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Abstract This study investigated the properties and antioxidative activities of phenolic acid concentrates of rice bran.
Rice bran contains bioactive substances such as phenolic compounds, which can provide health benefits as natural
antioxidants. This study examined how levels of phenolic acids can be obtained efficiently through various extraction
methods. The extractions of defatted rice bran were followed by using ethylacetate (RBE-I), ethylacetate after alkaline
hydrolysis (RBE-II), and 80% methanol (RBE-III). For all extracts, yields (%), total polyphenol contents (TPC), various
phenolic acids and antioxidative activities were estimated. RBE-II had the highest total polyphenol contents (526.72 mg/
100 g rice bran) and showed high antioxidative activity (74.7%). To concentrate the phenolic acids, RBE-II was passed
through Sep-pak C,; Vac cartridge and F1-RBE-II was collected by the elution of 50% methanol. The total phenolic
content of F1-RBE-II (736.8 mg/100 g rice bran) was higher than that of RBE-II (367.1 mg/100 g rice bran), and the ratios
of ferulic acid (73%) and sinapic acid (14%) increased. As RBE-II was analysed by HPLC, 6 different phenolic acids were
found via chromatography, whereas F1-RBE-II showed 5 different peaks and the major phenolic acid was identified as
ferulic acid. The ABTS radical scavenging activity of FI-RBE-II was the highest among the rice bran extracts. In a B-
carotene-linoleic acid model system, linoleic acid oxidation was reduced by F1-RBE-II (73%) and RBE-II (35%).
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)= dietary phytochemicalsQ] carotenoid, flavonoid, phenolic acid
Qo aRxksl A W oolug} -61—01- 6]—\:1-‘—’ Bty AH =
Fe RS A2 S UERZ SlolA 17k A% /A
3 ole 98] o5 AEE BIITA s A7 A
ATHGA). T, w27t v AL Sle Aele 3 9
Pl Sl 4RI 2 ol EAsho, 120
20] Zuige)] wel wnohe @, o}
A9 o Q7h BE. |
el Fo AES
9l B, B,, XI&, phenolic ac1ds7} o= =452
= SREES B9 715 Fas 9 3
g 2HE, 4 £3, dﬁ, g o] U=
ATH5-7). P72l #lE 3}9HE(phenolic compounds)
o] == phenylpropanoidi= WS Fholl g4 37]<]
AbEo]l & F2ZA hydroxycinnamic acids, hydroxybenzoic
acids7} glom, JdR= fa|gdom EAetA| v hREL AT
oA, ofu|ieAal 5o ester ATJEIE EATTHER). 2% 7] o
ol AFLRE HFANS oW ARD ds FFEe] AW <&
goll e B A7 ol FolA L e (9,10), A H=E
st W], Fnl, w7t oA ZeE vk o, Wuloe
85.6 mg/kgd] FE=E EA8hH(11), Anlell= 338 mgkeol A3
g B EJTHI2). Kim 5(13)9] dr] 2 wj7ke] 54 Ao
A dlE SeEe] vt v ESAlEL e, AR F
715kl whel Wv] F FAE s SigEe] e fgadty
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Bsileh Az vde] Aakeke 385,000 =0l sFEH, oS

30%5ko] At Alzoll AFEEHIL e Ao, nrke] A
27 Ao wA o E8kto] Fasith(14).

°47_L°ﬂ*1 n7e] st ste

[e)

=

2 A3s %"];H AREE H7HE AlES] R RLECdA 2% #
2 319 T EA7|AE o3 AU, 1A AEE
3} WA E Pr]BH ~70°C deep freezeroll E#3}ATE. Ferulic acid,
p-coumaric acid, m-hydroxybenzoic acid, vanillic acd, sinapic
acid, syringic acidv Sigma Chemical Co.(Sigma Chemical Co.,
St. Louis, MO, USA)°ll4, HPLC(High performance liquid chro-
matography, Dionex Co., Idstein, Germany)S $]3ll AR8-3+ S1ll=
5L Fisher Scientific Inc.(Pittsburgh, PA, USA)|A +Q3tH L,
a4 pNovapack(Waters Co., Dublin, Irelandys- ©]-&-3}S3t}. v
& 4R %S5 93l Seppak C,4 Vac cartridge(Waters Co.)S
o]-g-3st3irt.

