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Physicochemical and Cooking Characteristics of Non-waxy Soft Brown Rice

Jihye Park - Malshick Shin’
Department of Food and Nutrition, Chonnam National University, Gwangju 61186, Korea

Abstract

Purpose: To improve the cooking quality of brown rice, newly inbred soft rice cultivars were investigated. Methods: The
physicochemical properties of brown rice flour and water absorption patterns and cooking characteristics of brown rice grain were
compared to Ilmi white and brown rice. Results: General composition and total dietary fiber contents of five rices were significantly
different with higher ash, protein, and total dietary fiber contents in soft brown rice than white rice. The hardness of raw rice grain was
higher in Ilmi brown rice than in soft brown rice. The water absorption increased rapidly in 30 min of white rice and in 4-6 h of brown
rices. The apparent amylose content of soft brown rice was lower than that of Ilmi rice. The initial pasting temperature and all
viscosities were significantly different, but the trend was not similar. The textural properties of hardness and roughness were higher,
but adhesiveness, cohesiveness, and stickiness were lower in Ilmi brown rice than white and soft brown rices. In sensory preference
test, not only textural properties, hardness, adhesiveness, cohesiveness, stickiness, and roughness, but also color, glossiness, and
roasted flavor were higher in soft brown rices. Especially soft brown rice B showed the best cooking quality among all rices.
Conclusion: The results of the study suggested that soft brown rice is developed for cooking with high nutritional and functional

quality.
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Ao AA AT 50% HAEIF FHo7 HHsIa A
o MA AAEES] 90% o) o] ofaotol| A AJ4kE o] A
HIEIL e AA 3W 2 9 shdelth s-2luete)
AE, vl F=9 dFolA= AZYUTIHY ofdE~
ol @ E77F lom &7)7F e S Auliste
AREStal Aok A v f7F ©edt 2207 Hof glof
& AAsIE EAAAE AX W2 ARgste] gith
(Sirisoontaralak P 5 2015). ¥ 10E8% == 2EE
2 245 Wnyp 55k 8o &7 U REga
2 B YERja Qloh
Aol YA EEEHA , ol
Hol o] EAEo] SUIETE o] Haste] =4

g YL £l ol EEAT HE &LHA
E9] 7ol g #Alo] FopA|a Amle] FFH &
5 o] AFHHUA FsF E frls 2=
TAskA ok dAne] AHE Ak Utk
vl o 4AE AAT AR I3 (pericarp), &
J)(seed coat) % T -ZF(aleurone layer)o.Z TAH &
7453 wiokembryo), &9 F-ES AAstE Hlif
(endosperm)E o] FoA Qlt}. 7} REo| A5t T
Hl= 2AZF 5-6%, ot 2-3%, ¥l 92%(Bechtel DB &
Pomeranz Y 1978, Juliano BO & Bechetel DB 1985, Kim
SR 5 2004)Z wjolol= EXSAYAY, B3| theExs)
A4k kslEE o TIsAEZ] TSt 2A
ol ol B3 Ao, @i, Fr1da Hlet
Hlo] grEo] da HsAd sdE 5 AEELE o
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2 ShirEo] o] AFAFECZH 717} ETHChoe TS
T 2002). 2y dvl= FE F5E€0] $al(Bechtel DB
& Pomeranz Y 1978, Parnsakhorn S & Langkapin J 2013)
AL e AR E&77F flom el oA anE
o]-83t7] ojg7] el WoldS AX Ry e
ke JlAdek s R ofYe}t &St FEA St ARS
stal lom ol goA G 9 FUE 7led =4
2 Q3 2 #Ae]l FUIE At (Moongngarm A &
Saetung N 2010, Kim HY -& 2012, Sirisoontaralak P &
2015). Topdm|E ARgSlr]ell= AAZ] Ho] =7
ol ARg-EFe] STHE A Al Qlo] A £F 2 )
£ dATshe AEAEL A9 A& AEte REY
A e dTE st Aok I F Are Huks
MAsE7] &l AddnE A 38k Aok A4
drje 229 B4 FEges Eid drE ey
g} ERA A Wol AujEE FFOE FH¥E Al =
o < 7Y, R Fol ARAdo] "olR
o] JANE AvE W& AS W 2w JjA T}
do] Qlof A AAHS Al=Eta Ut
Aol AR A BAZ ol 79 ol &
2ko] A|AEe] Wiwmlef Hls| 71 FHWkAIZEO] £QFHH, &
£ n e 02 FF9) E3ste] AN A9, e
37t B5ESIA FHo gukdt 27 ZH=TKLim
B & 2003). T3 w2 & 9 @v|Y uFel o)
A7 "l 2H(leathery texture)S UERY FH¥H & wiujHT)
HsA EAo] Yrpa BRaEo] 9lthKang EJ 5 2013).
Park WH & Woo KJ(1991)& &3} 8] HAAZ &
250 e FIAFEE ZARIR O, g2 SH X9
W57t Ae] A s el A3t Song BH
5(1988)2 dAwr|9} win|o] FRFTEHEL} HUEEE H
A A8 O, Kim KA 5(1995)2 HAW7 79} 7k
ge]sle] HugS wjo] du|Rte] 2n|EA ] 3o
T3tk =3 Kim JY & Back SH(2012)= 23S Wl
ule] 38k B4, FEFFEA, AW Al EAZAOIE
A3 Park JTW 5(2009)2 A 243 ¢t o] &n)
o] HuEA nxl= Y& Kang EJ 5(2013) dul&
oM 7FEAE P& W HREA P I FH
2 A 7tE3H x2S IR & tFEe] A
= ZYFHY dr] AAE 7Hgshe ATER, T3S
Mgste] AddnE ML3tAY olE o] &3 x| 54
of oIk A7+ A9 o] FolAA FUrh

