1930887 NesaneEan - MIdszneudaeazMInaranvesaa sidanalu
ANUFURUS A UMIded e Ta1] (SELF-ASSEMBLY AND CRYSTALLIZATION
OF DEBRANCHED RICE STARCHES IN RELATION TO ENZYME DIGESTIBILITY)

P DXl o ) 9
mmsamﬁnm : ﬁjﬂﬂﬂ?ﬂﬁﬁﬁmiﬂ A7, ’Gj‘LlL!‘VH NOINM, 233 .

awv @ o 9y

dyd s A dy a =
nuIveliTagilszasmmewannanuhlaiuguvesmsifandn wazmsilsznou
o = @ a 7 Y 1 s v = o 7
anownudiey lanves Indwesuil luasazareth amssdandnneaaroiugh
uanaNAUIINANEIMSAANY MINaRanNan1IzgUHNIAIN MsMaRANNaN1IZMT5 NN

9 dy a = = L K
AIMUIDUYU Ll’d$fﬂilﬂﬂwaﬂL!‘U‘Uﬁl‘l/\lflgulaﬂéluﬁﬁﬂgﬁ"lﬂuW

a

S w A = g = . 9
ANIFAANIANNANTIUMANUIATIY (polycrystalline aggregate) MBlATA1ITYUNYI]

QU

A a =K A Yy 9 o a5 o ' o 9 =< a A
NN f‘lﬁlf‘lﬂWﬁﬂ“l’lﬂ’JHJHJ?J‘IJ“LMHLa$@ﬂ!‘lfiﬂl]@ﬂﬁuﬂﬁlguﬂﬁﬂ@@n‘ll@ﬁiﬂiﬂﬁﬁﬁwaﬂ‘b"l!ﬂ‘]J

£ @

(B-type) Tuvmezmanananianuduinuguazgungiigsildina lnssadawdnwsiiawe

Aa a A dzl = = Y Y A
(A-type) NUPUNYUNTHADNLHAINGIVU (100-120 DIFUE QLT L) sazdsuaudeaiunmiun

Y o ' v ] A gy & v g 4 2
g (3oEaz 52) MIAALIAoNIAIINITBVODUNI DAL OUFULAAI TR UMIINNIUYD
Y 9 =Y Y] v a 1 1
Psunawdldrumu WSuawdnduing uazguvgiimsvaonmiad uandaimsaaadluni
= kS o v y X d' ) = A o
PUNIAY UBNINUU NMsaaulsalenNuseusuuaaInslasuuilaslnssasuwansiall
< P A = 2 v Y o ) = A o =2 A
Wuriaenulsnawangavu Tunasanuiuny Iassasumnansiiad USnamanssuyiia
o Y] ' v AXg v & = ° =< Ay P '
wanadlagnsaaulsarenseusen matmaiy limudimshatenani liauysal mane
o = ] a a A 4 a = A = d‘ a ,3 1
A2veHan vy tagmswsuay IansenNuauysalvesdunasanIenanInavU U lusEnINg
o y & da 2 A oy 9
M3FNEIANVFoUTFUNTHA TuMTIuMT AL 91N IU
a a 4 1 v A = S I
NYANTSUMSINARANVOIAA1T T IuFIIMIAnnNarmsuNNNUsavewdaay
a 1 [ a a o A 4 1 ) a
gangiuanannulaasisaeu lagmaiianisnsziaessdmondyuninaninuvnasdutiaag
FUIATATOUIFIUIAT (Time-resolved synchrotron radiation wide-angle x-ray scattering)
o (% = . o U A a g a 4 a =2 =
HUUDABIaNNTONI I (Avrami) W 1% 1WeUATIZHAINITINADTVDINITINANAN AN
I~ [ ] Aa ] v A [
TG eadunazaun (exponent 7 and 4 WU MFAANEA IUEIIATAANI IATUANS
o 1 a a = I a a = [
avvayulasag Tseiiey tazzluuvesmanananiumsniyay Tnvoawananyus

ABBLNIETY (rod-like) MNTHUATBALVUNTZI8 1L HOU (sporadic nucle) TuvazAnITIAA

=3 1 ] Yo o 1 g}/ Aa a a = I
Wafﬂ,uGIf’Nﬂ"Ii’lJﬂJ"lﬂi‘]Jﬂ"liﬁu‘]JﬁlguIﬂflﬁ"lfliglfﬁumllﬂTﬁL’ﬂﬁiUuLW]JT@]"UﬂQWaﬂlﬂug‘ﬂ‘ﬂﬁﬂ

