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Abstract

The objective of this study was to determine the physico-chemical properties in the high-amylose rice varieties. The
rice flours were analyzed by RVA, DSC, HPAEC, resistant starch kit, SEM, spectrophotometer, etc. According to
the RVA measurement of rice flours, the pasting temperature of Dodamssal was higher than those of the others. The
proportion of amylopectin short chains (DP 6-12) of the Dodamssal was significantly lower than that of the others.
The contents of amylose and resistant starch in the high-amylose rice flours ranged from 19.03% to 38.71% and
from 0.6% to 12.39%, respectively. In SEM images, starch granules within llmibyeo, Mimyeon, Saegoami rice flours
displayed polyhedrons different from those (relatively spherical morphology) of Dodamssal rice flour. According to
the DSC results of rice flours, there were significant differences in the onset, peak temperatures of the endothermic
peak. Gelatinization enthalpy was 4.52-6.3 J/g, with the lowest change in Dodamssal rice flour.
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o5 H| & et dite] 3}, =3t ¢ =24
I3k 93-S FTh(Song et al., 2008). WA o]

a#Ete §xo S A FEE AREEoF st
T ARFEY FH, o5t 54 8 Fotste
TE T}

& opdEze] el wet 20% olskel Ut
25% olAkel wold g A AE b w obdE A
o} ThFSE 8ol Thsstth 2 A Al Al ofd =R
& RS 20-25%7F A e, alotd RS AE A ks
Az 735 Aol FEA o] Wil =37} W] X3 s

o]
2 A7] H8 2AH%S Ztera dEA Ak(Kang et

O
b
1=}

¥
(o
L

A

oL

VDR s
o

O
W oX o

=)

ru

N
SR

3l

fo ofN e
S

al, 2013). ®3H AEA o8 ATy Axd= A7IEY T
stAge Axl & A3 AL FA4s AP E T

FE AopdR R0 YTt & FFo] A Jlow Uy

o



A At (Mesters et al., 1985; Juliano & Sakakurai, 1988,
Bhattacharya et al., 1999). ©|¢} 7ro] ol 2 A ghafo] 2
3ol glo] T8 8oE AgouE ofdms
We lgAdel 977} Basid. peluzs 4 F5
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Aol AHEE iRl A ¥ (limibyeo)ot SLoFL
22 A F25 =@ (Dodamssal), VA (Mimyeon), M 3L
o} (Saegoamiy= 20143 1040 Y2 sk G-z
oA 23 AE Aol 4°ColA Hastr AE st
Aok AR 300 g& "R =A7I(MC 90-A, Toyo,
Tokyo, Japan)& AF&-3}e] 904%=Z =74 ¥ cyclone mill
(TM 05C, Satake, Tokyo, Japan)yS ARE-3}e A7FE2 A|
Z8}3L 100 mesh EEA B2 T4 2 248 5=

A5,

> Hl

P> riz

3 OfZ=~ shgf

YRS AOAC (2000)3 ol wet 352 105°C
oA AtrtE Az, 2 E-e Micro-Kjeldahl ¥, %3]
e st R SAGRT. otdRe s ke
Juliano (1985)°] I Fo] met AL Tojols a0
GAS o] &ste] WHAIT] F 620 nme] IO FHE
(T80+ UV/VIS Spectrophotometer, PG Instruments, Alma
Park, UK)E =439t 25522 amylose from potato
(Sigma Chemical Co., St. Louis, MO, USA)E AH&-3}H).

OlUZEE B3l 24

ol ZHEl ZHAbE Ho] £ E= HPAEC-PAD (high
performance anion exchange chromatography-pulsed am-
perometric detection; ICS-3000, Dionex, Sunnyvale, CA,
USA)S o]-&3Fo] £4]3}%] th(Hanashiro et al., 1996). Al &
ol 90% methanol 7Fs F 100°Coll A 3A17F 52 S8
7rd gk a3t 2% sodium azide £ 10 uL, 600 mM
sodium acetate buffer 50 uL (pH 4.4), isoamylase (1,000
U/mL, Megazyme, Wicklow, Ireland)S 713l wutsh
T 37°Cell A 2447+ REGAIZTH WHEH2 0.2 pm syringe
filter ©]-&3Fe oAsle] EAsth. EA4 o A3 A4
2 CarboPac TM PA-1 column (2.0x250 mm, Dionex,
Sunnyvale, CA, USA), ©]5% &= A B (A: 33 5

o] ofstts £ 393

4 1L+NaOH 7.8mL, B: 3% &< 1L+ Sodiun
acetate 41 g+NaOH 7.8 mL)& 1:1 H]

