui)unarmaNNaIsalumsteyla

voauilaazaritlnadin 910 15U09 Goni azAM (1997)
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o 9 Y A a A A A A A o 9
1!1“]]1’3?1619\‘1‘1/]WTL!ﬂTi‘kj\‘]?jﬂll13&?1513141/]HTIL‘W@‘WQﬂLﬂENﬂ1§ﬂLl@]'JGIJ®\1LL']J\1

F171061991701 50 Tadn3u Ty Erlenmeyer flask ¥11a 30 Haaans nmiuAvansazaty
fwed HCI-KCI (pH 1.5) 51103 10 Tadans a1lUudins Sonicate iFuiran 2 1
nmfuAvasazaoen la Pepsin 0.2 Jaaans (ou lasipepsin 1 Faansu luasazane
Wwiled HCI-KCI pH 1.5 151105 10 fiadans) asludredadni hihjufinsos

Shaking Incubater g1 40 C iHuan 60 Wi nazilfurlFanas 191 25 Taddas
TA8NT5LAN Tris — maleate buffer (pH 6.9) a4l1) 15 Taaans

M3eeuila9LTUIINMTIAY Tris — maleate buffer a1 5 Uadans B9

aA

U52nNoUAIY 2.6 TU U89 Ol-amylase a4 11/ 1udr0819ud21 Flask Aildegari ldunimse
Shaking Incubater g% 37 C Tagwe luszaniunaiy MmnmsguatednaIsazalgeanin

1 Jaaaaslaluvasanaasd N9 30 1IN HFUDINUINT 0 IUATY 180 YN AIDINNFUDDNU
o ' ? A 3 a A o ¥ o 4 ¥ a .
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M1519 9 1 M3YsziiuseAuveImsinana1d luy¥ua1873 Differenial alkaline solubility

lumsaunslunasgiu

Sogazmiing MMIgAnaULEIN 600 W1 TuAT BA318IUVDIAN
A Ty 0.2M KOH 0.5M KOH MIYANAULE
0 0.003 0.478 0.006
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40 0.488 0.901 0.542
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80 0.627 0.822 0.763
100 0.889 0.891 0.998
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~ J = 9y Y A Y ax
AT A 1 ﬂ”lil,lﬁfmmEJTJIE?J”I‘[M’EN?‘I‘]J§$ﬂ’f)iJ‘VlNLﬂuiuﬂlWJﬂﬂ@Q%HQﬂﬁﬂjﬁ@1Q 9

unasanuudsdsou SS df MS F p

1.5 Talsau

BMINA 6.273 3 2.091 4.062 0.050
ANUAIIANADY 4119 8 0.515
39 10.391 11

2. 15 lniu

t’j%ﬂﬁ‘l/j\i 0.192 3 0.064 3.066 0.091
ANNAAIANADY 0.167 8 0.020
59U 0.360 11

3. 5uandule

BELRERIE 0.269 3 0.089 0.834 0.512
ANNAAIAAADY 0.860 8 0.108
59U 1.130 11

4. 151aud

BMINA 0.220 3 0.073 7.867 0.009*
ANMUAAIANADY 0.074 8 0.009
57 0.295 11

X
5. 15umnNUFY

BMINA 16.017 3 5339 1.194 0.372
ANUAAIANDDY 35.784 8 4473

33U 51.801 11
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v H 1
a3 7 2 fFeuientSinalsunaedlaansanazuilsignagdieludindesinadieisang o

unasanuudsdsou SS df MS F p
1. Bandlatanya
t’j%ﬂﬁ?qi\i 3.789 3 1.263 0.099 0.958
ANUAIANADY 101.942 8 12.743
59U 105.731 11
2. mnaniliignasds
t’j%ﬂﬁ?qi\i 0.813 3 0.271 12.354 0.002*
AR IANGDY 0.176 8 0.021
59U 0.989 11
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~ o y A o o v Y A 9 aa
AT A3 Llﬁﬂll!‘ﬂflllﬂmaﬂymgﬂﬁ/uu@ﬁuWﬂiuﬂn?ﬂﬁ@ﬂﬂﬁﬂﬂ?ﬂ?ﬁ@?q 9

unasanuudsdsou SS df MS F p

<
1. ALY (Hardness)

BMINA 29.182 3 9.727 8928  0.006*
ANUAAIANDDY 8.717 8 1.090
59 37.899 11

2. ANUMIZAANY

(Cohesiveness)
%ﬂﬁ“rj\i 0.0001 3 0.00005 0.548 0.663
ﬂ'J’l?Jﬂa'lﬂlﬂé@u 0.0008 8 0.0001
39U 0.0010 11

3. mm%mju (Springiness)

