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Abstract

This study was conducted to determine antioxidant compounds and antioxidative activities of by-products
including rice bran and half-crashed rice by rice milling. DPPH, ABTS radical scavenging activities and reducing
power have been used to investigate the relative antioxidative activities of 70% EtOH extracts from by-products.
The contents of total polyphenol, total flavonoid and 7 —oryzanol in EtOH extracts were measured by spec-—
trophotometric methods, and vitamin E was carried out by HPLC. Ethanol extract from rice bran showed mark-
edly antioxidative activity than that from half-crushed rice. Among EtOH extracts from milling by-products,
rice bran of 'Hongjiju’' tended to have the most effective antioxidative activity compared to the others. These
results suggested that by-products of rice milling have the potent antioxidative activity and these activity are
partly due to the antioxidative compounds present in by-products including rice bran and half-crushed rice.

Key words: by-product, antioxidant compound, antioxidant activity, rice bran, half-crushed rice.
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N5 2L 98BS AuAE FRY =4 HPow
Q3 v)7ge] WAYFE A% Z74E Aolm T 9 PAEQ
WA, 97 5o Aelx B ThHok T FEOITHE). Ut
Mo Arle iR E A¥o] Bon] 3R (v7
Z)ole Aol i, HEHF, vud YEE o] phytic

A BEFE] EAst JTHT). 17 vitamin E= A 2t
SHAIZ & wjo} B u|ZFel A3 FRE Jor ¥
% FHHES ASAIA 1A S oo a9 A
o2 BugojX Y@ HT BA FEE Hol¥A
AA &), 7Y AEZF9} A FL AEFol gk 3
& &46), T Fe=HE A3t £210), Ftst a7
(11,12), €<t A5 94 &£313,14) 2 4= vhg oA &4
(15) & vhe A F 715 g A+7F Bigo] gio)
gk 2 AFolA] ALEE o R AHE e dEHE US4
A3 FAW FZTOEA wnte] S48 FFoln AW E
Y4 TR 9 FI g AFLOE olfHE FF
S 2ZA 1919 dFEH Edde] 7] AF T ALE FF
olt} 2005 ZHEE SEHE o] AWk R} 3u) o)
A HAE 7He 2173 dE & & (neurotransmitter) 2 &

A GABA(gamma—-amino butyric acid)E 3~5H] A% thek
E33eE FFo|y A= Ao A EFo|t fA

22X T, 538, 22a 5P E ARstler 1

T AZAv TR s ZYuEy 2L VT8 2R S
& kil e FEola, SA ] S3 = FEA o}
d FHC3G) 0] B3 FFol ZuHe dnle Mo] =
Moz By Fuo] R T MAE ¥t e
FZo|th o]¥T {FAv] FEFELS APEoY EukE 5
JhEgogn AMEE I Tk FE3F 20093 AMEA SAE
AE Q] tolotH = 7|E FFol vlste Foln| =it 3
Fo] 30% A% =& FEolth WA B Aol e AF
A FAHAN ¥ FFEY =4 aq 5
S AR 2L Y AR dig d7e oz gl
A BAS gasta Hrlgo g Q2 A Fe A
2 S IR SUE AFLAE NEIAL S
712 A8 2 AFsHTH

E A AgE AlgE 200830 &A1 IH A
Hstdo A Aul, =38 FY(Oryza sativa cv. Sam-
kwangbyeo), A78W(Oryza sativa cv. Seolgaengbyeo), 3441
HY (Oryza sativa cv. Hwaseonchalbyeo), 2% (Oryza
sativa cv. Keunnunbyeo), ZRXFW(Oryza sativa cv.
Hongjinjubyeo), &3 (Oryza sativa cv. Heugkwang-
byeo), ¥EW(Oryza sativa cv. Ilpumbyeo), 3+o|o}u]

(Oryza sativa cv. Haiami), =V|¥W(Oryza sativa cv.
Nokmibyeo)E AH&-3tATh & ATddA] &4kl A& 74
I s A SO AFEE Ao 2 Folin-Ciocalteu
reagent, gallic acid, (+)-catechin hydrate, ABTS(2,2'-
azino-bis—3-ethylbenzothiazoline-6-sulfonic acid), L-as-
corbic acid, DPPH(1,1-diphenyl-2-picrylhydrazyl) &=
Sigma-Aldrich Co.(St. Louis, MO, USA) A&<&, vitamin
E £48 $3F methanol, isopropanol, DIW, n-hexane &=
J. T. Baker(Phillipsburg, NJ, USA) A &g AH&-319.oH