0l "zt 22l F&
n]7+S & 2Hn-Hexane) o2 48417 &< &5
H Exu7yE ol&3) w7k 14101] =
J_E 0437_1} 1:].01:6]—
%% =X 111]7? 20 g°ﬂ oﬂ%OWlEﬂ °|E 100 mLS ¥ 154
b A % 4,000 rpmollA 3027 AR sl A
o FEuks Tﬂ o}l, Fe A A olHoAHIO|EE ¥
722 Azkg 33 WHESIALL, FAS FEES evaporators
ol g3l Y- FES T 80% WIEHEo| Ho] FH|3 tHRBE-D).
S 2xju] 7t 200l 1M NaOH 100 mL7}F8ke] 154]
b5t 7}?#‘11% A3 & 1M HCIE 718t pH 22 2
7}5} 4,000 rppmoll A 3027+ YAEE S
FAsA(15), Fe el el
E‘OWEﬂ 1E DW %*—0% 3] HHEsle] FE3Iom, dgolA|
HolE %%%—% et E Z 80% HWERSd] Ho] A5
THRBE-). Al WAl F&2, €X9)7} 20¢°] 80% wWEHE 100
< W3, 27°CAlA 15417 B3 FE3te] S THRBE-)
(Fig. 1). BE A& 20°Col| Rah

e

N

oz mstt 22 s5

Sep-pak C,; Vac cartridge(Waters Co.)E ©|-83l] FE&52| ¥
2 BARRS w53, dEAt o]9]e] BEEES Xéﬂ]%’}‘ii‘jr.
A Wghe-g o] 83 Sep-pak Cy Vac cartridgeS 7
"] degassing® 32} SFTE FAEIAH. FH
g %3 5 a7 ARE Ao MM FY

T(100mL)E #H3] EFFo] 2o & Z= %‘E” =< AAs
R, ololA s WEEE00mLE TS5kl Seppak € Vac
cartridge2 78 #2Ho] Yow E28& $7% U evaporator
< o] &3t FHIIATHEF l-RBE -11).

n —{ol«

£ E|HEs g 24
% Zdle IS 345 f3l Folin-Ciocalteu H(16y ¥
5 W& 3le] Folin-Ciocalteu reagent’} Al5.2] Z]#EA =20

Rice bran

Hexane
4shr

Defatted Rice
bran

! | l

Ethylacetate Ethy;afct:;tg’lf afl_rr?é:tion 80% Methanol
extraction hydrolys:s (;:iac]t;n)
K , r
(27°c, 15hr) (7%, 150 J
RBE-I RBE-II RBE-III

‘ Sep-pak Cqg Vac

F1-RBE-II

Fig. 1. Flow sheet for extraction of the phenolic acids from rice
bran.
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50% FolinA|<F 0.1 mLE 715}
7 WAL § 750nm0ﬂ/~'] &3
* A

=3 o]—°§1\:‘r Ferulic acid
(Sigma Chemical Co.)=E 3% A 2

ZAs = nj7t B3

B £ Z¥E e IOOg %9 mg ferulic acid® YER
STt
HPLC 24

Flsit A48 3] AlEE 025 um syringe filterZ & 3}ho]
HPLC(Dionex Co.)= #A3tth ZH-2 p-Novapack(3.9x300
mm internal diameter, Waters Co.), AZ&7]= UV detector(280
nm), ©]&542 50mM Sodium phosphate buffer2} 70%wH] €&
(70:30, vAv), 58 0.8 mL/min, Q¥ ZF 20 L= 3ot

