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Effect of cooking methods on cooking and antioxidant characteristics of
rice supplemented with different amounts of germinated brown rice

Kyung Ha Lee, Hyun-Joo Kim, Seuk Ki Lee, Hye Young Park, Eun-Yeong Sim, Dong-Hwa Cho,
Sea Kwan Oh, Jeong Heui Lee, Eok Keun Ahn, and Koan Sik Woo*

Department of Central Area Crop Science, National Institute of Crop Science, Rural Development Administration

Abstract In this study, the phenolic content and antioxidant activity of rice cooked using different methods with different
amounts of germinated brown rice (10, 20, 30, and 50%) were compared. Germinated brown rice was cooked using
general and high-pressure cooking methods with and without fermented alcohol. Pasting characteristics decreased, and total
polyphenol and flavonoid contents, and DPPH and ABTS radical scavenging activities increased with increasing amounts
of germinated brown rice. Moreover, germinated brown rice cooked by general cooking method with fermented alcohol
showed higher antioxidant activity than that showed by rice cooked by other cooking methods. The results obtained in this
study are expected to serve as basic data for manufacturing of processed products.
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Mz 3 kY
M=
2 Aol A" Wu] 9 doldvu|= AE(Onza sativa cov.

gL
Samkwang)o|™, 7] +¢ AA9 FHAFAS}A FF A=
A G TN 2015950 Al A S AEE ARR
AFgstaTth WE  A@7)(Model SY88-TH, Ssangyong Ltd.,
Incheon, Korea)s ©]&3l 4AE £t dv&E AIAEZE AL
L3t dv F A oldn JHHERAR] G)rldE
(Gokseong, Korea)ollAl 30°C, 24417 59t oAzl & A 7|
el B4 A AxgAe] AxagS AAH 7 T dold
& Azt AlE= E317](Micro hammer-cutter mill, Type-
3, MHK Trading Co., Bucheon, Korea)Z 2}3}>] 60 mesh |
o IR dele A& vl ®BHjste] Ao b T34
7 F AEE ARSI

RO FETFE AT ESA71(AND MX-50 moisture
analyzer, Tokyo, Japan)® Z33l1om, 2 AL semimicro-
KjeldahlH o2 215 chilld EA97](Kjeltec 2400 AUT, Foss Teca-
tor, Mulgrave, Australia)@ #2310, ZA|HL Soxhlet F+&
7](Soxtec System HT 1043, Foss Tecator, Eden Prairie, MN,
USA)E AM&3ted diethyl ether® F23te] A2l erslsE
2 A7 100gol g, A, A 238 kS Al 4t
Z33th AlRe] TR TS 600°ColA] Blskate] 0.5 N A
2to 2 molil GF/CHTAR oAxet thy 483t ICP(Induc-
tively Coupled Plasma, Optima-3300DV, Perkin-Elmer, Norwalk,
CT, USA)Z ZF, Z#, vivle, YEEFES E43k195).

=0 S35 &4

d5e] SEALS Kim 5(16)°] FHS EUE AEHESA
Al(Rapid Visco Analyzer, Model RVA-3D, Newport Scientific,
Warriewood, Australia)s ©]-83ld 43I0t =, #2435t Al8E
3ge Adst] EFvlE 7 8710 FUsAL 25 mLe] SRl
EAAIA 50°CoAM 127F RAAIZL 3 50°Collx] 95°C7HA] 3.48

£ F9F ASAIFIIL 95°ColA 20587 FAAIHTE 2 5 A
3488 F<toll 50°CE WAA7IHA A= EAAS A8 &

>

A% A2 oF 1370l AF & 27] 8} 2% (pasting Tem-
perature), #7=(peak viscosity), Z*] &= (trough viscosity),
FH=(final viscosity), 33Fd = (break down) 2 X|WFd = (setback)

g 27430 542 sk,

HEol 22, Sz A YWEY 4

Aze] EHIEE(0, 10, 20, 30, 50 B 100%) AR F
BATHS B AE 1g& SFT 40mLe EFst] 1M o
WEla 108 59 3,000 pmeE DA R sl] AZolS A AT