71 kel AMEE FEE0) B RE AR 55 Al A

p

AR A7HA ¥ Bad JxE AE 7] (Model SYS3-
TH, Ssangyong Ltd., Incheon, Korea)S o]&3le] &4AE
27tz =47/ (Model MC-90A, Wakayama Co. Ltd.,
Wakayama, Japan)E ©]-8-3}<] ¥ u](white rice)E A =3}
At @ul(brown rice)E WV E =45t 34 F EAH
= 17 (rice bran)® ¥ 1] Z 2.0 mm meshA (No. 10)S 3}
A AA WA Y2 Mgtz (half-crushed rice)E 2 A< A
53 ARE3ITh

AzZH A5 47 (Micro hammer-cutter mill, Type-
3, MHK Trading Co., Bucheon, Korea)® 4|3} 80
mesh Ao A3 F7A)Z A]F WS 70% ethanolS 7}3+
5 F2oll A 24A17E mtela A 8 ARES FEIALH
FZ & 13 E-S Whatman No. 2 XS o] &3} #7F
=2 AAst FAAL AT ES71(Model N-1000,
EYELA, Tokyo, Japan)& A}&-3la] 40°Coll A 7+t 553}
o & A AZIH. Fol e EL WEdZModulyod
~115, Thermo Electron Co., Waltham, MA, USA)E 53}
FES A3 AASYGLY. AxH FEES FE A

20°C WE ) BUFEA AP ALgshAT

Zt FZ N9 total polyphenol & Velioglu 5(16)9]
W o] whgl 2439 &, 100 uL FE Y6 2% NaCOs

€4 2 mL 71sk & 387 WXAl7]2L 50% Folin-
Ciocalteu reagent 100 pLE 7}l ) 308 % 750 nmol A
FAE S A H L, 0.1% gallic acid® EFEZE A}
&3t BF AFdE A% T FEE9 total polyphenol
&2kS mg gallic acid equivalent per 100 g sampleZ }E}
BiFd=2

Total flavonoid %2 Jia 5(17)2] WS ofz+ W3}
Atk &, 4 FEY 250 plel F/FS 1.25 mLE 718k 5%
NaNO, &9 75 pLE ¥ 3 583+ WX s d o 10% AlCl; -
6H0 88 150 uLE 7}stal thA] 632 W] stanh ¢ vk8
4ol 1 M NaOH 500 puL¢} S#F< 275 uLE 7+g+ § 510

nmol A FFEE SAHSIY. RFEZL (+)-catechin
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hydrate® AH&3te] BF AFAE A8 F FE2E9 total
flavonoid &2 A& 100 g 2] ug (+)-catechin hydrate
2 Jehf o

Al 89 tocopherol &

! tocotrienol #EH-E Lee2} Lee(18)9]

el mel skt oF 2~3 g9 AlEE FHete] ¢ 80°C
9] & 4 mL, 10 mL 2-propanol, 5 g MgSO,& #H7}3F &
FEE&m 20 mL& 93 287 #ZFA AT ©o] AEE

A7 & 0.01% BHT, 15% ethylacetateZ7} E£&9 n-hex-

{o

2 AFEd] 3 F 100 mLE FE3Ah 2 mLS
—? A 7M22 A 553131, 1 mLe n-hexane &
2 0.22 pym nylon membrane filter(MSI Inc.,
Westboro, MA, USA)Z o33+ t}2 £ HPLC(Younglin
Inc., Seoul, Korea) 2 #413Ath. Columne MerckAF 245
B 93} LiChrosphere Diol 100(250 x4 mm id. 5 um,
Hibar Fertigsaube RT, Darmstadt, Germany)< AF&-3}%
1 AZEV]E= FF7HE7](Linear instruments, Thermo
Separation Products Inc., San Jose, CA, USA)Z 3732
excitation wavelength 290 nm, emission wavelength 330
nmol| A HE3FH o1, o] 542 nhexaned} isopropanols
99:1(v/v)Z E3%8t9 1 mL/ming £E22 3l FE5E& 20

LE F3te 43ttt 424 f A4S 8 - A3
°=] mg/100 g sampleZ YERH ST}

A189] 7 -oryzanol &< Lilitchan 5(19)¢] ¥ o] u}b
&t =439t A EZAZ = Wako Pure Chemical Inc.
(Osaka Japan)®] 7 -oryzanol2 AF&3tH o kI A

