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Abstract

This study investigated chemical components, antioxidant compounds, and activity of brown rice cultivars, to select good
cultivar to be used for processing of mixed-rice in the food industry. Proximate compositions, phytic acid, phenolic
compounds, and antioxidant activity of brown rice were significantly different among cultivars. Moisture, crude ash, fat,
protein, and carbohydrate contents of brown rice were 9.51~12.82, 1.05~1.93, 1.84~6.24, 5.90~9.60 and 71.75~80.34 g/100
g, respectively. Phytic acid content of brown rice cultivars was 7.39~0.87 mg/g. Total polyphenol content of Joeunheukmi
and Geonganghongmi cultivars, were 615.25 and 311.14 ug GAE/g, total flavonoid content was 267.75 and 100.67 ng CE/g,
respectively. DPPH radical scavenging activity of Geonganghongmi, Joeunheukmi and Hyeugkwang cultivars was 89.17,
87.94 and 43.17%, ABTS radical scavenging activity was 113.57, 113.34, and 93.53 umol TE/g, and ferric reducing
antioxidant potential was 951.67, 1,075.75, and 508.33 pM/g, respectively. As a result, phenolic compounds and antioxidant
activities of pigmented brown rice were high, and it could be used as a functional material.
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2006; Lee 5 2016). T3, Fu|ofl+= a-tocopherol, a-tocotrienol,
y-tocopherol, y-aminobutyric acid(GABA), arabinoxylan, ferulic
acid, vitamin By, vitamin E S3} Z+& §kAkS) sl 1 E
¢ "7 $4 Y BYr|eA E2E0] W], 2y W
4 59 78t FEET Aoz wol giEof UthHa
< 1999; Krishna 5 2001; Kang -5 2003; Kim 5 2004; Moon
S 2010). 22U @ol7F ZHRAA Sl Fold AFolE B
sta, Aol Beket AT phytic acid SO.2 Qlste] A7k
o] AWT 437} 2 B4 gk VAL AT o] F2 7
FE YT W obAlot bl AL Wu)g FA 02 4
sk Qs ol Aulzh Fh4go] W Alze] A vt
3}7] wjEo]th(Park & Woo 1991; Ohtsubo S 2005). L2} A
BE ATAEL oleia @ulo) Alu] Gy % Az AL
A%t o] AEHT Jem(Kim 5 2012), F=oli= &
aH| S 9% ot A7 R 71s o] AlgR Aol
tHCho % 2017).
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155 A7ste] Aulof gt

1
P BT} kst B Bt 25 B A9 72

1. AIEXI=Z

2 Aol AEE dr] FF2 HEO. sativa L. cv. Cheong-
pum; CP), ZIE{(cv. Chindeul; CD), ©1](cv. Danmi; DM), =%
ZHcv. Dodamssal; DD), ZA7F81](cv. Geonganghongmi; GH),
AZ(cv. Tlpum; IP), Z230(cv. Joeunheukmi; JH), AF=F(cv.
Samkwang; SK), S}o]o}a|(cv. Haiami; HA), &2(cv. Hyunpum;
HP) % 533 (cv. Heugkwang; HK) 5 1153509, 37] -4
2] FYAFTobe AR APE T 20174
ALE AFES AlEE A B2 AR du] AlzE A
7](Model SY88-TH, Ssangyong Machine Ind., Incheon, Korea)
£ o] &5t AP EE A28, 4T Yol #7std
A A= AR

dAn] F5E AR 43 98l Vibrating sample mill
(CMT Co. Ltd., Tokyo, Japan)2 Ej5}lo] AL A|22 AL
43tttk S8 dHEFe 105 Tl A A 7HE A = 3(DS-808,

Dasol Scientific, Hwaseong, Korea) &2 =43} 0w, Zhl

=4 EFIYEIA

A 3HFL Kjeldahl Hl(Apodest 50SC-KTL20S, C. Gerhardt
GmbH & Co. KG, Konigswinter, Germany) 2.2 A= E43}%
ot A9 $HEF2 Soxhlet BHH(Sox416, C. Gerhardt GmbH &
Co. KG)2 2 #4353, £3& e 600C 2133k
(DS-84E-1, Dasol Scientific, Hwaseong, Korea) 2.2 24314
o RSl L 100 FROA 3, T, A, 9
& W oA 2 EASTHIeong 5 2014)

