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Antioxidant Activities and Antioxidant Compounds of Some Specialty Rices
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Abstract

The objectives of this study were to determine antioxidant activity of the methanolic extracts from some
specialty rices and to investigate relationships between antioxidant activities and antioxidant contents in the
extracts. ABTS (2,2-azino-bis-(3-ethylbenzothiazoline—6-sulphonic acid)) radical cation scavenging activity,
inhibitory effect on lipid peroxidation, chelating activity, reducing power and inhibitory effect on xanthine
oxidase have been used to investigate the relative antioxidant activity of the extracts from specialty rices.
The concentrations of total polyphenolics, phytic acid, and anthocyanin in the extracts were measured by
spectrophotometric methods and vitamin E analysis was carried out by HPLC. The methanolic extracts
prepared from black and red rices showed higher antioxidant activities and contained higher antioxidant
compounds compared with other rices, apparently due to their intense red-purple color. The correlation
coefficient between total polyphenolic content of methanolic extracts and ABTS radical cation scavenging
activity, reducing power, and inhibitory effect of xanthine oxidase were 0.9921, 0.9856, and 0.8032, respectively.
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, & Mol (milled rice), ¥V
(brown rice)?} €dw] G &), & HAn|(HFFH,
Jeogjinjubyeo), Athujo}u](Z:=4, Keunnunbyeo), = 7]
(57549, Heugjinjubyeo), "] (green rice), ILo}u| (Lo}

H|2%, Goami2)w 9 F&EIFHAA] A FEo} A8
th ikt AR B4 895 Aol AHS-E ABTS(2,2-azi-
no—-bis—(3-ethylbenzothiazoline-6—-sulphonic acid)), xan-
thine oxidase, linoleic acid, ferrozine, gallic acid & phytic
acide= Sigma(St. Louis, MO, USA)°l|A] vitamin E&
MerckAHDarmstadt, Germany)ol A 4 3ted AH-&3FATh
21 vhol AFRE FEEu] 2 AR agnalytical 2 HPLC 5
2 A8

Methanol FE22| M=

v ® AlZ 10 goll methanol 200 mLS 7}3F F Ao A
24N FE3IAT F& F 1 ELS Toyo No2 A&
o]-gat et 4 Xc}"—ﬁ]% 23455 71(EYELA, Tokyo,
Japan)& AF&3Fod 40°C 4 =3t &
A3 AASAT AXFFHE o] &3} s SAT
i%‘j 2 methanol2 A} &334t Z F&2E2 A4 F3
-20°Cell Al Batax A A&
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Z polyphenol &2t =
% polyphenol®] s}k ol 100 pLoll 2% NaxCOs
%‘3—‘.‘ 2 mLE 7}sta 38 X3 & 50% Folin-Ciocalteu
reagent 100 pL= 7}&-%13}. 30% F Qs FFE FhE
750 nmo A S33}{ L EFEZZ gallic acidE AHE-3FS
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HIEIZ] E 24

FZ59 vlgvl E B4 methanol 325 94%S 2
27t E o] &8ty FHAIZ] & OA] B3] oAz A
|33t & HPLCA FY3+9d9(16). HPLC ZAX 2=

solvent delivery pump M930(Young Lin Instrument Inc,
Korea)¥ €37 % 7](LC305, Thermo Separation Products
Inc, CA, USA)E o] &3t9en, £4 H7Y L MerckAIZ5
H LiChrosphere® Diol 100 column(250 x4 mm, i.d. 5 um,
Hibar Fertigsaube RT, Darmstadt, Germany)< % 3}
AR d3AE719 excitation wavelength 290
nm, emission wavelengthe 330 nmE ©] &3t 1L o] 54
Agsgon &