J¥EE B AFs ddedriedels dvlel wuk
< MAE H5Ho=2 AFA MEst 35RF] AdrE W
gto] =gk dv|e] dwje}t winlel A3 v|wstaA}

Aot ALde] FEFTE, olFeE g9 3354
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1. M=

AEQ e BT ABGE $U71EY F Aol
AF WL, 201349 S TR FE @rlgeel
Ur), M2 =Y Dulst ALEE) A 7 FFE A

&3t

2. 42848 &Y

W) dJujel AAn| o] FREFTES AU 1.0 g 4x7
em’ FAFHYO] Y& F 30°C9] 2 F(vs-1205w,
Vision Scientific Co. Ltd., Incheon, Korea)ol|A] F¥&3] %+
VIEE Sk 12, 1, 2, 4, 6, 8, 12, 16, 2443t 5t 43
SHATE YA FH T ALS AFAXE Tol EH9

2718 AR F FAE FA4%] FEFTFES AR
ok

ol
-

3. wato| ZE 23

UumE|ol @, AN We] FEE U FES
F2517] 943 desiccatorel] Fo] 24417 WAF F =7

3+, texture analyzer(TA-XT plus, Stable micro systems
Ltd., Surrey, UK)ll ¢ 20 mm cylinderd 2] probeS A&
ste] S35t Test speed= 1.0 mm/sec, deformation-=
50%= 13] QFRAIRS AAst o Ado] A=t

Baw 3, A= S

4, AIIFo| M=

i) Huje} AN ARVLEE ARS E371(DA
282-2, Daesung Atron Co., Seoul, Korea)E ©] &3} &
#3FAL 100 mesh(<150 pm) F=AS B3ste] A E AL

7L AN 42 AOAC(2000) RO ®
AT FRIEFS AWM OE 105°C &2
(OF-11, JeioTech Co. Ltd., Daejeon, Korea)= ©]-83}
ZA8da, FBS 550°C A3 2E o] &3 HHF]
sk, =i S micro Kjeldah'HS ©]g3le] =4

Sk

2) AI7tE2| olgtstd EM &4

dupinje} Hu] g AFHw7LF] BRY] opdE L
2~ 3HES Williams PC 5(1970)2] £.0.= HlAMo| e}
3333 = A (Unicam UV-VIS, S-1100, Scinco Co., Ltd.,
Seoul, Korea)E ©| 83l 680 nmollA §FE=E =43}
Gt WRAES T3 HEANA B3k ofdZ 9 9] o}
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dEdAgo g 9o} 22 WS o83t 73t FFA
2181 Y=0.0077X+0.0332(R’=0.996) ZF-E] opd=~ 3}k
< AT F 2ol RS AOAC HH(2000)2
E total dietary fiber assay kit(Sigma Chemical Co., St.
Louis, MO, USA)E AF8-3}d enzyme-gravimetric *H 2.

