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= ﬂ = 7 a A g/
oz luTamaAudunedwesiFansvesnglng Tavilszneuda glucopyranose
R SN TV S Ca o ' -
unit IFOUABAUA WYL (X-1,4 glucosidic linkage AWMU Ive9 glucopyranose )9 20-30
' o : 4 4 4
wielagdszinaazlsingdumisvesmen vy Femovea OL-D-(1,4)-glucopyranosyl unit
WIHONABNA UM C-6 hydroxymethyl 49409 IAARIONUTE 11,6 glucosidic linkage la®
e s g . a1 ¢ o o =S .
WUTE (-1,6 glucosidic linkage ia:uagﬂsizmm41‘1Jﬂmmmmﬁﬁmm glucopyranose unit
= qs;, Qs P = =t & o ot et :& ar
TuesluTamaduitmue dwansluglii 2 oz luTamedududnilnedwesiiiin
a o a deict a . ad w
Tuanauniigaludwmannedwesitieg1usssuanA (Karim ef l., 2000) Taviiihmin Tuiana
MY 10" Aradu uaziia1 DP (degre of polymerization) 71919923107 107 ming laa

(Copeland et al., 2009)

Cr0I1

side chain «---

& i () l & 6
CH,ON H CH,0H

main chain

O Ol

31 2 Taseadrevosluanaey Iulamadu

G

i Herrero-Martinez ef al. (2004)

Y Iy “ o o et 1 =t =
iiosnnes lulamadudunedwedifvuialng) uazianmiuiags
= - a A& e Y e o a
nsannnuiuisveses lulamadu Sedududesiinisuenilszinnvesdnuuszives
oz luTamady Tno Hizukuri (1986) 181a1B cluster model (3171 3) fisau lu/des Tu Tamadn
n’j o ot P =t ' = o 1 o o 4 b
meauniimsneduiluindorguazinodloasuogmolundaines (cluster) Falaseadia
ar L4 1 { W -y
vosndmansiztlszneuldedmiduninuazedugiu lunsesuisTasadraves
a ' ] . 4 ' q’;
oz luTamndu Taousao ey polymodal Usznoudasais A (A-chain) Faiiumolafidu
g (DP 111D 6-12) WeuredumedunA L uReId I usy 01,6 uazlififudeude
b4 ] * 3
penang layiiail daude B (B-chain) (Yumolaniime s A nSomeld B Sudeilun

1 i té 1 ¥ 1 i ¥
E)Q‘quﬂﬂicb’ 9ae 19 B mmsmma@amfluﬂquaau Bl, B2, B3 uay B4 TAon 1541
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z%uaéﬁ’ummm’mmmﬂ%}uaxszwmwmﬁé’mm{ Ty B4 ioudofi 4 ndmaes (DP
W 104-140) B3 ioudefy 3 Adaned (DP wify 69-75) B2 iouderiu 2 afmans (DP
WA 42-48) 11az B1 (Foumeiu 1 AGTADS (DP 11t 20-24) (Hoover, 2010) 1Az 10 C (C-
chain) Lfflumaicﬁﬁ5’ﬂamnﬁam€u‘luueiazimaqammaz"lﬂama?m Falsznoudiony

A% 1 qu: (Whistler and Bemiller, 1999)

B chaing

:H>i\’£h_nins

% P

-
= 1

b= e gl Pl - I
Vo

d‘ o 9 Q' =
517 3 nuusiaeslassaduuufaveses Ju lamaau

117: Robin et al. (1974)