£ 1.3% isopropanol2 ¥-73F n-hexanes

42 10 mL/min°] 1t}

Phytic acid &4

Phytic acid &% phytic acid$t ¥H-g-ata @2 Fe' 3}
2,2 -bipyridine®2] ¥FA =& A= Holtr(17). ¢
o] Al 02 N HCI 20 mL-S 7}8l 3000 rpmeoll A 20%-
et AAEE S FH Y9 AN 500 ulel ferric solution
1 mLE 7}8}ar 100°C water bathol| 4] 30&E7F 71E3 & W
ZAFAHTT 9] ¥ H-E 5% 52t 10000 rpmoll Al 94 &8 5)
of FAN 1 mLe 3 1.5 mLe] 2,2’ -bipyridine solution¥}
48] 1 Bt WAl ¥ FRE 519 nmoll A S

o} E A 2+ phytic acidE AHE-3l3
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Anthocyanin £44

ko) o} S| HEE FE259 F <t
Tiirker2t Erdogdu(18)¢] ¥ S A3t Al =9l 0.1%
HClo] ¥3+9 methanol 10 mL& 718} 2417 <F &3}
o] 4500 rpmell A 20 E< AR S F FA A S H 3
anthocyanin £4] A8 2 A3t 9] 55 1 mlLel
0.025 M potassium chloride buffer(pH 1.0) 1 mL &2 04
M sodium acetate buffer(pH 4.5) 1 mLE 22t £33t
Hkg- ol F3 % -2 510 nme} 700 nmoll A =4 3T}
griml o} E4n e F tEAloMA e (mg/L)2 cyani-
din-3-glucoside®] &FB7F(e=26900 M 'em )& °]&
stod ofef o] Ao o3 4HEstA T
A XMW x 1,000

exV

A (Absorbance) = (Asio~Az00)pu1.0 — (Asi0~A700)pia5
MW (Molecular weight of cyanidine-3-glucoside) =449.2
£=26,900 M 'em '

V=29 #3

Anthocyanin content (mg/L)=

ABTS radical2 0|83t & eMElzde =3
% ksl o] 242 Re 51909 Wy JaiA =A s}

At} ABTS 7.4 mM3} potassium persulphate 2.6 mM<
35 ZoF ok Wbx|ste] ABTS - & dAA|Z7] & o] &S
734 nmolA FF= Fol 157 HEE & FFAF(e =
1.6x10" mol 'em )& ©]-83t9] methanolZ 34314t} 3
Ag ABTS - &9 1 mLol| 594 20 uLE 718t F3 =
o] WalE AE3] 308 Foll SF 0}09\13} 0.1 mM ascorhic
acidg ©]&3ste ZTEFHE 245 & A5 Fgitsty
(AEAC, ascorbic acid equivalent anthdeant capacity)<

A kst

53-8 Mau 52009 ¥ef o] =33}59 T} Methanol
FZE 250 pLol 0.2 M sodium phosphate buffer(pH 6.6)
250 uL, 1% potassium ferricyanide(KsFe(CN)g) 250 nL=&
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Zyzy 33k} 50°CoAA 208 5ot BFSAIZ 3 1% tri-
chloroacetic acid(CCI;COOH, w/v)E 7}t ¢ wk-s-od
S 1000 rpmol A 1087 LA Ealshe] 2 500 plel
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o] 21 E YA A anE =AYt WA linoleic acid
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99.5% ethanol 100 mLoll &3|A17] % 2.05 mL¥ # 3}
conical tubeol| ¥l Z}7te] & FEE 2 mLS HI/Mg &
0.05 M phosphate buffer(pH 7.0) 4 mL, =& 1.95 mLES
7hste] 40°C ah-271el A7gstaA AR St AAEE A
AF2s AEE thiocyanate® ol 9&|A =354 tH?21).
ZAWH O 2= 75% ethanol 4.7 mLol 2+ A& 0.1 mL¥}
30% ammonium thiocyanate 0.1 mL-& ¥ 11, 333 38 &
0.02 M ferrous chloride ¥-#3%F 35% HCl €9 0.1 mLE
H71ete 500 nmoll A FFEE SR oH ALkae o
=3 2o