2 ZH3AY. AR 1 g(dF 715)2 pH 6.0 phosphate
buffer 8 50 mL%} heat stable a-amylase 0.1 mLE 3
A Wil E= &-24F(Vision Scientific Co. Ltd.)ol A 20
B2E §REAIF T oA WAAIRlL F 0275 N NaOH
(Daejung, Siheung, Korea)Z pH 7.5+0.22 Y+E 3 protease
0.1 mLE 22 & 60°C F4=(Vision Scientific Co.
Ltd)ollA 3523 WhSAIZATE d2elA YAzl S4=
0.352 M HCl(Daejung, Siheung, Korea)= pH 4.0-4.6°.%
9k 5 amyloglucosidase 0.1 mLE ¥©] 60°C 2=
(Vision Scientific Co. Ltd.)ollA] 3583 HHEAIZ] & B35
A7) #8849 4nfoll 3id3h= 95% ethanol(Dacjung,
Siheung, Korea)= 7}8}lHt) 1A1ZE &9 WX o
celiteS ¥ w8 A7l FE crucibleo] 78%, 95%
ethanol¥} acetone(Daejung, Siheung, Korea)oi A= gk
%, dry oven(JeioTech Co. Ltd.)ollA Ax &&FS 319
D} Crucible?] ZAE BAE =AH3st1 2 o:]%_,] Tl z)
<2 Kjeldah'Ho 2, 3|2 HV|ZE o] &3 WHoe=z =
A T o S o]&ste Holdf TS ek

|

Z Aol FH%)

= [(FARFA] - DA - S| 2FA) - Blanky Al S FAIx100
A712o] B4 sE-S Medealf DG & Gilles KA(1965)
e, Be&93 %— S Schoch TJ(1964) ¥l u}
g} A3 AR A7 0.5 gAF 71E)H
ZHF 40 mLS 2L 80°CollA 3083 wwk 7Y &
=R
g

17

o gol WzkAl7]11L, 5000 rppmol A 30&37E A4 &

(Supra22K, Hanil Sci Ind., Incheon, Korea)ste] S73]
AT
AR .

3) MKHE=ZEH7|0f oSt S3IEH EH

dupiml el FHr) gl AAFPWLF SHEAS AL
HEZ271(D3, Newport Scientific Pty, Ltd., Warriewood,
Australia) 2 T3} Z2o] ZH3ATE A8 3 o(FEEH
12% 7159 575 25 mLE canisterd] €3 0-182
50°C, 1.0-4.458-2 95°C7}A| &5, 4.45-7.158EL2 95°C
A, 7.15-11.06%-2 50°CE ¥Z}, 11.06-12.302 50°C
£ fFAS F=E AR SHA= TPiIAE
(initial pasting temperature), 33173 = (peak viscosity, P),
HAA- E(trough Viscosity, T), W23 =(final viscosity, F)
E YeRAa, A3 S(setback viscosity, F-T)9} d =%
A= Z‘jE(breakdown viscosity, P-T)E A4k th.
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4) AR o| M

A7}Ee] A= ARA|(Spectra magic' 'NX, Konica
Minolta, Tokyo, Japan)& ©]-83}%1, 33 HbE =435}
Hunter®] L(lightness), a(redness/greenness), +b(yellowness/
blueness)&tel HakS Uelth AT =42 1=96.98,
a=-0.11, b=-0.19%1 EFWAYF(standard white plate) =
BAgste] ARSI AMZHAE)E WARS 7|FESE AR
= V(AL)?+(Aa)*+(Ap)* 2ol 2J5te] Aatstit.

