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Abstract

This study investigated the changes in chemical components, antioxidant compounds, and activity before (BG) and after
germinated (AG) brown rice in order to promote the availability of these beneficial factors. The GABA content of BG and
AG brown rice were 0.07~6.61 and 11.13~49.72 mg/100 g, respectively. The a-amylase activity of AG brown rice was
1.77~70.25 unit/g fold higher than it was in BG brown rice. Total polyphenol and flavonoid contents, which are known
to be related to antioxidation, were higher in BG brown rice than in AG brown rice. The total polyphenol contents of BG
and AG brown rice were 10.52~36.38 and 11.38~26.33 mg/100 g, and the total flavonoid contents were 3.55~13.39 and
3.52~9.78 mg/100 g, respectively. Also, DPPH radical scavenging activity was 57.64~251.34 and 50.49~213.35 mg TE/100
g, respectively. ABTS radical scavenging activity and total tannin content showed a similar trend to DPPH radical scavenging
activity. We expect that this data will be useful in the manufacturing of food products.
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o] Ao THIZ(WFE)T wljofo] EzE o] =T, E3] HofrZl Ao g2 22AS ASAA AS NAAZ B oY
E=A5HA] gb2 @m|(whole grain, brown rice)of| A gHitatEl & 2}, dolmby 5 o]+, HIER By, By, E, Z%, 2 59 #
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1. AIEME Y BME, c-amylase &M HA

2 dAtol] ARE An] 9 ol u|= AFHO. sativa L. cv.
Samkwang, SK), Z%(cv. Keunnun, KN), & Z3(cv. Hongjinju,
HJ), &3} (cv. Heugkwang, HK), 55955 (cv. Suwon 595, S595),
"] A H(cv. Misomi, MS), 320}1] 435 (cv. Goami 4, G4), TH|
(cv. Danmi, DM), ZIE(cv. Chindeul, CD), &Z(cv. Hyunpum,
HP) 5 10&%0lH, 37| o4 249 Sy FLTY S5
ZHER AHE ZA A 2014 Aul AR AHES AIHE
AR ALSIAT FETTE M2 RS 7] AND
MX-50 moisture analyzer, Tokyo, Japan)2 ZA3}H o™, Zot
w2l sF2 Kjeldahl BF(2300 Kjeltee Analyzer Unit, FOSS
Tecator, Laurel, MD, USA), Z3]& 3zFL 600T A 33
62 BASIATHWoo 5 2011). a-Amylase &4 =42 Lee
S(2012)9] FRjo = SAHSIAE AR 20 g2 /TS 7
3lod 20 mLZ A-23F & Homogenizer(400 rpm, Polyron® PT
2100 Homogenizers, Kinematica AG, Luzern, Switzerland)=.
Azt AR & AR (8,000xg, 10&)3}] e a4
o2 ARSIt 49 0.5 mLof 1% NaCl 1 mL, 0.2 M
sodium acetate buffer 2 mL%} 5% soluble starch 5 mLE & 7}5t
T 65CoA 3087 FhSAIFTE ¥hgd 1 mLE FHsHY
dinitrosalicylic acid 3 mLE g1l 100TCoA 5E7F HF-EA]A
550 nmoll A HREE STk B B B9 187

maltose 1 pmol& A= TAEES 1 wnite 2 dFFTh

2. GABA ¥ A0|MT B 24
Al & 9] GABA(y-aminobutyric acid) g2 A& 0.5 g& 3%
TCA(trichloroacteric acid)-&2 10 mLE& #H7}slal, 1A]7HE<tH

o
A A5 B4 7)(1L-8800 Amino acid auto analyzer, Hitachi, Tokyo,
Japan) 2 £ 51T A 29] 4]0]49 kL Fibertec™ 1023
(FOSS Tecator)= ©|-83fo] &4t & 49 A=E 27}

