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Screening of Antioxidation-related Functional Components
in Brans of the Pigmented Rices
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Lipid-soluble fractions extracted with methylene chloride and ethyl acetate as well as 70% ethan-
olic extract were made from 5 cultivars of the pigmented rice brans (DZ 78, Elwee, LK1A-2-12-1-
1, LK1-3-6-12-1-1 and Killimhukmi) to determine their antioxidative activities and to measure the
contents of phenolic compounds, phytic acid, together with unsaponificated compounds such as ret-
inol, tocopherol and stigmasterol. We also attempted to characterize candidate components in
charge of antioxidation and measure their relative contents in each methylene chloride and ethyl
acetate fraction by using GC-MS techniques. As the results, we found a 30% higher antioxidative
activity with 26-fold greater phenolic compound content of the pigmented rices as compared to
those of the normal rice. Especially, in Killimhukmi, the contents of the unsaponificated compounds
such as retinol, tocopherol and stigmasterol were also found to be more than 2.3-fold greater than
those of normal rice. However, we could not find the overall correlations between antioxidativity
of rices and their color values, or unsaponificated compounds contents. Methylene chloride fraction
from Killimhukmi and LK1A-2-12-1-1, both showing strong antioxidativity, contained relatively
high contents of (Z)-9-hexadecenyl ester-9-octadecanocic acid and 2-Hydroxyl-1-1(hydroxymethyl)
ethyl-9-octadecanoic acid, respectively. In ethyl acetate fractions, on the contrary, 1H indene,
methyl ester-tetradecanoic acid and methyl ester-hexadecanoic acid were detected as the commonly-

occurring substances in the 5 cultivars of pigmented rices, implying a possible role in antioxidative
action.
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A8 9 Aok DZ 78, Elwee, LK1A-2-12-1-1, LK1-3-6-12-
1-1 3 Killimhukmi(Z #51))0} f-40] 535t dnboie) 33
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Table 1. Color values of 5 cultivars of colored rice seeds*

Cultivars Lightness Redness Yellowness
Chuchung 56.0+1.96 5.33+040 157+ 036
DZ 78 357+£1.24 15.0+£1.32 11.9+0.25
Elwee 31.8+0.68 15.9+0.29 10.6 £ 0.44

LK 1A-2-12-1-1 22.4+0.64 9.90+0.78 3.27+0.55
LK 1-3-6-12-1-1 23.2+0.64 129+ 047 493+0.38
Killimhukmi 16.8+0.32 4.73+0.90 0.53+£0.23

*Results are expressed as mean = SD.
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Table 2. Antioxidant activities of 70% ethanolic extracts and
contents of total phenolic acid compounds and phytic acids from 5
cultivars of colored rice*

*DPPH radical Phenolic L
Cultivars scavenging compounds Phytic acids
activity (%) (mg) (mg)

Chuchung 223+ 1.11° 2504 +0.251°  43.63 £0.355¢
DZ 78 84.3+£241% 4349+1592° 138.1+2.35a
Elwee 85.4+0.54* 40.59+1.739°  1384+4.42a
LK1A-2-12-1-1  81.8+1.16° 4575 +£1357°  131.4+£637*
LKI1-3-6-12-1-1  86.4+0.71° 65.55£2.066° 131.7+4.25%
Killimhukmi 76.5 £ 0.08° 28.16+0.997°  130.9+5.63°

*Results are expressed as mean = SD.,

Values not sharing common letter in column were significantly different
at p < 0.05.

*Radical scavenging activity was measured at a sample concentration of
0.04 mg/m/. -

Table 3. Contents of various unsaponificated components in rice
bran*

Cultivars Retinol Tocopherol Stigmasterol
(ug) (u® (ng
Chuchung 1.44 £ 0.057° 0.75+ 0.021° 0.27 £0.053¢
Dz 78 3.66+0.178"  0.82£0.069°  0.36+0.085"
Elwee 2.86+0.166° 0.95£0.139° 0.40 = 0.061°
LK1A-2-12-1-1  1.10+0.083¢ 0.89 +0.012° 0.35 + 0.066°
LK1-3-6-12-1-1  0.85=0.105" 0.75 £ 0.031° 0.34 £ 0.089°
Killimhukmi 3.67+0.189° 1.21 £0.050" 0.62 £ 0.097*

*Results are expressed as mean = SD.
Values not sharing common letter in column were significantly different
atp < 0.05.%
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Table 4. Electron donating ability of the rice bran extracts to DPPH radicals

