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Abstract The physicochemical and structural characteristics of high-yield, tongil-
type mirchal glutinous rice, Milyang 328 (hereafter referred to as mirchal), were
compared to those of a set of well-characterized glutinous rice varieties i.e.,
baegokchal, dongjinchal, and sinseonchal. The results revealed that mirchai
exhibited the highest crude protein content (8.47%), water binding capacity
(209.00%), and swelling power (55.82 g/g) under long term soaking. Analysis under
identical conditions revealed that mirchal rice flour presented the minimum mean
and median particle diameters of 50.54 um and 22.72 pm, respectively, among
the tested varieties. Furthermore, the particle diameter and onset temperature (T,
57.15C) under these conditions were significantly lower than those under other
conditions. The crystalline fraction of glutinous rice flour exhibited an A-type
structure, irrespective of the soaking time. Mirchal exhibited the highest
breakdown viscosity of 1,416.0 cP under short term soaking. The branch chain
length distribution of the amylopectin A chain in the glutinous rice flours was
arranged in the following sequence: baegokchal (30.82%) > mirchal (29.59%) »
dongjinchal (28.74%) ) sinseonchal (27.10%). The length distribution of the Bl chain
in the glutious rice flours was arranged in the following sequence: dongjinchai
(47.85%) > mirchal (47.17%) > baegokchal (45.83%) ) sinseonchal (44.47%). Thus,
this study revealed that mirchal possessed optimal processing characteristics owing
to its high swelling power and excellent physicochemical properties, therby
facilitating its application in the synthesis of yukwa and food processing materials.
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1. ME

AL S| Oryza sativa var. glutinosa(O. glutinosa)Z glutinous rice, sticky rice,
sweet rice ¥ waxy riceZx E2|H, ofdgZA gtgFo] A9l gl F& ofdzHE o7 LA
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o] AR Ry 2717k tkLu &, 2020). AlA
5] =7tolAl Aefish= 7ty FEEG S, o
2, A9 2 S5 EZddols oMo AEste
AEU7HY A2 ol = H | dkgfo] ¢ Eil #7)7F 3%t
E4g ZH=tH(Ayabe &, 2009).

EuEte] R P F52 19829 S4€ A=
U7ty A14% o|$ ST W&ol glom(Shin 5,
2003: Song &, 2013), Ao} FHE v|ES A=
9] 7} EAlo] ¥5st Aoz H1EAHChoid} Kang,
1999; Kim &, 2010). 28y okt 75 E4 940
H 3| f=F/do] R Al eHg/do] BojAl= &4 5o 8l
T 20199 o] Bl Al b0l =2 28 F & v
EZ(ESF 739 kg/10a)°] S/4d=0] HFEI Sk

AL FE TS8O E AMRE goH, AE dasF
Ao = E FH S FEE 2 AIZRE S3sHAY Al A
gt 5o ol ARgStil(Lee 5, 2013), A& TRl gt
© B¢ dH9 a2 od 3¢ F3E T EHE 5ho
7IRE W AR VRS FE ARSI AR °”4(Kim
5., 2016: Leed}t Oh, 2015). A& &aFel =
= /\]7}01] wt A|7to] oW W 71A] $Eo] ETF"]X
I A 35 QI(P)o] whA Uk}t Figo] A %Oﬂ 3
1 B EAHKim 5, 2020). fi=
HES AR FB7HEE ol&sto] A

ST A Loluh Wskz A8 J3to)
4

_|El

[©)

AN

1
2el4 4 E40] 2eRithPark 5, 2016). $3711t0]
ZolAw 4 AEEe) Bz 4 BAA AR 2
A, WA, B2 So| §5¥o] A1) E4o] sty

H(Kim¥} Shin, 2007; Lim &, 1993), 439 583 &
Aol Waro 2 thZAEZe BES XA Friy HY
EATHKim ., 2008). AlG7HA] & FEH R et
ojg}st4 g ﬂgﬂlxl(rheology) EA4, mAlTE 9 otdz
gy o] I3k A7F B2 FHIARHGong &, 2020;
u 5, 2020; Oh &, 2014; Yang 5, 2016; Zhang &
2021), A0l =2 5YT WY 7he AT} Avd
Eo3tet 40 digh A wHlgh Aol

2 Aol 2 7HPAIE SHLE ARGl SE]
= 2ueA YF ZEQ nEE(EY328%)9 ©

]
37, 9} 9 AR 72 A

o R

542 712 29 B34
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7 g Hﬂiﬂﬂr Wﬂ %ﬁaﬁz FEG o183 %
3 Purlee Aol 54
]E_ Eaﬁ xlm-_,] 0]_9_ @-EH ol /\H z2
o 3l B9l AxtRad BEHIL SHsIA