Siis

3. §l0| F&Y phytic acid &2 &

Hu| Z39 phytic acid TF 242 megazyme phytic acid
kit(Megazyme, Wicklow, Ireland)E ©]-&35}o] A5 A&
1 g& Ags| Agsto] AzhEet2=e] @il 0.66 M hydro-
chloric acid 20 mLE F7}8te] A2l A A7 o4 wwkst
o] &3tk 225 1 mL2 1.5 mL tubeo] &7 13,000
pmoj| A 1087 YAE 23, ASH 0.5 mLE 1.5 mL tube
o] &7]3 0.75 M sodium hydroxide solution 0.5 mL & 7}5}%
t}. 1.5 mL micro-centrifuge tubeo]] &4 600 pL2} sodium
acetate buffer 200 uL, 3&%& 50 pL, phytase 20 uLE &35}
31, 40°C water bathol| Al 10827t dF-S-A|FH th o 7] 9] glycine
buffer 200 uL2} ALP(suspension 4) 20 pL& F7}slar 40T
water batho]| A 15827t gF-2-A]7]1 L 50% trichloroacetic acid
300 uLE H7Fskal 13,000 rpmof Al 1027 A4E2]5klch
A5 1 mLE 3} 2.0 mL micro-centrifuge tubeo] E 1l
colour reagent 500 nLE 3 7}5}aL, 40°C water batho| A 1A]7F
Eot vk A7l & 655 nmol|A] Z-3E (Multiskan™ GO Micro-
plate spectrophotometer, Thermo Scientific, Waltham, MA, USA)
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4. &l0| E3Y OBk FE= X

dAn] FFE HesAdE 9 4 S5 E45H7] H4l
Vibrating sample mill(CMT Co. Ltd., Tokyo, Japan)2 25t
A& 10 goll 5ulF2] 80% ofleh-2-2 @3 homogenizerZ
AT &, 2ol A 2447 B2t W FF-E(WiseCube WIS-
RLO010, Daihan Scientific Co., Ltd., Seoul, Korea)3t t}2 o1}
SHA, THAL] THA] 80% oS-SS Thste] 2EF T E &
SES ©A -20C dFao] HustaA £48 AlRE A
gt

3@ 1

5. 80| E34Y oEt2 F=529| Hi= MR &g 24
FEE dT T EdHs 9 STEkolE TS Woo
5(2016)2] ol Wt Folin-Ciocalteu regent7} A|&9]
=4 =40 g3f gHE A3, B FH o R WAEk=
AL 9E2 BA5GH & Evs 2 =55 10 1L

ol 2% NayCO5 &9 200 uLE 7Fek & 383t WA5k 50%
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Folin-Ciocalteu reagent(Sigma-Aldrich, St. Louis, MO, USA) 10
LS 7FstAth 30 &, W59 ¥ 32 750 nmof| A
Z2A8lg 1, F2EA9 gallic acid(Sigma-Aldrich) S AH8-5}1
A (y=1.2046x - 0.0588, R>=0.9995) ZHAstH om, A&
g 59 ng gallic acid equivalents(GAE, dry basis)2 LERY 3]
th F BefRico|E YL FHE 50 uLel FH 200 L
9} 5% NaNO, 15 uLE 7Hat th-2, 5B 3 10% AICl; - 6H,0
30 uLE 7Fste] 61 WA|3kL, 1 N NaOH 100 uLE 3713}
HE F oo FHE ghe 510 oA S35tk &
ZEZ 9l (+)-catechin(Sigma-Aldrich) S AF-&-3lo] HEFA(y=
0.0016x+0.0396, R*=0.9991) ZHJ3t@om, A& g £9] g
catechin equivalents(CE, dry basis)2 e AT

