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Research Title: Development of low glycemic index instant rice with and without legumes

Researcher: Asst. Prof. Dr.Naphatrapi Luangsakul

Faculty: Agro — industry Department: Food science

ABSTRACT

By its shorter cooking time, instant rice has become more popular. To make it more suitable
for diabetics, the processes involved in the production of instant rice were studied. Thus, the
objective of this research was to study the effect of cooking condition, oil addition during rice
cooking and drying temperature on in vitro starch digestibility, GI, some physicochemical
properties (thermal properties, X-ray diffraction patterns and pasting properties), rehydration ratio
and the microstructure of instant rice. Three Thai rice varieties: Hom Mali ( KDML105),
Pathumthani Fragrant (PT) and Sao Hai (SH) were produced to obtain instant rice. For optimizing
cooking condition, cooking temperature and the ratio of water to rice were varied. Rice cooked at
lower temperature (82°C) with higher water ratio (1.9-fold volume of water) caused the decrease in
rapidly digestible starch (RDS) content and estimated glycemic index (eGI), while slowly digestible
starch (SDS) and resistant starch (RS) contents were increased. Cooking at higher temperature
(90°C) caused greater degradation of starch granules, which led to the decrease in peak viscosity
(PV). The microstructure of instant rice kernels after cooking at higher temperature or lower ratio
of water to rice that showed larger voids on their periphery. The optimal cooking condition for
producing lower GI instant rice was cooking at 82°C with 1.9-fold water volume. In addition, eGI
of instant rice, which were produced by optimal cooking condition, were 77.31, 75.87 and 67.44
for KDML105, PT and SH, respectively.

For the addition of oil, two type of cooking oil, including coconut oil and rice bran oil at 2.5, 5 and
7.5% (w/w, on the basis of uncooked rice) were added to three Thai rice cultivars during cooking.
The addition of oil could reduce GI of instant rice through the formation of amylose-lipid complex.
Thermal properties showed amylose-lipid complex dissociation peaks when rice was cooked with oil.
In X-ray diffraction patterns, cooked rice with oil showed A+V type crystalline structure.
As increasing the amount of oil, the degree of crystallinity of KDML105 and PT instant rice were

increased. On the other hand, the highest degree of crystallinity of SH instant rice was found in

I



2.5% of rice bran oil addition. In pasting properties, the formation of amylose-lipid complexes
resulted in a lower PV.

After cooking with optimal cooking condition, rice was dried at 40, 50 and 60°C to a low
moisture content. Drying at 50 and 60°C caused lower GI of KDML105 instant rice. However,
drying temperature did not impact on GI of PT and SH instant rice. Higher drying temperature
caused increase in enthalphy (AH) of KDML105 instant rice flour. In addition, drying at 50 and
60°C resulted in less voids and compact surface in KDML105 instant rice, which decreased

enzymatic accessibility as well as decreased GI of instant rice.

Keywords : instant rice, in vitro starch digestibility, glycemic index, amylose-lipid complex
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2.2.4 99 Hudlagn (gelatinization temperature)
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Lﬂul’)ﬁ1 20 1!11/]&W’E]ﬁﬂ@’ﬁﬁ'li“lﬁ/luEI’E]EJG],W’E]'é)ﬂlI'I mﬂuumumiazmaicﬁmammmmuwmai

4 (]

~ a A aa [ a 4
WLDY¥ 3.8 “]Jﬁll'lﬂi 8uaaamiaﬂuwaa@mﬂaamazﬂumamﬂﬁlmﬁﬂu mmaullclm

amyloglucosidase (3300 gHiadoNaaans) U3u1a3 0.1 TadaasaslUiui wanlddrnuuaz
o 1 1 AA r I A o A A
s lusresaruguagungiin 50°C1iunar 30 uiii hvasanaass lUnyuimied

< @ < = S @ 1 1 a a aa 1
AINLIITOY 1,500 NTU 1Wuan 10 U mﬂuu@ﬂmamﬁumﬂimm 0.1 maaamslﬁclu

v
a | =

NavANAADY HAZIANAI5AZa18 GOPOD reagent 131105 3 Haaans vuNgangl 50°C T

1 Aa g v 1 @ ] { 4
f’J"Nﬂ'J']Jﬂ‘JJQﬂ!WQ?JL‘]JHL'J@T 20 IR ’Jﬂﬂ?ﬂ”ﬁ@.ﬂﬂauuﬁiﬂli’)\‘i@]'lﬂﬂ"Nﬁﬂ’J"IllfJ"l'Jﬂﬁu 510

o 4 1 Y v A
1!111!!,1]@]5 gazmMuumUsnaaaiynugey (RS) ‘lﬂﬂ\‘]ﬁllﬂ”li‘ﬂ 33

Smnaaamssnudos Govay) = /\E x (F/W) x 9.27 (3.3)
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A ' A A P A
e AE = amsganauuasietuldananuenaau 510 uilumas
1 { 1 I [
F = a1 factor voam3lasunasiodu lulasnsuveng lnalu
13588018 GOPOD Reagent