252 audAmulasadn
1 s o <
2521 3151 dnMazuazvIAvRIAaM Y
e ! o ¢ o o
a3 ygnazaueglugueaulaaniy (starch granule) AUVUIALAN A1N50
A @ o 4 ¥ . . !
asvneuifiondnuazvousiaaniyIauld Scanning Electron Microscope (SEM) lavgaling
[ o t 1 t [
AN AZIAZVUIATDITATFNNLAAZ LT AILAIIIANANAY
s 4 e w A dsd 4 o ¥
ansudanSouiatiuiyilideamssuinaan 11nms 1y SEM aseey
o o o o =t oo L4 =1 = a 1 o
diagaiyvesanii sudaniTon nududagmivveuuaanGouiigdsednyuzraie
o = @ =t w i U 1 o LY .4 -4 o 1 o =
mao (polygonal) ImssaBuemegiiiungusuAniiuaniiyonien Uil 4) waamasy
1 " o
wuamao 4.3 1uTasias (Tongdang, 2008; Oates and Powell, 1996) Tavtivinalndnesny
<1 4 24 =) o v oo o
dagassanion .4 Tulaswas) (Aboubakar er al., 2008) HANYUIAANIUNUATATIFIIN
o 3 <] .
$11haz (6.47 TuTas0uas) (Tongdang, 2008) an13suaauyy (10 TuTaswas) (Rengsutthi and

Charoenrein, 2011) uazd2¥92 (19.7 T TA51uA5) ( Chang e al. 2006) HAAIRIZH 4
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(a) (b)
i 4 U5 9veudiaamisiididavens 1000

(a) A5 3dANE U (Tongdang, 2008); (b) A¥A15HFBN (Aboubakar ef al., 2008)

2.5.2.2 Tassadavewan
<] Jd o 9 = ! 2 a I v @
daaa1syi Taseadrailu semi-crystalline  F9RAINNITETIIAINUVDS
a i [l ~ 2 1 ~ o <] a 4
oz luTaauazes W lamadunaluduiidundnuazdwidlueduguvediadasy amiy
a =< J "o ' @ o o Yy 1
figtuuundn 2 wuu YuegiunnumuminlumsiasssdvesTuana Taud uuy A uas
\ L { 0" A 4 = J
wuy B uazminranegludnyuziiminseniieuny A uazuuy B szGoniuwy € lay
Taseardrandnuuy A inssaisvadveses lulaauazes luTamaduedianuiuiving
4 - L ‘ d d -
iiosnnii Tuanavenintosunn (Fester er al., 2004) Faiifios 8 Tuana luvszfivuy B i
' v
msdaBsafauuMaINY 1onil lumanaveninnnndl uuy A 6136 Tuanasgasinang
‘ d e & -
youwad (Buleon ef al., 1998) anIAagiil s damsnsvaeugiuun lnssadunandloaios
) @ a @ [ ¢ dela
XRD dmFugduvylnseadrawdnuuy A wiianmisinimvesisdendisoniin 152, 179, 18°
waz 22° 26 wu'ldluuleninfayite daugiluuyTassadrawdnuuy B iiamsvinimyesiad
¢ o = @ 9 Y a ~ @
PAGITINTA 5.5°, 17°, 22° waz 24° 20 wuluudlannienia wazadae uazdunANISGER7
naufusEHALY A uaz B 2wy dadfugiuuy Taseadawdnuun C fianmsinimuesiad
¢ daa Y
AFIsEnRn 5.5°, 17°, 18°, 20° waz 23.5° 20 wuluutlenniraseQaia (Sajilata et al., 2006;
i 4
Zobel et al., 1988) UBAVINTHINHANUUY V (V-type starch) Wudnvazveanmsiadiu
a v @ Y 7L a 1

msdsznoudedeusznines luTaadunsa lviuuaz TuTundwe s Fufaluszrinms

a a o [ d a o =
Aawari luessu Taonyliviesluaa1ssdy (Buléon er al., 1998) Asg1h 6

FUNNUANENTTUNITIVEUNIT R
WAy AIINE

ST S 1.9 4.0, "2555
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A-type B-type

a y = ¢
319 5 guvvlassadrnanvesamiisuuy

131: Buleon et al. (1998); Tester et al. (2004)

y v
@

nailutlanii lnssadundndsdues Idansuzvosdnunsalaunsudraniy
ieenn Inseadnveandnnareiueei I dnyaenInsLaIoAI1v0Uas Xay  A19NY

'3 H v @ [ . [~
(ndrausenuazineqa, 2550) Tuilegiiuds hinusrwaunisinnglduuy Tassadandnuedia

o o =
ﬁmiﬂmmmaﬂmwu
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=

o~ s

o
et

: o = I's
3UN 6 anvazausalaunsuveslasea 1 awanvo sam s

£

17: Zobel (1988)