6. &l0| 54 0E=2 FE=9 radical 27{&H EH

ZZE9 O3t radical 2442 DPPH(1,1-diphenyl-2-
picrylhydrazyl, Sigma-Aldrich) 2 ABTS(2,2'-azino-bis-3-ethyl-
benzo-thiazoline-6-sulfonic acid, Sigma-Aldrich) radical &A%
XS 243t Woo 5 2016). DPPH radical 2248412 0.2
mM DPPH -£-94(99.9% ethanolo]] £-3) 200 Lo]| A| 2(Z2EE
FE 0.1 gml) 10 yLE 7k 3 520 nmoj| 4] &3] 30&
Fo] SHEE 25T DPPH radical 271315 A 27
of u717e] SHE Aol R W E(HZ U, ABTS
radical &#24]-2 ABTS 7.4 mM3} potassium persulphate 2.6
mME &FF T gravof RISt ABTS Fol22 F4AIX
o]- &S 735 nmo| A FFE Fho] 14~1.57F HeE &
FAG(e=3.6<10' M 'em )& ©] 83t o2 3|45}
o} 3|4 H ABTS 89 200 uLof] & 10 uLE 7}sto]
Fro] HskE F3] 30& Fof S35k ABTS radical
A2AEAL A7 g umol TE(Trolox equivalent antioxidant
capacity) 2 ¥ &3}

ofd o
o 2 ot

7. 80| 54 of|ekg F=EE9] ferric-reducing antioxidant
potential(FRAP) &

34 dn] oehE FE5E9 FRAPE Benzie & Strain
(1996)2] "ol wha} Fe'' 7} Fe’' 2 gl s|o] TPTZ9} A
5ol blue A2 A2 Uehol BUHE FIE go2 4
By &= i o2 =43} th FRAP reagent= 25 mL acetate
buffer(300 mM, pH 3.6)Z 37°CollA] 7h-&3 &, 40 mM HCle]
L33t 10 mM 2,4,6-tris(2-pyridyl)-s-triazine(TPTZ, Sigma-
aldrich) 5 mL%} 20 mM ferric sulfate 2.5 mLE 7}5to] A &35}
St} A Z3F FRAP reagent 0.9 mLoj| A|& 0.03 mL, SHF
0.09mLE -2 F 37TCof|A] 10&7F ¥H-EAJX] 3 593 nmof| A
Z435}9 ) Blank= A& Al 80% ethanolS
c}. AR 25, 50, 100, 200, 500, 1,000 & 2,000 uM

M
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ol
=

’
ot
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l

o] = W sto] 243 FeSO; - TH02 724 (y=0.0004x+
0.063, R*=1)°l tfiste] FAbstAch

8. SHEA

2E folE & 33 ol vrE ZA3+4 2, meantS.D.
Z x5ty 3 dojA 23S A = 2 1 3(Statistical
Analysis System; version 9.2, SAS Institute, Cary, NC, USA)Z
o] &3} T 917 A (Duncan’s multiple range test)2 AA]
stgom, 2 BAgE 7o) ABBAS B

A

it

An) FFY QWAL TS LA 2, Table 17} 2
o] EFol wet S-9He Holg Mol Ao ekttt
(p<0.05). Au]9] 4B FHFL 9.51~12.82 /100 g& 2 AF}
sfolotulz} b2 EFo] Hlal WA Urehitch. 2818 T
1.05~1.93 ¢/100 g0 2 dojofu|7} Lot Thu] £Fo] 2o
SRS UERIQith 29 SRS 1.84-6.24 ¢/100 g0 2 T
n] EFo] £ YFS Uerglon, Y FFS 590~
9.60 /100 gO 2 Thu] EFo] E9keh T4EHE FHL 7175~
8034 /100 g0 2 A EFo| T2 | w3 fogo=
Eohon, wn FFo] e FFS Holk AR Lepyltt.
Lee 5017/ 20154 7] U4 58 4% @mle] 5
2, 28R, 2AW, 209 2 850 G 1130, 161,
2.12, 6.15 @ 78.82%F K 13HEI, Yoon S(2014) 20114
B7) 5ol BAE UF, AH, tolotn), 7 EE o
w2l kS 7242} 6.6, 6.8, 7.2 9 7.9%=2 R ste] E o e}
ORZFe] Ajol2 HGLH, ol AR, 7|42 5 BAF
9l f.ele] ojgt Ao AZETHWoo 5 2016).