Y ] Aa Aa o % o {
W = 1miinuiauesdiegs (Maansu) damualdanaunsi 3.2

a LY g . ..
3.4.3 MIAATIEHMABUUIN1A 1Ao1l52119) (estimate glycemic index)
a 1w g . .. g
msanseRmartiiinia lasdszana (estimate glycemic index, eGI) AT
a 4 A a 4 Jd <3 Y A ] <3
MSAATIEHHUOUMTAATITHYTLIUTATTE081T ) (RDS) Tuden 342 E]EJ%ThlﬁﬂGnllna'l
] @ v =~ A Y 1 I o~
Uuaedazimsnlasuutlas Taeldiarlumsty 30 60 90 120 150 uaz 180 U (Godi Ha
Amy 1997) dwisngsiteazdeamuan 14 luniaruan n3 ludiuvesmsmiuiunial
v A % o Y 1 o o 7 1 1
¥ienalaglszuna (G amnsamuiuldlasmaanudunuissninafSunansdes
14 @ =\ I = Y °
VYDIAATFNVULIDT (30-180.441N) Taaugasrnaoonuniunsiv G])'Qéﬂgklﬂﬂ'] Coo, C LD t U
= A 1
unulugunIsy 3.4 tenian k

C = O oo

) 3.4)
d‘ ] o NS
e C = USinamsgesuesamssnmnal t
1 ] J
Coo = MANAAVDILTUNUMTIOBVDIAAIS Y
k = AAdNDIIaUmMans

t=1721 (11N)

ks ol ' = A Yo &l ~q ¥ '
MNUUAT k weau luaunisy 3.5 e lgmuaminunlansivesnisdos (AUC)

AUC=Coo(t,—t,) —(Coo/k) [ 1 —exp[-k(t;—t,)]] (3.5)

1o Coo = Maugaveinamsdoouosansy
Y =
t, = 1a1ga1e (180 119)
£, = AUTUAU (0 W1T)

k = asnvesvaumaas (lannaunisn 3.4)
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L= ] .. 9 o t&l d' Y
TumsriAdwHinisges (hydrolysis index, HI) 1315911 laa1nmssiiunld
1 @ 1 9 Ay A Y ] @ ' Y a
AT nsdesuoaditndlarisatenunldnitnsgosveidiod1es1ade (vuuilavn) Tag
ansomuu ldmuaunisn 3.6

HI = (AUC 904620819 / AUC 104610819819949) x 100 (3.6)

y 1 U SO' U 1
MnuuanIammastitiaia laglszaa (G vodsiegdlalagldaunisves

Goii azA (1997) A4aUATN 3.7
GI =39.71 + (0.549 X HI) (3.7)
1119 HI = astimsgasainison ldanauniin 3.6

a 4 oA Y A I 9 2 Fondd o .
344 ﬂTi'JLﬂﬁ']gﬁﬁilﬂ@ﬂ']uﬂ'ﬂllﬁuﬂﬂlﬂﬂLL‘]J\?%']'JﬂQﬁ"ILi%E‘]J (pasting properties)

aQ

a J oA g/ 9 X o g 4 Y 4 a
lumsamaziauiasiuanuriavesdnneduiogiiuez ldnsoaing1es

anuviiaueile (rapid visco analyser, RVA) Taathdnnad G ezl lualdidlunilaTag ¥

4 5 t o ' 1 Y : o
195090UA pin mill taziiwdls lseuruazuns e 160 luaseu nilndinsdusogiles

o

a 4 va 9 = v o ] =Y Y] 1
’L;]ﬂu']hlﬂﬂlﬂ51$Wﬁﬂﬂﬁﬂ1ﬁﬂ1ﬂﬂ'}1ﬂﬁuﬂiﬂﬂﬂfﬂ@n@ﬂ'lﬁﬂﬁﬂ?ﬂ! 3.5 ﬂillslﬁa\‘lél,uﬂﬁgﬂﬂﬂ

a

oy o = A aa 9 o PRY ' o
DIQUIHYY fl]']ﬂuulﬁllu'lﬂaitlﬂill']ﬂi 25 £ 0.1 ¥aaang GlG]fGlUWﬂﬂ’JuGlWC‘]'J@ﬂ'Nﬂigﬁ]']fl@j

a

' ° A A ' A a s A 4 A ]
neuinseUenezgliienlalunieslinsizianunia lagaalilsunsuasoalvinigumngll

U

Yy

A 3 ' A a 9 ~
ITUAUN 50°C L‘]J‘L!l’)a'] 1 u’lﬁ UATNBY9 LWNQQ&ﬂQNﬂan 95°C Iﬂﬂslf]ﬂ:]ﬁ'] 3.42 UIN g

A I ~ & a ~
PN HUN 95°C L“]J“L!L'Jﬁ'l 2.30 UIN mﬂuuaﬂqmwnmuﬁq 50°C Iﬂﬁlsl“lgf}nﬁ1 3.48 UIN LAy

U
4
=<

A 3 a Jd o o 1
NN HUN 50°C L‘]J‘L!L'Jfﬂ 3 m‘ﬁ FANIANUATIEUNINA 13 m‘ﬁ (MANUIN N4) VUNNAT

o}

'
a

guvigiGulasunilasn1unila (pasting temperature) A1ANHUATIFA (peak viscosity)

@

LTJﬁTﬁLﬁﬂﬂ’JWWﬁﬂQQ?j@ (peak time) ﬂ'm’nuﬁﬁﬂﬁﬁjﬂ (trough viscosity) AINSUANT DIV
iandly (breakdown) A1ANKTAGATIY (final viscosity) ATATAUG (setback) TABT189IUA1
a19 9 Tumiesuaneed (cp)

3.4.5 msémg'ﬁuﬁ’;sumﬁaefJ'NTﬂamﬂ%ﬂﬁm&ﬁﬂm@mmm’(mmm (scanning

electron microscope, SEM)

o 3

1 : a 501 =Y a aa
mmsauglareddansduiagl Tasmsdmirfeulsum 250 Hadansasly
9

- o R A a g A o g 2 Aq yaA
"U”I’Jﬂﬂﬁ"lliﬁ]gﬂ 503U uazmm”l’mqmwgumuﬂunm 20 HIN waqmﬂuumumhﬂmﬂ

