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Cultivar Comparison on Tocopherols, Tocotrienols, and Antioxidant Compounds
in Rice Bran

Areum ChunT, Yoo-Young Lee, Dae-Jung Kim, Mi—-Ra Yoon, Sea—Kwan Oh, Im=Soo Choi, and Ha—Cheol Hong

National Institute of Crop Science, Rural Development Administration, Suwon 441-857, Korea

ABSTRACT The rice bran, a by-product of rice milling
process, is well known for various functional components,
such as tocopherol, tocotrienol, y-oryzanol, carrying antioxidant
activities. This study was conducted to investigate the
antioxidant components and antioxidant activities in rice
bran of different Korean rice cultivars. The 8 isomers of
vitamin E, +y-oryzanol, flavonoids, and polyphenolics in
rice bran from 16 Korean premium and high quality rice
cultivars were quantified. DPPH and ABTS radical scavenging
activities and reducing power of the ethanol extracts of rice
bran were measured.

‘Hopum’ showed the highest total vitamin E content,
221.47 ug/g among the cultivars, and ‘Hanseol’ showed the
lowest content. The rice bran showed different compositions
of a-, 3-, v-, 6- tocopherol and tocotrienol among rice cultivars.
The antioxidant contents were also different by cultivar; the
v-oryzanol contents ranged from 1.99 mg/g (Unkwang) to
4.30 mg/g (Chilbo), the polyphenol contents ranged from
427.22 mg gallic acid eq./100 g (Odaebyeo) to 775.80 mg
gallic acid eq./100 g (Hopum). ‘Hopum’ also had the highest
DPPH and ABTS free radical scavenging activities, 9.82%
and 187.5 AEAC mg/100 g, respectively. In vitro, the rice
bran extracts from ‘Hopum’ had significantly higher
antioxidant activities than that of other cultivars.

Keywords : rice bran, tocopherol, tocotrienol, antioxidant,
antioxidant activity
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dujE Moz =5t Y § I vde 2 AT
o] Ar= ARgstlth AlxH AEe olF &4 Al 7HA
4C A2 7o) Bikste] Aol ARgstaict.

=
[¢]

p==
o

Table 1. Rice cultivar group for comparing vitamin E and
antioxidant activity of its rice bran.

Rice Group

(No. of cultivar) Cultivar (ID)

. Gopum (GP), Samkwang (SK),
Best (%“al‘ty Unkwang (UK), Jinsumi (JS), Chilbo (CB),
Haiami (HA), Hopum (HP)

Migwang (MG), Saechucheong (SC),
High Quality Odaebyeo (OD), Illpumbyeo (IP), Joun (JU),
9 Cheonga (CA), Cheonghaejinmi (CH),
Chucheong (CC), Hanseol (HS)
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International Ireland Limited, Wicklow, Ireland)S ©]-&35}
of Aottt F714% FHE FARI(AOAC, 1995)9
whe; A& 0.3~0.5 gof] 1 N nitric acid 10 mLE @1l E3f
T 2547 A835)0] auxiliary gas flow 1.5 L/min, nebulizer
pressure 30.1 psi, approximate RF power 950 W, frequency
27.12 MHz, analysis pump rate 130 rpm, pump tubing type
EP-199] Z A4 ICPGICAP6000 Series, Thermo Electron
Corporation, Cambridge, UK)Z ZA3}3th L& dutAE
W RgE BAS JuhRoR SaE g,

OIElS FE2 M=

A&+ 80 mesh Aol FIAIZ] 5, AJ=0] SHjEFe]
100% ethanol& 7}8F ] Ao A 24A|17F WutsHA 98-8
AEES FE5t & F 113 E-2 Whatman No.2 ¢
HAE o]&sto] 2hrEa AASL, AN IHXF5
7](EYELA N-1000, Tokyo Rikakikai Co., Tokyo, Japan)
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of 71238t A5 nA 7FREAIR 0.5 gofl 6% Propyl
gallate(PG)o] *Z3% EOHEY 10 mLE Y3 5EZF
sonication A]71 & 60% KOH €9 10 mLE 7}3}e] 70C
2ol 4 5087t saponificationS A A5} ice batho]
A A14538] W2kskelt) 2% NaCl 30 mlE 718t 2 &5
o] A F2 T 7)o 20 mLY 0.01% butyl hydroxy
toluen(BHT)o] #7}=l Hexanel} EtOAc &3H-89H(85:15)
2 9T BE0jET, SRS AAS] 98] B4 MeSOs 5 g
of B3AA olzet BYoz bR et