My, @r), AQANE o] §3fe] Thew} e WO
2 W& AR A 100 g8 53] AP T A A
2718 AA A ol AR AH e Aol
AR B0 1oe] $¢ 9w, elsh @ Awns

>

Al A FAL 15019 EE 9o, % X47]l"i%‘i}
Z(CR-0352FR, Cuckoo, Yangsan, Korea)oll 3l 2443t

WA sk FHWhske) FHuke] EubH wke 4o SRS
k= 7o) e 12U] &7)d Hol ALl Hrt
Skt

o o

1) Hio| M
Hko] AT = MA}A|(Konica Minoita)E
7hEet e o E A3

ol-gstaL, &

2) HIARX é’g

el gz B4 YT =47 AR 2 10 ¢ &
Y FARE o2 A A A BA0] 13589 B8 ¢
a1 AR AR & %’43} Y3t A7) HeHrE S o] 835}
of FHdkstgh FHwrE ‘?j% Z=Ho| Zulslr] G2 Al

ol A5 BaA 24

rlo

7 (texture analyzer, TA-XTplus,
Surrey, England)E AHE-3l WY Zofo] £-418 3Y(Okabe
M 1979, Wi EI 5 2013)& AlStf 9]oll =i whi b=t
AlEdE& A3t TPA(Texture Profile Analysis)E AUTH.
Probe= ¢20 mm cylinderd probeE AME3I¥ I HIFE
2 75%= S3FATE pre-test speed, test-speed, post-test
speed= EF 1.0 mm/secE 3R 208 HHE S35
t}. TPA —‘—/\‘]_El"%Ei 7d=(hardness), 5% 4d(cohesiveness),

EHd(springiness), F-2Hd(adhesiveness), % 3 4d(chewiness)

-‘4‘ 3] E-H(resilience) 2] EAS BT

z )
el WeRtE A3 BERtade $EAEY =
YA ol §3 ATA 308 S At £

AZ & Rk 28-S stk Kim SK & Shin MS(1996)
T3] 9% HEW(9 point scoring
NaE FAIRE 3AH] AR #FA

£ mlm

test) &= H7}515
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St FrHA2 4 AlEe] A(color), €7](glossiness),
Aeto] 2k S(intactness), T3 B3} EKroasted flavor),
7d =(hardness), -2+ (adhesiveness), -5 4(cohesiveness),
Zk7)(stickiness), 7 & -S(roughness)¥ WA 7|&%
(overall quality)E B7}3tdth 2 AEE H7IeH $oll=
AFS EE 71 4 S ¥ FH e AEE HUtek=

5 stglon Zb gl tis ot HEolA At AE=
FAEA
6. SHXz

RE e Ade HdeREUAE YERN AL SPSS
Statistics(ver. 12.0, SPSS Inc., Chicago, IL, USA)E ©|&
3to] ANOVAER #4HEA S AAsHE o p<0.05 <=l
/] Duncan’s multiple range testZ F2|43 HEE 3FAT.

M, Zap o ;s

= =< =
1. A7IR9| YUHtEE
Ar] FZFo Wu|e} fr], 3572 AEAr] Y dvkd
£ BN A%t Table 13 BTk FEFFS 27
=
s

7)
14.84%, 13.62%, 13.82%, 13.58%%} 14.21%=, Wn]7}
o} frojdo|tt. & AFA AMgS Adn| o FEE
g gl 0%4_1319] FRIEQ 15% ol RT WA
et s, ol ARE ARshs 3t o] S
ol Ao AR EJE} S| EstEe dujun)e} fw,
Ad@T A, B Ce= A7 0.62%9 1.32%, 1.43%,
1.46%%}F 1.55%= Ad@r7t grjdn]d vls)] =k
Jujimlof B3| 26 o]/ ztolE UERITH —‘?471%4_ e
o2 Yehde &2 @rlet dddnrt 25 Fob
FHoz ity & 4 Qlon Oﬂg&lulﬂ— 13 oo
F71dE RS & F Atk 2aid e Ad
dr] F B7F 7.55%=2 B AlRell vl ol 229
om dndnjel AAHN A9 C AloldlE F-2F 9 2
o]7} fiSch Lr|Wn)E 625%F ol o7 zjo]=
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Hook =A4 e drdin], dAn], AFdHAR] A, B, C
= 77} 0.54%, 2.63%, 2.51%, 2.61%, 2.05%2 A& dn]
C7F @n] FollA e e Ba dv= wn)e Hls)
3.8-4.9u) Zfol7} Wty Ao i FAE-E ool F
=2 zﬂ- Qo—] 0101 \:7(45]- uﬂu]g} = z].o]E 1/].1:/}14]1:]__,“
A7+ =) it