2.1. YgHE Y HE HZE

2 Ao AFE 2ok ZHQ ]2 2(EF3289)
= H A gt
Area Crop Science, National Institute of Crop Science,
Miryang, Korea)olAl AAHE A|RE o]&ston, iy
EE9Q 5AFL Adsd7]eY(Agricultural Research
& Extension Services, Jeollanamdo, Korea), <2}
AL A9 3758 (Yuga Nonghup, Dalseonggun,
Kyungbuk, Korea)ollA] #ofdro} AR5},

A 7 IE= du)E B47](Model DA282-2, Daesung
Artlon, Paju, Korea)Z £4] & 120 meshA& 5113}
7FRE ARSIt 3 BTV W] A 33] A
5ol AJ=(18+3C)0llA 6AI7F 3 & E71& AAS ] 5
0] 12-14%7F HES ARSI 3" A2
120 mesh7} W&H #AE AE7|(Pin m1ll Pyungjin
Machinery Co., Seoul, Korea)Z A&35l4tHSong 5
2018). A3l A7t = ] a2 9Y B A=(18+
3C0)0NA 3 & 92 £0] U W7t Ask] 3] F
ATVRL}E B2 Ho‘ﬂﬂi AZAI7|13 UEAE72 A=st
Ak Az 3 FEATFRRL AR JEVFEE= A2(40)
of HstHA 7AE ARE ARSI

A AR WAL AR RS 0]851] alkaline steeping
methodZ Z+Zt &5 tHOhS} Shin, 2015). A &
AES HEE A F 20 4/ E2 & 2715 HYL
ARGl oH, ARl RS 90U B3 R 3 Ao
A A 3 ARSI 917190 0.2% sodium hydroxide
|AE 7hoto] 1AIZF WAS thy, 24712 284 33 &
& 3 100 mesh®} 270 meshAE A2 BHAFLE &
1y dgAS AR 7|(Supra 22K, Hanil Science
Industrial Co., Incheon, Korea)& ©]-&3slo] 2,703 xg
E 102 B¢ YAEY Sl ZhAbol k= Fo] Al

FH2AE (Department of Southern
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714 0.2% sodium hydroxide &d o=z HHEA o7 A
2 2 1 N hydrochloric acidZ &3}t (pH 7.0) &
FE Aol YAEY ot 2oE e A4 A
zotlon, Axd HE2 E47]& &35t 100 mesh

Aol ETAA BHE AR A8t

2.2 HEI=9] B E 2 0/3/31E §& FE
FE710] ARVIR A2 FR1E American Association
for Clinical Chemistry(AACC)S] ®HE o]&3slith
(AACC, 2013). &3 (Method 44-15.02)2 105+5T
A AZEE, Ze A (Method 46-13.01)2 micro-
Kjeldal®, ZA%(Method 30-10.01)2 diethyl ether®
L2 Soxhlet FH O R Z451%ct ZAL Kjeldahl
nitrogen analyzer(Kjeltec™ 8200, FOSS Analytical
Co. Ltd., Suzhou, China)& °]&sto] E4519tt. E4
3+ (water binding capacity, %)< Medcalfe} Gilles
(1965)9] W ol-&sto] S5ttt FA7ME 0.5 g 4
T2 50 mL AAEe]He] Y1 FF 20 mLet v
HHP3.2x 13 mm)E Fof A-2004 1A7F &<t wHkskyl
o}, o] FEAHS YAHEE7|(VS-21SMT, Vision Scientific
Co., Ltd., Seoul, Korea)E °©]-&sto] 2,730 x g2 30%
S AR & NS AAst JAE Al FA

g 245900, ol Ho] stel At

W, < 100

Water binding capacity (%) = W

W.s: weight of residual starch (g)
W, weight of sample (g)

L3 = (solubility, %)+ B (swelling power, g/g)
< Schoch(1964)9] W] ofsf SAstgict. A&7+
0.25 g AgZ 50 mL FAETe] Y1 S/ 20 mLe}
u1dg BRE go] 80T 2504 30% &< wit &
d5E°] BIE 97519t o] A YHED7]|E ol&
5ko] 10,950 xg= 30+ &< PR St I Al
29| FAC wg ol " 2HA| 5+
105CoA Axg FAE SHt9oH, o
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of Bey Jfe

i

27k ARt

W, X< 100

Solubility (%) = W

S

W, weight of soluble starch (g)
W weight of the sample (g)

Swelling power (g/g) =
W,
W, % (100 — solubility (%))

> 100

Wsp: weight of sediment paste (g)
W weight of the sample (g)