oo - oA PST - FUA - S 1A

=4 EFIYEIA

1 g X A3} cleaned flasko]] @31 MES-TRIS(Sigma-Aldrich,
St. Louis, MO, USA) buffer solution 40 mLE Z7}5}o] g90]
ZF Fo|=8 AFel £ =7 WHISI, megazyme total dietary
fiber kit(Megazyme, Wicklow, Ireland)2] a-amylase solution 50
ULE H7Fste] 100T 2] water batho]| A oF 3023 ¥Hg-AI3
o} Hk2-olg A)%] & 100 1L protease solution= A 7}8}al, 60°C
shaking water batho]| A 305-7F WF-3-A17 4%l 3 0.561 N HCI
5 mLZ pH 4.52 243t $ 200 pL amyloglucosidase solution
5 78k, 60°C shaking water bathof| 4] 3027t HF-3-A| Z ).
E4A] 2A]o]A]S(insoluble dietary fiber)«= 0.5 g celite(FOSS
Tecator)ZS Z &3t crucibleo] o33t & 70C A2 g Y&
254 10 mLE 23] A5k 95% ethanol¥} acetone 10 mL
A 23] $A8+Th Crucible 105To A 3F2uE AxRsla
At o, shve AR dld FEF B4, o st
£ 550Col|A gtste] 37 kS At 84 4
o] 4d-fr(soluble dietary fiber)= E-8/ 2lo]AlF A2l A
U a4 vh-gdof nmg] 60TZ2 | EH 95% ethanol 225 mL
£ A7t 60&3E 2ol A JAAI7]AL, 0.5 g celite(FOSS
Tecator)E 333 crucibleZ oJ1}3}o] 78% ethanold}t 95%
ethanol Z+Z} 15 mL=Z $=A|3F £ acetone 10 mL=Z 23] $=A|5}
%tk Crucibles 105CollA] sp4F Axsta AwFstg o,
shte] Al g did g B4, thE Shhs 550 ToflA
3lgleto] 3lE FE AFSHATE F Ao R(total dietary
fiber)= B84 Aloldfet +84 Aoldfa der A=

sheict.
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AN&Y Hsdw E gz &4 843 £4517] $Isky
2 AR dAFS Fdte] 80% TSR Ao A 244
7H59t 33] A 83E(WiseCube WIS-RLO010, Daihan Scientific
Co., Ltd., Seoul, Korea)dt t}-2 ox}sle] -20C YEZaro] &
otA BA48 AR ARSI 28] diE & &Y
H& 32 Folin-Ciocalteu phenol reagent’} $:&E2] Zg
Hi54 ekl o8 dE 2y, SeEd FAo s Iy
e Ae 49z B4s3chDewanto 5 2002). F+&& 50
uLofl 2% Na,COs 84 1 mLE 7}gt & 387 W] 38te] 50%
Folin-Ciocalteu reagent(Sigma-Aldrich) 50 uLE 7}ttt 30
2 % i 3% gk 750 nmojl A S, BEE
29 gallic acid(Sigma-Aldrich) & AFg-5to] AFAS 245}
A1, A& 100 g mg gallic acid equivalent(GAE, dry basis)Z2
YRt & S eolE fES FEE 250 Lo S7
= 1 mL9} 5% NaNO, 75 uLE 7}8t o2, 58 & 10% AlCk
- 6H,0 150 pLE 7}38te] 6% H2|3}a2 1 N NaOH 500 pLE
AH7rskaL, 114 & W34 53 3hE 510 nmof| 4] S35}
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St Dewanto 5 2002). &2 Q] (+)-catechin(Sigma-Aldrich)
£ AHgsto] HPAS ZHISklaL, Al& 100 g mg catechin
equivalent(CE, dry basis)2 UEMY It & &d 352 Duval
& Shetty(2001)%] "ol wha} 37‘4’5}?&‘:}. = A= 8§91
mLoj| 95% ethanol 1 mL&} /4 £ 7}t & EE0]
F31, 5% NapyCO; €9 1 mLe} 1 N Folin-Ciocalteu reagent
(Sigma-Aldrich) 0.5 mLE 743t 3 Al &.of 4] 6087} BHAA]7]
o2 725 nmol| A SR =& =43} 2, tannic acid(Sigma-
Aldrich) & #2EHE HFAS 245t AR 100 gF mg