DPPH ZiC|g £7{EY

Blois(17)2] "ol olAste], z+ Alg 02mLell 4x10* M
DPPH(l 1-diphenyl-2-picrylhydrazyl, Sigma Chemical Co.)&< 0

= 7FE & Edete] AdeolA 1087 WA v 525 nm°ﬂ

A G%E% st &2 80% wEhkE 0.2mLo| DPPH
4N 0.8mLE et & AF2oA] 1087F WX & spectropho-
tometer(DU-650, Beckman Coulter Inc., Brea, CA, USA)E A&
ato] 525 ol =5 SASHIT. DPPH =z 7] 84
s the Al o8 ARtEATh

DPPH radical scavenging activity(%)
=[1—(sample absorbance/control absorbance)]x100

ABTS ZiC|d 278y

Re 5(18)9] WIS W35} ABTS(Z 2'-azino-bis 3-ethylbenzo
thiazoline-6-sulfonic ac1d)'3]-11]7£ 2AFE SH3I Y 1mMe
2,2'-azobis(2-amidino-, propane) dihydrochloride(AAPH)=- phosphate
-buffered saline(PBS)°ll =<1 2.5 mM2] ABTSS} &§sie] 70°C2]
F2zelM 301t HJ%W% ABTS @tz §rjz ghEo] d9
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o AL-3FTh AEe] AFE-E PBSE 100 mM potassium phos-
phate buffer(pH 7.4)ZA] 150 mM NaClg ¥33+ Sn& A1&3)
At} Blue-green ABTS radical®] %=+ spectrophotometer(Beck-
man Coulter Inc.)& AME-3Fd 734 nmollA] 0.7+0.02(mean+SD)”}
HEE 2330k 2 AEZ 20ul¥ FHalA 980 uL ABTS
radical <ol H7}ek ¥, 37°ColA LG AIZF FF whe-S Al
7IMA 734 nmellA] FHdhe S8 E AEE SA AT i
S A7 g2 100% HE-E 20 uLe F7skih AlE2] ABTS
g & T 2zt wRo wHSshs ks (%)
2 eI

Peroxyl radical 27{&H

B-Carotene/linoleic acid system= ©]-83] ksl SA4S ZAlS)
7] S8 vt 22 w4 weEt AES I EATH19). 2mg
9] B-carotene?} FEZZEE 20mLE T35} B-carotene chloro-
form €48 THE, 40 mg linoleic acid®ll 400 mg®] Tween 402
E33t %, 3mLe] B-carotene chloroform &S H7iste] 79t
o3} FA A EREZES AAAZIT 7] S/HS 100 mL
< A7 voltex mixers ©]-&3le] Z 410150 B-carotene-
linoleic acid 8- A|Z350t). AF3et T2 3|43 A|R 40 uL
9} B-carotene-linoleic acid €< 3mLS} 412 & =A] 50°CE %
#HZ 32 spectrophotometercl] A 40% 59+ B-carotene®] B
e FEES] WstE 470 nmollA 5793kt A 89 antioxidant
activity coefficient(AAC)= AFs}=o] T == B-carotene®] 3l
&(degradation rate, dr)oll et A3 & (%)= YERNATE iz
ABE EFFeHA] il §uirke 7K F emulsion®] -3
=Aste] 3kl ¥l (positive contro) o2 I H4ts
¢l BHA(butylated hydroxyanisole)E A&-5}1

bt

L

2L rlo

A& 32ksE A (%)=(dr control-dr sample)/dr controlx100

Degradation rate(dr) of sample=[In(A,/Ap))/T
Agt AgnpieApn (@t 0 time)

Ar A Apan (@t T=40 min)