= AAE 7] BAIE A6kl A" AR FAI(glM
As Mz A AE2T FA@l N

>
b
M
g
S
+

H
A N8 FAR-AE N8 FAR oo
A& A7 (e
FelEs) PEHE 2 AR 1 30mLel SR 2]
A 90£1°Ce] G2zl 3087 7FDSIAL 3,000 pmO-E 20%7¢

QARFF & A=aho 105°CoAA 12417 AFRAA FAE =
Hala FAES a2 FAE 353
, FENS Az 2B T
23] %= (Solubility, %)= > = = > x100
& #l==(Solubility, o) Ae A= A

HAEE 5 FA(g)
.o . _ el T T/1(g
=33 (Swelling power, %)= e A=

100
F FA(g)-(100—23%) *

dopsoH|EY Ft Alo|SM A

Woldn] Hr7p|&E An|EAS FHukan] A (Cooked rice taste
analyzer, SATA1B, Satake, Co., Tokyo, Japan)S A&-3le] =33}
ATh &, AIE 10gS HREE PAlol Y& & FoF FHS Y
3 3% BQF A JEE ke & 27 B Aujd] WAgk &
2H3l7] A dAF JJor 1% Bk 4FE U8 e )
< AABIAL 33) WHEsle] 9] P(appearance), 74 (hardness), HE
(viscosity), W& 2 (balance), 2] U] X](palatability)E =74 3} ).

2OIEO[Ee| F ey

doldnuhe & 100 g 712 Wujd] woldn] o] v &S
0, 10, 20, 30, 50 3 100%= F7}ste] Azsich. &< 39
AlE o el AARH2SC, 30%) F, Aol WA 2718 AAR
on, 7R & 120mLe A7iete] Fukssinh B3 Rl
AN LdZE H7PE 7150l FEe AT(14E TR
doldn] 7k gkl e SRE S8 dRdEe AtadE
IRl sholnt. WELTE Hrkste] AW & A= v
AE Folo] daFe 43 59 Wd 549 Astete] 4
4 A7mES ARssion, = 100mL HE S
S Q
(<]

o] 2 S e % B4, DPPH ¥ ABTS radical

=
787l AREE AT

Wi
%

dorsinltel BAY &N

ol Rtz winjyke] BlAx o] Zjo]lE #A5H] flE "X
]2 7] (Texture analyzer, testXpert 1I, Zwick Roell, Ulm, Ger-
many)E ©]&3t ST HA] S 100% Hw]e} o}
dArgke Zh7t 23 deUIEoE Futste] dHE §7)d ¥
o] FEo] HorlA] FEF son, Jurt dg wds st
A Hsle] 293t gl 227 two-cycle compression
& A9, pretest speed 2 mm/sec, post-test speed 2 mm/
sec, strain 40%, probe diameter 4 mm<] ZZA S Z 7 % (hardness),
EbA (springness), 7373 (gumminess), % &4 (chewiness), -5-%d (cohe-

sivenessyS =7 3T

448 EA 6] sl Ak
3 AES 80% SEHE-S Y3l homogenizer® #23} A7 F,
2ol A] 2407t 5 FBFZE(WiseCube WIS-RLO10, Daihan
Scientific Co. Ltd., Seoul, Korea)3t t} j7}ste] —20°C W&
o] B3l B AgE ARSI T FEE I = &
gols g & SShEolE S Lee S(17)9] Wl w
g} Z2d-A|LZE A9f(Folin-Ciocalteu regent)o] Al52] Z2|d&
A B4 o3l FYE A7 EEjEd HMoz A= AL
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del2 2AsY. &, &b 9% FE= S0uLel 2% Za nE
Na,CO; & 1mLE 7}t § 3387 X5t 50% Folin-Ciocal-
teu reagent (Sigma-Aldrich, St. Louis, MO, USA) 50 uL.g 7}3}t HEo| AbME Y FIME