2,53 audinwanim
2531 MaImswasazmsazay
-4 o o ot o os
meludaamssiimoveses 1y laauases luTamaRuiGsamvnuduay
wiedl uazidaz ez Aagadiudoiusy leTaswunnmleasondavesng lnaveausias
ot 1 1Y o Yt o 9/ ¥ g “ od .
aeiilade fu i ldiidnymzadsamuazidulnsead19fing ws wnn (Leach er al, 1959)
A 7 g J da R, 9y 3 . ¥ Yy s
iie Tuanavesaasveg i iilinnfuwounas 185uanuen denalitlassadawinuan

'
P o A

@ N
aammzTmaqammﬁwmmsm%’mw%’uﬁ’umﬂaman%aﬁzﬁuaaszamummmﬂﬁ'u'ﬁz
4, o v g 7o, e FO S
Tolasungnihare 1l Wuwalifidiaamsmaanisnesiuasmsaz oy (Singh, 2003)
o ns: @ & g 1o 4 o o 9 3
AUUMINDIAWAzMIavIeIUBgnUosalsenoumeludinamisuas Inssa v usia

o & 4 ~4 ' [ =N =3 s
amsy Feesndsznounteludaamsy 1dun Ysmaes lulaa o' luTamanuuas 1y
. o ¢ b
(Tester and Morrison, 1990) mmmngﬂmmmmmmw (Kaur et al., 2004) 53UN9A1U
=1 ar [ - v w = o
vvnswazpudnyuz s aumvesluea MdluanuduiusvesSunaes u lagvosaaise
b
R o o o [~ o = 'Y @
(Akanbi er al., 2009) MM IHDIRWBLLATM I VIzUanuilulS1nasHS e MITnVBIaZ no U
Ay v A = v yyY 1+ oA g2 . Y 5w
utlei 18 ieudlainmsnweda Idedredase lurhder wminudauousle Fmsuanvasoly
b4 oy Y o qa}l 4 1
msﬁzmm:uamgﬁmaaawaauwnm*uwmmwnﬂ‘iumsazawﬁmmmazmaag‘lu
H H t oy Y d:‘s ¢§ (Y o M 9
dwladiwenWaoimidnutlasudu §iinsed 18 Taoassnnmsidulaliildtaay
0‘2 :‘ o o 4
Fahwin (ndwsed uaz hega, 2550)
Tongdang (2008) l&¥nsdAnudidenmsnesduazanuansalumsazais

o o = g o <t =t = @ o 3 o a '
mmamwmaﬁmﬁﬂu wamnlmmmzmaﬂwmﬂwnmauﬂuﬁmsmuaﬂmwm WUN
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a 3 1 =3 4 =% v =% =Y 3

IWHYHOYIIALTD lﬁaqmﬂ{l‘MQQﬂ’ﬂ 75 o3RIy llﬁ&’ﬁwuﬁlu%uaﬁ 95 @Qﬁ"lcﬁalé}dmﬁ
; S od e ¢ d P { ;
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a < ‘3’ i o 4
gungll 558U 75 esrwadon Tavaiiniuec1esais wiaamail 65 iy 75 earmiraden
[ 3 g o o T [ ' o A :3’ ¥
dansvuaainhasazmtavyLIzABYazaw0i 19917 LANTATMITAR LA LDE
o g 2y =4
FIUTIMOHAIQUNYI 75 Daruwartye
Oates U1a¢ Powell (1996) fin¥imidsnisnosdanazauannsolunmsazaly
¢ =] =y =) as o o [ ° T o a
yosamirnaaEousuisuduamsrnmaauziae 1z vyuuazile nud Masms
@ < < =2 o =) =4 a0 s oAb '
wowrhveRmS ARG ouTigun gl 90 verimaiFoa Aniuiily 100 nlesidud Fagenh
4 < ' [ o« g a9 o P
AT ANz gy §1lonaziny ARy (46, 40, 32.4 uaz 209 Wesidud) Tuvaeh
o s oA =y 1 ]
anumisalumsazawvesansynnaiafiguunil 00 seruwadua ogluzag 18-22.5
o
wasidud
Mukprasirt 110¢ Sajjaanantakul (2004) ANYIRIRIMINDIR UATNITaZAY
o o _- o (= P 97 4 =1 =1 o
youlanimanvyuitegluziwarisninnms liden WarsnuauiuagamsnSoudoudy
o o 9 v = = ks L4 < o
anssaaulin1anTm wud Nguvigil 85 osmaiua iasuazamsvdavyuiids
v o 1 ¢ o y & ¢ o ¢ '
MsneIAIMINNAAIT¥ARNLIN1INTA Ferlariswaaviuieglugilansonns luden
¢l 3 o W as fow @ 1 @ @ f
Waniivauiatazamislididiminesdaniiny 932, 8.61 uaz 1054 n3uAonTuAIE1S
o w ' o W o o =1 o '
iy ruReIfuduaNEmmse lumsazmeyeada1ds uwazamssaauy U
¢ ¢ o a 4 'y o
anivaausnansi Taslanswaavyuiegluzivanininms lidlen asivauds