o] 502 E8] R 7IAle AAE ARSI
MEMEAIE 0|3t Hx 24

FEH AT Thdd o Fo|2y A
AACCHR(2000)°] o] ske] A& =F4 7RV,
port scientific, Warriewood NSW, Australia)E ©]&3}o] &
Attt A7HE 3g(F % 7190l 25 mL SRTE Y
AE THEo] 960 rpm e A3 160 rpme] plastic paddle
2704 50°CHE E3tE AlZate] 95°C7HA] s Alz]
F 50°CE thA] WZA71EA HEE SA st RVA
viscogram S 2 F-E] #Ho] 28] &% F I (peak) =, FHA
(troughyd =, #Z(final)d =, 731 =(breakdown, % 31-%]
A) 2 WA S (setback, HE-33L) 5 RVA 548 =
AatAtt.
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Al 2F=ALE B 7 (differential — scanning  calorimetry; TA
Q1000, TA instrument, Newcastle, DE, USA)ol| <]3+ &7}
T 4oz 542 LFrlE Wl A7 20 mgt 40
ple] SRTE ¥WaL BEot AolA 117 F A
st & 30°CHE] 120°C7FA] 10°C/mine] &E=F 7FE 3}
T4 735 AT} DSC thermogram© ZH-E T 3}71A]
L5 (TO), 3IHHLE(TP), 3324 L5 (TC)S 31,
ST A9 WA o2 HE TG (AH)E T3ttt
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2ol A AR A2 resistant starch assay kit
(Megazyme, Wicklow, Ireland)E ©]8-3}o] AOAC ®HS
Z 43Itk (MaCleary et al.,, 2002). A& 100 mg(FH
715)9] 4 mLe] pancreatin a-amylase® 37°Col| 4] 16A]7F
A7 T 100% e 4 mL F7F F QAR 3§
ok 23 A=l 50% EE 8 mL A7 & A4Eg
st o] HHE 2 A T P A E 2
M KOH &2 2 mLE 7kt 24k 2 &siA1zith
1.2 M sodium acetate buffer (pH 3.8) 8 mL<} 0.1 mL<]
amyloglucosidases #7Fske] 50°ColA 304 WHSAIZ &
7FEE3] E glucoseE 0.1 mLE WA GOPOD 3 mLE
&3tete] 510 nme] SF =4 HZF(100 mM sodium
acetate buffer (pH 4.5) 0.1 mL3} GOPOD A<} 3.0 mL<]
et 3 ST = AR FFS ALt

Z 2o] A& e AOAC Wl ¢& total dietary
fiber assay kit (Megazyme, Wicklow, Ireland)E ©]-8& 3}
BAEg e, 2R A& 19 50mM MES/TRISE Y
(pH 8.2) 40 mL #7}3}%] a-amylase 50 uLE €3 100°C
o] water batholl A 3587+ W-gAIZIT 2|5l 60°C7HA]
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WZAIZ1 &) protease 100 pLE ¥ 60°C2] water bath
oA 30%-7F ¥H-S-A]ZIT} 0.561 N HCIS 5 mLE ¥ &
5% NaOHY 5% HCIE pHZ 452 93 § 200 pLo
amyloglucosidase &A= 60°CollA| 307+ 7H-&3) ¢ tf
S, 4u) AE225 mL)2 95% eSS 71t aAhsE
< AAAZIG, Zhof o) RalEA] g2 AAE e

ofst Azstel Aol FHS ZY5e

A £HHO| XL el 24

A AEJAALe] FEl= SEM (scanning electron micro-
scope; S-3000N, Hitachi, Tokyo, Japan)S ©|&3}o] 7147
ot 15 kve] 238l 1,0008) grhste] AZeTt Al
29 AU ¥HS Hdste] A Ho|Z 9o A &
= A8 A E sto] AT

A 24

¥ A¥ A= SPSS (statistical package for the social
sciences; version 12.0 for Windows, SPSS Inc., Chicago,
IL, USA)E ©]&3}] one-way analysis of variation
(ANOVA) ¥ 5% 9154 (Duncan’s multiple range test)
= Foked p<0.05 FEolM ZETHE FeAQl 2Pl E A
Akt
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Fig. 1. Amylose content of the rice varieties. Bars followed by
the same letter are not significantly (»<0.05) different by Duncan’s
multiple range test.