Atk 30 5, WA FE= FE 750 nmell M SAgsklar,

AEE AMEE A wE|s) dele] SR zp, =AY, 3]
3]

FE239 ZFk(gallic acid, Sigma-AldrichyS AMg-3dle] BAMS 2+ 2 a2)7 g@3lE 5o duiES 243 A3 Table 13 7
Aetgom, NE g 59 g gallic acid equivalents (GAE, dry o] Wim|e} Hu|o] FREFTFE 7}7} 7.61+40.02 F 9.17+0.08%°]
basis)2 UERSITE & SetHro|= $ERe F55 250 uLell 5 Rom, ZEWe 5654002 2 6.40+0.04%, FAHE 1.20+0.03

F9 1mLe}F 5% NaNO, 75 uLg 7Hst o, 5% % 10% AICI,
6H,0 150 uLZ 73t 6% HHX|3kZ 1N NaOH 500 uL=s 37}
Sk, 113 F vhglo] F3% 7S 510 nmollx] S738HTh(18).
BEFEEQ (H)-catechin (Sigma-AldrichyE AME-3te] RG-S =}
Ao, A8 g 9 pg 717 % (catechin equivalents, CE,

dry basis)© 2 LERAATH

wolsin|y Z&20| DPPH ¥ ABTS radical 478 =3

FE50 it 4tsliA] E442 DPPH (1,1-diphenyl-2- picryl-
hydrazyl, Sigma-Aldrich) % ABTS (2,2-azino-bis-3-ethylbenzo-
thiazoline-6-sulfonic acid, Sigma-Aldrich) 2}t]Z(radical) 2~A &4
< £743}31TH(14). DPPH radical 472732 02mM DPPH &
H(99.9% ecthanolol] &3H) 0.8mLell A& 02mLE H7Is 5

9 2.06+0.04%, EFFEE-S 84.33+0.05 2 81.12+0.10%2.F U}
Elutt) st 2, 220, 238 Rk dujda =
shake Jelyorn, erslE ghake winjo o & 3k
YRS Park 5(19)2 ol =40 wEt &9 385
AALEA o710 EgEo] = wld Xuk Fo] I A
o
=

O e rlo

=
slo] A3 Woldm] A7 ek A ke] ke fo)3
2 wuEr; Egtom, AR geslE FEe Solte
o2 Azt o]d A3 Kim 5(20)2 Moon 5(21)¢]
TH gn ol Mo AEHEZ wstel 2 AEFgS B

m

520 nmellAl Ae] 30 Foll FHE FAaXE SHsI%Th ABTS $on, smm=E LoldllE Aol arE ZoR vyttt
radical &AL ABTS 74mM3} potassium persulphate 2.6 3t wEb 2o AgEtx wolzAo uweld I shgke] &

mME 3HF Bt ¢hAel WAsle] ABTS FolS FA4AIR &
o]l glS 735nmolA FFE ol 14-157F HEE B FFASF
(e=3.6x10' M em™)E ©o]&3td oerERE A3t A"
ABTS €9 1mLel & 50 uLs 7}sle] F3we] Was A
3] 308 ol =439tk DPPH 2 ABTS radical 2784
A& 100 g mg TE(Trolox equivalent antioxidant capacity)=

dskiet.