2. 80| E3Y phytic acid &t2F

An] FFE phytic acid T2 A% A3, Fig. 13} 2]
FTEE YA ApolE Holg AL2 YERTHp<0.05).
Phytic acid 32 Tn] £%0] 10.87 mg/gl2 §ojFoz
=A e en, dE F50] 739 mggl g fojHog u
A Vet thHp<0.05). Phytic acids thE-E9] Expe} L&
Qg Al AR 22 sEolw, AR <12 0%
o)ArE Z}A|SttHLee 5 2007). Phytic acide= Ca F+= Mg<]
91 ]l (phytin) HE|2 Z7) 5t (Cheryan M 1980), phytases
of o3 o ow FHajEAY, A%, Ha, o, 7hy, &3
}4 2] inositol penta-phosphate (IP5), inositol tetra-phosphate
(TP4), inositol tri-phosphate (IP3), inositol di-phosphate & mono-
phosphate®} Z+2 inositol phosphateZ2 -3} H Th(Sandberg &
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Table 1. The proximate compositions of brown rice cultivars

o3 - ol

FIAE

Cultivars”  Moisture (2100 g)  Crude ash (g/100 g) Crude fat (g/100 g)  Crude protein (g/100 g)  Carbohydrate (g/100 g)
CP 12.28+0.02% 1.3140.018 1.8440.028 6.69+0.02" 77.88+0.02¢
CD 11.27+0.02¢ 1.32+0.018 1.99+0.04¢ 5.90+0.02] 79.52+0.,04°
DM 10.48+0.058 1.93+0.01° 6.24+0.03" 9.60::0.00° 71.75+0.06'
DD 11.34+0.01° 1.47+0.01¢ 2.98+0.02° 7.50+0.01¢ 76.700.048
GH 10.92+0.04° 1.68+0.01° 2.68+0.01° 8.56+0.03° 76.16+0.04!
P 12.82+0.06° 1.43+0.03f 2.13+0.01° 6.35+0.02" 77.27+0.02"
JH 10.05+0.03" 1.67+0.01° 2.99+0.03° 8.69+0.01° 76.61+0.07"
SK 9.51+0.06’ 1.52+0.02¢ 2.40+0.01° 6.23+0.02 80.34+0.05"
HA 9.73+0.03" 1.47+0.03¢ 3.00:£0.02° 6.56+0.058 79.23+0.06°
HP 10.53+0.04¢ 1.05+0.02" 2.00+0.06° 6.94+0.02° 79.48+0.11°
HK 10.76+0.03" 1.64+0.02¢ 2.65+0.03° 7.53+0.04¢ 77.42+0.03°

Y CP: Cheongpum, CD: Chindeul, DM: Danmi, DD: Dodamssal, GH: Geonganghongmi, IP: Ilpum, JH: Joeunheukmi, SK: Samkwang, HA:

Haiami, HP: Hyeonpum, HK: Hyeugkwang.

2 All values are expressed as the meantS.D. of triplicate determinations.

Means with different superscripts within a column (*7) are signi-

ficantly different at p<0.05 by one-way analysis of variance (ANOVA) using Duncan’s multiple range test.
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Fig. 1. Phytic acid contents of brown rice cultivars.
the Table 1.
letters (*"®) are significantly (p<0.05) different by one-way
analysis of variance (ANOVA) using Duncan’s multiple range
test.

1989). Phytic acide= E3F th7} 20| & B2 uh-3-Alo]
< Zdsto] T o] Qrol 7)o AjtstaL glew, o] A=
2 A7 olgtolA E84S UEtlH, a&ol2E53 A
agste] F7129 AW 45 AsfigtthStong FM 1974;
Park & Hwang 1994). 121} Z2of|= phytic acido] A%Fo]| A
free radical-Z AJddt= A3} A ZAdsto E&4F ETA
£ P45t free radical YA AAIStE= FAAHE, FAkS}
a7 A XA A 83 2 calcium oxalate2] AJAI S
A&7 B uEo] B o] =olx] L ¢JrthAnderson & Wolf
1995; Al-Wahsh 5 2005; Kim 5 2010). @t2tA] phytic acid $F
Fol £ FT5 AFE 7Hol o83 o) 0|2 IF
= £ 22 AZEY, 7ty 5 AR ooy o ¥ig}