Degradation rate(dr) of control=[In(ay/a,)}/T

39 Aontrol Aplank (at 0 tlme)
A Ao By (@t T=40 min)

A 24

EAXEE SAS/STAT T™M User’s guide 8.0% ZEI:WS o]
|3te] Ao} FFUAE FASATE EAREA(ANOVA)
242 A3, Duncan’s multiple range testS AA| ST
Probability valuest= p<0.05 ©]AFollA] &4 at9]t}.

g oHolAEHIOE, 80% WEE, &aE] Ed FEFHOE AR

& Al 28 AEEY FETE F s 9%

RBE-I9] &< 26¢g100g, &7 &3] &

& RBE-IIE 3g/100g, 80% WER-S X2js] &3 RBEII=
1352100 gR] Ao ZAMEAT. 4, 7+ A 89 F Zejds
SRS Table 1014 B nle} o], dze] 2a) F ofdolAE|
o|Ed] &l FZ% RBEIE 526.7mg/100 g8 7Pg =gkom,

Table 1. Comparison of the yield and total polyphenol contents
in rice bran extracts”

. TPC ..
Yield® . Antioxidant
Samples mg/100 g rice ..

P (%) ( g{)ran)% activity (%)"
RBE-1 2.56 22.64+0.57¢ 30.0
RBE-II 3.00 526.72+0.50° 74.7
RBE-III 1.35 54.13+£0.33¢ 41.3
FI1-RBE-II 1.20 744.57+£1.27* 97.2

YData are expressed as mean+SD (n=3). ?Yield, weight recovered rate
(w/w). ¥Total polyphenol contents (mg ferulic acid equivalent/100 g
rice bran). “Means of DPPH radical scavenging activity on 1 mg/mL
of each extract.

Table 2. The phenolic acid contents of RBE-II and F1-RBE-II
using HPLC analysis"

Contents (mg/100 g rice bran)

RT?

RBE-IIY F1-RBE-II"
m-OH-benzoic acid 7.21 14.5+0.05 ND
Vanillic acid 8.29 4.6+0.01 5.6£0.00
Syringic acid 8.97 27.0+0.08 6.7+0.00
p-Coumaric acid 13.22 126.9+0.42 90.3+2.92
Ferulic acid 1533 476.7+1.09 528+1.95
Sinapic acid 16.63 87.1£0.20 101.4+0.36

Total 367.1 736.8

YData are expressed as meantSD (n=3).

IRT, retention time (min)

RBE-II, rice bran extracts hydrolyzed with 1 M NaOH for 15hr at
room temperature.

YF1-RBE-II, the purified fractions of RBE-II eluted with 50%
methanol in Sep-pak C,; Vac cartridge

RBE-IZ} RBE-II 7t} 22.64 mg/100 g, 54.13 mg/100 g2 SHA|
el v7re] st E4S 7P Bel &% W2 RBE-
I el ogt Zlo=z dzbe] 3o oz B84 ditst 22
Eol Edi=e] §EHUA, B2 ETHE 48 9 A

o] t] B2 ZEVes &&= AoE AU

SHH, RBE-I® & EE8E ol 7P =4 velrd o =24
FE2E &L 98 BEEES AAske AAAHE AAE
At Sep-pak C,q Vac cartridge(Waters Co.)S ©]83] FEE]
HAEi IFEES 59T, 50% ek &&555 AHRE
< 4738 FI-RBEIQ] ¥ Zg)dE d5S A9 FI-RBE-
o] &2 12%, T ETi5E TS 74457 mg/100gC = &3}