=252 50 mL volumetic flaskof|A] L3 &= 5 mLE
ZZ510] AATIAR 52 3 & o5 A (n-Hexane:isopropanol
=99:1, v/v) 1 mLo] #|-&3jA]7] & 0.20 um membrane filter
2 oIl B4 212 HPLC(515 pump, 2475 FD, Waters)
£ o]&5t9 o, AHL Lichrosorb Si60 column(4.6 x
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250 mm, 5 mm; Hibar, Darmstadt, Germany), -8-1j =4
isocratic phase of n-Hexane : isopropanol(99:1, v/v), <+
2 1.5 mL/min Z270]%loH, Z} A|g=28tE o & &3

ALE.
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buffer(pH 6.0)2 Y1l 0.1 mL a-amylase solutiong 7|3t
F 95-100C o4 158 7haa] shealeh. Aeold Wzt
% 10 mL9] 0.275 N sodium hydroxide solutiong 21! pH
£ 752 2439tk 71 3 0.1 mL proteaseE 23l 60T
shaking water batho]|A] 3057t 7}<R 35t Ao Y
ZF & 10 mL 0.325 M HCI solutionS o] pHE 4.0-4.69]
Feg 25t 22 % 0.1 mL amyloglucosidase2
W31 60°C shaking water batho]] 3087t 71453 & A2
oA Wztstar 7k walE9] dulfiegol st 95% ethanol
& 93 3 AeoA SHE Fok wAs nhuke
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1.25 mLE 7}5}al 5% NaNO.&0 75 uL& Y1 587
2] 3 10% AICL - 6H,0 89 150 uLZ 7}a}al ThA] 65
9-2]8}¢Ith. 1 2 1 M NaOH 500 uL&} 282 275 uL
7}t & spectrophotometerE ©|-835}0] 510 nmoj|A 4=
=435l FE2EHE (+)-catechin hydrateS AF&-3}

EE ARAE 44 ¥ 222 F Behwico|s

Alg 1 g 9 mg (+)-catechin hydrate2 e SIT)

99 FS Choi ef al.(2003)9] W of w} Folin-
Ciocalteu reagent7} F=&=2| Z2]HE/4 ot=ol o8 &
A 27 E2Hd Ao s MR = ez ks Z4
stk $&% 100 uLof 2% Na,CO; &9 2 mLE 7}l
3E7F 9|5k & 50% Folin-Ciocalteu reagent 100 uLE 7}
St NaxCOs 8-S 7}3k 3082 & spectrophotometer &

M S o -y olo

Mo 2

AHESEe] 750 nmollA SFEE ST REEAR
gallic acid(Sigma Chemical Co., St. Louis, MO, USA)E
Agalon, & Seus e AFAL BT T A
2 1 g 39 mg gallic acid2 e 3ich
v-oryzanolgreF2 Lilitchan e al.(2008)2] wWlHof whg} 2
HEE o g =A351¢ith #EF 52 2= Wako Pure Chemical
Ind.(Osaka, Japan)@] v-oryzanolS Al O™ R&F AT
A& 2.5~20 ug/mL Ato] ] Zre ARESHITH
st 2y 24
A8 Re et al (1999)2] ABTS cation decolor-
ization assay®f'Hol OJsfjA 3WEOoR ZHAstIch WA
7.4 mM ABTS®} 2.6 mM potassium persulfate §-24-2 &
qstel sk Fob hhol] WAIstel ABTS +2 HAA7

o] golg 734 nmol A FHE o] 1.4~ 157 HrE
FAAG(e=3.6 x 104 M-1 cm-1)E o] §5}o] ZF4

2 o g

o145k ict. 314 % ABTS -+ §H 1 mLo| 34 =9

uLE 7}5ko] spectrophotometerS ARR-5}0] S4TI9
HakE g 30 $of SAsIon, REEHRA
L-ascorbic acid(Sigma-Aldrich, St. Louis, MO. USA)E 9|
&0 HFETAS At & FASIE(AEAC, mg ascorbic
acid equivalent antioxidant capacity)© = UeEFJ AT