_1

[‘

B rlo o

SAEN

==
7} o] =47he SPSS 574 package program (Statistical
Package Social Science, Version 18.0, SPSS Inc., Chicago, IL,
USAE ol&3ted 7t &4 9o B3 ZTUAE AEe
™ ftest B FAHEA (ANOVA)Z T 91737 (Duncan’s multiple
range tes) O =2 A|E7H] Fo]3S AR AL

g £ JE& Aew Az

ZE, 2, vllE, UEF 59 F713E -2 Table 29
o] wiujoll T =2 S JERIOW foF<l Alol= b
EREA] kot AR vF RS ZE>vidleg>UEF>Z
T 07 YEitE Lee 5(23)S &9 T4 ke diAl= <l
>ZHE >Rl E>UEF>oRA> A >e]e] oz YePdual 3
o ¥ AyZdzel 22 AgE Bk =S Kim 5(20)2 A
Aol w=d doldn B} dAnjor F TR ghako] o7t
=3t sl ole dvrh wolsiuEA Fr1dEe] &4l

A7) WEoZ Aztdc

wotsdn| A8 55154
Poldule] A7hgo] ME FHEHS BN A7 Table 3
3} 7o) woldr] A7hlgo] F7Kte] Wl BE FEelN f

Table 1. Changes in the proximate compositions (unit: %) of white rice and germinated brown rice

Moisture Ash Crude protein Crude fat Carbohydrate
White rice 7.61£0.02" 1.20+0.03 5.65+0.02 1.20+0.03 84.33+0.05
Germinated Brown rice 9.17+0.08 1.25+0.01 6.40+0.04 2.06+0.04 81.12+0.10
t-value -18.44%** -1.61 -18.36%** -19.23%** 29.69***
YEach value is mean£SD (#=3).
Dx#xp<(.001; Significantly different by Student's t-test between white rice and brown rice.
Table 2. Mineral contents (unit: mg/100 g) of white rice and germinated brown rice
K Ca Mg Na
White rice 123.38+14.94" 9.59+1.22 63.43+9.32 16.35+1.51
Germinated Brown rice 102.38+0.40 8.64+0.78 53.71£2.61 13.57+1.54
t-value 1.41 0.66 1.01 1.29

YEach value is mean£SD (n=3).
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Table 3. Pasting characteristics of germinated brown rice with different ratio (unit: RVU)

Mixing ratio of Peak viscosity Trough viscosity Break down? Final viscosity Set back®
brown rice (%) (RVU) (RVU) (RVU) (RVU) (RVU)
0 195.00+1.38%9 127.89+2.49° 67.11+£3.88° 251.97+2.30* 56.97+3.64*
10 168.56+0.77" 106.81+£1.41" 61.75+£2.17™ 219.22+1.47° 50.97+2.24"
20 144.30+1.25¢ 82.20+0.87° 62.11£0.46 181.28+1.41°¢ 36.97+0.43°
30 124.14+0.41¢ 65.72+1.22¢ 58.42+1.20° 147.97+1.54¢ 23.83+1.56¢
50 86.78+0.35° 37.17+£0.47° 49.61+£0.27° 93.70+0.50° 6.92+0.38°
100 30.64+0.26 8.70+0.63" 21.95+0.75° 28.61+0.86" -2.03+0.89"

YRapid Visco Units.

YPeak viscosity minus trough viscosity.
JFinal viscosity minus peak viscosity.
PEach value is meantSD (n=3).

YAny means in the same column followed by the same letter are not significantly (p<0.05) different by Duncan’s multiple range test.

L

oz Fashkes AEFE UERAT A= HAFES
ztolE veplm sst 5 Sde] g3t ﬁE(shear)Oﬂ sk A3k
4 g o2 g Hof AHHAIE ZEOHA FHNbREe] <t
A=E Yehe A Es(break down)e 67.11+3.88-21.9+0.75
RVUZ fodoz A=At E5H X (final viscosity)= 7FE
o] FAHIL coolingdhs DAGA dolvhs AR O EA ofd=
29} re ZALE] ThA] AlA St AErt 7kt W
2A Poln| o] Hlgo] F/EFE HFHET 252.97+230-
28.61£0.86 RVUZ 7HAE|2lth Oh 522y WS WolAA 2
obddd} o] A Zolo] w2 dvle] TIEAS AFEGEE &
wlol| vjz] Woldn|e] Hrrt F43] WolAe HIFS Hom,
RVA 7ol 438 ol A9l dnlrt wols= dgolA
e A ¥ veht s3k97] 9l F2E 2 He
Zolgtal sk gk A EE HEFHENAN HIHEE W
#HOREA o] I 3le Aol Jom Frol SR