] '
S Aa o A o

I501AAANAIBINIG1INITOARII (disc-like) oANHANTQUMY LM DG WA AL

E]

o S A a3 o
ganeldsinsaninnuauisavesdaivaanylumsdsznouiluailes lay

v
a K

~ 7 A o A s w Ao
mwﬂgllamﬁmyjimmmmaﬂymzma‘nﬁmaﬁ (Maltese cross) wﬂuﬁms%mmmuﬁﬂmu



¥
a =

1 a A a J . . Aa A g
"’IJ'EN?T'IEJT“HEJT]WL?(HQQ T%mé!mﬂmuaumumai (sintered-like) NUWUNIVIYTU Nﬁﬂ‘]&lﬂ!gllﬂi
4 [ ] [
WIUAUNLUVVIN (positive birefringence) HAZN1TIAIF 89818 195 1ULUITAT (radial orientation)
a S o A a ~ o idad A a ~ a I8
mannamsraanseziilaage amiilog lavvualngddnuaiGen Tlusvsasuinuvau
[ 1 14

(negative birefringence) Hazn15IRaiseaae Ta lunui9 (tangential orientation) A599NAA5 Y
v A v = = PR a 9 = A ada A = =
AANNVTIIUUHYD mwEJ;;]lla‘i/l‘vmﬁﬂwummmiﬂimiwWaﬂ%uﬂUﬂuﬂimmwaﬂgmazu

a = o ' < = ' S o A g =
NHANTIUNITHADUIHN ALV ULRYIINU fJfJNlliﬂmaJ mil\lﬂgulam1ﬂﬁmiwmﬂwnmumuﬁm

v J

9 ' 4 ' = o J o A a = o o
ﬂ'lﬁgnu‘l’nufnﬁﬂ@ﬂ%’]ﬂl@uq‘ﬁNQ’Qﬂ'}']ﬁLWﬂEUlaﬂﬂ']ﬂﬁ@nﬁGﬁﬂﬂﬂﬁﬂguiaﬁQ\?“ﬁq’E]’]Eﬂﬁllwu‘ﬁﬂﬂ

o A ] 1 = &l a = Jd
M3sdaisesans T lunugg ﬂamuuuuazmmwﬂmmwummmmﬂag‘la‘ﬂ

s una lulago s Moo Y¥INANEN

a = A A o
ﬂfnﬁﬁﬂ]%n 2557 aTﬂﬂJﬂ%ﬂﬂﬁnﬁﬂﬂlﬁﬂH’]

A A s 1
aTﬂﬂJ@%@@T%Tﬁﬂ‘ﬂﬂ%ﬂHTiﬁu




WORAWIKUNYA KIATPONGLARP : SELF-ASSEMBLY AND
CRYSTALLIZATION OF DEBRANCHED RICE STARCHES IN
RELATION TO ENZYME DIGESTIBILITY. THESIS ADVISOR :

ASST. PROF. SUNANTA TONGTA, Ph.D., 233 PP.

CRYSTALLIZATION/SELF-ASSEMBLY/DEBRANCHED STARCH/RESISTANT

STARCH/SPHERULITES

The purpose of this research was to develop a fundamental understanding of
the crystallization and spherulitic self-assembly of starch polymers in aqueous
solution. The rice starches from four different Thai rice varieties were used to study
debranching, isothermal crystallization, hydrothermal crystallization and spherulitic
crystallizations in aqueous solution.

Debranched starch was crystallized into polycrystalline aggregates under
isothermal crystallization. The crystallization at low concentration and low
temperature favored the formation of B-type structure, whereas the crystallization at
high concentration and high temperature led to an A-type structure with a higher
melting temperature (100-120 °C) and higher resistant starch (RS) content (52%).
Subsequent annealing or heat moisture treatment (HMT) showed an increased RS
content, relative crystallinity and melting temperatures, but decreased enthalpy.
Furthermore, HMT showed a transition from B to A-type structure with a higher
crystallinity. In contrast to B-type crystallinity, the coexisted A-type crystallinity was
reduced by annealing. These suggested the disruption of imperfect crystallites, the

formation of new crystallites and growth or perfection of nuclei/crystallites formed during



hydrothermal treatment resulting in the enhancement of RS formation.

Crystallization behavior of starches during debranching and incubation with
different solid contents and temperatures was investigated using time-resolved
synchrotron radiation wide-angle x-ray scattering. The Avrami model was applied to
determine the crystallization parameters, n and k. It was found that crystallization
during debranching was favored by extra-long chains and the mode of crystallization
was rod-like growth from sporadic nuclei, whereas crystallization during incubation
was favored by short chains with a preferential growth into rod-like or disc-like
geometry when crystallization at low or high temperature respectively.

Finally, the ability of debranched starches to form spherulites was
investigated. Well-formed spherulites exhibiting a Maltese cross pattern were
obtained in debranched starches which contained a high proportion of extra-long
chains. Sintered-like particles with rough surface, positive birefringence and radial
orientation were formed in debranched high-amylose rice starches (DBCN1). Larger
spherulites with smooth surface, negative birefringence and tangential orientation
were obtained in debranched waxy starch (DBRD6). Both spherulites showed a B-
type crystalline structure with an exceptionally high crystallinity and a similar melting
behavior. However, DBRD6 spherulites exhibited higher resistance to enzymatic
hydrolysis than DBCNL1 spherulites. This probably associated with tangential

orientation, compactness and smooth surface of spherulites.
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