A WSS
22 shEkyl halE o
ah)r il ) —cﬂ-ako] ;L

)
;f——li‘:]'— O}"-’]‘_T_"J o] 7] witolgtal skt
(Juliano BO 1985). Yutx o7 o= EJA AL o
dEx3} A desEZsA ke ko] 22 19-21%,
39-45%, 33-40%= BES}A| WA ko] =T Choe IS &

Hir

2002). AXAZE Ao] 7o A FHit & gU|E Xl
Tk A7 ARE] Aol AtujE A ol E HAs)
= 5 F2 Azl & FFES vIAA Arkwi El
2013). dwjoll= Wojo] wls) T xuk 8l 2 g
ol Fo} YYHoE S AT F Ao
nBEo= Hube] 9S F= 8%lo] o BeE ¢
At Ao i T AolAdf 2 Wnvl 2.88%, &
el AZHN A, B} C= 747 7.04%, 6.65%, 7.31%2}
723%%2 =9ty Fu] 7he] X AlolA§ dere 90|
Zol7E QATE B AFE dvle o) o)
3.2-3.5%% YUEFHTHE Choe JS 5(2002)] Ao Hla)
L2 g nglow, vyl wWulo] wls) < 2u) o4 g
F3al YT Lee HI & Kim HS(1988)2] Adkol= FAL
SHATE ol F Ao dREHES S35t WY Aol2
7119 Ao =2 AYZE ATt

ojf

(

d

129
==

| X0 |

?

Table 1, Compositional analysis and hardness of IImi white and brown rice, and soft brown rices

Rice! Moisture Crude ash Crude protein Crude lipid Total dietary fiber  Hardness of raw grain
(%) (%) (%) (%) (%) (kg)
IR 14.840.05" 0.62+0.06" 6.25+0.16° 0.54+0.00° 2.88+0.26° 9.17+0.94°
IBR 13.62+0.31° 1.32+0.06° 7.19+0.03" 2.63+0.0.1° 7.04+0.02° 11.79+1.58"
A 13.82+0.14" 1.43+0.00° 7.08+0.05 2.51+0.01° 6.65+0.06" 10.23+1.24%
B 13.58+0.03° 1.46+0.01° 7.55+0.12° 2.61+0.16° 7.3140.10° 10.27+1.84%
C 14.21+0.12° 1.55+0.04° 7.16+0.03" 2.05+0.06" 7.23+0.07" 10.97+1.42%

Data represents mean+SD.

D IR, IBR mean Ilmi white rice, [lmi brown rice respectively and A, B, C mean soft brown rices.
* Values with different superscripts in the same column are significantly different at p<0.05 by Duncan's multiple range test.
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Fig, 1, Water absorption of lImi white rice (IR), llmi brown rice
(IBR) and soft brown rices, A, B, C grains during soaking times,

FHlo] FRA o JHEA BHo] WA 53}

Frigo] WE7HA =2 o} o] #ed B4 o

< PHTa dHA JAtHKum IS T 1995).

el du), AN FEF At zA|7F 7}
<

nejshA e st

o ¥
o
rlo

=]
2 53 F R FREE FFesen 3 08l

\ FrEes
ot Wt dejdr|et Addn A, B, €2 AT, 4 30
B 3o FRFFES 717} 8.88%, 8.52%, 9.83%, 9.34%
Fom, FHAIZL] dAAFE 78T 73 4413
A FA4% S7He JEo] 22 21.63%, 21.03%,
23.26%, 21.57%°] F5&< Bol Hule] 3023 F%
EFERTE Witk 3 R2ARE 3 FRESFSS A
Wrujo] 29.45%° wis) dvldrel AFIr= A
25.73%, 26.87%, 28.29%%} 27.56%= LrERfo] UnEn],

AAEHN A, C, BY o2 FEFSFE0] 3Tk
go] FRELZE THATE B2 AU g A wlf
AEZzTZ, AEH AEYAe] 2= J-, A9 of
U229} opd 2oy g BApgtze] ks wretal s
o(Kim SK & 1984) Addn] 3577 th2w grjdn]

