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Effect of molecular and crystalline structure on phase transition
behaviors of rice starches
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Abstract The objective of this study was to determine the molecular/crystalline structures and phase transition properties
of starches isolated from six rice cultivars grown in Korea. Apparent amylose content was highest in starch obtained from
the Saemimyeon cultivar (30.8%) and lowest in that obtained from the Sheonhyangheukmi cultivar (20.3%). Starch from
the Saemimyeon cultivar had a lower proportion of short chains (DP 6-12) and a the higher proportion of long chains (DP
>37) than that seen in other rice starches. Saemimyeon had relatively higher pasting temperature (86.5°C), gelatinization
temperature (72.1°C) and gelatinization enthalpy (14.2 J/g) than these values found for other rice starches. The onset
temperature and enthalpy for ice crystallization of rice starch ranged from —27.1~-20.2°C and 241.1~264.8 J/g, respectively.
The ice melting enthalpy measured in excess water (67% water content) of rice starches was 282.4~310.1 J/g. Among the
rice starches examined, starch obtained from Sheonhyangheukmi, with the lowest amylose content, showed the lowest glass

transition temperature (T,).
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2(Oryzae sativa Ly 4, 559 3 AlAl 30 2HE2A
F8% FE A F9 shiolH, HWte FEE F2 AH|FL
AT HAE o] w2 AH|siEe] ookl 2 AAEe] A
T2 Al SEEtellA] A Amjgre HES| Sk Qe
FAlolth AZF 193 & AHjER2 1980 120 kg, 2009 74
kg, 2018 61 kgl ® FASA LAhdte FAS Holw o
(Lee, 2013), & AYA=F AA] 1988 6,053KE, 2008 4,408
£, 20184 3868xES R AA #hshs FAHE Holal Ytt. o]
oF 72 Ze] AmlE gl AAEF Thao) wet & AHEXS 9
3 &S ggste] oeke & 7RRAE N 2 IFUPR] dE
Arro g AAh= Heke]l @77 JThKum, 2008).
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A AR o]FoZ] opd 23l (amylopectin)> 2 =] U
AR HAFA, T4, BEA & oSS S22 7HAE
ahdell AREEISL Stk olefst AR 7T BEAES =
AR ABFx, obdRAs} ofd2AY H|E, opdRAY
5o 93l YF2 W=tl(Jane 5, 1999; Ong$} Blanshard, 1995;
Vandeputte &, 2003). 919} 22 Ao gt +x 54 +

4F 2% 9

B2 AFAGe 8 2 HAS MRS
g gt & EF A9 S8 mlg- S8 Aotk
RS opdZ 2ol 71Q1H A% B A ol RRHo
2 old=zHEe 70" AFAEE AW FEE /AL Ak A
A GTe S (meltingyddS YERH, 88 J9 &

©](glass transition) &’ LERHATK(Biliaderis 5, 1986). "3
o] @ 1&}F Hol9} 23k Mol v ¢ Ao, 12F Aol (first-
order transition)= 12} HliEo] BA&A 0|, FE-S YeRl= 2
o] oz AFe] FH Z WIS UOIE meltings} crys-
tallization &’go] EA|ghc}, 23} o] (second-order transition)y= &
B (heat capacity)?] EAEHHRI WSS /HAE FFLE 23} v
o] Ed&oln, o] EXEA 7] Wl f2HelE 23}
Hel&2 Aosh, 12} Ho] T R R 2% 4o &
FEFE A= AR A UTHRoos, 1995). TR HE
R A, AR Hol2E)lA 5435 2EE 95 HY =2
A5 24 3Kice crystallization) F/go] doAUA Huw, 2=71 4
Wel7kaA o Be 45 dHol AP, J 442 sE7F
=obd Bk ollgt HE T F7ksHAl EthBlond?t Simatos,
1998). Franks 5(1977)2 54 55 ¥ (freeze-concentrated) -§-2<]
freldo] & (glass transition temperature)S T,2H3l 9] &F3aL,
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ol WE2FNA vIF A (instability)®] AR 0] =L #747]
7 EAMN 293 9471 Fdy BEITHRoos 5, 1996;
Simatos2} Blond, 1993). 4% FE-AEA N = FExo] ¥
ice melting?} B-2A% (ice crystallization) o] &go] A 1}
EPdtHRoos, 1995).