2.3. EEUIEY GAERE & FAHNAIS0/E 2E

FE7VEO] QA7) B = laser diffraction particle
size analyzers(LS 13 320, Beckman Coulter, CA,
USA)E ol&sto] BEAsioith. 7R 9A FH=
scanning electron microscope(SEM, JSM-5400, JOEL,
Tokyo, Japan)& ¥&3IH. A& oMECE 7H3to]
T2 5 stubd] oFHO|ZE F}t £oli 11 9o Ax
H JE7IEE o FAAZ. o8 F/MFoRE EF0
o A=Ae 2 g thg FARAAR|ZS ARESto] 71
9t 15 kV, photo time 85 sec 7104 5008 2] 8i&
2 B

2.4. EHIf=9) X-H S/FH7(0f 95t ZEE FE
7R x-A 7|9 et 3 P x-ray
diffractometer(3D High Resolution X-ray Diffractometer,
Empyrean, PANalytical Co., Almelo, Netherlands)&
o] &5ttt 717] AL target, Cu-Ke; filter, Ni; full-
scale range, 3,000 cps; scanning speed, 8°/min:
diffraction angle(26), 5-40° 30 mA; and 40 kV& A
gotylon o|2RE ARFH s B

FE7VF0] 42 A4S S70t7] flsto] AAFAIEES
%J7|(differential scanning calorimetry, DSC-Q1000,
Universal V.3.6C TA Instruments, Olivia Gibson, UK)&
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o] g3l9ith A& 3.0 mg DSC pandl &F5 6.0 mgS
g1 gt 332 FA5H7] s ol &<t AT &
7t &%= 10C/min, 7FE &%+ 30-130CE2 745t
At 7Fgo]| WE thermogramC & FE SSPHALE
(To), T3 FL25(T,), 28EE25(T), Skl Ao
(AH)E 53

HE7NEO] SR L Al H=47](Rapid viscosity
analyzer, RVA-TecMaster, Perten Instruments AB,
Hagersten, Sweden)E °©]&dto] S35t A= 3 g
T 12% 719)= RVAE ¢4Frls 8710 91 57
4 25 mLE 7I6to] 0-182 50C, 1-4.78-2 95C7HA|
5, 4.7-7.282 95CE FA, 7.2-1122 50C7HA]
ZF, 11-1382 50CE FAlsMA J=E S48 45 4
A9 &A= SOPIA X (initial pasting temperature),
- E(peak viscosity, P), FA-E(trough viscosity,
T), 50CofA BZFa%(final viscosity, HZ5F breakdown
(P-T)3} set back(F-T) viscosityS AAtsto] v w53

2.6. HUFES OIYZHEl EXAS 2E 55
AR B4 A&l £X+= High performance
anion exchange chromatograph(HPAEC, Dionex
ICS-5000, Dionex Co., Sunnyvale, CA, USA)Z pulsed
amperometric detector(PAD)E Ar&sto] %5}t
A79 A F+= Kim¥ Huber(2010)9] B ¥ EAxA
2 Chaisiricharoenkul 5(2011)%] W& WHyoto] 4
ottt FEAE 10 mgS 50 mL YAEFH| Y
¢ 0.2 mLE % o3, dimethyl sulfoxide
(DMSO) 1.8 mLE o] BAMZT BAE A& wil
yg Bk ¥, 208 5% 100TAA 7HEstatt. Ao
A A3l & ethanol 6 mLE 91, 3R] Eo] 302
PAAFTE. o] HZ 25TofA 2,700 xg= 1283 94
223 & AAAEZ A AL, ARES AR, 7Ax"
AE] 50 mM sodium acetate &F&H(pH 3.5) 2 mL
ot nt1vE vRE ¥ wHISFAA 100TolA 20%& &<t 7}
Fotsink. 7tERt AlEE Aol 2429 Al&of isoamylase
(0.5 U/mL; Megazyme International Ireland Ltd.,
Wicklow, Ireland)E 7}8t o2 37C incubatorol|A] 20

AIZE BEEAI] & B= 20| 1087 B7F isoamylaseE

24

EZASA AT AR 200 LE cap tubed] 150 mM
sodium hydroxide 2 mLe} &7 Eo] &% & 0.2 um
syringe filter(PVDF, ADVANTEC, CA, USA)Z ofx}s}
of EAo| AR&sith. ofFst A& guard column
(3%50 mm)°] 9= Carbopac PA-200 column(3 %250
mm, Dionex Corporation, Sunnyvale, CA, USA)° &
Aottt 452 0.5 mL/minlZ ols4 A(150 mM
sodium hydroxide)?} o154 B(500 mM sodium acetate
£ M3t 150 mM sodium hydroxide)& %7] 100:0
(v/v)elAl 108] 80:20, 208 60:40, 30+ 50:50,
60E°] 30:702 gradient 2HAC.2 A5t

2.7. &2/

2 AN 549 2% g2 Bt 2EHH Meant
SD)Z YERN I, Statistical Analysis System(9.4, SAS
Institute, Cary, NC, USA)& ©]8-5}9] one-way ANOVA
E4& AARE & Duncan’s multiple range test@ 2t
350 @& AolE AU THpC0.05).