~__OD sample

A AZGAE dAE (%)=
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x 100
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BT} Zelinski

5(24)2 methanolg FEE1E AL ES B 2 F&
o 52 sl @47 it AR FEFS Rt
a2 9o oy AF Aol oatwl FZol AEE &l =
Aol FTEFE 78 ALY FEEC] =oHAH & FEE
B = aqueous methanol® ethanol& /\}3‘5}9&% e F
59 g4o] FUtete AL E HIAEHUTH2526). WEbA
E AT A= methanols FE8 2 gste] thafkst &4
AEE FE3L A E EAEtE 48 S VMR 54
EZASANF 2N Sud ERjste Agdd=29

E4E HasgstaA s

E 1) 9 methanol FEE9] ikt AE T2 dut
o) 2 Hu| 9} Blwsle] Table 19] YeER A 7= o
#°] polyphenol& ¥Hrat™ o] 5o Aol o Aejd
a4 WE}‘HL A gy &z Atdolth wEkA &9
methanol F+& & 9] olyphenol s BEAgo gz ik
3} %})\4_4_/] AL B AL o) dul wo)g}
#H1u) ¢ % polyphenol ?é}‘“*% 2}z 15159 57.96 mg/100
go = e}uﬂagi =4 vEo] v Avt e FEe U
Bt E4u] o] A9 Zn7} 444.38 mg/100 go 2 713
2 S Uepl e H A A wjoln], siojw] =
w7} 242} 239.67, 6818, 65.02, 5658 mg/100 g2 &S
P AT S| e} A o] Hg e E.T—Troﬂ HWH = A
polyphenol &S YEFHA=T ol 9 F FAn|o 4

Table 1. Antioxidant compounds of methanolic extracts obtained from specialty rices and extraction yields

Source Polyphenolics” Vitamin E? Anthocyanin® Phytic acid” Yield (%)
Milled rice 15.15 0.03 nd” 12.95 1.40
Brown rice 57.95 0.75 nd 23.79 3.39
Red rice 239.67 1.62 nd 3291 3.40
Giant embryonic rice 68.18 0.57 nd 24.35 4.80
Black rice 444.38 0.79 146.90 130.92 3.70
Green rice 56.58 0.48 nd 40.98 4.37
Goami 65.02 1.00 nd 31.54 5.55

{”Mean of triplicate determinations expressed as mg gallic acid equivalents per 100 g of grain (wet weight basis).

“Mean of triplicate determinations expressed as mg a-tocopherol equivalents per 100 g of grain (wet weight basis).

YMean of triplicate determinations expressed as mg cyanidine-3-glucoside equivalents per 100 g of grain (wet weight basis).
“Mean of triplicate determinations expressed as mg phytic acid per 100 g of grain (wet weight basis).

“nd means not detected.
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3l= anthocyaninoll A 71Q1%= Roz AZsct /<
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< df3sta e 307t %2 polyphenol F#S YERN =
AL B3t

£ 79 vitamin E 332 &4 HPLCE &3l 8714
EAE EEstdlen o F Aol 7PE 2 a-toco-
pherolS 7|22 1 ¥ a-tocopherol equivalent(a-

TE)Z YA tH(Table 1). 79| Hjolol] F2 EAjst=
vitamin E& polyphenol $+#3} nl7kA 2 AF o g8 &
A Hlgo] ¥ #u)(0.75 mg a-TE/100 g)7} ¥ =] (0.03 mg
a-TE/100 g)oll ¥l8] ¥ vitamin E ¢3S JehRdoh
Sr Y A% AAn e ot 7t 242t 1,629 1.00 mg a-
TE/100 go] =S Ued RS At UymA Ass
0.48~0.79 mg a-TE/100 g&] Y& vitamin EZ /3t
gt YulA o2 Ao ZAE W G B B3 vita-
min E o] W& Ao =E BT T‘:q]’]"_i]’-’] Ry

o AHRNIETL Fo} 53 F94Fe] 2 5 . 573
ZFo= vitamin E =4 5 8% Eﬂ’\ﬂ]igl FEFe
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g A olt}. Phytic acide =72 FFo] wat 0.8~6.4%
(W/WAE gH5o e Aoz BaEJrh2l). drkv] 9}
E1] methanol F&&9 phytic acid &§HFH2 Zunjr}