DPPH(1,1-diphenyl-2-picryl hydrazyl, Sigma Aldrich, St.
Louis, Mo. USA)¢| 2|3t A x}3¢]5(Electron donating
ability, EDA)2 Kim er al.(2002)9} Choi er al.(2003)2] 8}
Hol| wet 3wkEo® Atk 0.2 mM DPPH £
(ethanolic solution) 0.8 mLof] A]& 0.2 mLE A7}3F & Al
2.0]| 4] 308 HFX|3}al, spectrophotometerS AR5} 520 nm
oA FFE ALAE SASHA ol MAolTS A=
WAk vlAve] B Aol MR e R eyt

Y Mau er al.(2002)9] WHof wf 3ukEo e =
goteleh. &5 250 uLo] 52 02 M SlAFEEH(pH
6.6), 1% KiFeCNeZ Z+7} 715}l o] EdHE-S 50T oA
208 7F HFS-A)Z1 & 250 ul 1% trichloracetic acid(TCA,
wiv) 8L 7Fskaith 9] §ES-AE 1,000 rpm of| 4] 1027F
AR & A 500 uLel FHF4 500 uL, 100 pL
0.1% FeCl; 95 @i & &gsto] W& FX=A7
th-S spectrophotometer2 AF&-3}o] 700 nmoj| A =4 5}4ich.
SHEM

=4 =4 W FF5E n7te] kel 2 k) At
B4 Ha] ATR= SAS 9.2(Statistical analysis system, Enterprise
guide 4.3)5 ©o]&3to] SAEA sHTh
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(?Z“)~15 1%( ), B& o % 8.7%(3%) ~ 10.8%(3t
) M= %EP”E} e RS
ojX%E AHHY, ‘ot n7o] A} o] thE FF
v 34 @7 g2 OS2 Kim ef al.(2004a)2) ﬁJ,MWE
S m|7ke] zgteFo]l ol vlsf oF 4% 71 W2 A
A UrEM S Artel FUth Ade 21T 4 Uitk
‘1‘7] oo 2%, 2 2%
4k ot B4R Ay, 247 A 131 mg/100 g
H~163 mg/100 g(Zg), d2 13 mg/100 g(23)~29
mg/100 g(AHd), 282 2,204 mg/100 g(-4)~2,890 mg/
100 g(H 1), o} 14|42 1,386 mg/100 g(-%)~2,402 mg/
100 g(HR), 7> 18 mg/100 g(--3)~48 mg/100 g
), HEE2 9 mg/100 g(HkH)~31 mg/100 g(Zg3fx1u)),
WJS 3,135 mg/100 g(%)~4,934 mg/100 g(AK), o}

Table 2. Chemical characteristics of rice bran by cultivar.

_&

A2 11 mg/100 g(3Hd)~18 mg/100 g(tolopu])ef 1 ¢l

Holon, £ R7|E ek <97(6,921 mg/100 g)o]
Ao 7P Wi <2 H’(10,434 mg/100 g)7} =& A
UERgtHTable 2).

u7ko] ZpAF ko HEO x|k Alo]A8 FHEES <Ak
]

o ox Nlﬂi
il ;‘.:

W1 T O

34.1%02 7P shekom A An] 7} 43.5%2 7}

o“ﬁ
o

© RS e glthTable 2). Alo]4§4= Qukao
e g, ZElAHE 24, AT @9 A4S 9A S
= Aom gHA Ak alzel AolHse g
o FAEL

|= a7 BaE v QthLee & Moon, 1994).
23, v Aol s 43 7% 19 o 2
ofl et 1

2 FHRL HuABRe soln], Ao wa

# 0/Ze] ETHE Y ETsalllE d
24 0)7e A4 wehyl E(E RS+ E R L)
L TR (22147 pgle), ARQILE3 ugly), AR
H](Q08.54 ugg) O AL A (106.65 pglg)o] 7
ke FS MtkFig 1). ofeiat e 71Ee] uaH
Park er al(2003)9] ¥ £33 v|7}e| % vletul E 34 3

o 0

Cultivar  Lipid Protein Ash Mineral (mg/100g) Dietary
(ID) (%) (%0) (%) Ca Fe K Mg Mn Na P Zn Fiber (%)
GP  21.0£02" 133£0.1 9.8£02 139424 17+3 284565 1606+43 36x1 1745 3725+91 16+1 40.1£1.6
SK 18.1£0.2  13.6+0.1 10.1£0.1 13241 2941 2532488 1392421 4442 2143 3540+106 13+1 34.1+0.8
UK  20.8+0.2 13.6£0.2 9.3+0.2 132+13 1342 22044273 1386£159 1842 20£5 3135+£379 1241 41.6+£2.3
JS 23.3+0.3 13.7£0.2  9.8+0.1 15744 23x1 2427+£79 194144 19+1  14+1 4061+154 16+1 42.6+1.9
CB 23.9+£0.4 14.0+0.2 9.1+0.1 143+£3 20+2 2890+127 2402+66 211  9+0 4934+175 16+1 42.7+1.9
HA 19.1£0.5 13.2+0.0 8.7+0.1 1561 210 2736428 2072+32 410 23+0 4600+£54 18+0 40.6+1.3
HP 20.5£0.1 14.5+0.1 10.3£0.0 150+4 19+2 2671+92 2005449 20+1 110 4279+131 16+1 41.1+1.1
MG 19.9+0.4 14.1£0.1 10.4+0.0 13149 151 2670+44 1635£17 36+£0 19+3 3825429 1541 37.9+£0.9
SC 20.4+0.5 14.0£0.2 9.2+0.2 15645 15x1 2591£34 1547+£37 351 2842 367355 14+0 36.1+1.0
oD 15.8£0.7 12.6+0.2 9.4+0.2 14513 13+£2 2621+24 1807+44 331 942  3947+47 15+1 40.4+0.6
P 19.2£0.7 15.1£0.2  9.6+0.1 14449 2143 2552487 1790+£28 32+0 20+l 4112+103 110 37.4+0.3
Ju 19.7£0.8  15.1£0.2 10.2+0.1 16346 23+l 2589+£51 1961£70 251 1240 43264207 14«1 39.8+1.1
CA 19.1£0.1 127404  9.7#0.2 13846 19+2 2663£32 2019+34 33x0 164 4667+57 15£0 41.7+0.3
CH 20.3+0.3  14.0£0.2 9.8+0.9 14545 18+l 2642433 2028+3  33+1  31+4 4591+30 18+0 43.5+0.4
cC 18.9+£0.3 13.840.2 8.7+0.1 158+4 181 2768+89 2059+£50 48+2  19+1 4644+140 151 37.7+0.5
HS 17.5£0.2  12.2+0.1 10.8+£0.1 15246  13+1 2544455 1870438 3442 1242 4199+101 110 40.2+0.9

Y Each value is meantstandard deviation.