3. 21t { 1H
3.1. BEUIES LErgE 2 0/343HE £

Ar F5E a4 VIR 2 VIR ot
(i, 2, A ook E4EHEsY
S, B82S Table 1] Yepidth FA7FRY| &
F2 9.17-12.08% WA= Yepsty, 2odd 9 23
Fere w3 71kl Zojjol wet fgashs Ao Y
WHp0.05). 2 FF2 4.64-8.47%] WA= 1l
o] A FA7MEY 1 8.47%= 7P w=A Uehgor
(p€0.05), =4 713tel w2t A FHE7LS 6.55-8.47%, &
A FR7IE 6.30-7.47%, A% 7R 4.64-6.40%]
RS Hth Park 5(2016)9] Aol WEH £ 7)7t
o] dojAH &AL YHZ Fo] JFEf AE WFof Tt}
A A2 IR S A9A AL, B YR 2
A 232 ool gt Husiylon, & A
o Ayt fARHAT 2A g2 A VR E o
0.34-1.05%%] ¥z =8 HFZ AANEA +Hs19=
o 0.06-0.67%, ArR= © 0.00-0.34%2 HAE Ued

3

L oo M
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Table 1. Contents of moisture, crude protein, crude lipid, water binding capacity, solubility, and swelling power in glutinous rices

based on different soaking time

Treatment Variety Moisture Crude protein  Crude lipid Water binding  Solubility Swelling power
(%) (%) (%) capacity (%) (%) (a/9)
Glutinous rice flour — Mirchal 10374020  8.4740.20° 0.64+0.09 145.9310.30°  24.02¢5.51° 16.30%1.72°
Baegokchal ~ 12.08+0.45° 6.55£0.11° 1.0540.12° 151.0642.57°  32.47+2.87° 16.3546.40°
Dongjinchal ~ 9.52+0.18° 7.7540.37° 0.72+0.00° 156.79+2.38°  27.04+4.56% 20.13+0.76°
Sinseonchal ~ 9.35+0.07° 7.34£0.01° 0.34+0.07° 1415810967  32.03+1.61° 20.48+0.17°
Soaked glutinous Mirchal 9.25:0.29° 7.47:0.17° 0.13:0.06° 148.0942.14®  33.90+3.43° 22.06+0.88°
roe flour Baegokchal ~ 9.17+0.18° 6.30£0.08° 0.3140.12° 138.37+0.86°  22.9141.31° 19.66+0.29°
Dongjinchal ~ 10.9140.28° 7.470.06° 0.67+0.27° 151.5046.41°  31.2443.16° 19.46+0.02°
Sinseonchal  9.310.06° 6.650.09° 0.060.00° 143.9910.63°  30.256.08° 20.8610.76°
Long term soaked  Mirchal 10.3740.20° 5.2740,02° 0.08+0.00° 200.00£3.04°  20.6410.03° 55.82+1.39°
glutinous rice flour
Baegokchal ~ 12.080.45° 4.78+0.01° 0.22+0.00° 130.69+#3.17°  20.12¢577° 51.60+6.96°
Dongjinchal ~ 9.52+0.18° 6.40£0.04° 0.34+0.00° 146.6313.86°  20.28+0.22° 50.24+1.90°
Sinseonchal ~ 9.35+0.07° 4.64+0.03° ND? 130.1240.03°  20.73+1.51° 48.5142.84°

"MeantSD (n=3) within each column followed by different letters are significantly different (p¢0.05).

2Not detected.

1A A We] 24 g 7IeeR 4 A
w2t 58-70% BE7t AT o= Lee®t Shin(2009)
o A A A Aol 63-71% H= HAsAT=
23tk fArsEAT. oA Y el duhdE ;I
2 QIs) & JR 2HOA RS0l SEHE AR +7
TNAO B n7} =848 ZohuiAyl 2|4 sheF &A0|
B2 (Chiang¥} Yeh, 2002), ol# ¥3k= 28 59
T LR 3 sk kRe] FAolu 7k &
Aol g2 9Fe € ACE Amdr.