T
ol
O

zAo] % °
Ao A APPrE Y @Rt 5

W23 Frgo] Fob Hu ¥ ume AHE e A
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wholth 3579 dddn A, B, CE= ZH2 10.23, 10.273
10.97 kgl 2 ¥r)dn] Hoh= FErh Uekont A2
Zke] o)Al Aol @k dr] Ar|EThE AR
Ax7l e AYgor FREE HET AR dE
A AEJAe}F gl A T o 82l ost= A
o2 QUG du drl= dddn o fARRE A
S B A4 A9} BE dnuin]e} fAR Ax
= YERdch

4. 2II2o| EM

1) A7122| olststd EY

Wujel Al dul AAHN 3F9] o|gEF EAHS =
3 ZA3l= Table 29 Zoth A71Fo] AR ofd=E

A
2 ke minlz) 21.01%2 7F3 =9y gv) ), 93
Hul A, Bt C7F 42 17.48%, 14.77%, 14.64% =

14% colAtk. @v|9] Ju TS 8% AAT Zlo] Wn
, @uloll= 939} wjoliie FfH FIYE
AEHo] Z2EE AVIFE ZHY] opdEe A~
st WimEoh oA e 22 FFY A
% 5 Azl wel HEL] opuzE 9} opUuz
Fo gl F AN =R mE G

kg
H

1

(o))
—_—

bt iy,

oX o K
A= ()

2 o
19

;24
£

(e}
fr
o ofN

=

of e HEQ opd= FeFe vl A3}
83 847 opdE FiFo] S E yiglo] 9
Ao g U4#A rKSowbhagya CM 5 1987, Jang KA
S 1996). YHkz oz AxU7ly &L opdE gEfol
o o2 s ghefo] vrow $38ly7] a1 o] #A|
wH 2717F 3, AE wdE ey £353
£ fA% g &8 A AtiSandhya RMR & Bhattachrya
KR 1995, Choi HC 2002). °l= 7oA &&% of
L2222 Q13 AEAA T 25727 AL 1
Yol AEdre] opd@ZHE 0] S0l AHE 33 A
BAo| FJAEY] &2 Ao 7 HtLii CY 5 1996).
E AFolxe obdE 29| FheFo] w2 Addn A F
F7F duldu] vl @2 AERE 7Y dejdn]d
Hlal Z717F & 202 AZEInh @v)e] il of
L2 2 3ol dFe FeA B A7 9 djolg QI
Gl F AJgA N e A= AL flerz B AF
£ B3l Hud F S o2 AL

Aol A7VE7} FlEo] B Agste AEE
e AEQ] EZFYL 557 & Abolo fo)F

o
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Table 2, Physicochemical properties of llmi white and brown rice, and soft brown rice flours

. Amylose content
Rice" Y

Water binding capacity

Swelling power at 80°C Solubility at 80°C

(%) (%) (g/g) (%)
IR 21.01+1.06° 142.25+1.01 0.62:0.06" 6.9620.00°
IBR 17.48+0.29" 145.07+4.40 1.32+0.06° 7.05+0.13"
A 14.7740.19° 144.70+0.30 1.43+0.00° 6.74+0.04°
B 14.64+0.27° 140.24+2.06 1.46+0.01° 6.79+0.15"
C 15.14+0.39° 143.90+0.20 1.52+0.06° 6.4240.18"

Data represents mean+SD.

b IR, IBR mean Ilmi white rice, Ilmi brown rice respectively and A, B, C mean soft brown rices.
*¢ Values with different superscripts in the same column are significantly different at p<0.05 by Duncan's multiple range test.

ol ztol7b ReH, goeColA =HI FLHL 0.62
1.32, 1.43, 1.463} 1.52 g/go 2 AAHw] 7} 7F8 &
ol Etom wimo] Hlg dwlel AR} E3kTh
S =s WA, dn|, AddAR A, B9 C7F 6.96%,
7.05%, 6.74%, 6.79%%} 6.42%= Ln|dN|7} & grog
fFreoldolglon wWnjel AFFHN AloloE Fo2Ql A}
ol UERA &t

E4sEe dvld i 2Aoldfe FPEEF
At g o] oA Aol o3| et %‘crﬂ L
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Table 3, Color values of raw rice flours and cooked rice grains