o

Sl dat A77 By e

3. &lo| 34 oE
5 w2 dn ofHE FEE “4 iﬂllﬂ
ol ks B A1, Fig 29 Zo| FFl ot /9
HQl Aol g Hol Ao E YETHp<0.05). dule] & &
gufE T AP FAQ 2250 FF0] 61525
ng GAE/go 2 {oH 07 =7 Ueem(p<0.05), 475
oo} B3 Z20 7h7k 311.14 L 170.85 ug GAE/gO. 2 RA}
=itk gyt Au] FolAl= stolotu], Tu], A& FFol &
ZF 111.63, 11024 2 108.86 ng GAF/go.2 th2 gul du
FZT0) vldl =2 IS YERleh dnle] F SR o]
T e xo5n E320] 26775 g CE/gQi LojFRoF
7 Ve O 8 (p<0.05), A& 0] Z22 100.67 ug CElg
oz zAFE|QTh Ayt Au)i= 1046~18.17 ug CE/go] Hel=
ZAE Y] & ZXo] 2 ZglHLo|t S Hol=
Aoz UeEhylth Lee 5(2016) &An| &350 ot & £
W& 9 Zeteo|= FeRS 7HzF 10.52~36.75 L 3.55~13.39
mg/100 g0 2 53, 5 5 W] 50 22 S =
ol A= Em}au Lee 5(2007)2 333 &% 70% o

a =
E.'7'<E

S A u]

o SJ9) Aol Apeeleh 54 HPES A5
o e} Bmo] Qi SA= thopet FR9h BATHES 74
, phenolic hydroxyl”7|7} gral g o} Z+o A Ex}e}o] Adt
Sl daksh F At 59
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Fig. 2. Total polyphenol and flavonoid contents of
" See the
Table 1. ? Means in the same group with the different letters

ethanolic extracts on the brown rice cultivars.

(*®) are significantly (p<0.05) different by one-way analysis
of variance (ANOVA) using Duncan’s multiple range test.

2 &HA Ao m(Rice-Evans 5 1997), T/ erHf =
polyphenolic SEFEE S 9ot FAFEL A= oz
d# A thMiddleton & Kandaswami 1994).

ol OIEtE FE29| it &4

of E &v] oL FEE9) radical 2AHEZE &
3}, Fig. 33+ o] EEo| wret £-9JH¢l Ho|S Mol
Ao2 ehtti(p<005). ®u] oshe F22 | DPPH
radical 2AZFA L =&£E % £ 0.1 gmlLe =2 =
Bstgon], AgEu|e 2o o)A 72} 89.17 %
87.94%% =2 TS id %%3 43.17%2 &4
0~24.13%2] 84S Hol

ET
o=

L

rek

=

S
o

S
rllﬁ

a5t

P

S
=

11

L=

2o] ztzb 113.57 @

o
4

AgRe ARFY 2eBy] 228
113.34 umol TE/gC.2 =2 TS Y, T3 &5 T3t
93.53 ymol TE/gO & H@Ad &2 4L Yegl. Yoz]
EE 2282 50016621 umol TEgo 2 $o]Ael o2
B ATHp<0.05). Lee 5(2016)< An] 29 DPPH 2! ABTS
A2AZAL ZH7F 57.64~251.34 E 99.73~291.45 mg
TEN00 go.2 53, FA5% 5 40 EFo] £ BHL 1
ot Ao WIEPT, Lee S(2007)S ZF ZE 70% o]
5 mg/mL9| FIoA 32.5%2] &S Yel=
sholed), Aol Aol 23, A= A
27 5ol oJg Aoj2 Az
AT SR SRsH PHoR(L
5 2008) AHA4 pHollA Ao 2J3) ferric tripyridyltriazine
(Fe3+ TPTZ) & Jxﬂ 7} ferrous tripyridyltriazine(Fe* TPTZ).2.
A AL o) g Ashyx APWoR ool 48
wz] 4 717 SaHEel BYAL AL RS ol 8T

- X=E

radical

%E FEE

Aoz B
g, 37

s O

FRAP 22 %

¢

3

u -
29 gt 34 953
140 | ODPPH radical scavenging activity (% at concentration of 0.1 g/mL)

| mABTS radical scavenging activity (umol Trolox equivalents/ig sample)
> 120 - a a
=
= b
B 100 a 4
g .
‘% 80
£ c cd cd < cd
> de z , &
il 60 - f
= r b
8 40 | ;
T
< rall de ef cd f cd €
o 20 7gv h g
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Fig. 3. DPPH and ABTS radical scavenging activity of
ethanolic extracts on the brown rice cultivars. " See the
Table 1. ? Means in the same group with the different
letters (*"
analysis of variance (ANOVA) using Duncan’s multiple range

) are significantly (p<0.05) different by one-way
test.