o Y & o a o
sazamssiaNuasalumsazaiomind 19.64, 17.08 ag 20.59 WesiFua audiay
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2532 anumila
arem ot o w ' o L4
anumilaiiluauiditanuddavesutlwazinanonsiialy1dss Tomd
+ 3 I
umsdanudunilaniomstanie (Wickramasinghe et al, 2009) tiioviwtlafiinsle
= 3 os), [ oy o o d o

anufounaziimaniufaiuiudwalfiiaaminianiswesiiunsziuilaaaiisuan

< £ 4 4 Y o= o =]

pen a1 luagass lulaavgasenun suhldifanisnlasuudasvesanuuila

(BeMiller, 2007) YagiiumsianmisnldouudasanuuiinveauthiisnldinTos Rapid Visco

1 ¥ 1
) & =)

A ay aa = - @ P o q Yy d Y
Analyzer (RVA) cﬂﬁum@ﬂ‘ﬂ@lﬂ3@Q@J@uﬁ]UTiﬂlﬂaﬂujgﬂUQﬂlWQn ‘ﬂ\iﬂ1§‘ﬂ11ﬁ§@uua$wu1ﬂ

14 '

3
ptaiud1 wennniaunsasnguugiiliailunsnanssaiuuaz 19dedalulFinn

¥ & 3 Vo k4 s oy Y :‘3 =t LY 3‘ o 24 '
uay maumﬂﬂﬂiummsau%gawnmuazwaammmeﬂmgw ‘Uﬂl%ﬂﬂ’)ﬂu‘lﬂmﬁﬁﬂﬂg

¢

o ¥ o A 9 a S @ o 9 ¥ 4
souq aadssasimlidiauilandon v ldun ullsssifanai sy Snamldanuvile

L 4 @ A & N et 4 q o v o A
WHYUIUDIIANUANUNUAFITA (peak viscosity) Gmfflu%ﬂmnﬂuﬂmmﬁwmmmw s

4 3

¥

- P P 9 A A dr A = = o q ¥
wuganginaginiIniunielAusuRon (shear force) HinshiamiladeluBnasiinaiile
Tnssadameluuanesnilinanumiiaanas unziiionngamgiineeziias Insinswdy fina
13 Y =] = g a & A Ao L) w 1 =
ildnnuiiadistudndadunnuniaiiannnsiaisesilniveslmanaes Iulaad
o bl 51;0—‘ . -
azmwoannnndautls dnymzuensmaimilaiTadas RVA (Newport Scientific, 1998)

taRaAegli 7

400 100

Temggratme curve
— 7 ! \
) Peak viscosity
F= ;f’ ‘n\ Final viscosity -1 80
o 300 e \\
o) / . o
o 7 Breakdown QO
S ;’/ Setback | gq g
©
‘& 20047 - §
o Minimum viscosi ]
© Y f40 2
>‘ E
-~ i <O
g Pasting b=
8 100 + temperature
2 j 20
= 5 Peak time

! /
»
o P 0
0 4 8 12 16
Time (min)