BELRERIE 0.084 3 0.028 1.393 0314
ANNAAIANADY 0.163 8 0.020
59 0.248 11

FJ
4. M3A8I (Chewiness)

t’j%ﬂﬁ‘l/j\i 0.883 3 0.294 1.898 0.208
ANMUAAIANADY 1.241 8 0.155

37U 2.124 11




74

a3 A 4 Beuifeuszavvesmananai luiuludnndeaiinedieiian
unasanuudsdsou SS df MS F p
FEAUVBIM IR IHFu
ﬁﬂ”li‘kjﬂ 168.764 3 56.255 16.036 0.001*
ANUAMIANEOY 28.064 8 3.508
39 196.828 11




=1 S < 4 ] Y [ ~
AT A S lﬂfﬁﬂﬂlﬂﬂﬂ!ﬂﬂi!%u@ﬂTiﬂ@ﬂllﬂﬂ U YATUAR (Cu), AIPNNUDIAUNIT (k),

v A 1 v A A Aa 9 9 d' 9 a1
AYUNITYDY (HI) uaz%ullﬂacﬁuﬂ (GD Gluﬂﬂﬁﬂﬂ@ﬂ‘ﬂ‘t{jﬂﬂﬁﬂ?ﬁﬁﬁ il
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urasnnuualsalsiu

SS df MS F p
1. msdoouils ar gaauaa (C-)
ﬁﬂ"li‘kjﬂ 58.399 3 19.466 28.592 0.000*
ANIAAIANADY 5.447 8 0.681
33U 63.845 11
2. Ansivesaums (k)
AMINA 0.00016 3 0.000055 2.222 0.163
AR IANRDY 0.00020 8 0.000025
590 0.00036 11
3. A%UMTE0d (HI)
AMIN 92.429 3 30.810 30.681 0.000*
AR IANRDY 8.034 8 1.004
590 100.462 11
4. a1l Inadiin (GI)
ﬁﬂ"li‘kjﬂ 27.897 3 9.299 30.675 0.000*
ANUAAIANADY 2.425 8 0.303
59 30.322 11




= 7 A ) Yy A Y 1 y 1 3
ANTIN A6 ﬂ"lil,lﬁﬂﬂmEJTJIE?J”I'[M@QF‘I']J§$ﬂ’f)iJ‘V]NLﬂ‘JJGLu"U"I’Jﬂaﬂﬂﬂﬁﬂﬂ?ﬂ@@]i1ﬁ3um13ﬁﬂu1

uanaanu Iae3sndonetnnulih
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uvasnNuulsdsou SS df MS F p
1. Ysualsau
Sasramindeth 0.121 2 0.0604 0.099 0.907
ﬂ31llﬂa1ﬂlﬂ§®u 3.648 6 0.608
591 3.769 8
2. P53 Tusiu
sasamdndeth 0.0401 2 0.0200 1.086 0.396
mmammﬂﬁau 0.111 6 0.0184
59U 0.151 8
3. 15uandule
sasamdnaeth 0.109 2 0.0546 1.057 0.404
mmammﬂﬁau 0.310 6 0.0517
59U 0.420 8
4. 131audh
Sasramindeth 0.0314 2 0.0157 1.378 0.322
ﬂ31llﬂa1ﬂlﬂ§®u 0.0685 6 0.0114
334 8
5. 3 uannuiy
Sasramdndeth 485.434 2 242.717 102.082 0.000%
ﬂ31llﬂa1ﬂlﬂ§®u 14.266 6 2.378
59U 499.700 8
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Y H 1
a3 a 7 WisndeniSuafFunanvisuanazuilangnazdraludindeiiedae

1 1 so‘ 1 %
dasaudnaniiuanannulasisudonsdiluih

unasnnuulsdsiu SS df MS F p
1. Bandlatanya
Sasramindeth 14.458 2 7.229 0.691 0.537
ANUAAIANADY 62.733 6 10.455
33U 77.191 8
2. maniliignaeds
Sandutae 14.867 2 7.433 287.870 0.000*
AIAIANGEY 0.155 6 0.0258

ERRY 15.022 8
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=~ Y Y g v W 9 Y A Y [ ' 9 3
ATN A 8 LildsfmmfmﬂmaﬂymzﬁmumaﬁllWﬁd“lmn:mamwmﬂ’sa’e)@]?lﬁ’smj”l’mmrl

uanaani Iae3sndonetnnlulih

unasanuudsdsou SS df MS F P

<
1. ALY (Hardness)

daT1dIUT NN 99.935 2 49.967 68.428 0.000%*
ANUAIIAIAADY 4381 6 0.730
571 104.316 8

2. ANUMZAANY (Cohesiveness)

PRI1dIUT NN 0.00208 2 0.00104 5.089 0.051
ANUAAIANADY 0.00123 6 0.00020
57U 0.00332 8

3. ﬂﬂiﬁlﬂ‘ﬁ‘&jﬂ (Springiness)