(per unmilled 100 g rice)

Yield (%) Electron donating ability (units)
Cultivars
Bran layer CH,Cl,Fr. EtOAc Fr. CH,CL Fr. EtOAc Fr.
Chuchung 16.0 8.19 1.12 87.00 51.48
DZ 78 264 3.56 1.25 109.9 158.7
Elwee 143 6.99 4.55 105.1 1919
LK1A-2-12-1-1 30.8 4.64 3.28 210.8 219.8
LK1-3-6-12-1-1 273 5.38 3.39 210.6 2205
Killimhukmi 259 5.75 1.47 194.7 1024
Table 5. CHCI, soluble components identified from colored rice brans (units: %)
Components Chuchung  DZ78 Elwee -21:?21.?_1 3 61: ﬁl__l 1 Iﬁlllllillrnnl-
C,,H,0; (E)-2-Decenal 0.40 0.56 8.55 372 1.89
C,H,0; (E)-2,4-Decadienal 1.09 0.39 272 7.17 4.83 247
C,,H,,0; 2,4-Bis(1,1-dimethylethyl)-phenol 8.55
C,H,50,; 7-Methoxy-6-ethoxy-2,2-dimethyl-2H-chromene 0.94
C,¢H,,0,; Hexadecanoic acid 223 10.49 29.45 19.13 26.50
C,sH,,0,; Dibutyl ester-1,2-benzenedicarboxylic acid 2542
C,,H;,; 6(E),8(E)-Heptadecadiene 0.70
C,;H,,;;1-Heptadecene 1.35
C,;H,,0,; Methyl ester-hexadecanoic acid 6.75 0.18
C,;H,,08; 1-Mercapto-2-heptadecanone 11.94
C,H,05; 9,12-Octadecadienoic acid - 3271
C,H,,0,; Methyl ester-9-octadecanoic acid 4531 0.31 249 3.67 2.28
C,oH,9; Nonadecane 1.26
C,H,; Eicosane 0.70
C,,H,,0,; 2-Hydroxy-1-1(hydroxymethyljethyl-9-octadecenoic acid 2.65 49.36
C,;H,,; Heneicosane 0.75
C3H,p; 2-(3,4-dimethylphenyl)-3,3-(2,2'-diphenyldiy1)-2-propene 6.60
C,H,N; 3',3-Dimethylspirol[acridane-9,1'-indane] 9.83
C,,H,,0s; 2-Formyl-8-isopropyl-peri-xanthenoxanthene-4,10-Quinone 15.11
C,H,0;; 2-Acetyl-8-isopropyl-peri-xanthenoxanthene-4,10-Quinone 57.76
CyH,40;; 24-Oxocholesterol acetate 0.41 22.66
C5,H,Os; (3B,227)-acetate-stigmasta-5,22-dien-ol 11.92 11.35
C, H,,0,; (24R 258)-Aplysterylacetate 2.04 475
C;,H,,0,; (3B)-24-methylene-9,19-cycloanostan-3-ol 412
C3,Hg,0,; (Z)-9-Hexadecenyl ester-9-octadecenoic acid 30.14 64.38
100 100 100 98.2 98.9 999
fr ¥4 GCMSE ZABKIL, BIE CHCL 8 ) 48 S9= EOAC Y9 gsii= 598 49< Sl
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o loix sigEe] i W tide] Wekor), Killimhukmi
= CuH,0,%0 (2)-9-Hexadecenyl ester-9-octadecanoic  acid,
LKIA2-12-1-1¢} 9+ C,H,0,8) 2-Hydroxyl-1-1(hydroxymethyl)
ethyl-9-octadecanoic acid®] A& o] Erhs EAS BY
o wEA olE S9kEe] E5E ksl 49 THY oW
VIS vxEX Bale] AEs] B Fart ok s o

(Table 6). = A}, CH,0% 34-Dimethyl-benzaldehyde<}
C,;H,0% 24-Bis(1,1-dimethylethyl}-phenol, C,H,,0,%] Butyl
phenylmethyl ester-1,2-benzenedicaboxylic  acid, C,H,,0,%!
Dicyclohexyl ester-1,2,-benzenedicarboxylic acid 2 C,,H,,0,2
Diphenyl 5-methylheptyl phosphate= UwHv] F4olATE A&
H W CHeQl 1H Indene® CH; 0,91 Methyl ester-
tetradecanoic acid ¥ CH,,0,9] Methyl ester-hexadecanoic
acide 5% ARl T5HoE FAEHe IHEEAM, 74
dlie wAHA gt} Killimhukmi®) BAOC £-8-& it}
2ol FH M) AR ZFHIOU, 2 B TE Y
vl Bigl] Ha 13wl AUA Fed), oA ol
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Table 6. EtOAC soluble components identified from colored rice brans