U 7 dnvasmsnfdounlaslus Idanumilavesaass

A Copeland et al. (2009)
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Tongdang (2008) Anguantad1uaNuniavesamsyiasaldnnmsa

v '
Yttt A

] g o a o = =t = w
wa ldndinauvesInvauiia fo wiasiaz wanvyuuazuaasounlisumouny

o 3w 3 4 1 1 o N = o
AMITUARTUTY AI01AT09 RVA w1 agamgiluninifianati luedu (pasting

I's 2 @ = o o a ot 9 et o Ve ' o
temperature) YOIAMIBHAAD UL WS TS WNAANS ol IndiRseTunad n ety
o ¢ 2 o 4 . ) ¢ w
waavyuuazamsviansazigumai 74, 76, 86 1Az 82 s alFod s ey 1AM
{ ¢ w ] 1 1
wasuudasanumilavesanis ¥t Wy AANUNIAGIA (peak viscosity) YoIAAITa
g o a 3 o o <
wann 1y waaihag waaySouazmanuyy Ao 5089.2, 3307, 2847 wag 2705 mPa s
o @ <§ o c?; 4 =y ¥ 1 v 1
MUAINY FIANUMTAGIGAVDIAMS ¥ TYIAT 92 TANUUANAIIRY 9INHAYDIAIAIL
A n’: A <1 L4 @ o = v o 9 =1 = [
HUATIZAUN Woadas¥nosdIgeganvziiamsuandvih lianumilaanassoniim
o ! ) & o ¢ & o d
ANUNTIAAEA (trough viscosity) mmmmwﬂ’mwqmlmamsmuamwﬂm:uazmaﬂwu
AEAUIATIAIANIIANA1IY09 Break down oyimsangangiing nuinmmilaves
S e .3 & = e @ 1 ciyz:l ¥ 1 = b4 . .
AMI VAUV 1UDI91IN5AAS INsNaAd 3291500 Anumilagaiie (final viscosity)
& ¢ 4 & oam a - ¥y a N s d
FIAMNITVUAANIVOIAIAUNITAGANIG AD 4232.1 mPa s AnTuudraaimmdauyunaz
[ = =4 1 g/ ST ¢; 1 L4 a4
maanEouzinmnuAons NI 18 ms1zTA1 Breakdown An a3 sainaue
flviviidsnalimanuniiagaga masumiladiga annuniagate i
MIAUAIAZA Breakdown Lana1fy Aodadiuveses I Taauaze: Iy lamadu yu1auns
o P o ] o A~ y ¥ I &
Waaa15 e Usuia lusiy mslganudeugenseiinms Iusainann (ndased uaz ihona,

2550) r

2533 Msinaa1n sy

¥
- T -

= o o = 4 | oy i
wari huadu lunssuaunsiieduilediaamiveg lushiinnwouas

.
<4 o

had é o 1 o £ o @44 @f 3
ldsuanufou fannnszunumsdananififadnvasiindy feo wusy laTasmudams
as ° =1 Voo 4 o Oy o Y = o &
aaeaazgnihme dna lddlaamiyaunsaduny Tuagaveuii Ififaniswesd &
Yy o 4o, o s - v g &
lassadremdnvouiaamiviigniimuazdiaanisvuaninalios lulaaaeduiiognily
o o = 4
waamsyngaeenuaziianNunilalugdvosudlaTloniu (Tester er aZ, 2004) 910
Ly = o r:gia [ 3 oo P 1 24 et
nizvumsianait luaduiidmaldidanisulfounlamain o fo magadenny
=4 = 3/ = are o o . . -
Wundn Soih it gyduauiamsdassutnasInalsd irefingence) msildountas
WAIIUUAZ UL (Donovan, 1979; Hoover and Hadziyev, 1981; Jenkins and Donald, 1998;

Waigh et al., 2000 Hoover, 2001; Hoover, 2010)
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= 3/

wlaguuilaq Onset, T,) Argamgiigaga (Midpoint, T) f1gungiiganig (Conclusion, T,) 1y
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ANEIUOUNIRY (Enthalpy, AH) (Hoover er al., 2001) Thdehiinadonisinanaid Iy
- = [ W o 4 5 o = o
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=y d o ¢dy = =4 ar
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