PAI1AIUTINDIN 0.05933 2 0.02966 1.938 0.224
ANUAAIANADY 0.09184 6 0.01531
57U 0.151 8

4. M3A8I (Chewiness)
931819011 3.805 2 1.902 13.380  0.006*
ANUAAIANADU 0.853 6 0.142

37U 4.658 8
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Py @ a Py o 9 Y A Y v ' 9 ! ¥
AT NN A9 ul%EmmEms:ﬂ‘ueumﬂmﬂmﬁ]am"l,mcwuclumnﬂammjamaamwmummam

uanaanu Iae3sndonetnnulih

unasanuudsdsou SS df MS F p
FELAVVBINTINADAIN T F
931819011 473.791 2 236.895 53.738 0.000*

ANUAAIANADU 26.450 6 4.408

37U 500.241 8




=1 ] 4 1 Y, 1 ~
AT A 10 lﬁfﬁﬂﬂ!ﬂﬂﬂ!ﬂ@ilgﬁu@ﬂ1iﬂﬂﬂuﬂﬂ U IATNAA (Cu), ANAINVDITUNT (k),

80

v A 1 v A A a 9 Y A Y Y ' 9 ! ¥
AYUNTYDY (HI) uaz%ullﬂacum (GI) 114m1’Jﬂammﬁmﬂ@mmmmnmm

uanaanu Iae s ndonetnnlulih

unasanuudsdsou SS MS F p
1. mygoonils m gaduga (C)
sasramdndeth 384.659 192329  248.748 0.000%
mwmmmﬂﬁau 4.639 0.773
59 389.298
2. fpafveauns (k)
sasandndeth 0.00012 0.00006 95.176 0.000*
AR IANGEY 0.000004 0.00000
59U 0.00013 06
3. ArHN15g0Y (HI)
sasamdnaeth 763.309 381.654  246.167 0.000*
ﬂ31uﬂa1ﬂlﬂ§@u 9.302 1.550
59U 772.611
4. sl lnadiin (G
sasramdndeth 230.097 115.049  245.959 0.000*
mwmmmﬂﬁau 2.807 0.468
59 232.904
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M3 9 1 msnfFeuieuanuuananaunassegliuandludindosiyaniedisan

BMINITN 2 4 3 1
Aindo 1.06 1.27 1.34 1.42
2 1.06 - 0.132 0.042* 0.012*
4 1.27 - 0.850 0.385
3 1.34 - 0.814
* PTod Ay Nada (p<0.05)
a3 1 2 mafeuifeuanuuananmimassegiSnandlifignrzdinludindes
finadeTian o
Mt 3 1 2 4
Ainde 1.34 1.80 1.92 2.03
3 1.34 - 0.035%* 0.011* 0.004*
1 1.80 - 0.830 0.368
2 1.92 - 0.818
* PTod Ay Nada (p<0.05)



&3

] [ H 1 I~
M3 93 M3nfFeuiounnuuana AN aT10gveInUITI (Hardness) Tu919nd04

A k) a1
NYAIYITAN 9

WMINITN 2 4 1 3
Aunde 9.36 9.71 12.56 12.73
2 9.36 - 0.982 0.036* 0.028%
4 9.71 - 0.061 0.047*
1 12.56 - 0.998
* PTod Ay Nada (p<0.05)
M3 9 4 maFeuifieuauuandimaseguesssaumaianatd el
Frndeaiinadieitens q
BMInedn 3 1 4 2
?‘hméﬂ 90.96 99.36 99.56 99.89
3 90.96 - 0.004* 0.004* 0.003*
1 99.36 - 1.000 0.990
4 99.56 - 0.997
* PTod Ay ada (p<0.05)



&4

1 1 { 1 I 3 J ]
AT S ﬂ]jllﬁﬂuLﬁfl‘]_lﬂfJ"lﬂJ!L@ﬂﬁ'Nﬂ"llﬂa8318@%@\1!&]ﬂil%u@ﬂ]iﬂﬂﬂl!{h U IATUAA

() ludndeannadisdsana
0 i

WMINITN 3 1 4 2
Aunds 48.51 50.78 53.16 54.21
3 48.51 - 0.059 0.001%* 0.000*
1 50.78 - 0.047* 0.007*
4 53.16 - 0.521
* PTod Ay Nada (p<0.05)

M3199 6 MmafSeufiouanuuanaaindeseguenarinisgos (H) ludiindes

A 9 a
NNAIYITAN €

Mt 3 1 4 2
Aunde 63.25 67.43 69.74 70.30
3 63.25 - 0.007* 0.000* 0.000*
1 67.43 - 0.121 0.049*
4 69.74 - 0.922
* PTod Ay ada (p<0.05)



&5

M31997 manffeuifeuanuuananaunaseguesmiayil lnadiia (G1) ludindes

A ) a1
NYNAIYITAN 9

WMINITN 3 1 4 2
Aunds 74.43 76.73 77.99 7831
3 74.43 - 0.007* 0.000* 0.000*
1 76.73 - 0.122 0.049*
4 77.99 - 0.919
* PTod Ay Nada (p<0.05)

RN

y v Y ¥ asd a < 2
1 mansdnadeluTasn 2 MIYIEMIAWIBAUAN (LUVLTAUT)
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