9l 392 mg/100 g Hrhs
(2004b)0] RT3 5.72~56.8 mg/kg HTh= ujo %5%
o= BAE AR} BAUR Holo] TE
e, 7H7te] ke SRS BEalsirh
u7o] E3E FEA, B v, 68 FEE gAHo
U3t FFS e o], a-Tocopherolo] 89.15 ug/g(Zd 3
u])~36.87 ug/g(3Hd)o 2 FE o|F%1 91 y-Tocopherol

ZoZ

) m

mmmm Tocopherol
=3 Tocotrienol

250 -

Vitamin E contents (4£g/g)

GP SK UK Js CB HA HP MG SC OD IP JU CA CH CC Hs

Cultivar

Fig. 1. Cultivar variation of total vitamin E contents in rice
bran (ug/g): Any means followed by the same letter

! ETJEOE BT BLiRt 2

2 52t 371

3} B-Tocopherolo] 717} 8.51 ug/g(1]%)~1.48 ug/e(FH4),
6.54 ug/g(FAn)~1.62 ug/g(Rd)e] T WS 2
31 6-Tocopherol2 0.67 ug/g(A3RA1])~0.09 ug/g(3Ha)
2 Ao 2 S UE itk Table 3).
EFEY =Y Y 7HA] A= AAA =2 v-Tocotrienol
01 84.21 ug/g(23)~40.15 pug/g(=2 2 IF WY
£ YEMJAIL, a-Tocotrienold} §-Tocotrienolo] =} 2
45.25 ugle(215)~25.48 ugle(HAD, 5.16 e AN~
0.81 wug/g(3Hd)e] WP Ex3l¢ e, B-Tocotrienol
FHA = wwgk 0.85 ug/g(MF7)~0.16 ug/g(3H)9
kS B Y] o]#st A= Park er al (2004)2} Sookwong
et al.(2010)0] High w|7ke] A b £ A
=35t} ok 2 o)7te] vkl E B4 dap gut vk
ez EAsHSolE Sskal oA
2 FF0l ek Aol&E HlaL, o] A HE o
TS Hols #%0] AR thE AS EAF 5 St
Ef_l E_,] O]/\-];(ﬂ}:_ 7} N—]i«"il—k] ‘501—/\ §]— _@‘_J,]— t—'oﬂ/q
ZpolE Holw, 53] EXHE K 40~60ul 73k ik}
A3KLee & Lee, 2003)5 Ad Aoz AdHA EFET

3L & O
230
\:l

>mE

=
1

o{

are not significantly (p<0.05) different by Duncan’s T2 L 554 B2 a-Tocotrienol & ¥ A1ZRE A7}
multiple range test. 13l 6-Tocotrienol ¥} y-Tocotrienol 2 vj-¢- 733 oA}
Table 3. Comparison of tocopherol and tocotrienol contents of rice bran by cultivar.
Cultivar Tocopherol (ug/g) Tocotrienol (ug/g)
(ID) Total a-T B-T v-T §-T Total a-T3 B-T3 v-T3 6-T3
GP 7410 d¢” 67.95 ¢cd 3.76 cde  2.08 de  0.31 abc 87.25 hij 31.52 ef 033 cde 53.98 fg 1.4l de
SK 8254 c¢d 73.79 bc 3.88 cde 4.6l ¢ 0.26 abc  92.23 ghi 32.52 def 0.60 abc 55.96 efg 3.16 ¢
UK 6244 f 548l ¢ 3.12 efg  4.02 cd 048 abc 109.72 cde 3598 c¢d 0.50 bed 70.65 bc 2.59 ¢
IS 62.64 5429 ¢ 3.08 efg 479 ¢ 0.49 abc 82.19 ij 2936 fg 031 de 5127 gh 1.25 de
CB 87.52 bc 7986 b 336 defg 4.0l cd 0.29 abc 124.11 ab 45.25 a 0.41 bede 7544 b 3.00 ¢
HA 6036 f 53.15 e 255 gh 452 c¢d  0.15 be 78.55 jk  28.44 fg  0.48 bed 47.03 h 2.60 ¢
HP 9272 bc 82.80 ab 5.58 b 400 cd 034 abc 128.75 a  39.68 bc 0.42 bcde 84.21 a 443 b
MG 94.14 ab 8091 ab 4.06 cd 851 a 0.66 a 85.08 ij 2888 fg 041 cde 5393 fg 1.87d
SC 89.97 bc  79.60 b 439 ¢ 542 bc  0.56 ab 98.03 fgh 34.81 de 0.85 a 5839 def 398 b
OD 7352 de 6394 d 339 defg 5.67 bc 0.52 ab 99.13 efg 34.65 de 0.48 bed 60.83 de  3.17 ¢
P 7494 de  66.17 ¢cd 3.80 cde 454 cd 042 abc 89.55 ghij 33.54 de 0.57 bed 52.77 fgh 2.66 ¢
Ju 69.86 ef 61.80 de 2.81 fgh 494 ¢ 0.31 abc 117.21 bc 42.03 ab 048 bed 7148 b 322 ¢
CA 7590 de 6753 cd 3.61 cdef 4.48 cd 028 abc 111.21 c¢d 36.09 cd 0.59 abed 70.29 bc 424 b
CH 10370 a 89.15a 654 a 734 ab 0.67 a 104.84 def 34.21 de 0.70 ab 64.76 ¢d 5.16 a
CcC 6210 f 5520 e 221 hi 448 c¢d 021 be 68.85 kIl 2630 g  0.42 bede 40.64 i 1.48 de
HS 4005 g 3687 f  1.62 i 148 e 0.09 ¢ 6660 1 2548 g 0.16 ¢ 40.15 i 081 e