F FTS AMEoR Age o2 4 tk(Juliano
& Sakakurai, 1985; Bhattacharya et al., 1999; Kang et al.,
2013). ¥ A o] o}z B A Aubwlael Anju(th
ZT)7F 19.03%2 7P Sk aopd 22 FEQ1 nHt
A aLobH| 7} 25.11-25.22% 18|53l =340l 38.71%= &
o] 71 =kthFig. 1). "W} Ajazotn= AH - Av-g
°0F, e AHEoR gukg Aoz AT F7t
2Rl 7HEAAd A7t Hasith

OlLRHEl FoiT 24

Z 3= (DP, degree of polymerization)ol] w2 o}d ZH €l

Uit E A ofd=EA F4 = At&A o] 2ol & Blagt 2 I (Table 1) AARE(DP<12)
il SFEEo. 587.6.44%% FF 7t X}o]E UERHoH, ol ©haf w]EoA v} ], Ajzolu] 7t 33.76-35.05%
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Table 1. Amylopectin chain-length distribution of by HPAEC-PAD

=2 et Y EEEL 21.95%E YA A EE9

<3} A7 60-65%F A a3t BIARE(DP13-24)0l 4 = =&l
S TESHA ste] An|etes o] AHS e AR 4 UHA A FFET 9%8E =2 TS JERIAL B2AE
H A Sth(Juliano, 1985). i3S 10.16-11.88%F e S(DP25-36)0l A & E=@2o] fo]siA &2 TS Uel
Wz 3 38 3Fke 0.38-0.44% H S UERATH XA o B3 (DP>36)A % T30l 427%% 79314 &
e A azot] 027%, P 0.5%, =E2 0.64%, L) ShFS UERATh grs e miE e wAg (Y e ahzt Tt

FHEUY Topdz2)0leks Folo|w BPahaL ofu R
Al 2ol E FAR P Uz 98-S
FAF & Yk B AR obAEAY Aol H

B i S ’é‘
2 ) Mgl HLSE ye) ARt wE PAYe B}

rlo
Hi

Amylopectin chain-length distribution (%)

Varieties
(Rice) A Bl B2 B3
DP 6-12 DP 13-24 DP 25-36 DP > 36
Iimibyeo 34.14+0.03* 53.4140.04° 9.83+0.01¢ 2.63+0.02°
Mimyeon 35.05+0.70° 52.56+0.58¢ 9.75+0.13¢ 2.63+0.05°
Saegoami 33.76+1.27* 52.54+0.45¢ 10.29+0.35° 3.4141.30%®
Dodamssal 20.31+0.28° 61.80+0.13* 13.39+0.10° 4.49+0.07°

Values with same letter in a column are not significantly different (p<0.05).



3 B3E b7l 9l o (Kang et al., 1995) yH2go] old
7HEg AL A, obdE2HE A F2 EAAATE oF4
7HA = mH| gk Aol o 2Rl 30| ol HE
33t 3 F BaE AEEY 7Y B 9% F
ol ZHEI] 71 A& o]ehie] AHS, w2 AlES A
o A#AAA dvkr By v dthHan & Hamaker,
2001).

MEHTH(RVA)E S8t SsiFE EY

47N FF°] 7ol wE e AEH =T
(RVA)E ©]&3te] 4310 S E 54 5 Setback
S A9 BAgEQ Hy, HA, HF, 75K Breakdown)
Ao m|, duje, Ajstopn], =ehde] EF 7 f9
Zl0] z}o]7} Felsith(Table 2). Breakdown( 3t =) &
shzo] &, Ak gk Age Yehie o= ofd2 X
g Fo AAAAE vepdn &, S22 break-
down#tol 6.33 RVULZ 718 w2t o= =aake] i
JA7F 2 FFE0 vl§) 7P AWUsHA 2o o] &
e A FPelM F BEEA @, BEE AR 9
AEE A3 Adgdl Aol okl A & Qlrh
it $UF FE vHEe opdE A FheFo] of 25%F A
Jropu| &} FALSol| & B-ekal 7P = kS e

1628 RVUZ 22.67 RVUZ 714 & £3E e o
w3b7F 7 =E Aolgk e = 3 njHo] 77.58
RVUZ =3} Fgfo] 71 wES 5 4 Aot

Table 2. Pasting characteristics of rice flours
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X
oJgt E8] 4 o] Aol A2 RE 35S AW
sl DSCE7 #](Table 3)°ll o]al¥ S3AI25(T,), 5.3}
AT 34 & =(T)e 22
71.13-82.10°C, 95.15-9527°CE Z3l2AEE A9 2
A FF 7 Felgh Zol7t ATt SN EE o
m)H o} A 3rojr] 7} 61.87-64.44°CE =@ &3} wHo| H]a)
7-11°C Wohkth, Adgk A A28 ALFE 5, 4%
dol =E&FE 7HE Al =EA BEEH, Sl B
Uehdth Egt ol 29 Rle] 71 Af&o] aA| sl H] &)
FOoH Sl e FopRIth sk3l=tl(Yuan et al, 1993)
2 AF e F5E 20 AFE HEFX(2.63%, 2.63%,
3.41%, 4,49%)9 ZF3F2%(73.87°C, 79.68°C, 71.13°C,
82.10°C)9ke] ABAE 1T = glnh. &3} x|
a3 UAFS YeR= 38l dgd]= 4.52-63 J/ge
2 ol g EFE9] ujd 6.13 J/g, Aot el o)
247y 463 g, 452 J/ge = dwtdol Anie] 63 J/g
Hoh g W3S etk 5 7 AoldlA 53] =
A3t A arobu]= e FF00 HlE| feH o= wol S8}
Al Ao AR TS &8st 87EE YAt
ZAtteE A4S A9 £ ok 2@ A9 SIPiAE
= 71.64°CE =2 HolA|RE B} Aol 7t Al 2beH 3