(units: %)

LK1A LK1-

Components Chuchung DZ 78 Elwee 21211 3-6-12-1-1 I;:}gr?l_
C,H,; 1H Indene 0.53 16.4 594 3.02 1.82
C H,0; 1,3-Dihydro-2H-indene-2-one 0.62
C,H,,0; 3,4-Dimethyl-benzaldehyde 1.85
CH,,0,; (4-Vinyl-2-methoxy-phenol) 4.67 0.85
C,H,,0;; 1-(3,4-Dimethoxyphenyl)-ethanone 1.86 0.36 0.65
C,,H,,0; 2,4-Bis(1,1-dimethylethyl)-phenol 4.14
C,H,50,; Tetradecanoic acid 3.03 031
CsH;,0,; Methyl ester-tetradecanoic acid 1.77 0.80 0.72 0.75 0.78
C,¢H,,0;; Hexadecanoic dcid 3.13 5.27 4.00 15.18
C¢H,,0,; Dibutyl ester-1,2-benzenedicarboxylic acid 18.45 5.30 2.17 24.45
C,;H,,0,; Methyl ester-hexadecanoic acid 6.19 11.95 14.13 14.08 18.04 12.7
C,H;,0,; 9,12-Octadecadienoic acid 21.70 23.02 31.56 37.06
C,sH,40,; Ethyl ester-hexadecanoic acid 0.66 0.59
CsH,0,; Butyl phenylmethy] ester-1,2-benzenedicarboxylic acid 4.02
C ,H;,0,; Methyl ester-9,12-octadecanoic acid 44.43 30.61 35.96 21.08
C,,H;,0,; Methyl ester-9-octadecanoic acid 57.92
CyH,0,; Dicyclohexyl ester-1,2-benzenedicarboxylic acid 9.06
CyH,;0,P; Diphenyl5-methylheptylphosphate 533
C,,H,,0,; Ethyl linolate 3.57 2.74
C,H,40,; Methyl ester-11-eicosnoic acid 0.56
C,,H,,0,; Methyl ester-eicosnoic acid 0.40
C,H,,0; 1-(1-Hydroxy-2-naphtyl)acenaphthylene 59.05

100 102 91.7 98.0 98.8 99.3
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7b =2 B oME FHAIME FEHoE HEEHE A
C,H,,0,21 dibutyl ester-1,2-benzenedicarboxylic acid’} 9
7FsAdo] tifFeth ol AEEF} eI ARe
A, CH,CL £39] 7%, DPPH &tjzol tigt Axlaedso)
Z o= Yehd Elwee, LK1A-2-12-1-1 ¥ LK1-3-6-12-1-1&
FEHOZ hexadecanoic acid(C H,0)°] TFo] 2o whi
FAL o] sFEo] AEHA k= EAHL PITHTable 5).
EtOAC £9¢| 739 e s3hEel 2xol gitksigel gl
oA B FRE EAE BT, datsdol 48 DZ
78, Elwee, LK1A-2-12-1-1 B LK1-3-6-12-1-114% d|igle]
9,12-Octadecadienoic acid(C (H,,0,)¢] $#o] Egtom o]s}
2 e FA HAHR Gkti(Table 6). 3 3%
= B 7154 Aol dEAS UeRd Table 7914 BE w)
9} 7o), (E)2-decenal®] S (E)-2,4-decadienal L dibutyl
ester-1,2-benzenedicarboxylic acid®] ezt =& Ao AL
BolZ AAEW(r=0936, p<0.01 L r=0989, p<0.01),
(BE)-2-decenal> F-A4m]¢] CH,Cl, &MY A& v,
dibutyl ester-1,2-benzenedicarboxylic acid= F3<| CHCL, ¥
g3 4 2 #4403 Fasbdol e Killimhukmi)
EtOAC &8N A== Ao Hol, o5 313189 et
o] o] ity LA FFe F 71540l AR (B)-
2,4-decadienal®] 33 methyl ester-9-octadecenoic acid®] F
Fah o] el AAL(r=0.922, p<0.05), hexadecanoic
acid®] RS dibutyl ester-1,2-benzenedicarboxylic acid®] a+af
F w2 o] g HolXTHr=10.994, p<0.01), methylester-
9-octadecenoic acid %3} methyl ester-tetradecanoic acid 3t