tannic acid equivalent(TAE, dry basis)2 WEM AT

4. 0f|E= === DPPH ! ABTS radical 271 &M 3

et &5 3t 3H4kSF E4-& DPPH(1,1-diphenyl-2-
picrylhydrazyl, Sigma-Aldrich) ¥ ABTS(2,2"-azino-bis-3-ethyl-
benzo-thiazoline-6-sulfonic acid, Sigma-Aldrich) radical 47 &
e ZR3LATHChoi S 2006). DPPH radical &7 4L
0.2 mM DPPH £&28(99.9% ethanol®] 2-3f)) 0.8 mLo]] A|& 0.2
mLE 7k 5 520 nmol A W] 302 Fol R 74
& 243}t ABTS radical A4 A2 ABTS 7.4 mM3}
potassium persulphate 2.6 mMZ 315 FQF ¢hAof W5l
ABTS ol BAAIR ¥ o] &dqZ 735 nmojlA FF=
ol 14~1.57} =2 B F3FA5(e=3.6x10" M 'em ) E
o] &3to] HeZ2 3]A3t¢ch 34 E ABTS €4 1 mLo
230] 50 LS 7h5to] HYwe)] WskE Hes 302 Fo] =
A5ttt DPPH 2 ABTS radical &7 AL A& 100 g
mg TE(Trolox equivalent antioxidant capacity)2 &3} T}
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Aot 3 dojF AFE EA = Z I (Statistical Analysis
System; version 9.2, SAS Institute, Cary, NC, USA)& ©]8-3}o]
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, AR Aoz dutdnl= 9.04~11.65 ¢/100 g, u;o}an]h
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Table 1. Changes in the proximate compositions? of brown rice before (BG) and after (AG) germination

5 Moisture Crude ash Crude protein
Sample?
BG AG BG AG BG AG
SK 11.65+0.12 9% 6.8340.18"° 1.2340.05< 1.2440.05 >4 6.1340.29° 6.26+0.08°
KN 11.13£0.41° 8.16+0.37° 1.4240.02% 1.38+0.15%° 7.5540.14% 7.66+0.23 <%
HJ 10.59+0.26°¢ 6.67+0.02% 1.42+0.02% 1.5240.12° 6.96+0.03¢ 7.49+0.22 %
HK 10.31£0.04 6.15+0.16%" 1.36+0.07¢ 1.46+0.11° 8.12+0.41% 8.23+0.01 >
S595 10.60+0.21°¢ 6.01£0.02°" 1.3140.04 % 1.21+0.07¢ 8.01+0.44 " 8.72+0.49°
MS 10.10£0.13¢ 5.76+0.22° 1.44+0.04 % 1.28+0.01 >4 7.60+0.43 7.35+0.41°
G4 11.63+0.47° 6.53+0.34%4 1.4840.01° 1.49+0.02° 8.49+0.09° 8.34+0.05 %
DM 9.04+0.06° 5.20+0.34¢ 1.7340.09* 1.39+0.09® 10.99+0.12° 11.07+0.39°
CD 10.48+0.17 6.3740.17%% 1.18+0.04¢ 1.20+0.04¢ 7.46+0.43 % 7.30:£0.48°
HP 10.68+0.09°¢ 6.3340.02°% 1.2140.01° 1.2340.04 7.9140.18 % 7.6740.28 %
D Unit: /100 g

2 SK: O. sativa L. cv. Samkwang, KN: cv. Keunnun, HJ: cv. Hongjinju, HK: cv. Heugkwang, S595: cv. Suwon 595, MS: cv. Misomi, G4:
cv. Goami 4, DM: cv. Danmi, CD: cv. Chindeul, and HP: cv. Hyunpum

9 Each value is meantSE (n=3).

9 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. 1. Changes in the a-amylase activity of brown rice
before (BG) and after (AG) germination. D Any means in

the same column followed by the same letter are not signifi-

cantly (p<0.05) different by Duncan's multiple range test.
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Fig. 2. Changes in the GABA (y-aminobutyric acid)
contents of brown rice before (BG) and after (AG) ger-
mination. ” Any means in the same column followed by
the same letter are not significantly (p<0.05) different by
Duncan's multiple range test.

mg/100 g¢] FHEkS B, Woldn| = 11.13~49.72 mg/100 g
o] FFo= F7Ike S A 53] Sw(KN)T 4
5953(S595)¢] Wrolgn]= 7zt 49.72 @ 39.47 mg/100 g &2
At |22 4.58 D 6.61 mg/100 g)of| B3] ZA F715t=
Ae ZAT = A =84 Aol TH(Table 2)2 A
g n] o] A2 oho|(DM)7} 1630%2 2 S Jehfgl
o, Totu4E(G4) EFF 10.19%2 H|nF & FFS
el gich Woldu) = A(SK), E5(KN), TRFH)), 74
T(MS)= ozt S7Fshe BEFE BYA, —ﬂﬂH() TYU9SE
(5595) i°}ﬂl4§(G4) ohu)(DM), 21E(CD)S k7 7HAsHA
a1, AE2 WL gle AR A 84 Aol
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Table 2. Changes in the insoluble, soluble and total dietary fiber contents” of brown rice before (BG) and after (AG)

germination
Sample® Insoluble dietary fiber Soluble dietary fiber Total dietary fiber
BG AG BG AG BG AG