sHRIE St wEaL gro] WErs w3 XA Wuks
A FAANATE e ZoR AL Ut & A A
H] Hgo| ol s AWM ETT W A3E UEoH, o]
AuH| o] EoldFE W] e3Xlgi&Ert AdE Zleg Al

zhglc),

EO{N

rlr e fo l-r

dorsio| #H|gd +=E4EH, X Sl
doldn] Hryp g FEATEE S woldn] H7ME(0, 10,
20, 30, 50 ¥ 100%)°] S7F5 7212; 158.08+0.89, 152.18+1.50,
151.03+1.19, 151.29+1.49, 14543ﬂ:387 9 134.174027%2 A
he 43S HAtKTable 4). FRAFE L A8} 1o 318}
4L vepllE AeE O A7 %‘é“"Z}ﬂM HIZAAY FEo]
BErE ol 9] swelling indexst TA7F Ye Aoz
dEA Arh4). F, A7E Eo] A¥skeE A=E YeMlE
FRARES o] mgyte] FAFRE AFIAY dAE
ol F&5h= AL 3 2s). BWaELS 0, 10, 20, 30, 50 2
100%= Woldmn H7HH|&o] F7MEFE ZH72b 162.37+4.04,
163.24+2.17, 141.66+3.57, 14038+5.52, 96.63£3.80 X 78.93+4.90%
Z fFo¥oz ZAaHAT WA &l e 247 6.24+0.16,
5.70+0.11, 6.48+0.31, 6.44+020, 832+0.58 L 9.46+0.50%= Ha‘
ofdn] H7Hgo] TGS foldoz FUHEUT HEE
Lo 52 gAe AA4Y 999 52 A&l 748Y 7H
qazge] 718 Hrishes ARR ofdEA. b B39
opdE A9 opgz ARl EXo) ot IS W= Ao tk(S). W
2 B EHo] Phdshe A oldnyt wulo) uig)] Ado

(=] o =
28 ¥ 8o

¢ o o

Table 4. Water binding capacity, swelling power and solubility of
germinated brown rice with different ratio

Mixing ratio of ~ Water binding Swelling power Water solubility

brown rice (%)  capacity (%) (%) index (%)
0 158.08+0.89"%  162.37+4.04*  6.24+0.16%

10 152.18+1.50° 163.24+£2.17*  5.70£0.11¢

20 151.03£1.19  141.66+3.57°  6.48+0.31°

30 151.20+1.49%  140.38+5.52°  6.44+0.20°

50 145.43+3 87 96.63£3.80°  8.32+0.58"

100 134.17+0.27¢ 78.93+4.90  9.46+0.50°

YEach value is mean+SD (1=3).
PAny means in the same column followed by the same letter are not
significantly (p<0.05) different by Duncan’s multiple range test.

2 AFstge] Ea, o] Wb
Aoz A7tETH26). R g8z FT7h= ‘ﬂa‘o}ﬁdﬂl A7 7}
7tgol o8l W& wslElo] dn oo U= A, AFE ol
B HEN AR opdg g SE BrstES %%’6‘}71 o &
o2 AZFETH27).