32

—
—_

Al v dlE sEe 5 7 Atk

HPLCE 0|8t Hl=ite| &M

ANRES JEEAS 98] HPLC(Dionex Co)E °©]&3dte] UV
280 nmol|X ZALSIAAL, S Table 29F Z24AL, #srt 3%
A F29} A|Z(RBE-, F1-RBE-INE] #HEAF 248 Fig. 23} Fig.
30 27} yepith. RBE-IO] X0} Sl #lEite] /e m-
hydroxybenzoic acid, wvanillic acid, syringic acid, p-coumaric
acid, ferulic acid, sinapic acid’} TFF EAste A2 ZAES
o, RBE-IIY|A p-coumaric acid(126.9 mg/100 g), ferulic acid
(476.7 mg/100 g), sinapic acid(87.1 mg/100 g)¢] $Fo] T2 ZH
o] Akl B3] =& Aoz ZARQT) ®3 FI-RBEIS ¥
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Fig. 2. HPLC profile of standards of phenolic acids at 280 nm. 1.
m-Hydroxybenzoic acid; 2. Vanillic acid; 3. Syringic acid; 4. p-
Coumaric acid; 5. Ferulic acid; 6. Sinapic acid.
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Fig. 3. HPLC profile of phenolic acids in rice bran extract and
high concentration of rice bran extract at 280 nm. (A) RBE-II
(500 pg/mL); (B) F1-RBE-II (250 pg/mL); 1. m-Hydroxybenzoic
acid; 2. Vanillic acid; 3. Syringic acid; 4. p-Coumaric acid; 5. Ferulic
acid; 6. Sinapic acid.

A ShakS B3 A3 ferulic acid(528 mg/100 g), sinapic acid
(101.4 mg/100 g)°] FHego] FsH Z71=I912M, p-coumaric acid,
vanillic acid®} syringic acid®] TE+ 43I, m-hydroxyben-
zoic acid®] peake BRRIE|R] frol A7 F AdE Ho=z I
o159t} 3ol 98l FI-RBE-] 54t gk RBE-IO] H]
& F st gheko] 1978 Z71eA AL, ferulic acid7F AR A
B F 3% AASFH2H,| sinapic acid®} p-coumaric acid TS

A Mgl 12-14% Uehle] st BB o 74

~ 120

2

\; *h%
£ 100 |

ks

fax]

g2 o

m
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= 60t

o

w

340-
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ey
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F1-RBE- RBE-II RBE- RBE-

Fig. 4. Antioxidant activities of the rice bran extracts in ABTS
radical scavenging assay. 5 pg/mL, 10 pg/mL. ***Values on the
graph mean significantly different between RBE-II and F1-RBE-II
by paired test (p<0.001).

/g2 hydroxycinnamic acidA|89] #l= SFES] A & 5 A
AtH?20).
DPPH ZlC|g % ABTS 2iC|®@ 27s

DPPH zit]zhE o] &3t Alge] Axge] 585 FAsIT

(Table 1). Al82] H=7} 1 mg/mLY W), FI-RBE-I¢] 4t3} &
’3& 97%, RBE-II= 75%°1%132, RBE-19] #tsl 8442 RBE-
el H3) WA A= ST Hydroxycinnamic aciddll &38l= &2
E-2 benzene ring®] hydroxyl group ol w2} o|EHo 2 &
ol YA, ortho $1X]] X|37]e webA 2tz A A 5ol
Rzt RS2, A HlEAt i S sinapic acid,
ferulic acid, p-coumaric acid= A} WollAl hydroxyl 5= meth-
oxyl groupg EZFSIAL o] w7te] kst S-S YehlleE F
23 AEolgt & & U

AlE9] ABTS itz tigt g4tkst 582 Fig 49 24t
F1-RBE-I= 10 ug/mL 550X 98%2] A4S Yehlio] m)7 &
= T 7P =2 st 242 YA, RBEIIE 80%2A
S kst &S YepiSith W, RBE-I3}F RBE-IIE= 10
pg/mLEEAA ABTS 2tjZe| s &A%S JeplA] &3l
o} o] A2 AAPHS 22 AslfrAlel o3 FA¥ ABTS'
radical cations A A3H7] 93l itsiA|e] ARpFATHE 54
gho 2 kel AL ol W o2 DPPH radicalS o)
|3 ksl A FARBIA R, A% AERECE BESAS o
Efdo R AlRo WHIZE A, A8A E4F 784 =29 &
FatslE S SAld ST F stk Aol AK17,19).
Peroxyl radical XM &l g1t