=AY FITel SRd dEe) 749 #E
S0 FFoAY, Eho] F2d 23t HEFs, &7t
F AR 271d 2EAIS] BAE oS T > e AR
2 AEHYoo 5, 2013). A2 4 AT
141.58-156.79%, 3 &7H% 138.37-151.59%, 42l
FE71F 130.12-209.00%2] HHZ EREos, A3l 8
7¥79] mj2Fo] 209.00%= 7 A UERETHp0.05).
Park 5(2016)9 M2 3 7|3Fo] e#=w FA7tE
Al F3to] ZAstAY W] F4F F2ol Fast

o] E43t5go] WolAthy stgo} n2de A4S

https://www.ekosfop.or.kr

go] £43 A0 & YUEth & AR IR F &
d FEo] o]k Fx Eo] &&, SofH=AE Lot A
o7 A IBIVE 24.02-32.47%, 3 FEIVE 22.91-
33.90%, 219l FA7FE 20.12-20.73%9] HYZ At
3 Agjgte] weh &ejEs WobHtH(p<0.05). Ba82
AEAA7E Baste] =7 A7HA] IR S2s E5
T 5 e sYHoE A JAVHE 16.30-20.48 g/g, &3

19.46-22.06 g/g, 213l FE7+E 48.51-55.82
g/go HA=Z UrEP*E} FE7VEE ZAIZE 36k &9
4 7t 208 YeEon, o=
A B9 7hast ‘i%ﬁr FEAQ] 23S0l FAl] dof
ol wheh AEJAF Y] Aol oFefixl Ao ® AlmHT
(Yu 5, 2007). W22 A FE715Y 1 16.30 g/go =
2 £35SOl BEEo] 7F 2A Yet o(p0.05),
A S e 55.82 g/gl & A 7L wje} v s
°F 3.44] 715 Fﬂmﬂ% 2 5 SoME 7P =A UE
Hohp0.05). B2 f3 Az Al $83% 4 E42
2 AR nj2Z9 %—g—% BYE HS o v2F2 73t

AxE 2A2A 713 4ol 948 oz Ardd,
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3.2 EHUI=o gINEEE

] F59E 3 717 2 AR AR R
+ Table 20 Yetflch. A JA7IE9] B+ JA=A71<
ZOHES 717 56.93-68.86 um 9 49.38-70.66 p#m9]
HARE Yepgor, nj=222 68.86 ym ¥ 70.66 gm=
JAA717F 71 Hom AA ARl REHAE7 =4 UE
ot SHARE MEHL2 56.93 pm E 49.38 pmE 7
22 JAA71E YEith 4 JFE7HRY oES HokS
o o2ty B YAE Ve IthFig. 1). 3 &
7Fe9l B+ A7) 2 SYEE 47 71.05-77.94 pm
2 66.35-74.75 pm2 HYE RE FH FFoNA #3
oS W A AR o Hoh JRA717F S7lekei
o= 3TN A HilF 2A0] Eo] TS 7t HolAl
7t Az Sl Bxto] A= YA 2717 Flel S
Ao g AgHth(Park &, 2016). M2EL £4US 1
JAZ719 Wt 7P A2 AR e oH, Hat 9
A=27] 9 F4Ee] 2442 71.05 pm 2 66.35 pm=Z THE
I FSET Bt o 7P A2 g2 UEhigich A
3l ALY Bt AR 9 YRS 47 50.54-65.67
pm R 22.72-66.40 pmo M2 UEHEon, v=22o]

35 A FAEL [ FY(70.66 pm)T H LIRS
o AHgl FA7FREO S 22.72 pme o 70% BE
AD7|7F fAastRoH, du FF FolA A 2719 |
SP7F 7P AA YErTh B3, SRS Y] 66.40
pm= U|2F0] SUZL 22.72 pm@ WSS il oF 38|
A= AAA717F 3A Yehy 7 55 1ol 2 AolE EA
O EE 28 500 Al FRVERe e A Tt
T 5 A FAERRY] odF) vusilE b oA #
o] FESYA I YRS 2717F Aopdl Al AU

AcHFig. 1).

3.3 EHUIE9 X-HM S/EHE

I E5E 3 71 2ER AR X-A 3
Tt Fig. 20 YePIch X-A A== AR A+
25 25| i AMSEE R 3d T 139
AA2RE 2HFS 7R FESt=H A2 I+, BY
< A&, vy 9 JopEA S5 AR, CPE F
7HA FEe] o] EtE o] UEhu FRu 1At} 5o
A YehdtHda Costa Pinto &, 2021). & oA=&
H £5 9 3 717t #Agle] 3E 4&(20)= 15°

Table 2. Particle size distribution of glutinous rices based on different soaking time