SK 4.09+0.08 ¥ 4.85+0.06" 0.4120.01°¢ 0.47+0.03¢ 4.50+0.07°¢ 5.33£0.08"
KN 6.17+0.07°¢ 7.38+0.17°¢ 0.260.02¢ 0.41+0.02°f 6.43+0.06° 7.80+0.19°¢
HJ 6.20£0.11°¢ 7.2240.06° 0.230.03¢ 0.36£0.04" 6.43+0.13¢ 7.58+0.03¢
HK 6.25+0.05°¢ 5.61+0.09¢ 0.4520.08 " 0.72+0.03® 6.70£0.05°¢ 6.33+0.06°¢
S595 6.26:0.10° 6.18+0.23¢ 0.19+0.07¢ 0.530.04¢ 6.45+0.10¢ 6.710.19¢
MS 4.56+0.16% 4.96+0.09" 0.230.03¢ 0.6620.05" 4.7940.18¢ 5.62+0.12°
G4 10.19+0.40° 9.1620.18" 0.5240.01° 0.6120.01°¢ 10.71£0.39° 9.77+0.17°
DM 16.30+£0.17° 13.620.49° 0.64+0.08° 0.74+0.05° 16.94+0.19° 14.36+0.44°
CD 4.74+0.26¢ 4.24+0.06& 0.53+0.04° 0.62+0.03¢ 5.27+0.29¢ 4.86+0.03 8
HP 4.29+0.09°" 4.29+0.06& 0.20+0.04¢ 0.60:£0.04 4.49+0.06° 4.89+0.058

D Unit: /100 g

? See the Table 1
* Each value is meantSE (n=3)
Y 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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9] AL Auldu|= 0.19~0.64%, Brold = 0.36~0.74%2
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e g,

3. EZ0| ME 80| W Wolsin|o) Tis sEE a
Sehein] o Worolel s A UG B
% Bl Bre Fig 39 ol ykdnlo] 44 10.52-
36.375 mg/100 g, Hroban] = 11.38-26.33 mg/100 g©.2 L}e}
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(HP) B5-L o17F 37h5Hs A% BAT, FARH), 33
(HK), 4~91595%(8595), FE(CD) FF& Hadhe A= 2
gom, ulavMSye 7o) Wt g Ao ek &
o 4 B0l FUTIS IHKL 20 Yol 2
& 4 SIgith. Behwimol= P Fig. 49} o] Uik
H] 9] A2 3551339 mg/100 g, BroF ] 3.52-9.78 mg/100
cel 9ol B e, B Y Fip 594 o
Hlan) o] A9 3.68-11.88 mg/100 g, Hroban] 3.55-9.55
mg00 go] 18le] TES el EEUE & Beln
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o) Eelsli sikEe) e Wk B whet o Jjolrt
Ut o 5 SISICE Hid SR A o) v
Sl B2 chake Fx9h BATE 710, Ay B
9] phenolic hydroxyl7]|7} Tt Aa}t 7+ AdjEz}ele] A
3Fe =3 ghatsl, akoF ° ot 9|
S Y24 slonecbins 5 199) 370] ied 9
+ polyphenolic SH}HEEL 3 FAEHEE 7=
2 48 A drhiMiddleton & Kandaswami 1994). 0]A}2] 33'/;}
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Fig. 3. Changes in the total polyphenol contents of
brown rice before (BG) and after (AG) germination. " 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. 4. Changes in the total flavonoid contents of brown
rice before (BG) and after (AG) germination. b 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. 5. Changes in the total tannin contents of brown
rice before (BG) and after (AG) germination. " Any means
in the same column followed by the same letter are not
significantly (p<0.05) different by Duncan's multiple range
test.