5+ Table 33} Zo] Lrjdr], dn|, Ad@w] tell 2}o]
g B fo Aol thp<0.05). HEE UrEhHE Lt
Mu)7E 92,792 7F Eigka du)rt ge6.
TR Lake] 7P wton, Addn 1 94 X]'O]‘:‘ ek
A skth, ATl agk2 Wi E AQF e FF
A ¥ e UEI L AE@n| 7t Wia]o) vlaf A
57 Y 52 A0SR Uegon BT FoZQl Aol
et BhH TS el E bik BT ¥ @S
UElG=t A, B, C Add8dn7} 71 571 E9hom
dul, Wn] o2 Yepytt) WARS 7|FEo 2 & ufo
A2E YER = AE(color difference) #%< a@td}t vz}
A& A, B, C dddW Aol Fo]&Ql zto|7t IR
Jrj@n]| e} wujef] vls] ol wiAz xjo|7} g@o] T
SRIE 4 AT WA =2 A 3he 7Hx] AEdn
78 FEudE As & F AT

Color value

Samples"
L a b AE

IR 92.79+0.06" -0.1340.01° 5.57+0.01° 7.13£0.01°

IBR 86.99+0.10° 0.79+0.00° 9.85+0.19° 14.19+0.21°

Raw rice flour A 86.53+0.06° 0.89+0.02" 10.58+0.05° 15.04+0.06"
B 86.62+0.08° 0.89+0.02" 10.85+0.11° 15.1740.14"

C 86.69+0.07° 0.86+0.02" 10.66+0.05" 14.99:£0.08"

IR 78.51+0.33° -2.67+0.10° 6.75+0.45 19.85+0.21°

IBR 68.42+0.38" 1.3240.25° 14.77+1.07° 32.28+0.25

Cooked rice A 66.50+0.27° 1.54+0.14" 14.80+0.76" 34.010.58°
B 65.37+0.47" 2.34+0.28° 15.17+0.48" 35.2240.26°

C 64.600.59° 1.73+0.23° 15.85+0.97" 36.17+0.87"

Data represents mean+SD.

D IR, IBR mean Ilmi white rice, [lmi brown rice respectively and A, B, C mean soft brown rices.
™ Values with different superscripts in the same column are significantly different at p<0.05 by Duncan's multiple range test.

L (lightness), +a (redness/greeness), £b (yellowness/blueness).
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Table 4, Pasting properties of IImi white and brown rice, and soft brown rice flours

v HEOE H ofFe

ATk, o] M= e

4 s
e

ZIAA e
/V\]U]/HO =1k

E BT fo7

E?iq'([KO 05) —-;Q/“O %_h:l]tsﬂu]g]. SRk
Zl_ ]1— o‘/]X—]O] ;(].o]‘— L}E]-L]-X] ol—oL;(]u]. 78]_1;;_\:

rf&

31 A& B

1.68 =02 olxtk A%

Rice Initial pasting Viscosity (RVU)

flours”  temperature (°C) Peak (P) Trough (T) Final (F) Breakdown (P-T)  Setback (F-T)
IR 72.66£0.07° 273.36+7.76° 141.86+8.20° 248.83+7.72° 131.50+2.63° 106.97+0.60°
IBR 73.66+0.51° 185.31+5.13° 82.47+0.72° 180.42+1.26° 102.84+4.72° 97.95+0.54°
A 74.55+0.47" 196.00+3.17° 102.28+1.69° 211.83+2.20° 93.7242.01° 109.55+3.72°
B 74.76+0.44" 182.42+6.45° 86.61+2.35° 189.17+3.24¢ 95.8145.32" 102.56+1.07°
C 75.06£0.07" 198.00+2.52° 101.25+0.52° 210.14+3.32° 96.25+2.99™ 108.89:+2.89"

Data represents mean+SD.