2 3~20 pg/mL Akele] e AME3FA T
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71 & o] §M& TH nmoﬂ/\i ERE Zko]
(£=36x10" M 'em )& o
34 ® ABTS- €9 1 mLol
3= HalE A3 30
E B &Aslger, xFEZZA L-ascorbic acidE ©]
83t FEFAE AT T A5 s (AEAC, mg
cid equivalent antioxidant capacity)2-2 YElH
ATt
2= Mau 5219 o &t S45Ath FE2&5
250 puLol E%2] 0.2 M sodium phosphate buffer(pH 6.6),
1% potassium femcyamdeﬂ 2z} 7}skal o] EES 50°C
ol A 208-7F WFg-A1Z1 F 250 pl 1% trichloroacetic acid
(TCA, w/v) €9 7189 ¢ 5348 1,000 rpmell A
1087 A58 shod 24 500 Lo} 575 500 uL, 100
ul 0.1% ferric chloride §94-& ¥ & &3sle] 700 nmoll
A FBEE S50

v 71E - ol - g3 - AATF

DPPH radical 24842 Kim 5(22)2] WHS Wy 3}04
=733t th AlE 0.2 mLol 0.2 mM DPPH €< 0.8 m
74k %, 520 nmoll A B &3] 308 Foll EEF A <UV—
1650PC, Shimadzu, Kyoto, Japan)E& ©]&3le &3 =2 W
35 SAsIAH old AAF AT AlE HIFFF BTt
7o FEFE AolE NEE(%E FIATL

m[m

0% O[ElZ2 F=EZ2| Mt 42

7t FEH FF F88 Table 19 Yeb o vtz 4
2719 =M Z2 A3 1340, 0.45%, D789 12.66, 0.98%,
3} 2n 1899, 0.96%, ZwH 1804, 1.25%, X1 17.64,
0.78% =34w 1512, 0.59%, dF1 13.64, 0.70%, s}o]o}v]
1490, 0.95% 18]a =w|H 1361, 1.41%E YERN o] 1|73
Ae st Zdurt AetrldMe sHH Y 35 F&o] =%
o ES A2ty FEERTE EollA E2 3t

7t =

AE ksl B4 = polyphenolic 343}

=
EE52 24 W phenolic hydroxyl7]7} &4 ©iids 2o
AN EAETL ddst= 44d Soll o ksl A8 2
g o TheE 2 Ikd S a9t e AoE IHA

Ath(23,24). B A3 o)A total polyphenol 3+¢HE9o 3k
(mg gallic acid equivalents/g of sample)2 =43 A3} 1

Fd AF FRAFHIAM 5552 mgo 2 M TS FAS
Jel 0111 5o 2 5349 23.68 mg, 429 10.77 mg,
2F3w] 925 mg, ¥ 9.23 mg, sFe]olv] 7.65 mg, 734
747 mg, HvH 644 mg, 2 H 570 mg woloH #et

719 A5 SEH7E 059 mgoZ 7HE =& FAE Ve
Atk 5o 2 s A, 2, A7, stolotr], =
v, 4, S3H, A3 o2 A REte w4
2] total polyphenol &Fo] €53 E}oH EFoz= %

[e}
AFHgA 714 Evhe AS ¢ & A Kong 5(25)9]
HiuolA &39 v fee 559 total polyphenol 3}
ZFo] 32.87 mgoll B3} G2

w
cIA9] sl A
Fohel e &
B FE8UY A 1 228 Fag
R¥ P B Ao nuH X A
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700 olekgate] Aol Qste] e FAE Urhls Ao
Z AL ETH2526)(Table 1).  AFA AFEEH AR =&
o) e 2o EFEA AAoz HFN

A Wol ALgE A3 glon e LS| vlEke] QAo
HG3t7] W FEEME Mg o

HEA 33E9 =2 total flavonoid & ug (+)-cat-
echin equivalents/g of sample] "7} #A&t7] o2 4
2] 132629} 255 pg, A8 124215} 40,63 pg, 31412
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Table 1. Antioxidant compounds and extraction yields of 70% ethanol extracts from milling by-products of rice cultivars