Y
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° 3 ¥ X o A A = ¥ B ~ Y 9
29NIUNUA mmamnmmmgﬂwmumiﬂugﬂmmmaaﬂ%“lmamuaawmmufuwuu
! =] A Vo ' s 9 A Yy 9 9 Yy ¥
AN 9 BIZISUNINLFAIBIIBNaaT 1A T ueataNuiNIUSpgay 30 ANAIET0EAL 50
¥ v Y = ' Y 9 A Y 9 9
70 90 uaz 100 1Az 1FAWFNIHNA 30 UIN IULAANUAINTY tazAnNUINTUSo8aT 100
9y Y 1 v
INTUFAIDIININUA 3 A5 (Rewthong LAZANE 2011) AIDINNHIUMTUFIONIUDAN
Y 9 g o o ] Y A o Y o 1 N . .
ANWANVUITDEAL 100 ﬂzgﬂummnmﬂﬂﬂimmmmummamq & YAINGA (critical point
9y
dryer) (PMAWNUIN NT) 1A UIIAIDE1UTINIAAAIUY stub LAZIINTIAADUAIBDE1IAY
B y & a 2R Y &2 o & & ™ ' Yy v
noI InsaadnnuiIveuNaat g 1T g UnInweuazdavINIzgnaed laglgndeg
aad 1
DIANATOULVUTDINT 1A (SEM)
a 4 an
3.4.6 MIAATILUNITDN
9
Tumisnaasatiaz lFnseontuUMTNAA0 VY central composite design (CCD)
o A o 9 ~ 9 a o I dy A A
qumiuuﬁuamayaﬂmmmmmiwweaﬂmgﬂuwuwmmuaum (response surface
methodology, RSM) Tael¥ldsunsu design expert software version 7.0.0 Taoifadenldly
= A Qlﬂ' 9 [} 1 901 1 9 zé 1 [} =
ﬂwiﬁﬂy1ﬂaqmﬁqum1%1uﬂws1@q (X1) uag dadiIuvo91a917815 (X2) Faunaziloveazdl
= |

< 1Y s Bo = 1 2
msusu 3 szaune -1 (ﬂW@nfjﬂ) 0 (ﬂﬂﬂ\‘iﬂﬁﬁ) uag +1 (ﬂ']qxifjﬂ) Tﬁmmumimamu%

=

9 v 9 v
ﬂigﬂﬂﬂﬁlﬁﬂﬂﬁﬂﬂﬁﬂﬂﬂﬂ‘ﬁhﬂ 13 ﬂWﬁVlﬂa’E)\i“?ﬁﬁﬂ'lﬁﬂﬂﬁf’)\i“]ﬂ“ﬂﬁ]ﬂﬁﬁﬂaﬁ 5 yanauaadlu

Q 9

~
M1TNNN 3.2

A19197 3.2 NMIINURUNITNAADILUL central composite design (CCD)

MInAan  gumgilumsnsdn (X1) () Fadnuhdetnas (x2) ()
1 82 (-1) 1.0 (-1)
2 90 (1) 1.0 (-1)
3 82 (-1) 1.9 (1)
4 90 (1) 1.9 (1)
5 82 (-1) 1.45 (0)
6 90 (1) 1.45 (0)
7 86 (0) 1.0 (1)
8 86 (0) 1.9(1)
9 86 (0) 1.45 (0)
10 86 (0) 1.45 (0)
11 86 (0) 1.45 (0)
12 86 (0) 1.45 (0)

13 86 (0) 1.45 (0)
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(% AR dy Y 1 a 14 1 <3 2
ﬂ’)LL‘]JﬁGIHJ“VIﬁﬂ‘HﬂuﬂTﬁ“I/Iﬂa@\iullﬂLLﬂ USunuaamsygossn (RDS) USum

2

1 1 v A

7 P ’ 3 ;
ﬁﬁWisﬁﬂﬂﬂﬂﬂﬂqﬁ%}W (SDS) ﬂ%iJ']ﬂ!ﬁ@ni‘D’“Vluﬂf’)ﬂ (RS) !Lﬂ%ﬂ'\ﬂﬂﬂ!ﬂ"lﬂ'miﬂﬂﬂigiﬂm (eGI) “TN

U

ee

a 4 I o w
sﬂ'@y‘amwmﬂzgmm513w"l@’faaﬂmLﬂuﬁumiwgummmﬁm (second-order polynomial

model) Aguandluaunisn 3.8
2 2
Y= Bo + B1X1+ Bzxz + BIIX1+ Bzzxz + 612X1X2 (3.8)

1 I'd
1o Y Ao @2u15a1u (dependent variable) B Ao A1duilsz@ninisonnoy
(regression coefficient) vouls X 9 X Ae aautlsoase (independent variable) Tasaumsn
2 (Y] AlX v A

amnsnesuie ldnusededisdnlszdnsuaninmsandula ®R) guid1lng 1 uag lack of fit

9 1 1 1 A o o o/ an 1 d'