130.92 mg/100 g= YEFH A& A L5t U] Al F ol A
50 mg/100 g Rk kS YERITE Seo S(29)9 23k

™ phytic acid =S e 9] F$ 529 mg/100 g, 31| 2
78-% 2,163 mg/100 g &2 Hdte] B A= g 2
ol HAT oA B AT AS AR XZOoZHH
phytic acid® A4 FZE3FA &3 @A methanol =59
EA) 8= phytic acid¥t F#HF3IA 7] WL o= Ao

drtv) o 5421) 9] anthocyanin & &F& 5837 23 S
(146.90 mg/100 g)= A3+ YA A& 9] methanol F&
EolME A=A fskth HZ ATl oW Srjde
tt#9] anthocyaninA MAE 373t I F cyanidin-
3-glucoside$} peonidin-3-glucoside’} E 2l R o=
R EJqtH(14). | 2] 7 methanol —?%%Ol antho-
cyanm EFY HAAs goy 1 FgFo] HEH A &2
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Fig. 1. Scavenging effect of methanol extracts from spe-
cialty rices on ABTS radical action.

A: White rice, B: Brown rice, C: Red rice, D: Giant embryonic
rice, E: Black rice, F: Green rice, G Goami.

=7 HEE FE£29| giitslad
547 methanol FEE 9] & 489S Rludt da=
Fig. 1o Yetidet. & &4kstg e 5u(697.27 AEAC),

2 A1) (309.98 AEAC), Atiujoln](59.37 AEAC),
(55,61 AEAC), €v](49.60 AEAC),
(1550 AEAC) =]tk AEAC gl 7Hd =& Sr]9
9 697.27 mg ascorbic acid equivalent per 100 g sam-
ple(AEAC)Z X &do] H =4 o)A 31| 100 g ascorbic
acid 697.27 mgjq_ %%_]@_} 61-A}§1ra]_o_ X]H‘:— 74 oz {5}]/\4 &)
T AUtk Fats dw o] FFIE A A (Table 2) F34ks)
83} polyphenol & 3= ko] 234 o] (R*=0.9921) ZA)
e Ao E Hol B methanol FEE 9 polyphenol 33HE
o] Ao R FYHUZLE AAL F U A= 444
t}. E3 phytic acid FFAE A33] = FAAR=
0.8566)2 YElE AL Z Ho} methanol FEE°] AU
A Atsle] Fulf 8-S She FE50|2ER AGFHoE A

a1o}m]
=1] (4849 AEAC), W H]

7

AT 5 A& Aoz A7

E4v)9 A8 s S5 29 F IdksE g vpzotA
2 Zvjet HAn)7t ym =] B viE)] @43 =2
g5 Yeh AthFig. 2). F28A #4243 polyphenol 3
ZFo] 7S5 FAHYE FUtetd et ol v A4
"] methanol F&& 48 FATSZN FUL &
A 7| 2 4hslhg-S FAAE ¢ UE reductone®]

Table 2. Correlation analysis of antioxidant compounds and
antioxidant activities

Polyphe- Vitamin Phytic

nolics E acid

ABTS 0.9921" 01278  0.8566
Reducing power 0.9856 0.1458  0.7850
Inhibition of lipid peroxidation 0.1222 0.2907  0.1577
Chelating effect 0.1763 0.6551  0.0365
Inhibition of xanthine oxidase  0.8032 0.3906  0.5027

YCorrelation coefficient R”.
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Fig. 2. Reducing power of methanolic extracts from spe-
cialty rices. A: White rice, B: Brown rice, C: Red rice, D: Giant
embryonic rice, E: Black rice, F: Green rice, G Goami.