ohekek AiEe] olgteA A tigk Atte sl 2
Ha o, Fulist & FFo wE Ao Ex 9 A+
S0l el B4 mAle dFel digt d+= A9 fle=
Agola, 2 ] z3} ¢ =slEAY gk At ey
Aok FE WA dedy IH2Ee fEdle]l 2 ¥
freezable water $F&Fo] A2 ThE2A Yelgted], o] ofdZX
shagol] 71918t A= o]} 712 EAAME A 9IRS o
&3 7 E FEC 9FE = F ATk B vk(Srikaco

TN

Al
=

g M=

2 AR AMEE 7F & FE0 EF(Hopum), SHHF
(Hangaru), 47§ (Seolgaeng), TH:H(Dasan), 7] (Saemimyeon), A1
3FS5.1] (Sheonhyangheukmi)= 57187 (Jeonju, Korea)oll A =&
wokt), AL W2 =gH AASZHE Lim 5(1995)]

Qe AW AHgl welsach

d87| ofd=A e

o] Ary] opdR 2 I Willams 5(1970)2] WHE ©]
st St ZR7] ofdEA TS 46| fa ¥+
EZ=Z potato amylose (Sigma-Aldrich, St. Louis, MO, USA)E
ARgslRen, AHE AlE(10mg)el 05N KOH (1 mL) &4%
H7keled 384171 & 05N HCIZ Folabith. A8l 89
= A9K02% 1,+2% KDE H7FskaL, 30 3|8ted, 625 nmellA
spectrophotometer (Optizen Pop, Mecasys Co., Daejeon, Korea)s
olgsle] FHEE ZHent,

OlUZHEIC] #X| Ats Ho| BE

ohgZHele] BX] A& Zo] 3 (branch chain length distri-
bution)+= high performance anion exchange chromatography-
pulsed amperometric detection (HPAEC-PAD, Dionex ICS-5000,
Dionex Co., Sunnyvale, CA, USA)S o]&3l] 4513t &3
B AE(10 mg)E 90% DMSO 2mLel BAMA|7|3 S5 A AZFE
Z, wakle] sulel dFEHE 95% TS sl AlEE
HAAAAY. A" A]EE ©A] 50mM sodium acetate buffer
(pH 3.5)°] E4FA|713, debranching enzyme (isoamylase, E-
ISAMY-500U, Megazyme International Ltd., Wicklow, Ireland)
< 5uL JF7tste 37°CelA 20A17F B9t RESAIH T WSS wh
A &= nylon filter (0.45 um)E 53l 34315, HPAEC-PAD
10uL FY3ate] 43kt ol 542 150 mM NaOHS}
500 mM sodium acetate/150 mM NaOHS- 0.5 mL/min&%= =
FQ3L, Dionex CarboPac PA200 Z¥(3x250 mm, Dionex Co.)
< ARg3te] AT

2

ZH7x EM

AR ARYTERE XA 387 (Xray diffractometer, EMPY-
REAN, Malvernpanalytical Co., Malvern, UK)S ©]-8-3}], Target:
Cu-Ka, filter: Ni, scanning speed: 5°min, voltage: 40KkV, cur-
rent: 20 mA, 3EZE(20): 4-40° B SoA EA ST AT A
7 (relative crystallinity)e Aoz XA 3|HFHoZRE ALt
319 th(Nara2} Komiya, 1983).