" 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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ee & Lee, 2003). wfgtA w7} U] w]ElY ]EH
17} 3 wjols B sk vl wel BE

Z=w |z gu}g} %xl:l_l. SHALS} EHM H|m

o] Hlojoi n|7 ZTxwa
| frolet Aol UrEMM ‘UsF 0] 8.6 mg (+)-catechin
equivalents/g= 7} Wil ‘R 4=u]P o} ‘AR <5+ o] Zhz)
24.5 mg/g, 24.2 mg/g, 23.4 mg/gE w2 TS UEMSA
t}. ol2)3k FHeF Bl Lee ef al(2013) Rl tha =2
olgloyt g =4 #po] Fof wE AL weE
(Table 4).

At P nrkel EEjvls e TPt 43 mg
gallic acid eq./g2 7P& Wka ‘T&’0] 7.8 mg gallic
acidig® 714 £& e YETh & Zelus fere
Qubiio] wlznch fAjnle] wizelq S~ 107l e
S HO|WKOh et al., 2010), X 0]E= du] FE2 4

Tr
)
)
ok
o
10
il
ofN
re
s
L)

HE 2 duk FujRo BAF =0 1AL AYEg u)7} o
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Table 4. Antioxidant contents of rice bran and ethanol extraction yield of it.

Cultivar (ID) Flavonoids (mg catechin/g) Polyphenolics (mg gallic acid/g)

y-oryzanol (mg/g) EtOH extraction Yield(%)

GP 19.31 bede 6.2 abed 3.03 19.2 cdef”
SK 18.36 cde 7.3 ab 3.06 20.6 bede
UK 13.85 fg 4.7 de 2.00 16.0 fg
IS 2448 a 6.7 abc 3.58 21.6 abc
CB 2423 a 6.6 abc 4.30 21.2 abed
HA 19.31 bede 5.7 bede 3.94 17.4 efg
HP 23.44 ab 7.8 a 2.67 23.3 ab
MG 20.85 abc 6.6 abc 2.80 18.7 cdefg
SC 19.99 bed 5.8 bede 3.02 20.5 bede
oD 1243 ¢ 43 e 3.33 17.8 efg
P 8.57 h 7.3 ab 3.06 19.1 cdefg
Ju 20.19 bed 6.4 abcd 4.26 240 a
CA 15.63 efg 5.3 cde 3.56 157 g
CH 15.26 efg 6.5 abced 3.20 17.9 defg
CC 16.14 defg 6.6 abc 3.27 17.1 fg
HS 17.54 cdef 6.4 abcd 2.61 18.5 cdefg

" 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. 2. Cultivar variation of antioxidant activity in rice bran
(ug/g): (A) DPPH radical scavenging activities, (B)
ABTS radical scavenging activities, (C) Reducing
power. Any means followed by the same letter are
not significantly (p<0.05) different by Duncan’s
multiple range test.
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