FHol A Aoz AZAT30).

Linoleic acid®] A-&AFSIA| 28 S ©]-83t] 51| meth-
anol F&E9] AdIbslE] Y AAaHRE AN
t}h. Fig. 3o YEhd vhe} o] Zw|7} 8418% =2 7Hd &2
AAztsl A 2385 JEdn 1 ggeE =1
(80.94), A1 (79.80), Athrio}w](70.41), 224 H](70.41), W w
(961%) £olth 19 AT 2FE EUYZ linoleic acid?}
Ay ) =t :r“* AdAake] el HE A W E4v|
methanol %2 AA Wel A 844 2Edlzel ola) &
TE= oy THIASS A & &AVE F UASS
Eaia=s

57 methanol FE=2] 502 A7sS vl 2
7= Fig. 49 JeR Aok Fa4ksiy 2 g, 74]1‘4%4
Bl A H = o)Al E1)(3847%)7} obd ZAw](78.13%)
7t 748 & 250l AAYS eI S50l AA
T3 B Ao A =AF polyphenol® vitamin E 59] 34k
3} A Atolole Aol EAEA we AR YERHE
b o] AL F&ol2S AAe EAS FYHHZE AA
ste EATLS A87]2ke] Aol Mol A vIEE Aoz A7}
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Fig. 3. Inhibition of lipid peroxidation of methanolic extracts
from rices. A: White rice, B: Brown rice, C: Red rice, D: Giant
embryonic rice, E: Black rice, F: Green rice, G: Goami.
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Fig. 4. Ferrous ion chelating effects of methanolic extracts
from rices. A: White rice, B: Brown rice, C: Red rice, D: Giant
embryonic rice, E: Black rice, F: Green rice, G: Goami.

HTH2R). EpA] B A
w&oleS AR R AAse Ao® 4 phytic acid
S BN zH FHo AATHY 2 FBAES 7Y
St 1y 2 FAASFE 13t Sr]dl= phytic
acid ©]9]9] EFE0] F&0l2S AAs =
o2 AZEN o] BEHE
ojof AT}

Xanthine oxidasex A Wl A purine, pyrimidine 2
heterocyclic compound®] tAtel]l B3} xanthine =+
A= G40

= TR 2 FFel zoH o]

=1

hypoxanthine2. 2 %-¥] uric acid®} O, &
o}t v A Ql purine tHAMZ &) uric acid7} 7 Wl
71l Aoz = Zdd A BFE FIsH
HFo 3 uric acid9} 2] AAE O, & AW F2 ER-e

2etA E44s fEste] =3 2 A83A 2% 4 55
2 A% 8 Yol ATh3L). Wk AW xan-
thine oxidase®] A= &Fo ¢t} A H oS
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Fig. 5. Inhibition of xanthine oxidase of methanolic extracts
from rices. A: White rice, B: Brown rice, C: Red rice, D: Giant
embryonic rice, E: Black rice, F: Green rice, G: Goami.
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710& 4= At} 541 methanol 5% & 2] xanthine oxi-
dase A AAE F4 3 A7 (Fig. 5) Sv(6652)¢F 2 A
(65.48)7} =& AL Jehgon 1 tgoz =y
(47.73), Ahugolu](45.28), aLo}u](42.76), #1](36.59), ¥ v]
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E9 4F<2! flavonoidel™ o] Z-¢- flavan-3-ol8 &
(32)2 g1E vl Aok wepA] £ AFAME Fiksl &
o 4#E4 An polyphenol #F¥ 3 FAHR*=
03032)= Vel Ao 2 Aztd. B AT A7 Eve
2393k xanthine oxidase A3 &3&
xanthine oxidase2] ©]% tAlell o5 fik
of A3Ad ALR JthHETh
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s1arel AT 9
AR e R e R T R e
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