Cultivar EtOH extract Polyphenolics” Flavonoids® 7 ~Oryzanol” Yield (%)
Summleurs Rice bran 9.25+0.22 13262+ 114.03 322.9+26.2 13.40
amiwang Half-crushed rice 0.17+0.003 255+0.59 46+0.6 0.45
Seolgacn Rice bran 7.47+0.10 1242.1+145.02 211.9+11.3 12.66
gaeng Half-crushed rice 0.39+0.016 40.63+2.63 6.6+0.7 0.98
Huwasconchal Rice bran 10.77+0.34 917.8+130.73 271.1+166 18.99
Half-crushed rice 0.45+0.014 42.87+5.02 87+1.3 0.96
Keunmun Rice bran 5.70+0.03 4585+101.06 2302+ 165 18.04
Half-crushed rice 0.59+0.011 54.35+£5.19 152+1.2 1.25
——— Rice bran 55.52+1.31 15198.7 +325.31 344.7+12.8 17.64
£y Half-crushed rice 0.44+0.007 112.30+3.99 47+14 0.78
Heuslows Rice bran 23.68+0.34 5323.4+ 142,17 312.7+13 15.12
eugkwang Half-crushed rice 0.23+0.008 3464+1.12 49+1.1 0.59
loum Rice bran 9.23+0.10 963.4+67.67 364.2+21.6 13.64
Pl Half-crushed rice 0.29+0.008 75.64+0.62 47+0.3 0.70
Hutars Rice bran 765+0.11 990.1+19.38 4357+3.0 14.90
Half-crushed rice 0.38+0.011 33.92+1.68 93+1.7 0.95
Nelm Rice bran 6.44+0.19 794.2+80.42 3412+15.8 13.61
oxmi Half-crushed rice 0.35+0.014 18.12+1.88 6.8+05 141

"Mean of triplicate determinations expressed as mg gallic acid equivalents per 1 g of sample (wet weight basis).
“Mean of triplicate determinations expressed as pg (+)-catechin equivalents per 1 g of sample (wet weight basis).
YMean of triplicate determinations expressed as mg per 100 g of sample (wet weight basis).

917.8%} 42.87 pg, x4 45859 54.35 ug, S+ 151987
F} 112.30 pg, 3341 53234%F 3464 pg, LEH 963.49
75.64 ng, 3kolobr] 990.17 33.92 g, Zu|H 794.2¢} 18.12
Lgl E FAME o E2 F AT Ao g 5o
TS BHAFE AL FIFHo|AH(Table 1). o] A+
(25)el X Hag %%t‘q U] el total flavonoid ¥
1039.1 (+)-catechin mg/100 g sample®] &S R 13}H
th. ¥4 FH28HE /N4, HDL S8 & S7het 22
G348 JElE ¢ -oryzanol2 1078 ©]4+¢] phy-
tosteryl ferulate®] EFEZA & YoM = FE 1|75
@o] &3 cH27). FFE 7y -oryzanol S 0|7 5o
obw] ol A 435.7 mg/100 g 2 M&7]o = S+ 7} 152
mg/100 g sampleEA] 7}4 o] Uelyton 1 thgozE
e AFH, AT, S, A, S3) S E,

gAY wolflon, Metrd A -olle oo,
S Suw A7, S, T3, dF 2 A

%fﬁg v 7=} M}E‘rﬂ o] &% tocopherol@} tocotrienol
gtak2 Table 291 Yehl e =4 HPLCE 53 8714
FEAZ 27 - FFste] mg/100 go 2 Jepf A #%
I} Metr]e] &/ 92 tocopherol
W3 SEHWE A9

a—tocopherol®] 1 &
BE EZZA a-, y-tocopher—
ol(T)3} tocotrienol(T3)¢] AEFH UL TE EFF2] M}
719l = a-tocopherolfte] HEH Utk & vH 5 -4
total vitamin E &3 2229 mgl 2 & EEHT &

FFS vetddon F3d Aebr]9 vitamin E %‘%k%
0.38 mg ©]3tATt o] AFoA] HAd FatsiAlZ g

A vitamin E= A E 25 AR AET) E¥x3}
Aate] A3 E WAEla 8F ZESHES AL
24 Tgdge] o avAHo|ztn HiEox Jrk
(8,28).