Treatment Variety Particle diameter (um)
Mean Median d10” d50 d9o
Glutinous rice flour Mirchal 68.86 70.66 6.90£0.00%9 70.66£0.01° 129.02+0.00°
Baegokchal 56.93 49.38 4.710.02¢ 49.38+0.00° 116.70+0.00°
Dongyinchal 62.84 62.63 6.20+0.00° 62.63£0.00° 119.70£0.00°
Sinseonchal 62.10 60.70 5.71+0.00° 60.70£0.01° 119.90+0.00°
Soaked glutinous rice Mirchal 71.05 66.35 8.18+0.00¢ 66.35+0.00° 138.62+0.03°
flour Baegokchal 77.94 72.9 9.87:0.01° 72.96£0.01° 151.00£0.00°
Dongyinchal 72.14 68.71 9.09+0.00° 68.71x0.01° 138.60£0.01°
Sinseonchal 74.92 74.75 10.09+0.00° 74.750.01° 139.90£0.01°
Long term soaked Mirchal 50.54 22.72 3.49+0.01¢ 22.7240.07¢ 125.40+0.01°
glutinous rice flour Baegokchal 56.28 51.9 6.48:0.01° 51.96£0.01° 110.41£0,01°
Dongyinchal 65.67 66.40 7.52+0.00° 66.40+0.00° 123.10£0.00°
Sinseonchal 60.26 52.31 4.56£0.00° 52.31£0.00° 123.90£0.01°

"The portion of particles with diameters smaller than this value is 10%.

The portions of particles with diameters smaller and lager than this value are 50%.

The portion of particles with diameters below this value is 90%.

2Mean£SD (n=3) within each column followed by different letters are significantly different (p<0.05).
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Glutinous rice

Soaked
glutinous rice

Long term
soaked
glutinous rice

Mirchal Baegokchal

g MOX WSRO WO- Almm  Bwihe e » R T~

-~ i R -~

Dongjinchal Sinseonchal

Fig. 1. Morphological properties of glutinous rice flour based on different soaking time. M, mirchal, B, baegokchal, D, dongjinchal,
S, sinseochal SM, mirchal soaked for 6 h; SB, baegokchal soaked for 6 h; SD, dongjinchal soaked for 6 h; SS, sinseochal soaked
for 6 h; LSM, mirchal soaked for 9 day; LSB, baegokchal soaked for 9 day: LSD, dongjinchal soaked for 9 day. LSS, sinseochal
soaked for 9 day.
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Fig. 2. X-ray diffractograms of glutinous rice flour (A), soaked glutinous rice flour (B), and long term soaked glutinous rice flour

(C) based on different soaking time. M, mirchal, B, baegokchal, D, dongjinchal, S, sinseochal.
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Table 3. Thermal properties of glutinous rices based on different soaking time

Treatment Variety Onset temp. Peak temp. Conclusion temp. AT AH
(T, ) (T, ) (T, C) (TeTo, C) (J/9)
Glutinous rice flour Mirchal 59.8740.27°" 68.3410.01° 75.88£0.45° 16.0110.72° 9.27+0.59°
Baegokchal 60.830.40° 68.26+0.60° 77.6243.08° 16.79+3.48° 11.66£1.97°
Dongjinchal 61.67+0.08° 69.34+0.01° 78.28+0.52° 16.62+0.60° 9.2040.28°
Sinseonchal 59.510.33° 68.4240.11° 77.70+0.13° 18.19£0.45° 9.4240.72°
Soaked glutinous rice  Mirchal 58.70+0.31° 67.42+0.35° 75.75+0.71° 17.05£1.02° 9.74+0.66°
flour Baegokchal 60.77+0.18° 67.50£0.24° 74.69+0.40° 13.9240.22° 10.05£0.08°
Dongjinchal 59.64+0.07° 69.09+0.12° 78.08+0.42° 18.44+0.35° 10.25+0.02°
Sinseonchal 59.390.06° 67.25¢0.11° 77.69:0.43° 18.30£0.37° 10.46£0.74°
Long term soaked Mirchal 57.15+0.17° 67.83£0.00° 75.45£0.23° 18.3040.40° 8.93+0.23
glutinous ice flour Baegokchal 60.85:0.08° 67.34+0.23° 74.34+0.12° 13.49£0.04° 10.1120.47%°
Dongjinchal 59.73+0.07° 68.59+0.12° 78.64+0.62° 18.8140.69° 11.0640.78°
Sinseonchal 58.960.37° 67.3410.23° 76.69+1.10° 17.73£1 .46° 10.4441.27%°

"MeanSD (n=3) within each column followed by different letters are significantly different (p¢0.05).