YOIANNITIZAB IuaNA10 g NN IAYNINEDa (p>0.05) tazludruvean1snigai

A o A ~ ) Y 1 Yy &

ML ANUYOINITNAADA (optimization) VL VINITLAONAN 1IN 1IMAIAINA 1H 9129

o a [l =0 Y Bo’ 9 A ~ A [

duFagiiiaimsgesuazmariinaiadosiige lasan1Izn1saNKNIZaUIZHITHININM

. LooAAa oy Y ! = Y o ) A o

desirability NA191 104 1 eg1a lsnamazdesiinimsnaasesyadnaluan iz auuazih

a = 3’; d' [~ : U (] 1 d' 9 a =il Y 1Y

MIANTIZHONAT NS UNITNIUTDD (validation) 11819 1av1nn1siaTzHa lnaReany
1 d’ o G ]
MnaumMIMuIenIe i

[ a d Y a '

TuauvesnmisInsziautiasiuanuniaszinisanszianuuilslsiu

(Analysis of Variance, ANOVA) 1@ NAT0UAINLANAIUDIANUNAYAIY Duncan’s New

~ o 4 < a ' aa

Multiple Range Test (DMRT) N3eauanuyeiuiosay 95 a1eldsunsuimsizinanieana

(SPSS 16.0)

= A o W A v G« Y R o
3.5 ﬂﬂﬂ1wasll’ﬂ\3°]fuﬂ!!agﬂ‘%u1mmﬂQu]Nu‘ﬂNﬂ@Iﬂ5\3@51\131]81“!31@9]%13 ﬂﬂﬂ"ﬁﬂ?’ﬂ

A v Y ' o A o
audamemssesveaillurasanaasaazmasiinaalasdseano

Y Y P~

s 9 = ) ) a g ) YR
u‘gm’mGlﬂummnmﬂnmmma VIIridNUTA GU'I’JWEHJ‘]JT!N I,Lﬁgﬁell'l’)l,ﬁ'lllﬂ PIU
a A { 1 v W : 0o <
‘]Jiiﬂﬂ!’é]%lliﬁﬁﬁlmﬂﬁ1ﬁﬂu@ﬁl!ﬁﬂﬂ1u31ﬂwu3ﬂ 9 ﬂ'§$‘1J’Juﬂ1'§m§EJiJ"lgle)ﬁ\?ﬁHiﬂgﬂhlﬁ,
(% ad % d‘ = dy = a
ﬂﬂllfﬂﬂ\ﬂ‘ﬁﬂWi"U@Q Hsu ttagaue (2015a) ﬂﬂllﬁﬂﬁiugﬂ“ﬂ 3.1 IﬂﬂiuﬂWi‘ﬁﬂHWNﬂ%Nﬂ'ﬁmN

? o a A ? o 9 Y o o 9 2 a2 Y o Yy 19
HUINU 2 BUAAD HINUNENII LAZUINUIIUI clmJmmﬂiﬂsmmumu"lmmﬁaaaz 255

A @ 9

H 3 { a g o =)
uaz 7.5 veurhmind1 diui1dlumsAnez@vas ) luhnlddmsuyedn Taodsum

9 ¥ ] 2.

3 Aq YA D ¥ A Ay ¥ 9y A 9 A = ~ Y o
U"I‘VlislfﬂﬂﬂiﬂJ"Iﬂ!u"W]LW‘JJ"ISmJ‘Vl"lﬂﬂ”Iﬂﬂ"li‘l/lﬂaf’NﬁUf’J‘Vl 34 ﬁ]'IﬂuublGIﬂﬂﬁi’]\iai’]Ill’ﬂhlu"]Wlu"lﬂ‘U

? o Y I A v o o 1 Y o ¥ o 1 9 A 1 Y
umuhmmmﬂu@ua%u LL@S‘H"IE‘T'JHWﬁllm@QUTﬂUHWNUIﬁaQLIﬂGlUﬂﬂ?VIWWHﬂ']'iLLGIﬂJHLa'J

~ F 9 U ¥ o ? o Y 9 Y ' ¥ a
138UIDY GIJ"I:]LLasz'JLlWﬁll"lli’)ﬂu"lﬂ‘]JLl"I‘JJLlﬁ]gE]ﬂ{l‘ﬁﬂ'J"I?Jii’)uﬂ?flf’J'NU']ﬂ')‘]JﬂiJQmﬁ{]iJ Iﬂﬂ
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v v
= [

Addq 9 A v Y A & v ) ) Y
Qﬂ!ﬁgﬂﬂiﬂf aqmﬁqwmmmw"lmmmamaewaw 34 m’e)“lwmmﬁemumnqmmnz

g idinussyas il lugenaradn PE wazih lusduiioumgil 4°c ifuna 24 $2Tuq

U

A ° 1 g ¥ o 9 Ayy Y 9 ) a A .
Lll@ﬂiﬂﬂﬁ’ium’.la1ﬂ1§LL°]5LEJ‘HLLEI’J€]$‘1!']61]1’3‘10“1@%161J1WLLWQI@ﬂiﬂf@qﬂ!‘ﬂﬂll 2 3gaune 50°C