Ho|AE HE S4

Aol so]2y HE EALS AEHZRA7](rapid visco
analyzer, RVA-4D, Newport Scientific Ltd., Warriwood, Australia)
£ o]&sto] BT RIS 7% (wh) AER-EAE 50°C
oA 1EZF AAE &, 95°C7HA] 6°C/min SE2 71E8INAL, 95°C
oA sEZF fAISIATE ©] ¥, 50°C7HA] 6°C/min HFEZ Y7}
3L, 50°CelA 287 FASREA HE EAS AESISIH Holx
8 HAE EAL o] 282 %= (pasting temperature), 3 17 = (peak
viscosity), 7d8Hd % (breakdown), XWHH = (setback), 2% = (final
viscosity)E 73 33T

o] &4

A R-0] Ao (&8}, F2lH0l, ice crystallization, ice melting)
EX& A xFAME #A (differential  scanning  calorimeter, DSC
4000, PerkinElmer Inc., Waltham, MA, USA)E ©]&3}e] 243}
Aow, 2H A2 HM(stainless pan)d] ZHES SFHFFY HlE0]
127} HEE ARE 93, UEste] FEEES 8 2ol
A7 FRE AAAATE B4 270e sColA 187 AT §
5-150°C7HA] 5°C/min 52 71938le] 4L thermogram® & &3}
EAS 439, -50°C7HA] 10°C/min 22 WZsle] ice
crystallization54]-8 #4113, thA] 50°C7HA] 5°C/min =2 A
7F83ste] Feldolet ice meltingEAS E433513 T

SHEY
BE A¥L 4 33 ol At Had EEHEAE U
BRI, EA1E242 SPSS (version 12.0, SPSS Institute Inc., Chi-

cago, IL., USA)E o]&3ale], 41 33| o) vk =43 43}
well gl EAHEA (ANOVAYS: Alatslar, AlE7ke] fo4d A
A& Duncan®] t5H] 2 (Duncan’s multiple range test)Z 95% 21
oA AAEHAT

=t

Z47} ol D=

=
EHY| ofHEA FHE
67 BEZ U HES oldzs FHEES Table 19 YERTH
3F, SWIE, A7, okl AEksm)e] Ry opdaE s ke 7t
Z} 214, 248, 219, 225, 203% oo, ol F7+ ofdE X~
S e AR ERED. gutgos AR opdas g
ol we}f 2% oldh= waxy EFY, 7-20%= AoPd R, 20-25%
7t ofdE 29} 25% oL IohUE A A7 BRFETBao
S, 2006; Wani 5, 2012). & AFo)A] th& F=o vlal 304%
9 £ opdEA SHFS Yl AlR[HE 201470 TLY
2 E FF0E ofdE2 ghEo] 26% o oR wol AW
7hagel Attt BEistth(Bae 5, 2018). Tukomane®:
Varavinit(2008)2 o}z ke i o] 33} 2 »3) Ax, 7
L2A4), A B4 Bl 9L vt Raskgih

e
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Fig. 1. HPAEC-PAD normalized chromatogram of rice starches.

Table 1. Amylose content and amylopectin structural properties of rice starches

) Amylose content  Average chain length Amylopectin chain length distribution (%)
Rice starch o .
(%) of amylopectin DP 6-12 DP 13-24 DP 25-36 DP >37
Hopum 21.4+0.6ce 20.9+0.6a 33.7+0.0bc 40.9£0.0b 9.9+0.0ab 15.5+0.0a
Hangaru 24.8+0.9b 19.9+0.8a 37.1£0.0a 39.7+0.0b 9.4+0.0b 13.8+0.0a
Seolgaeng 21.9+0.8ce 20.5+0.8a 34.5+0.0b 39.8+0.0b 11.2+0.0a 14.5+0.0a
Dasan 22.5+0.9¢ 21.240.1a 32.9+0.0bc 41.1x0.0b 9.7+0.0ab 16.3+0.0a
Saemimyeon 30.8+0.3a 21.1+0.4a 31.6+0.0c 43.4+0.0a 9.1+0.0b 15.9+0.0a
Sheonhyangheukmi 20.3+0.4d 20.8+0.1a 34.1+0.0b 40.9+0.0b 9.8+0.0ab 15.3+0.0a

DP, degree of polymerization.