s Fo] S VERISITr=-0916, p<0.05). Hexadecanoic
acide 47|19l CH,CL, #3 ¥ KillimhukmiE Al2)g -§-40]
9] EtOAC #&¢] EA13AY, methylester-9-octadecenoic acid
= 39 CHCL ¥89 thg EA13ls ¥, Killimhukmi&
AL thg FAmells A EASR: AoR Hol, 94 o]
£ SIHES] AUlA el el 2dd 8T Zlo=w
Azt ¢ eitke] $HEe 2848 ¥ 5 hexadecanoic
acid % dibutylester-1,2-benzenedicarboxyllic acid®] $Hakzte=
Fo] S YERIZ YD 2H(r=-0.969, p<0.01 2 r=—0996,
p<0.05), A8 BIERIS] retinol TS 284 42 F (B)-
2,4-decadienal ¥ methyl ester hexadecanoic acid®] s} -
9] 38 Vel AATHr=0.880, p<0.05 ¥ r=0.821,
p<0.05). 343 23N DPPH radical 278407 thEE
= teled E3HEQ stigmasterole] $HEF Alolw @A
Kol AdtAdo] JeRAIRH(Table 7), ©)5 B30l AR g9l
Fitshde] ddle) vxe &3E HrksP] fEide 2o o
&t EAsES] ;1 H olEe] e e A i
A7t AdgEojol & Ao 2ot

s e 722 dviv)ef Hsle ghlaldel kow
ASE U, %2 sME Yelle 7158 EAEA -
oryzanol°l\} o-tocopherol, “12]37 AAJEQ] cyanidine 3-0O-B-
D-glucoside®]} peonidine 3-O-B-D-glucosideol] F-23Ith 2
it B A3 Ao vYehtRol, ol 3jtEe] T £
ARto = FAAJ] A Ak iksde delr] oyt
by B 73715 A S0l oM 7HE a8tk 7]
A ARA R rlsbdg s AEA A shag
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Table 7. Correlation coefficients among antioxidative activities and amount of various components
Relevant characters Correlgtion
coefficients
DPPH radical scavenging activity - Tocopherol -0.894°
- Stigmasterol -0.867"
Phenolic acompounds - Tocopherol -0.927°
- Stigmasterol -0.813°
Phytic acids - Hexadecanoic acid -0.969"
- Dibutylester-1,2-benzenedicarboxyllic acid -0.996"
Retinol - (E)-2,4-Decadienal -0.880°
- Methyl ester hexa decanoic acid -0.821"
(E)-2-Decenal - (E)-2,4-Decadienal 0.936™
- Dibutylester-1,2-benzenedicarboxyllic acid 0.989™
(E)-2,4-Decadienal - Methylester-9-octadecenoic acid 0.922°
Hexadecanoic acid - Dibutylester-1,2-benzenedicarboxyllic acid 0.994"
Methylester-9-octa-decanoic acid - Methylestet-tetradecanoic acid -0.916°

* and ** represent correlations at the level of p <0.05 and p < 0.01, respectively.
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JeRHEe] e dum|nc 267k o @stth 58] 49
Z1)= retinolo]} tocopherol, stigmasterol 7= E73}E9] &
o] dvtnE} 230 o} o WSkt Jevt kst A
T 9 EfslEY e ANkl A IR
dol 7 AdEm] 9 LKIA2-12-1-19] dsiEd
Zz}Z}  (7)-9-Hexadecenyl ester-9-octadecanoic  acid
Hydroxyl-1-1(hydroxymethyl)ethyl-9-octadecanoic acid®]
o] =itk W, dEoliE EZolA = 1H Indened
Methyl ester-tetradecanoic acid % Methyl ester-hexadecanoic
acid7t 535 FARlolM FE2 R FEHo, o8 set=E9l
A BAE TS ARSI

Key words: f21], B3P, #ledsiRte, B43ke, GCMS
HAlel =2

B ATZE AY EX7x dAeel AR Ea )
AL EFAHZ: R01-1999-00165)0] $18l] o]Fojgomz o]
off Zrl=eH, ofgel 2 Al THE FA AL st
3 3% wedds A=Y

=

=2

—

10.