2 53} d=gtm(AH) 8.93-11.66 J/g2] HHYE bt}
SN BE e FF0A =3 A2 E Toll wt
Aot A 08 Vet n232 SIPIARET A
A7FEd 1 59.87ColA =353 W 58.70T, A%<
o 57.15CE 4 A& o I EF Joll 7 E2
F= BAH(p(0.05). ZIPAIRE 2 Hf3oees &
£ e 5004 =3 717k0] AojAe] wet 1 gho] wot
HoH, Lee 5(2004)9 Hio] fEH 43 XA L&
£ 40C 9 50CE ot S3PAIRE 9 i ssterrt
o WolAtkyl 319t Cho(2007)0] WEH A=
4 M 5ol H5e A%S YEh e, Aol oot
A ot A9 ko] wWobd B7tE9] o] f-gt
TFZE Z7] ggolzty Bistgr). s34t 9 53}
2EHAE A IR q ZY FF 7] Aolg YE
WA ko 1H(p)0.05), =3 A E ot9E W S3k5d2
T 9 3329l W o] 247 74.69C ¥ 13.92C
2 WA YEhT 532 2447 78.08C % 18.44C= &
A YERHTHp(0.05). E3, 4481 JA71R9] Sl
4 532 H 9= WEFo] ZH7t 74.34C 2 13.49C=
A Yepgy 542 77 78.64C 9 18.81CTE &
UERATHp(0.05). 3322919 S7Hs AR YAF +
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Z7F 4% oY=y fEoz AlgHt(No 5, 2017).
Skl s A FEA7HEY of WEHo] 11.66 J/gl =
7H A Yoy SXE2 9.20 J/go 2 7H WA Y
ERth, shARE m|222 3 AP E olls W 9.74 J/g,
APE o 8.93 J/go® A FF F 7P B2 @2 UE

W 2At.

3.5, BUUI=9 ML HEZSEI0f 9/t S5f £4

I F59 £3 7102 2E S R SR EA
Table 4°] UetHiSith. 22 PWAET ofd = A Jhefo]
ol T57F A o] Foj XA, kedhe TiH A APHTL
A UchZhou 5, 2002). F&71F9] 2715 8Kinitial
pasting) 2= 66.85-71.58C, Fil(peak)d%x 1,550.33-
2,715.00 cP, FA(trough)dE 514.33-1,299.00 cP,
HZ(fina)A X 658.67-1,699.67 cP, 7}oHbreakdown)
A 744.33-1,583.33 cP ¥ A¥Hsetback)F = 144.33-
400.67 cP9 HYE Yyt 27|58t HE 2
FS0MA 3 A g ool wet Faste ACE YER
o ol Y FF 3 7I7te] doje] wet 27|23}
257} Ropgiths A A0} FAHITHKIm &, 1993).
n222 2715927 A 7Y 1 70.98ToflA 4
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Table 4. Pasting properties of glutinous rices based on different soaking time

Treatment Variety Initial pasting Peak vis Trough vis. Final vis. Breakdown vis.  Setback vis.
temp. ('C) (P, cP) (T, cP) (F, cP) (P-T, cP) (F-T, cP)
Glutinous rice flour Mirchal 70.98:0.06®"  2,682.67+8.3%°  1,296.00+11.53° 1588.6743.51°  1,386.67+4.93°  292.67+8.02°
Baegokchal  70.77+0.53° 1,879.33t16.80° 620.67+18.77°  807.00£7.81° 1,258.67£35.57°  168.33+21.94°
Dongjinchal ~ 71.5810.42° 1,650.331177.10° 806.00£104.01°  1,011.33t114.20° 744.33t73.10°  205.33+10.21°
Sinseonchal ~ 70.95+0.05%° 1,838.00+18.08° 855.33+34.08°  1,098.00£35.59° 982.67+51.23°  242.67+2.08°
Soaked glutinous  Mirchal 69.95:0.57° 2,715.00£3.00°  1,299.00+17.69° 1,699.67+9.87°  1,416.00£19.00° 400.67+26.84°
rice flour Baegokchal ~ 70.53t0.41% 2,211.00£13.08° 951.33#2.52° 1,223.0041.73°  1,259.67+15.31° 271.6741.53°
Dongjinchal ~ 71.33+0.45° 2,282.00£37.16° 1,231.00£19.00° 1,501.67+24.19° 1,050.00£30.41¢ 270.67+8.50°
Sinseonchal ~ 70.52+0.43% 2,152.67:6.66°  988.00¢3.61° 1,164.78t7.77°  1,164.78t7.77°  270.67+1.15°
Long term soaked Mirchal 66.85+0.05° 1,762.00£32.51°  770.67+4.04° 970.67¢4.04°  991.33t36.50°  200.00+0.00°
glutinous ice flour Baegokchal ~ 69.42+0.03° 1,617.00£14.42° 514331513  658.6746.51° 1,102.67¢0.12°  144.33+2.08°
Dongjinchal ~ 69.42+0.06° 2,422.33+54.05° 903.67+8.74° 1,162.33+1.93°  1,518.33+45.37° 248.674#3.21°
Sinseonchal ~ 68.880.40° 2,507.00430.20°  923.6745.51° 1,151.00411.53° 1,583.33+3547° 227.33+17.01°

"MeanSD (n=3) within each column followed by different letters are significantly different (p¢0.05).