SR A A ol F Pl Fadte A
ol Abgeol O] 484 FASE HEo] AA Welrh e
e Ao AZEE, £5 A 44 A 7

228k AzzAe) o] BRT

[}I= sio] & wolsdn|Q| radical A7 &AM
A 9 woldnle] YAk S Tk B0 o
sol e Apsjo] BHPo =K P52 Ax
TS SAY w AR&H L Qli= DPPH radical 27 /g™
(Nieva 5 2000)1} 7ol A ABTS radical ®] &34 =7}) aHAksH
Aol olslf A== Aol 7123te] 7HLE ABTS radical 427
ZAHKIm 5 2009)2 EFE22 Troloxe}t H|w3dte] mg
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Fig. 6. Changes in the DPPH radical scavenging activity
of brown rice before (BG) and after (AG) germination. D
Any means in the same column followed by the same letter
are not significantly (p<0.05) different by Duncan's multiple
range test.

T e =82 YT 84| AthKim 5 2009). AxHE
"] 2] DPPH radical &7 42 Fig. 63} Z+o] 57.64~251.34 mg
TE/100 g, @ol& n]+= 50.49~213.35 mg TE/100 g&] HL=Z
ERgth 4R3(SK), Z=(KN), 1|&u|(MS), Tu|(DM), FEHP)
FE2 R It AEFE EAAL FXFH), S3(HK),
$H59535(8595), Lotu]435(G4), 2S(CD) =52 o ¢4
8l= AFS Rtk ABTS radical 27 E4H-E ABTS9}F
potassium persulfate S ¢r4~of] WHx|3}te] ABTS' - o] A EHHA
F2E9 FAalst AR o3 ABTS - o] £AF 0] radical
Ego] M9l YEAo| BHHET, o8 FRE Lo e
ol 47 BAL 23T 4 YrkKim 5 2009). QuHan]e]
ABTS radical 27 42 Fig. 72} 0] 99.73~291.45 mg TE/
100 g, ropd )&= 83.72~244.07 mg TE/100 g&] W= e}
weh AFHSK) B ORE 37H5He AT HEw, LA
FFS O AT AFS Bk AR FAt BY
< B4 radicalol] AAE FofstaL, AF 52 ALE A

o
-

B - oA - AT AR - 4 A EFFET A
= 200 a D Before germination
2 | M After germination
B 0 2
2 b
25 20 b
=
§H 450
';E;E: dec” ¢ de Ced cd ed ¢ ¢ o Scddede
3 =100 F f =
® 50 I
2]
< 0
SK KN HJ HK S595 MS G4 DM CD HP

Fig. 7. Changes in the ABTS radical scavenging activity
of brown rice before (BG) and after (AG) germination. D
Any means in the same column followed by the same letter
are not significantly (p<0.05) different by Duncan's multiple
range test.

A= S-S 7ML AL, AA] WollA= B4 radicalof
o3t =35 AAA7= 9T St 92, radical &~AZf
&2 A Y A 35 WA k= dds] 2% 9
f&ﬂ(Klm 2001b).
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Table 3. Correlation coefficients among the insoluble, soluble, total dietary fiber, GABA, total polyphenol, flavonoid,
tannin, DPPH and ABTS radical scavenging activity of brown rice

Factor diei;):;b;)er Totalﬂ;ﬂ; ::tary GABA Polyphenol  Flavonoid Tannin DPPH ABTS
Insoluble dietary fiber — 0.5564™ 0.9995" 0.6621" -0.0990™ 0.0634™ 0.1044™  -0.1256™  -0.1281™
Soluble dietary fiber  1.0000 0.5825™  -0.0188™ 0.0139™ 0.1917% 0.2947N 0.0127" 0.0299™
Total dietary fiber - 1.0000 0.6466" -0.0952™ 0.0706™ 0.1147%  -0.1211%  -0.1230™
GABA - - 1.0000 -0.1703%  -02169™  -02364"  -03310  -0.3350"
Polyphenol - - - 1.0000 0.9462™ 0.9189” 0.9459" 0.9457"
Flavonoid - - - - 1.0000 0.9902" 0.9761” 0.9767"
Tannin - - - - - 1.0000 0.9497" 0.9500™
DPPH - - - - - - 1.0000 0.9989™

N

: Nonsignificant or significant at p<0.05,

or p<0.001, respectively.
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o|= ke £ ehd 3 DPPH Y ABTS radical 47 2H4
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P<0.00)E =2 JHBAE Ui & g@d FF2
DPPH 2 ABTS radical &7 4 7to] rgko] zbzt 0.9497
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