11.

ok

k]

It

. Ramarathnam, N., Osawa, T., Namiki, M. and Kawakishi, S.
(1988) Chemical studies on novel rice hull antioxidants L
Isolation, fractionation, and partial characterization. J. Agric.
Food Chem. 36, 723-727. »

.Choi, S. W., Kang, W. W. and Osawa, T. (1994) Isolation and
identification of anthocyanin pigments in black rice. Foods
Biotechnol. 3, 131-135.

.Tsuda, T, Watanabe, M. Ohshima, K. Norinobu, S,
Kawakishi, S., Choi, S. W. and Osawa, T. (1994) Antioxidative
activity of the anthocyanin pigments cyanidin 3-O-B-D-
glucoside and cyanidin. J. Agric. Food Chem. 42, 2407-2411.

Kang, M. Y., Choi, Y. H. and Nam, S. H. (1996) Inhibitory
mechanism of colored rice bran extract against mutagenicity
induced by chemical mutagen Mitomycin C. Agric. Chem.
Biotechnol. 39, 424-429.

.Nam, S. H. and Kang, M. Y. (1997) In vitro inhibitory effect
of colored rice bran extracts carcinogenecity. Agric. Chem.
Biotechnol. 40, 307-312.

. Choi, S. W., Nam, S. H. and Choi, H. C. (1996) Antioxidative
activity of ethanolic extracts of rice brans. Foods Biotechnol. 5,
305-309.

.Choi, S. P, Kang, M. Y. and Nam, S. H. (2004) Inhibitory
activity of the extracts from the pigmented rice brans on
inflammatory reactions. J. Korean Soc. Appl. Biol. Chem. 417,
222-227.

.Nam, S. H., Chang, S. M. and Kang, M. Y. (2002) Screening
of mutagenicity and antimutagenic activity against chemical
direct mutagens of ethanolic extracts from colored rice bran. J.
Korean Soc. Agric. Chem. Biotechnol. 45, 195-202.

.Kang, M. Y,, Shin, S. Y. and Nam, S. H. (2003) Antioxidant
and antimutagenic activity of solvent-fractionated layers of
colored rice bran. Korean J. Food Sci. Technol. 35, 951-958.
Kang, M. Y, Shin, S. Y. and Nam, S. H. (2003) Correlation of
lipid soluble compounds of colored rices and its mutagenicity,
antimutagenicity and antioxidativity. J Korean Soc. Agric.
Chem. Biotechnol. 46, 214-219.

Juliano, B. O. (1985) In Rice-Chemistry and Technology.



] Aol alsldE A4 239

AACC Press, New York. 17. Adama, R. P. (1995) In Identification of Essential oil
12.Yen, G. C. and Chem, H. Y. (1995) Antioxidant activity of Components by Gas Chromatography/Mass — Spectrometry,

various tea extracts in relation to their antimutagenity. J. Agric. Allured Publishing Co., Illinois.

Food Chem. 43, 27-32. 18. Kovarts, E. (1965) Gas chromatographic characterization of
13.Kang, M. Y., Shin, S. Y. and Nam, S. H. (2003) Correlation of organic substance in the retention index system. Adv

antioxidant and antimutagenic activity with content of pigments Chromatogr. 1, 229-247.

and phenolic compounds of colored rice seeds. Korean J. Food 19.Nam, S. H., Chang, S. M. and Kang, M. Y. (2003) Varietal

Sci. Technol. 35, 968-974. difference in antioxidative activity of ethanolic extracts from
14. Haung, W. and Lantzsch, H. J. (1983) Sensitive method for the colored rice bran. J Korean Soc. Agric. Chem. Biotechnol. 46,

rapid determination of phytate in cereals and products. J. Sci. 16-22. ’

Food Agric. 34, 1423-1426. 20. Reddy, N. R., Pierson, M. D., Sathe, S. K. and Salunkhe, D. K.
15. Antonio, D., Inteaz A. and Selim K. (1991) Identification of (1989) In Phytates in Cereals and Legumes; CRC Press, Boca

phytate in proteins using polyacrylamide disc gel electrophoresis. Raton, Florida.

J. Agric. Food Chem. 39, 2128-2130. 21. Graf, E. and Eaton, J. W. (1990) Antioxidant functions of
16. Kurilich, A. C. and Juvik, J. A. (1999) Quantification of phytic acid. Free Radical Biol. Med. 8, 61-69.

carotinoid and tocopherol antioxidants in zea mays. J Agric. 22. Shamsuddin, A. M., Vucenik, 1. and Cole, K. E. (1997) A

Food Chem. 47, 1948-1955. novel anticancer agent. Life Sci. 61, 343-354.