Different superscripted letters in the same column indicate significant differences (p<0.05).

24 7= 84
ARRe] ofdadEl B2 Al 4o

& olgatHon, Aozl AZrtEaHL Fig 19 YERY, ©]
ZHE A& old=zdE HFg EXA A& Zo|(average chain
length) 2 o}lEEHE EX] A& o] X A= Table 19 Y
ERATE 2 Aol ARgE AHE-S DP<8IZIA] ofd Y £X]
Al o] EXE Yehdon, #e ¥4 A<l DP 6-333 7
B2 AREQl DP 34-83 F Fioz #HFsk = QthFig 1). &
A AAEEES DP 11 T DP 129 71 BX] ARERES
DP 4394 71 ¥2 peaks IGO0, Uk, A7, &F,
A8EEn)= DP 20004 1:}/\1-;} AjrAe) Bla] 5213 shoulders
Uepdth 23 $71Ee 3EL DP 1AM Adgoes e &
Zo]| BlE] H& peaksS FA } 5T}, Hanashiro 5(1996)& ol 2
HE BX] AE Zo] X E TH(DP, degree of polymerization)
o] wa} AAKE(DP 6-12), Bl AE(DP 13-24), B2 ARE(DP 25-
36), B3+ AFE(DP237)E w7315t 671 2] ofd =gl

fo ¢

Ha BA AR dole 199 (6}7}3—)212 (©h HE Yer
oH, You 520152 dnk Ay 6 FFo| i 21.1-23.9 wH

You 52014y #3] 6&5oll sl 21.9-243 3 UERATIAL B
2319tk 37FE2] DP 6-12 (A chain)ollA] #4] AlE Zo] BX
HE(37.1%) O F5 vls tha =%kem, BI, B2, B3+
A AR Aol BE H|E&2 HlwF A2 HES XAk o]g
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Fig. 2. XRD diffractograms of rice starches.
Table 2. Relative crystallinity and pasting properties of rice starches
Rice starch Relative Pasting temperature ~ Peak viscosity Breakdown Setback Final viscosity
crystallinity (%) §©) (cP) (cP) (cP) (cP)

Hopum 39.2+0.4a 84.0+0.6¢ 1185+18cd 547+5bc 880+18bc 1518+30cd
Hangaru 37.1+0.9b 91.3+0.3a 1250+5bc 504+9¢ 666+2d 1412+12d
Seolgaeng 36.7+0.6bc 78.7+0.0e 1184+10d 615+1b 875+24c¢ 1444+16d
Dasan 35.1£0.8¢ 79.5+0.6d 1335+50a 750+51a 1098+97b 1682+96bc
Saemimyeon 37.5+0.3ab 86.5+0.3b 1063+21e 11443e 1493+136a 2442+112a
Sheonhyangheukmi 35.8+0.9bc 81.9+0.0c 1311+14ab 391+16d 776+18cd 1709+13b

Different superscripted letters in the same column indicate significant differences (p<0.05)

oA opdEx Fherat A AR ol e Fsls dA S
ERA] gttt ol @A Fheo] o A uH(30.8%) AtA
2 =2 AA4(375%)S JElE, ole g2 AES YER
£ DP 6-127} 7P w32, DP 13-249] H]go] 7174 o} ©e <
9] double helixS 3A3}7] WlEoz AZHECE