Sgat=d 87EE AYUAIT Hvhe e
o}

NERE AOINR S Liask BaRe
%

BE Ao e A

Hr
o

Varieties Peak . 'Breakdown *Setback Pasting
(Rice) (RVU) Trough (RVU) Final RVU) (RVU) (RVU)  temperature (°C)
IImibyeo 204.53+10.83° 137.86+10.94° 227.19+12.69° 66.67+0.36° 22.67+3.60¢ 68.4+1.77°
Mimyeon 315.31+4.02* 223.86+7.27° 392.89+9.70* 91.44+9.74* 77.58+11.18° 75.6£7.51°
Saegoami 139.89+1.32¢ 105.86+1.25¢ 180.224+4.10° 34.03+1.47¢ 40.33+£3.18° 68.48+2.48°
Dodamssal 50.33+1.01¢ 44.00+1.01¢ 66.61+5.29¢ 6.33+1.08¢ 16.28+4.59¢ 85.4+1.40°
'Breakdown = Peak - Trough, *Setback = Final — Peak.
Values with same letter in a column are not significantly different (p<0.05).
Table 3. Thermal properties of rice flours
Varieties I o o 3 o 4
(Rice) T, O T, (O T, (°C) AH (J/g)
Ilmibyeo 64.44+4.23° 73.87+0.15° 95.15+0.06* 6.3+1.26°
Mimyeon 72.82+0.06" 79.68+0.08° 95.15+0.11° 6.13+0.33%
Saegoami 61.87+0.2° 71.13+0.18¢ 95.15+0.02* 4.63+0.94%
Dodamssal 71.64+0.49* 82.10+0.16° 95.27+0.14* 4.52+0.31°

'To: onset temperature, *Tp: peak temperature, *Tc: comclusion temperature, *AH: gelatinization enthalpy of rice starch flours

Values with same letter in a column are not significantly different (p<0.05).
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Table 4. Dietary fiber and resistant starch contents of the rice flours

o Dietary fiber .
Varieties Resistant starch (%)
'TDF (%) ’IDF (%) 3SDF (%)
Iimibyeo 2.08+0.04¢ 1.80+0.03¢ 0.28+0.01° 0.6+0.02°
Mimyeon 2.18+0.02° 1.87+0.01° 0.29+0.01° 0.66+0.04°
Saegoami 2.41+0.04° 1.85+0.01% 0.57+0.03* 0.77+0.02°
Dodamssal 4.20+0.04* 3.94+0.02° 0.26:+0.02° 12.39+0.47°

'TDF: Total dietary fiber, 2IDF: Insoluble dietary fiber, *SDF: Soluble dietary fiber.

Values with same letter in a column are not significantly different (p<0.05).

el EdHo] o2 A FFEQ] arofu| 2358} <arolH]
3309 AGHE e R ] 158 & X2 5
S tH(Yoon et al., 2013). Au]H (ThZ), v)H, Aol =
ko] o2 A F50] AYAE AHEA A9 A3
B 06-12%2 =] dheko] 1239%E R
vl 208] o]4F ESTH(Table 4). & 2lo)4 &k A
Eedo] 4.17%=2 dvy, v|, Ajazolu|E o) 28 o]d
=9t 84 Aol f= Azoluzt b F59 2n)
AR 0.55%=, B84 doldfe T880] 3.93%E 1
FEH oE Z2 1.78-1.88%2] 28] o]0ttt AT E
Stk 2o) A sheke ofyE A Shaka) A o] AlnS zh
EvE 27 JEU(Zhu et al, 2011) 2 AForE of
W22 ko] 38%E 7P =2 =] AGHE g
o] 12%= 7P ¥ TS YeRla Aol i EHx 7t

7k 42%=2 7P w3tk o] e AR sead tE
Sropd R ARl Afjzobw], mH Ik dujH el H]a] A3
T} Ao ol foHeRE =S I T
AT} FHE arotm]250] HE 542 amylose extender
EHol2l ‘IR36ae’e} -AFSHY ‘IR36ae’7F YERH = starch
branch-ing enzyme IIb (SBEIIb = ae) A& YUE}A
X2 Aoz HyHE A¢7F =0 (Butardo et al., 2011),
‘Gropm] 2507k FEQl mAe] AREALE o]t fARe
A F7HAR1 A7 8 sk FEoln) Egh o]d 540
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Dodamssal

Fig. 2. SEM image of rice granule (1,000 times magnification).
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