D IR, IBR mean Ilmi white rice, [lmi brown rice respectively and A, B, C mean soft brown rices.
* Values with different superscripts in the same column are significantly different at p<0.05 by Duncan's multiple range test.
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Table 5. Textural properties of cooked white and brown rice, soft brown rice using texture analyzer and sensory difference test

Rice"
Textural properties
IR IBR A B C
Instrumental analysis
Hardness (kg) 1.68+0.21° 2.75+0.20° 2.73+0.14" 2.36+0.12° 2.44+0.31°
Adhesiveness -75.26+30.89 -68.50+21.70 -46.39+18.20 -71.14+14.33 -48.44+16.93

Springiness 0.57+0.08" 0.410.05° 0.36+0.04° 0.35+0.02" 0.44+0.12°
Cohesiveness 0.40+0.02" 0.27+0.01° 0.26+0.01° 0.27+0.02° 0.26+0.03

Chewiness 385.37+78.71° 316.09£60.50° 262.62+31.29° 230.82434.04° 292.69+31.96"™

Sensory evaluation (difference test)

Hardness 4.91£1.35° 6.93+1.29° 6.57+1.33° 5.53x1.50° 5.67+1.37°
Adhesiveness 4.53+1.46™ 4.04+1.54° 4.50+1.59™ 5.13x1.33" 5.00+1.31°
Cohesiveness 4274132 3.67+1.21° 4.07+1.34"™ 4.77£1.52° 4.67+1.56™

Stickiness 4.13+1.52" 3.44+1.22° 4.03+1.75™ 4.93£1.51° 4.67+1.63"

Roughness 3.71£1.39° 6.40+1.48" 5.87+1.55° 4.93+1.36° 5.17+1.46"

Data represents mean+SD.
Y IR and IBR mean IIlmi white and brown rice, three kinds of soft brown rices (A, B, O).
*® Values with different superscripts in the same row are significantly different at »p<0.05 by Duncan's multiple range test.

AL WE Wrlshetl M $8% 848N o ’RX o] Wa FRFFEC] w3 olv el 7
22 Feol wheh AR, A=} ofdEs Ik =ok APAe] W2 Zla #ye] glon who] HaAE
o %

o] dHAAeln FAARIAE o HFBHIAE e
I B3 tHNaito S & Ogawa T 1998, Yu S 5 2010). M=
ol opdEAVL M F §EF o] Aol IS §

Aot wrel Aze dEFe F7] wEoithyu S 5 6. Hio] T=X EN
2009). T3 Park HW & Woo KI(1991)= o] A=e & AnMn| S x3}E 4F70 Hu)E wke =)o) B3
T FEEFT FIAE VL] Qo] FERFH FE oz 249 vnd AFE Table 691 AAFAE A,
TE BETF SHAL SR £ et fARIH. £7), Ade) A=, T WA, AR, B4, 14,
AT Bek C= drldr|et dddr] Aol wlsl of
Table 6, Sensory preference test data of cooked white and brown rice, soft brown rice
Rice"
Attributes
IR IBR A B C
Color 4.96+1.11° 5.44+1.79" 5.93+1.62" 6.23+1.10° 5.97+1.30"
Glossiness 4.84+1.33 4.64+1.38" 5.60+£1.57 5.93+1.17° 5.87+1.46°
Intactness 6.51+1.32" 6.09+1.59" 5.50+1.17° 4.97+1.40° 5.30+1.26"
Roasted flavor 4.80+1.04° 6.31=1.28" 5.93+1.23° 6.07+1.23" 6.07+1.01°
Hardness 5.64+1.25° 4.16£1.59° 4.67+1.88" 5.80+1.24° 5.40+1.59°
Adhesiveness 5.42+1.41° 4.38+1.51° 4.90+1.79" 5.47+1.14° 537127
Cohesiveness 5.11+1.34° 4.13+1.38 4.93+1.57" 537127 5.33+1.73"
Stickiness 4.91+1.40™ 4.16+1.41° 4.93+1.87" 5.47+1.14" 5.30+1.88"
Roughness 5.67+1.22" 3.93+1.39° 4.70+1.44° 5.80+1.24 5.17+1.53"
Overall quality 5.13+1.24° 3.98+1.08° 5.43+1.33% 6.37£1.25° 5.93+1.46"

Data represents mean+SD.
D IR and IBR mean Ilmi white and brown rice, three kinds of soft brown rices (A, B, C).
*4 Values with different superscripts in the same row are significantly different at p<0.05 by Duncan's multiple range test.
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