IAE Vet RIS THChung &, 2011). 28y & A
oS
o

mo|lAE Mz S
AR Fo|~y Hi EXL RVAE T3l #4138l Ao
A= Fig 339 29043, o|2FE A& H= parameter 35 Table
20 YERT AHEES] SspiM s, HIHE, FeE, X
WAL AEFHEEE 78.7-93.9°C, 800-1335 cP, 114-750 cP, 666-
1493 cP, 1228-2442 ¢PE 27} YEHth A9 Ho|2H H
542 At o g opdE A ) opd 2 e Atz 9 Exb
ol o) JTS W=t Jane T(1999) =S ofRZ~ dhak
I 71 op2HE 71X AL Holay LnE ASAFITY B
AT B Tester?} Morrison(1990) A& Ul ofd 2 ~2d
B3t AEAR AES AAEl] & Holay 2xE
T B3O, Reddy 5(1994)2 AE-o] opdgx &bk
o] #E5E HIHE 9 FsHErt Agth BTt A
oz g F5d vjg] oldEA o] =& AuHE y|
2 2&9 vk HyHe 3 ASHEE B
Aut AgEn s g B op g~ S B SolE B8t
3 =L Holay & 2 HyAx @ ATEEE e
Chung 52011y old=d€le] g AXE o] =578 W
2 Fol2ay 2% 2 HIAEE vepduy By A4e

)

L=y
T, R

AEE HYou, DP 6-12 Al go] 7}
F B2E EE JUHoE 22 dHolay 2k ¥ HyHE
£ YERIITE. Raina 52007 Han} Hamaker2000y= oFL%
= o Aol Ho|2E & EA IA JIFS 1|

o] S

AR 12} el 338l H3EA, ice melting, 23} 4
o]l FrE| ol R%E(T,)E thermograms F3dte] A AAE
Table 3ol VERHTE 2AE9] freezable water T2 273317 <
3l ice crystallization?} ice melting®] JIET| S FEF=o T WA
sl Fagon, SHFE URTORE AT B &
3} 7WA]>%(onset gelatinization temperature, T,), 3 32X (peak
gelatinization temperature, T,)), %72 (conclusion gelatinization
temperature, T.J= 58.8-65.9, 64.1-72.1, 72.3-78.8°CE zHz} LR
th R thE AR HlE W 33l E UERlon,
W] AlrHe 7P B2 s E B iEE AulE
o T AXEERY ofdrdAde] g AFS(DP 6-12)F %
Hlgo] £3 W AkE Aole woten, Wi A &S
AE e vl YW, 7] Al dHERe mton Wi Ale A
olE E9Th Park 5(2007)S I3eEE ofd e 71 AE
I =2 FHIAE e AL, Fad]] obdE A AkEe] 47
o2 AEYA FAY oM Tt A A F&
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Table 3. Phase transition characteristics of rice starches

Gelatiqization Ice crystqllization Ice me_lting T (C)

Rice starch (1st heating scan) (2nd cooling scan) (3rd reheating scan) g

T,(°0) T,(C) T.(CO) AH (J/g) T,(0) AH (J/g) T,(°0) AH (J/g)

Water - -23.3+0.1bc  284.6+6.9d 0.9+0.1a 347.2+6.8a -
Hopum 59.3+0.1d  65.740.1e  74.1+0.0b  11.5£02b -27.1x0.2d 241.1+0.5a  -0.2+0.0b 292.1+3.1cd -4.0+0.0bc
Hangaru 58.840.0e  64.1+0.0c  72.3+£0.0f  13.4+0.4ab -23.3+0.1bc 254.0£6.3b  -0.3£0.1b 303.5+6.0bc -4.0+0.1bc
Seolgaeng 61.6+0.1c  66.9+0.4b  75.6+0.1e  14.1#1.1ab -20.2+0.6a 264.8£1.6c  -0.2+0.3b 296.7+0.4c -3.3+0.3a
Dasan 62.1£03b  68.3£0.2d  76.9+02a  12.5+0.4ab -25.2+0.4cd 245.3+3.0ab -0.1£0.1b 299.842.1bc -3.7+04ab
Saemimyeon 65.9+£0.0a  72.1£0.3a  78.8+0.4c  14.2+1.7a -24.5+03c 246.9+1.8ab -0.340.1b 282.4+6.4d -3.840.1bc
Sheonhyangheukmi  61.9£0.1bc  67.9+0.1b  76.140.3d  14.6+1.0a -21.2+0.4ab 264.7+3.1c  -0.4+0.1b 310.1£5.8b -4.6+0.4c