Y

v Y H ' ' v H
a3 FTwenmiui ldeuuiedi 95°ciilunan 1 FrTuaie 17 1dd1Rsd 15 03U

4
anurugatieiosay 11- 12
=1 Y 1 d’ a 4 Y [ Y
3.5.1 MIHTINAIDEIUND AT IEHANLAN1INTIosveailsluasanaas (in viro
Do a2 . .
starch digestibility) tazmartiga laglszana (estimate glycemic index)
Y v
VUADUMITIHTIUAIDE19AIVON 3.4.1
a o vAa 1
35201353A5 1R aNdn1an1sgesvesndeluraoanaasa (inviro starch
digestibility)
g’/ a d o Y A
TUADUNITAATICHAIVON 3.4.2
a ST w ao‘ & . .
3.5.3 MIAATIZHAATHHIA IAol)52 01D (estimate glycemic index)
g’./ a d o 9 A
VUADUNMTAATIZTHAIUDON 3.4.3
a 'd oA Y A I 9 2[Fo-d % .
3.5.4 MIUANEHANTANIUAINYHAYDTN1INIF 5931 (pasting properties)
g’; a Jou Y A
VUADUNTAATICHANUVON 3.4.4
a e o
3.5.5 MIWATIHANIANIA NN TN (thermal properties)
a L4 A 9 i @ 1 Y & o g A
MIAATIEHANIANIIANITOY (thermal properties) YDIAIDEGNVI1INITUTIFUN
[ 1 [ %‘ Ly g v o 2 i ! v 4 . .
HIUNTeT iUz naziniuHidnlulSnaitanannudoin3eq differential
y . [ ° Y Y R o = A a o ¥ o Y
Scanning Colorimeter (DSC) 4118 Iagtiudladanedi5agifsana 3 Tadnsuveuiminuds
1 @ ! 9 o a d A Y a 3
Taaslilunraussgarednd 11 un1snT1zd (aluminum pan) Mnuu@MIYT IR0 lopou
(D U5u1a35 9 lulnsaas nazdadimiaussyaredreldain 1190190559020619 199
Ay 9 A A gy X - Y g9 9 o
gamginesiuaume lianurumelulinnuauga mnuulvnnuioudiedialagnsng
% ] d‘ 1 d' w ] = Y é d‘
maussenlednadlllunies Dsc ludiuvesiniedleds tagienianlaidnduniiauie
I a o ~ A a
1Hun1981999 (reference pan) n1aNIdesvzgnliawioulaslinsinugunyion 20°C
= o R AW A a 1w o 1 =1 1A 9 a o’dy 9 1
D9 120°C FTOATIMIANGUHATININD 10°C aoudl Tasain Idoinnisinsiziil laun

]
a a

qmwgﬁwmﬁm%mﬁiuwﬁu (onset temperature, T,) qmﬁﬂnqqqﬂﬁluﬂmﬁmﬂmmuwﬁu

U

(peak temperature, T)) 'qmwgﬁqﬂﬁ’wiumaﬁm%mﬁ”luwﬁu (conclusion temperature, T,) L

naanulumsnanai lusdu (enthalpy, AH)
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a 4 Y = Y 9 a dy v ad 4
3.5.6 N33R 11 IATIaT1IHANUeIoYMALIlNAIBmATIANTIAEUUVOITITIONY
(X-ray driffraction)
@ [ 1 a J X o ) [ 1
areg1anlFlumsiasgiaoudlsdnneduiogy Taeiwildldadlunruussy
H Y N
A19d191azInaoA10019 IRIT eULALIANO A UUYDULAUDTTY MINUUILAUUTT9A196192190
UNUINAIDE19VDUATOY X-ray Diffractrometer (XRD) Iagfviuaan1izlumnaasviely
I 1 o a 4 Aa a J
target 1HUMBLAL (Cu) ANUAANE 1T 40 AlaTad uazldnszualdih 40 Taduenuals
2 o A H 1 - ) < o A o ax
FURMITAUNUN 20 AU 5-40° AIDATUTI 2° ADUIN (AALLa991nI5U0S Rewthong LA
v R dy (=~ 4 o a A =
AL (2011)) (MANUIN N6) uumﬂgﬂuuumﬁmmmummﬂmaﬂm HAZATUIUANTUDINAN

(degree of crystallinity) lA@uaun15A 3.9

Ansveanan (Fosag) =100 x A/ (A, +A) (3.9)
A dy ~Aq YA 1 A 3 =
o A, = nuhlaniavesdrufiiluwan
A A Iy ' A g o
A, = Wuinldinvesdauniluedugiu

357 msdmaﬁyuﬁwaqﬁ’aadwﬂmﬂwﬂ%’ﬂﬁm&ﬁﬂmeugmudmﬂim (scanning
electron microscope, SEM)
ﬁl‘iy’umaumsmdsﬂuﬁaathua:miﬁm@,ﬁuﬁwmﬁmfimmm‘lm?aﬁ 3.4.5
3.5.8 MIInTLHMeana
ammumsmaamumjméw ﬁJJ‘]J“S‘ai’ (Completely Randomized Design, CRD)
¥INAADY 391 911Uz Al 55U (Analysis of Variance, ANOVA) 1182
‘I/lﬂﬁf)‘uﬂﬂi\lllﬂﬂg}'”lﬁ"llﬂﬂmméﬂﬁﬁﬂ Duncan’s New Multiple Range Test (DMRT) ‘ﬁi%ﬁl’Uﬂ’Jm

d‘ @ Y 9 a 4 aa
Wweuusevaz 95 adelisunsudnszvRaneana (SPSS 16.0)

= X 4 d'd \J b4 s Y d! o < A
3.6 ﬂﬂH1NﬁTf’]\‘lQm“ﬁ{}?ﬂuﬂ15?]ﬂl!ﬁ\‘]‘nNﬂﬂiﬂix‘lﬁ'ﬁ“lﬁﬂ]ﬂdlulﬂaﬂ"lﬂ]ﬂﬂﬁ"l!i‘i]g‘l] auun

\ Y T o A :’
7]1\‘1ﬂ1‘5€|®£|‘llﬁ)\1!!‘l.lxﬂuﬁﬂﬂﬂ°ﬂﬂﬁf’)\?!!ﬁlgﬂ1ﬂ%uﬂ1ﬂ1ﬁiﬂﬂﬂ§$3ﬂﬂ!