Ho|th(Benzie & Strain 1996; Arano 5 2001). -5 ferrous-
TPTZ9] o] F7he A% FUE gol S7kaiel, olele &
HE 3o 7hE AIR7E AAE B 5] ok A
Uehdit). de] $54 ojekg 22| FRAP 242 Fig 4

o} Zro] E50) wat 5933 Xfo]E B THp<0.05). &
et FEE9 FRAP &2 =230 :&59] 1,075.75

Mgl 2 7P w2 A4S B, A%sv e 5 2
© 72} 951,67 9 50833 LM/ge] TAL Lehfgiond, Lo
A EFL 202.50~305.83 uM/g2] A& eI Deng
E0012)2 En)|, 3], Anj7} Z-zF 126,19, 3422 2 1831
umol Fe(Il)/g DWZ 3-Au|7} FRAP value7} & ZoZ W
wakgieh. ol4ke] Az, S Aulv} 2 Al 4R T
I e 8BS B o]F o83 7T Az 8ol

1,200 r

-
[=]
[=]
o

800
600
[

400 |, de de

FRAP (uM/g sample)

de‘:|
g

IARRRRANN
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200

Fig. 4. The ferric reducing antioxidant potential (FRAP)
of ethanolic extracts on the brown rice cultivars. " See the
Table 1. ® Means in the same group with the different letters
(*") are significantly (p<0.05) different by one-way analysis
of variance (ANOVA) using Duncan’s multiple range test.
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5. 8i0| E3H UUME, phytic acid, EHAts M2 U &
o ZIo] MEEH

ol

=

50l W2 dv|o UutdE, phytic acid, FHAHSE A=
FAst &4 7o) AIRAE £4% 2, Table 29 o]
urebgth 22 S R R F O] AR -0.3070,
p<0.05)& BT, 232 gt o] AH0.7654, p<0.001)
< Uetfi it 2ad Sk 23]4H(0.7499, p<0.001) &
ZA 307622, p<0.001)T} ] FHE YEhRleH,
=312 SRS 23] E(-0.7557, p<0.001), X4k -0.8422,
p<0.001) 2 Zcralzl Fhek( -0.8687, p<0.001)T} Fo] AHyke
X glct. Phytic acid $eF2 234, A% 9 2oz 3=k
I 2 Ao S YEH AL H(p<0.001), B3k o
T 52 79 A -0.7593, p<0.001)& HERHU & &
gz 9 SgEolt FFE 23 E(p<0.05) @ 2r
2 FFp<0.00)T} 9] S Yeh itk DPPH R ABTS
radical 22A 2, FRAP 842 =il & Ee|os 9
E o= R w2 A9 A (p<0.001)S UEhH L,
3 E FFp<0.0)T= ] S B9t} Radical &AL
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sto] & Uehfl= 222 & wj(Choi 5 2007), @mjo 3
e dlE A& 5 A4S R 93 radical &AGF B
o] 7|ojst= Aor yZHEh
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26775 1g CElge. 2 el o2 %A yehgton), 475
E£2 717} 311.14 ug GAE/g ¥ 100.67 ng CE/go 2 FALE]
Atk du| oeE FEE2] DPPH radical 24 &4 1%
Zo), 2250 U 53} E30| Z+z}F 89.17, 87.94 L 43.17%
2 e, ABTS radical AAZAAL 24z 113,57, 113.34
92 93,53 pymol TE/g, FRAP &4 Z+7} 951.67, 1,075.75 &
50833 IM/gO.2 %2 BAS Btk ol4e] Ak A
A7t =2 HE dE S st S Ho o]E o &
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2 =H2 =253 AGENDA ATAI(ATIS THA|H 3
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