soju|gd Alo|Sy
I%‘ZHL«I %“4*?}111011 EH?"L 41 N 54 Table 514 B wie}
7], Ak, AAH 7130 A
Jozm gtz FHo] 93 A
o= ﬂﬂﬂ‘}iﬁ‘r. 9]4 7§E, 7], Az 2 AANA 7| ZEoA
woldn) 10% H7HrEolA ZHzh 4.55£0.25, 7.19+0.16, 4.11+0.29,
447+031 2 40.62+2.162 1] 100% X T7F ZH2}F 4.75+£0.07,
7.18+0.05, 436:0.07, 4.59+0.08 % 4539+322% H|%d HFS
VeI ey weldn ] Hlgo] 20% oldd w Mgl
S/VERE 9, ), A7, 71EE A9 WA AR ol B
7F3ISATE Lee 5(28)9] Halo] mE® Woldn|= opd 2Rl o]
3l Wl go] FrEY] A AR 731:9} g Ao] FhaEy
7|9} R o] FrrETAL o, £
o= doldnH|go] Frige] we} 2lu)7} %ﬂ %‘i s
ol ZoR Yeidth webd 2Ang F =
Az o] Bad Aoz A7bEr)

Flubyey wojol wolsin|ire] B4 W
whabA e whold m) o)

FHuhy £l 4 WstE 2388 A% A=
(hardness), 7/d (gumminess), %3/ (chewinessy> A ]+ 2 Fut
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Table 5. Palatability characteristics of germinated brown rice using a rice taste analyzer

Il;/rlé);r;grirs;l(()‘)/(z § Appearance Hardness Stickiness Balance Palatability
0 4.75£0.07"2 7.18+0.05¢ 4.36+0.07 4.59+0.08" 45.39+0.94°
10 4.55+£0.25" 7.19+0.16° 4.11£0.29" 4.47+0.31° 40.62+2.16
20 428+0.13° 7.29+0.09° 3.97+0.21° 4.34+0.17" 34.47+1.30°
30 3.67+0.11° 7.75+0.09° 3.51+0.07° 3.66+0.11° 30.00+0.00°
50 3.51+0.17° 7.96+0.15° 3.82+0.16™ 3.72+0.19 30.00+0.00°
100 0.23+0.05¢ 9.80+0.00" 1.86+0.21¢ 0.20+0.00° 30.00+0.00°

YEach value is mean£SD (#=3).

?Any means in the same column followed by the same letter are not significantly (p<0.05) different by Duncan’s multiple range test.

Table 6. Texture of cooked germinated brown rice determined by a texture analyzer

Hardness Springiness Gumminess Chewiness Cohesiveness

Electric cooker (water) 2.27+0.06° 0.78+0.00" 0.84+0.02° 0.66+0.02" 0.37+0.01°

White ri Electric cooker (alcohol) 2.03+0.05 0.73+0.01° 0.68+0.02" 0.50+0.02" 0.34+0.01"
flenice Pressure cooker (water) 1.9540.05™  0.78+0.01° 0.67+0.02" 0.5240.02" 034001
Pressure cooker (alcohol) 1.8440.06° 0.72+0.01° 0.55+0.02° 0.40+0.02° 0.30+0.01°

Electric cooker (water) 20.54+0.79° 0.58+0.02° 2.79+£0.17° 1.64+0.12° 0.14+0.01°

Germinated Electric cooker (alcohol) 20.03+0.77* 0.70+0.03" 2.58+0.19° 1.78+0.14° 0.13+£0.01°
brown rice Pressure cooker (water) 9.76+0.26 0.77+0.01* 2.85+0.17° 221+0.17° 0.29+0.01°
Pressure cooker (alcohol) 9.27+0.43" 0.75+0.01% 2.41£0.15° 1.82+0.13% 0.26+0.01°

YEach value is meantSD (n=30).
YAny means in the same column followed by the same letter are not
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significantly (p<0.05) different by Duncan’s multiple range test.
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Fig. 1. Total polyphenol and flavonoid contents of the ethanolic extracts with mixing ratio of germinated brown rice. "Any means in the
same column followed by the same letter are not significantly (p<0.05) different by Duncan's multiple range test.
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Fig. 2. DPPH and ABTS radical scavenging activities of the ethanolic extracts with mixing ratio of germinated brown rice. "Any means
in the same column followed by the same letter are not significantly (p<0.05) different by Duncan's multiple range test.
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