o Y Aq Y = Y ) a v v Y =
W‘L!ﬁsll'l'ﬂlﬁl,%cluﬂ?iﬁﬂ‘]&l'l‘l]igﬂf]‘ﬂﬂﬂﬂ VNIroUUTA 61]1’314@111]1/!% LLﬁ%GIJ'I'JLﬁWU]fH BN
A A a ~ 1 v W ~ Y & 0o < Y
NﬂillTm’f]$1IIﬁﬁﬂlmﬂﬁ%iﬂu@ﬂl!ﬁ@ﬂﬁluﬂ'lﬂWu'Jﬂ 9 ﬂ5$‘1J’JuﬂTimiﬂNﬂﬂ’)ﬂﬁﬁu‘iﬂgﬂqﬂ
@ an @ A = dy I
ﬂﬂ!tﬂﬁx‘i?‘ﬁﬂ'li"l]@ﬁ Hsu lasnme (2015a)ﬂﬂllﬁﬂ\‘lﬁlu§ﬂﬂ 3.1 IﬂﬁliuﬂTﬁﬁﬂ‘H'lu%Zlﬂu

= A Y 9 A =) =) a Y}
ﬂWiﬁﬂHWQﬂ‘lﬁﬂ"Nﬂ'ﬁﬂﬂuﬂﬁ"U'ITI/'IWWuﬂ'liLLG]fLEJu G]Nﬂ$3Jﬂ?illﬂi@ﬂ‘lﬂ{]ll"l]f]ﬁﬂ?i@ﬂllﬂﬁslu

2 A . . . g v Y 2 & &
VUADUUTAAD 40°C 50°C 1AL 60°C lae1a1N 1% IUNITBULHIVDITUADUNAD 3 ¥ TU9
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g o H < & 4 t o g : f
i ldeuuden 95°C iumal 1 ¥ Tuaie 19 ldd11neduSagUniianusuaanie

Fovay 11- 12
=y @ ] A A 4 A ] Y|
3.6.1 fﬂﬁlﬁﬁlel15]]@fJ'l\‘]LW@')LﬂiT%Wﬁ?JTJ@T]'NﬂTﬁﬂ@ﬂﬂl@ﬁllﬂﬂlu'ﬂaﬂﬂ%ﬂa@ﬂ (in
1 QU SO}
vitro starch digestibility) nazAariiga lasdszana (estimate glycemic index)
Y H
TUADUNT3 ONAIDE1AITON 3.4.1
a 4 va ]
3.6.2 ﬂ153lﬂ51$‘W'ﬁll'ﬂ@]‘ﬂ1\1ﬂ158@ﬂﬂlﬂﬂllﬂﬂiu‘ﬂa@ﬂ‘ﬂﬂa’ﬂﬂ (in vitro starch
digestibility)

3’, a Jd o $
VUADUMTUATIZHAITDN 3.4.2

[

a d %} . ..
3.6.3 MIAATIZHMABUIIA1A TAo 521719 (estimate glycemic index)

g A dou Y A
ﬂluﬁﬁ]uﬂﬁ’uﬂﬂgﬂﬂiﬂlﬂﬁ 3.4.3

o 9 =

a ¢ Y Y R o g . .
3.6.3 ﬂ"Ii’JLﬂ§1$Wﬁllﬂﬁﬂ1uﬂ’ﬂll?iuﬂﬂlﬁmLlﬂﬂﬂﬂ’mﬂﬁnﬁﬂgﬂ (pasting properties)
g’./ a d v 9 A
YUADUNITIAUATICHAIVON 3.4.4
a r-’ v
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HATNATOUANVUANAIIVDIAURAAIY Duncan’s New Multiple Range Test (DMRT)
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Yops = 900.74 + 22.21X, — 29.67X,— 0.13X,’ 4.1)
Yps = 308.59 — 6.93X, + 34.30X, (4.2)
Ygs =20.14 — 0.47X, + 1.82X,— 0.02X,X, + 0.002X,” (4.3)
Y = -785.51 +20.79X, — 60.85X, + 0.73X,X, — 0.12X,’ (4.4)

e Y = 3mamsdosamsyluvasanaassuaymessinhaa lavszinm
X, = guugilumsTdanuiou (o)
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wonmnTIveNu AR 1 UM AnE luanIsens 18T msAnutinen
2 yilafifianmdeusulsenmludszme lnefie S1imendny uaz $1a 14 Tagarsad
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= a 4 =
uilsilsau (ANOVA) 938 UN1T0AD DY “]NNaﬂ']ﬁ'llﬂﬁWgTﬂlﬁﬂ\iﬂlu@Wi'N‘ﬂ 4.4
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13 86 1.45 49.76 14.42 1.05 79.69
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Yps = 249.09 — 6.07X, + 48.27X, — 0.54X,X, (4.6)
Y = 68.09 — 1.54X, + 1.89X, (4.7)
Y., = 59.38 + 0.96X, — 40.03X, (4.8)
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2

Yops = -1252.82 +29.49X, + 6.59X, — 0.17X,” + 3.57X, (4.9)
Yps = 1003.48 — 22.83X, + 8.94X, + 0.13X,” (4.10)
Y =213.13 + 16.34X, (4.11)

Y o =-590.17 + 15.35X, — 10.93X, — 0.09X,” (4.12)
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B: Water ratio