),

U5A v 69,9502 ol
53 717b0] BolRe] uret 2] EF oA g A vt
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£50] g} 54 A A 27|5LE gh FE} e

Zer Aadd.

Maae 4 Pt

4 0 HIHE

2,682.67 cP, HAHE 1,296.00 cP, FZH = 1,588.67
cP, 73sHA% 1,386.67 cP € XHHEE 292.67 cPE U

erpom, FH5%S

o H1HE 2,715.00 cP, HAHE

1,299.00 cP, #FHE 1,699.67 cP, 3+ %k 1,416.00
cP ¥ AHHHE 400.67 cPE ¥ £F FolA 7P =4

LERETH(p<0.05). SHAR A RE

=1 AR=

t= AlAdEe] H1yx

2,507.00 cP, HAHE 923.67 cp, A% 1,583.33
cp=E 7MY A vEsten, HSHE 9 AT EE 57
o] 47+ 1,152.33 cp Y 248.67 cPE &AW 5 F 7}
=7 UEtHp0.05). AT 9 ARHEE ¥Z

£ QB9 s LA %

https://www.ekosfop.or.kr

APE T 549 (Sim 5, 2018),

No) _x\l

717ko] F7keke] w7

02290 JE2ALo) AuATE A ;}g—m—
7 1,588.67 cP ¥ 292.67 cPE YEFHO
70.67 cP ¥ 200.00 cP&
AA 714 Bkt e n2do] A
A o 1,386.67 cP, =439S w| 1,416.00 cPZ
lﬂﬂl UEbgow, ARl 7R =

HES S

L A M%o] ZeEE

1,583.33 cPZ 74 &7 YWeERdtH(p<0.05). Kim

AR YohE2

3.6.
7~1—u:‘|

ofdz2HE BEIAE 7lo]
Aot LEAE o|F

of polymerization, DP)#1 3hH, ofd2HE branch
¢=o] wet A chain(DP 6-12), Bl chain
(DP 13-24), B2 chain(DP 25-36) 9 B3+ chain(DP )
AtHHanashiro 5, 1996). oty =
FEAE 19.93-21.71, A

chain

3708 BEE 4 9
9 W Aedol:
£ 19.88-20.149] M= YEHoH,

EEHZ of2

Hl/E/O/ HX/_?I E/('I

F39 3 A PR

w3t AR

=39 BX = Table 59 UER
gFF @499 & S (degree

Adhe

(2010)9] Hiof] w=r oy =rt o BgE2 Wot

F7KiThn seint,

1ol g
PEARAA A4



Physicochemical properties of mirchal rice flour based on soaking time

Table 5. Amylopectin chain length distribution of glutinous rice starches based on different soaking time

Treatment Variety Average chain Distribution (%)
length D
DP" 6-12 DP 13-24 DP 25-36 DP>37
Glutinous rice flour — Mirchal 19.93+0.06% 29.59£0.23° 47.1740.40° 11.83+0.08° 11.410.25
Baegokchal 19.9340.01° 30.82+0.15° 45.83+0.14° 11.60£0.06¢ 11.7540.04°
Dongjinchal 20.0240.16° 28.7440.53" 47.85+0.13° 12.16£0.12° 11.2440.29°
Sinseonchal 21.7140.40° 27.10£0.81° 44.47+0.27° 12.98+0.10° 15.3740.55°
Long term soaked Mirchal 20.01£0.05° 29.06£0.17° 47.65%0.12° 11.78£0.01* 11.5120.06°
glutinous rice flour b
Baegokchal 20.0140.05° 29.66+0.03° 47.09+0.18° 11.61£0.03 11.6440.19°
Dongjinchal 20.1440.18° 29.090.82° 47.14%0.38° 11.9740.22° 11.7940.22°
Sinseonchal 19.8840.25° 29.60£0.29° 47.45+0.52° 11.650.24% 11.3040.57°

"Degree of polymerization.

2Mean+SD (n=3) within each column followed by different letters are significantly different (p¢0.05).

Zo] 21.712 7P AA UetHp<0.05). EAAREZ0]
9] £x= FEHE 9 ARl JFEAENA Bl chaind H]
go] 71 =7 Yehgon AjAog 71 A4 A&9l B2
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2l AN 2=t S3tHZhu 5, 2010).
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