A A =5 B3 AT free peroxyl radicals B-caro-
tene®] O|FAYES FTATOEA LYo AAMORREH W=
Al decolorization®] Y E T} B-Carotene £ <] MA T3] &
£ 470 nm U9 FFENA WHERI)HE BESEATIA] Al
HlE 574310, 2 ol olg3l] AR ks eSS4
ST 50°C 32 QAFHlolE oA 4027 WHgAIZ] & Ha A
%31 FollE B-carotene®] Y-S 29| B-carotene Yol Uit ¥
AEZ JeRNUL, A7R= Fig. 59 Z9kch tiZ(controlyS Al
2 giile] guiel Weke T Hrisied vkeAIA S u EShe -
carotene®] G *529] 25%%te] HoRIAY, HIAFOE

%
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08 SF1-RBE-II =RBE-I =RBE-I BHA

0.7 I I e

i = I * I
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Fig. 5. Antioxidant activities of rice bran extracts in a f-
carotene/linoleic acid model system at 50°C. Rice bran extracts
(100 pg/mL), BHA (100 pg/mL). ** ***Values on the graph mean
significantly different by Duncan multiple range test (**: p<0.01,
*xx: p<0.001).

AFskA|Ql BHAE Wl H718ke] peroxyl radical A8 A& &<
248 A3, 100 ug/mLe] F=oA 959%2] =2 kst oA
Hg HATh AFEE FolA RBE-IE 100 pg/mLe] FEoA]
34.8%, FI-RBE-IE 73.1%%] AA #4ks} oAgS nglon,
RBE-I2 40%°] A0S wf tlzZ3 719 1|53 B-carotene]
FEHES X peroxyl radical S JAS= Tl Sl A
o7 ZAEQITh FI-RBEIIE &322 A #its) oAeS
UERH O ZA] peroxyl radicalol] o8] #2E 4 U= 7 & A
Aol AEREES Asfishe dH 719E AR AIEE™, Kaurst
Kapoor(22):= emulsion assays &3l 307F<] ofxj<] &4tsl €4
S SAset, HE Ao Tl =2 el &she ok
U= linoleic acid®] oxidations EFH o7 A5
Fausta 5(20)2] A-7olA LDL s} oA &35 ZAs17] <8l
benzoic acid -FFAHAIS} cinnamic acid -FAHAIS] dHAEEL A4S =
Abet A3} benzoic acid FAHA] EU} cinnamic acid -F-AHA 7F
radical 84S AslE d EFH ot BaE wpe} o] 2
A¥A)4 FI-RBE-I19] 2 radical A4 A E3<= hydrox-

yeinnamic acid®] d&o] H&& F5& 4 AUk

T,

o ok
2 APolMe dnje r7tez Ry Agdidol e HEAt
=4S 47] 8 vdE FEHS A=A, Foxl vt 5
B FEEC AT B4 H st Sl s 2AbsEAT
7 FEE 5 42E EEEE A9 o dlEotAE 0]
ER FEsle] 42 RBEIS ¥ Evs &= ditkst &4

o] Mg E& AR AEHUL, it AR w5 ¢ AAE
218l Sep-pak C,; Vac cartridgeE SHAIA v #HEsit 555
(F1-RBE-II)& &%t} HPLC #4418 53 dojd He=it AR 5
ferulic acid’} 78 BY3L, p-coumaric acid, sinapic acid, vanillic
acid, L3 syringic acid7t EAEALH, 1 FPE] F2
hydroxycinnamic acid A|gel &3tk= 2S¢ 4 ATl DPPH
radicalZ} ABTS radical 227594 w7}t HE4F 555 (F1-RBE-
= AEs kst S48 el on, B-CLMSS o838 &
A} FERbSo M E 923k peroxy radical Ad5S W Ele],
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