82.00 84.00 85.00 8.0 90.00 82.00 84.00 86.00 88.00 90.00

A: Temperature ("C) A: Temperature ("C)
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A: Temperature (°C)
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iiarhai WS (Sevay) PV (cP) TV (cP) BD (cP) FV (cP) SB (cP) PT(C)
uENiNM 25 4286.0£132.9° 334501711 941.0+382° 5977.0£48.1°  2632.0 £219.2° 81.1+0.6"
5.0 3994.0 +287.1° 3419.0 £319.6" 575.0+32.5" 5613.0 £ 87.7" 2194.0 +231.9" 80.6 + 1.0

7.5 42355+ 4.9 3622.5+7.8" 613.0£12.7" 5633.0 + 19.8" 2010.5 +27.6" 80.4 + 0.8

$1d1 2.5 5309.5 + 96.9° 4143.0+106.1°  1166.5 £9.2° 6541.5+£92.6°  2398.5+13.4% 78.6 % 0.6"
5.0 4352.5+55.9™ 3509.0 + 11.3" 843.5 + 445" 6096.0 £24.0°  2587.0+12.7° 80.4 = 0.5

7.5 45285+ 58.7° 3638.0 = 16.9° 890.5+£75.7°  6099.0 £255°  2461.0+42.4™ 76.6+1.1°

ilaniiu (o) 4034.5 £ 72.8% 3453.5 + 44.5" 581.0+283"  6049.5+559°  2596.0+11.3° 80.7 + 0.0

Huava:

@

a-d o d' 1 [ g’; = o = 1 d' d' 1 @ 1 a o aa
onysnuanaenu lunaufeanuuaastig undsfiuananiueg Niied Ay 19aDa (p <0.05)
PV 111809 AANUHHAGIEA (peak viscosity)
TV M08 AAINNIIARIA (trough viscosity)
1 <3
BD 1318849 amsuanaatsveaiiauile (breakdown)
= 1 A Y . .
FV #1803 MANUNUATANIY (final viscosity)
=3 U A %
SB 1111899 AN IAUAT (setback)

= ad A A .
PT i@y qmwnma'mﬂaauuﬂmmmwuﬂ (pastmg temperature)
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Fiianiuiu Y51 Gewaz) PV (cP) TV (cP) BD (cP) FV (cP) SB (cP) PT(C)

uEnin 2.5 1108.5+7.8" 9205+ 17.7% 188.0£9.9" 1416.5 + 16.3% 496.0 + 1.4° 912+ 1.1%
5.0 1147.5 + 86.9° 969.0 + 84.9° 178.5+2.1° 1461.5 +118.1° 4925 +33.2° 91.5+0.5%

7.5 1024.5 +31.8° 872.0+31.1° 152.5+0.7° 1319.0 + 36.8° 447.0 £5.7° 90.5+1.1%

5141 2.5 841.5+16.3" 708.0+19.8" 133.5+3.5° 1068.5 = 23.3" 360.5+3.5" 92.5+0.6°
5.0 936.5+14.8" 7745 + 134" 162.0 +1.4° 1204.5 +31.8 430.0 +18.4° 92.4+0.5°

7.5 1138.5+ 17.7° 975.5 + 14.8° 163.0 % 2.8 1496.5 +10.6" 521.0 £4.2° 91.6%0.6™

ilaniiu (o) 1158.0 +32.5° 1059.0 = 31.1° 99.0 + 1.4" 1711.5 £47.4° 652.5 +16.3° 89.2+0.5"

Huava:

a-f o A o Y a o =2 a A "o VoA
’t‘]ﬂyﬁﬂuﬁﬂﬁ’mﬂuGluuujﬁQlﬂﬂjﬂuuﬁﬂqa\iﬂuﬂﬁﬂﬂllﬁﬂﬂ1\iﬂuf‘)ﬂ]\1“u

PV 111809 AANUHHAGIEA (peak viscosity)
TV M6 AANNIIARIA (trough viscosity)
1 <
BD 1318849 amsuanaatsveaiiauile (breakdown)
= 1 A Y . .
FV #1803 MANUNUATANIY (final viscosity)
=3 U A %
SB #11gnd ANNTAUAT (setback)

= ad A A .
PT i@y qmwnma'mﬂaauuﬂmmmwuﬂ (pastmg temperature)

U

@

pdIAYNINEDA (p < 0.05)
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v

% d'd 1 vAa L}
1NMTANYINaVRITHAaLaz T unTaeauianianuion 1aun
QUUYNITINAATN 1w F U (onset temperature, T,) guglgagalunisinawaln Ty
(peak temperature, T,) qmwgﬁqﬂﬁ'wiumaﬁm%mﬁiuwﬁ’u (conclusion temperature, T,) U

naaulumsinanain gy (enthalpy, AH) Tasnuvdeninms 1ianudeuunuiladng

b4
(2 o w

= 0o < g’.; A A 1 ~ Y
ned 133N 3 viafdumsesawnuliueznumsasumlasnnuieunuuganu
9 . - d A 2 A A = A A = &
39U (endothermic transition) NNHUA 2 WA FIWNAN 1 U T,< 100 LASWAN 2 LU T,> 100 53NI3
v [ Y
wasunlasanudounnuilazoudimsnalassai1uridouvstozii laauaz luiiu Tas

uanaluaisnan 4.17-4.19
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]
= =