0% OElZ2 F=&=2| aitst &y

29 vZ3 A 70% dEE FEE
ABTS cation decolorization assay WS ©]&3 & 34+3}

g =4& mg AEAC(ascorbic acid equivalent anti-
oxidant activity)/100 g sample #t 2.2 2+&319 29 Fig.
1(A, B)ollA] B npet 2o}, vz Aetr]e] o2 4hd
H 48563 6.1 mg AEAC, 2739 32659 159 mg AEAC,
A EY 59899} 33.7 mg AEAC, &%4H 137.84 21.2 mg
AEAC, 3234 379729} 21.3 mg AEAC, &334 163349}
4.3 mg AEAC, ¥9¥4 490.13% 9.2 mg AEAC, 3}o]o}w]
369.13 12.6 mg AEAC, =19 301.87 4.2 mg AEACY}
SAE AT o] AT} AEAC #o] 7Hd =2 3T Y
7% "]7F 100 g ascorbic acid 3797.2 mg, 3P4 @A 74
<2 x2}7) 100 g9 ascorbic acid 337 mg# T3 ksl
S AYe A= 4T 5 ) o= Iitsl A &
3t &7 7Ho] AHdAl det Biigk Seo F(28), Choi
F(29)9] AFox e} o] B AR vl v 2§ = o
9 & polyphenolic 3&2 ¢85l =& AL Vel =
Aoz ALF ¥ th DPPH radical 24 %S o83 54 27
+ Fig. (O YR At 3371 v]7d3oA 90% B=
E HoAF3on o2 e S3H v lA 82.89%E
Ueldlo] 92 FF 173991 ~3458%)3 Met7](5.49~
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Table 2. Tocopherol and tocotrienol contents” of 70% ethanol extracts from milling by-products of rice cultivars

Cultivar EtOH extract a-T? B-T 7-T §-T a-T3 B-T3 7-T3 §-T3 Total
Samikus Rice bran 8.37 -9 158 - 5.36 — TA" — 15.31
amxwang Half-crushed rice 0.34 —~ — —~ —~ — — - 0.34
Seol Rice bran 6.12 - 2.81 - 4.83 - TA — 13.76
colgaeng Half-crushed rice TA - - - - - - — TA
q hal Rice bran 713 - 3.67 - 4.92 - TA - 15.72
waseoncha Half-crushed rice 0.36 —~ - - - —~ - ~ 0.36
Keunnun Rice bran 7.35 — — — 3.98 — — - 11.33
Half-crushed rice 0.38 — — — — — — — 0.38

Hongiiniu Rice bran 7.64 — 3.69 — 5.73 — TA - 17.06
gy Half-crushed rice TA — — — — — — — TA
Heugkwan Rice bran 6.67 — 2.10 - 5.11 - 0.98 - 14.86
g g Half-crushed rice TA - - - - - - — TA
loum Rice bran 9.29 - 1.26 - 8.42 - 3.32 - 22.29
pu Half-crushed rice TA — — — — — — — TA
Hetami Rice bran 6.80 - 3.35 - 4.78 - TA — 14.93
aa Half-crushed rice 0.24 — ~ — - — — ~ 0.24
Nokmi Rice bran 6.60 — 0.59 — 7.65 — TA — 14.84
oK Half-crushed rice 0.23 - - - - - - - 0.23

"Mean of duplicate determinations expressed as mg per 100 g of sample.
YCorresponding tocopherols (T) and tocotrienols (T3).

Not detected.

YTrace amount (TA).
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Fig. 1. ABTS (A, B), DPPH (C) radical scavenging activity and reducing power (D) of 70% ethanol extracts (1 mg/mL) from
by-products of rice cultivars. Each value represents the mean of triplicate measurements of analyzed sample. A, Samkwang; B,

Seolgaeng; C, Hwaseonchal, D, Keunnun; E, Hongjinju;, F, Heugkwang; G, Ilpum; H, Haiami; I, Nokmi.
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ol A SAHHA= XA FAuZA WSl antho-
cyaning EgFete] theko] kst &4 Edo] o] 9l
AF FHe] d= HoZ AZET g & w| i
y —oryzanol, phytic acid, carotenoid, polyphenol &3}
2 ksl A4S e Aol EAGOFAY 4
o ohF el e Ao E Ruwold Au@l. FF
H FAE] 710% AEE FE2E(Q mg/ml)e] #dES &
3k 23 Fig. 1(D)oll dehf o vt X Z315FH
(A0=0.93), #et7]ol A= 3 FH (A70=0.08)7F = A] &
(U7 A700=0.03~0.35, #EF7]: A700=0.05~0.07)1 B3|
2 398S et ol T ks E 3 mprviA R
polyphenolic 3}3HE=2 I3ty =2 A4S U= Aoz
Azt oj X}
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B A7oM e oY FFGHEE, 24, v, s E
, TR, S, dEH, stolotr] Bl mmH)e] =R

(polyphenol, flavonoid, vitamin E, 7 -oryzanol)®} 3}4+3}
A (ABTS &viZ2 4~7%, DPPH 292 &A%, &9%)

< Bla - E43te] 75 H THAE HUMEeEA o8 b
de AR Y. F5E vdS Ao kst
A ST 23 AV FIFHNA vitamin E(Y#F
H)E Alelstare dabs) diol 7HE wA SHEENeH,
HEo] F3udME F3e ditst JEol FrH U=
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