T,, onset temperature; T, peak temperature; T, conclusion temperature; AH, gelatinization enthalpy; T,, glass transition temperature.
leferent superscripted letters in the same column indicate significant dlfferences (p<0.05)

o] ABAAE Zka glom, lL A «1 7“4
28 71 A}% o]l Hol olFd Fx9]
FgAde] THaEr] wiitel W ISR EE Hole ZoR B
= tH(Gidley?} Bulpin, 1987). *é}zd o] 33} dEdy)= 11.5-14.6
Ige] HMAE Jellon, 79 w3} dgv= *JEHZ%EE =5

AAE vlE] fFolHoR Wty ofd®E A ko] P W

Agsvs 7MY B2 53} dETE YETh 33 gy

A2 A4 Wl EAlste oleud 25 BHsk=d 2
—;s oﬂ];]x]é z;ﬂ-;g]._‘: X]EE Q@/ﬂ;} okg] /\1-:4_1&0] 0]0]3:]
= % HO] o].mi.ﬁ]sl “6']-3]:0] h:—__r_i o Q;g/ﬂo pAR 74
o2 4A UTHCheethams} Tao, 1998).

BARS 33} A7l & 10°C/min S22 —50°C7HA] WZHAI A
S o, 212~-27.1°C SAX Eg9 a7t FF=HA=H ol=
ek A 5 °*—°—7“4°1 A=) 7] wfZoltt, A7l A3
He 2R 52 250X 34780 AU, vA| 2
e EHT 9 %EOHH d2478S FAAT. A7 202
CR EE 2xoX d3440] AN, 372 27.1°CE
7P Be 2xoA dSAAS AT A EL] freezable
water FHAH) ERT Fgom 4544 A= 7 B
& TFo] 2411 JgR 7P SOk, ATt e AdE] 9
4T 264. 7 Jig 2 AUHOR w4 ARAFHUT EYt ofd R
stego] 7 =& AlmHo] BlwA W2 freezable waterS T
‘8}1 R opEZ A TS A5AH AT A =2 A

%LOM gl + A

%JL S —50°C7HA] WA 3 50°C7HA] 5°C/min £ E 7}
g3 —0.4~—0 9°C Alo]olA] %‘”é H3E P43k ol ice
melting®l] 71913+ Ao7 mE AAR] jce melting FFS B
o B =4 YERiT 2% Tal ice meltingS —0.4~—-0.2°C
2 AESHTE 7P Woka o] Y Etevt 5ol wet
T2 zolE YeRA= 28Ut Ice melting®] freezable water
shaFe opdZ 2 o] 7 w2 AjnjHo] 2824 J/go 2 A
Zog oty opd=E XA Fefo] whe MYZh= 3101 Jg=
gHo® =2 S Yepdh ¢ 235 T opdas e
ice crystallization A2} WA 2 ice melting®] freezable water
_‘;: 71—}\}\]7]‘— 7-] ;gjlo]sl— = 0104\;].

AARES aw % el A F T4 w5
Freldolel 7191ek FElHolR%(T,)E —4.6~-33°CollM A&
7+ %% -4.6°C, A74°] 71§ H& -33°C
F STk Oh 5(2017) & T, ice
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i op

1

A9l
2]

melting AT} 29| FAAAE 7KW, ol= A7 A

GO g o]F53lHA freezable water’} 7FAE7] WEo 2 Ejl
St ol & d7elM: T,°] 7P W2 AFEHt oM =
& ice melting LIS BL, RIE T,o] =2 A7} Ajv|
HE HwE W2 jce melting JETE YEPALE £ A+E &

slel ke o] BAS BA U AYTze) B ABye
on), 53] opuzs ggo] Aol 2 FRL F How
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