v NAN 1 (Peak 1) NAN 2 (Peak 2)
yHANY P Gova)
T,(CO"  T,(0" N\Y AH (J/g) © T, O™ T,(0)" T. (O™ AH (/) ™
wenin 2.5 90434  97.7+03 1032+03"  0.19+0.1 105.9+0.1 110.140.9 1152440  0.08+0.0
5.0 897402 983+0.7 1053+08° 027+0.1 1072+1.5 1105+15 1145435  0.04+0.0
7.5 90.6+04  97.8+1.1 104.0+09™ 018+0.1 107.5+0.7 1102+12 113.6+35  0.03+0.0
$191 2.5 88.6405 977406  103.8+03" 027+0.1  1066+0.1 110.6+0.5 115508  0.08 0.0
5.0 89.7+04 977407 1042403 024+00  1062+1.1 110.6+07 1145£0.1  0.06+0.0
7.5 89.0+0.0 982402  1051+0.1% 030£0.0  1074+08 111.2+04 1163+02  0.06+0.0
Tileniniu (mugw) ND ND ND ND ND ND ND ND

9w a

aC o A ' [ Y a [ £ 1 A A ' Y 1 Ao a
HUEya: anyINUANAnU luLLIAuAeINULEAIINA IR aeNLUANA 1NN WB 1T d 1NN 1N a DA (p <0.05)

o

'
a

T, U909 QungisuNAaI1R 195U (onset temperature)

T, nunede gl gagalumainanari lutesis (peak temperature)

Tc‘mﬂﬂﬁﬁ qmwgﬁqﬂﬁ’miumﬂﬁﬂma1ﬁ"lumﬁi?u (conclusion temperature)
AH v3n99 naanu lumsinawarn lussu (enthalpy)

ND vingda lundia (not detected)
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a ua v Y X o g A a v 3 1913 o
13190 4.18 mJ‘UGWINﬂ”JWS’E)WUENLL‘]JQ"’UnﬂfJiJﬂmeleiﬂg‘ﬂﬂFﬂumiYjﬂﬂfmmﬂﬁumuuaﬂuiﬁumu

]
= =

) ) WA 1 (Peak 1) WAN 2 (Peak 2)
%uﬂﬁmu IEN']’L]! (3@ﬂﬁ$) 1 s s s
T,(C)™ T, (°C) T, (C) AH (J/g) T, (°C) T (°C) T.(°C) AH (J/g)
0 p c [ p

wewdn 25 90.1£1.5 98.0+04> 1029+04  0.13£0.1 107.04£0.0 110.9+05 1147+0.6°  0.06+0.0"
5.0 929451 98.1+04° 1028405  029+0.1 106623 111.0+£06 117.5+13° 0.12+0.0%

75 90.1£22  96.9+04” 101.8+0.8 -~ 0.13+0.1 1054+0.6 110.7+08 1157406 0.09+ 0.0

519 25 90.9+ 1.7  98.0+01° 1041+04 024+0.1 107305 11L1£0.6 1173+1.8° 0.12+0.0"
5.0 88704 972+04" 1029+08 026+00  1058+02 1103+04 115.1+08° 0.15+0.0°

75 914+41 ~ 985+06° 103.9%13  0.19+02 1071401 1109+0.1 115.8+08" 0.10+0.0™

TTainiu (mugw) 89.8+1.1  959+1.7" 1028+1.0 0.15+0.1 ND ND ND ND

v o

a-b o A ' Y Y a [ 2 1 A A 1 Y 1A @ aa
HUEya: ONYINUANANNU IULUIATASINUILEAIDIA N A TLANA1N LB 81T T EN YNWADA (p <0.05)

v
a

T, M908 gungiisunAaIR 15U (onset temperature)

T, nanede gl gagalumainanari luesu (peak temperature)

Tc‘mﬂﬂﬁﬁ qmwgﬁqﬂﬁ’miumﬂﬁﬂma1ﬁ"lum°1?u (conclusion temperature)
AH e wasau lumsinanain luessu (enthalpy)

ND vingda lundia (not detected)
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WAN 1 (Peak 1)

]
= =

NAN 2 (Peak 2)

iy P Gova)

T, O™ T, (°C) T. () AH (J/g) T,(0"  T,00" T, (°C) AH (/g) ™
Wi 2.5 92.0£12  974+00° 1028=04" 023+00° 1087454 112118 1164+13"  0.12+0.0
5.0 933£24 972400 1007+ 1.5 0.08+0.0° 1069+0.0 110.7+03 1144+0.7°  0.06£0.0
7.5 923400  98.0+0.1° 1034400 013+£0.0"  1057+03 110.8+0.1 1147+0.5"  0.09=0.0
$1917 2.5 932403  994+0.1° 1045+05 022+01° 1072216 111.5+0.1 117713  0.06+0.0
5.0 91.7£03  98.0+0.1° 103.7%0.1% 022%0.0 1068 £0.9 111.0£0.6 115.9+0.1"  0.04+0.0

7.5 91.3+0.0  956+0.5  998+02" 0.07+0.0° ND ND ND ND

Tileniniu (mugw) ND ND ND ND ND ND ND ND

a-d o A ' [ Y a [ £ 1 A A ' Y 1 Ao a
HUEya: NYINUANANNU IULUIATAIINULEAIDIA N A LA NA NN U I TId AN 19 DA (p <0.05)

'
a

T, U809 QungisunNAaI1R 195U (onset temperature)

T, nanede gl gagalumananari lutsi (peak temperature)

9 a

B}

a 9 a a o .
Tc‘mﬂﬂﬁﬁ qmwgnqﬂmaiumimﬂmam"lmcwu (conclusion temperature)

AH v3n99 naanu lumsinawarn lussuy (enthalpy)

ND n1e94 Tunudia (not detected)
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