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Abstract: In this study, we investigated rice bran fermented by Bacillus subtilis (RFB) at 40 C for 36 h to develop
a new natural antioxidant and whitening agent for new natural cosmetics. RFB showed reactive oxygen species
(ROS) scavenging activities in 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical, superoxide radical scavenging activ-
ities and hydroxyl radical scavenging activities at a concentration of 100 uL./mL. DPPH, superoxide radical scaveng-
ing activities and hydroxyl radical scavenging activities were higher in the RFB than in the RB. Inhibitory activity
on auto-oxidation of linoleic acid is also highest at a concentration of 100 uL/mL. RFB showed the higher inhibitory
activity than RB in auto-oxidation. RFB reduced intracellular tyrosinase activity about 80 % at a concentration of
100 puL/mL. Therefore, we suggest that RFB could be used as a useful antioxidant and whitening agent.

Keywords: rice bran, fermentation, antioxidant, whitening, tyrosinase

= 4w 2289 3P} dojuts Pz Ui
% oltH23). Besh @S 949 w32 v o

A2 A AAGoR Aot 9% vige] et gy TR T ST ROl Weld sk Ssel g
o] ZuE WA walel] THak Arl Bus] AsEa 9) 2] ok T oA F2 gt A 548 vl
1L 9% ks Uo7l Solgel ek wiie) 2y M ARlEH AFE, AW dAxT @RUL 52 S 5
Wsol A2l A9l 7)%5o] hasts WA wikintrinse et —LelHh skl i 52 9l gt wl
aging) S A A7k ALH E Qe Lojup gy ST WSk AIMFE AET: W1 sl vistel
FHaL & FEo] s UFSA(solar lentigo) 5]

M) Frbach WRst Mg AR Az v

T F A A (e-mail: bjha@silla.ac.kr)

153



e o] Zhaste] At A9 357F A=A "rH4]. o] AU FT&S =Y ¥ ot A o] &Eo] St &
of TF-egkel AAst theFst 75 Al BAo] 1 W7F e RS 7P AL Qo sl Ak FHE
Ha o=, 53] A AEAYS o] 3 kY & e 7)ol £3lHo] 71 vl a5S T/
W7} oyt FAakshAlE et A} sk AT AR FEre&S Hdvta Baso] Qlrk & 7|E9] s
51 of 23t Jfael vlsl the] AgAE SUE] F
17 (rice bran)olg @Awnje|A Fwn|z £Ast= 7 3 GotS a3 Wk ol AlEe 249 W3t
ol 7= Ty, £y, 385 59 BHEgEs ¢ 2 Qe i Jeke] HAeo dnE o] o o
st m7ke] A RS d A 12 ~ 16 %, A 16 ~ v shgRe] A e e ARTt obd Ak A RA I
22 %, AT 8 ~ 12 %olth 1yl = BlE] AE ¥ o] g} 54 AA gLt
%3to] B, Be, HE, Q1 & thFet o] FHr ol olel] & AFrellx= & B FAMER] n)7re] wa
Utk whEbA] w7k Fwin) o] FAbEo| ARk ookl FEES o83 Fatsts nwat #A%E mush-
3H7\1'L— AFE] 953k A g el Aot n| 7t AgiaE room tyrosinase@4 As| A& ST vy §
% FUAHES W5 B3 A v uadS S g 7H SR AAE detaat gt
*171 A Al THAE FAAA F= 7es 7HA
ATH6]. A8 &) theFslel st QIsh & AnlE 2. B U Al dig
7‘*_% ae kY] FA, AEE] 71548 S fl8
ARG 0% JusAE 37 B4 POz <lE 2.1. 0|&el =
7] Ak A& T ACRE g F5Ha §lo] u|7t 2 AFA ARESE AR oAb AP & A0l
= O &3 A2 AT Jio] A HA O R o|Fo|A 1 T-9J3te] AMg-sHAth Bacillus subtz]z = Tl
ATH7.8]. HE 2A FE2E2] WoldAd A & 9], TFstodeh w7t 20 goll Wi 200 mLS E3gtalo]
et AlZFeE ANk AlEFel e g 24 Bacillus subtilisS 600 nm S3%7F 1.04 w1 %5 &
[10], 5 Zd2HE A8t a=11], ksl ad{12, F3Fo] 40 TeollA] 36 h &<t vAEEsdY, v)7hda
131, At A oA &3H14.15] 2 95 9 A 24 A=) 80 % ethanolS 4 h E<F HA] T A5 A5 A3
[16] & The¥st Aeld 75l theh A57F Harxo] £k sted 40 CollA] FFA17] v)7hd & 3FE5(RFB) 7 w7
oh B v A7 A0 R A L] QlA o] A2 XA 20 goll 80 % ethanol& 4 h %OL AR F A5AS A
o5& o] &3t W vk W AR R g AT 3lo] 40 CollM FFst] LaAINA & v F5E
7F K3 glo] Yol A 9 HEans 754 (RB)= Aol AR&-sF3ltt.
o7 uFs vAE RaAZ dads sgE U S
A[17]l o]&-3skar ek, w¥ s 7 A= o] & 2.2. stitst gt
3 Qe oFEAE FEE AAIZE webd Alxe] gl
53485 JepdlE A7 FF o] o1& 737”\]71t 2.2.1. Free Radical 2H&1} =&
AT Yo R wAE e WAARE HaAg] E gz AAEY AL 1.1-diphenyl-2-picryl-
ooz wWupd A 54 A7, depdas A 9 hydrazyl (DPPH, Sigma, USA)& AMg3sh= WOz
tyrosinase@A A3l 59 &= S/ AT AHE [20] wWlEFE-o] €alA17] 0.2 mM DPPH €9 05 mLol
o] By eH18.19]. A8 24249 FEE weo] o] 83}l 37 TolA
e 7P eHlE dARE T AR Ve R Al 10 min7t WF$AIZ1 & UVIKON-XS (Bio-Tek instru-
JAnke] A% 7ol Ao o] FofA| L §lom, ments) = 517 nmelX FFEE SHSHA
53] 25elMe] 7ol FFE o] FaL o ook
F9 Ag mAEA BAE = FEFTFIIAES A 2.2.2. Superoxide Radical £H&1}
A, A A, A A A ESL ) Z0] n) PYE-S-ghAE 2 7'-dichlorodihydrofluorescein diacetate (DCFDA) 1
o] oFE o] A ESE AMEt] Aot EHE g = mM 50 uL.9} esterase (600 unit/mL) 50 uL& &3+3t
A 4 Qe Hasolx gk daEde dAE = 37 T4 20 min 7+ WHSAIA 2'7"-dichlorodihydro-
A DRAZ PASA A ARA}; B TRz Hauo] fluorescein (DCFH) solutione THE $ DCFEEH S A

uietaldgeta] =), Al 378 Al 2 &, 2011



e vgel gareh w3 w ol Ea) 155

f3toix Hrlad v 21]. 96 well plated] H5E 7+ A
5 10 uLE 93 50 mM ZEQAFFEEN 130 uLg ¥

2 ¥ 20 mM menadion 10 uL 9} ZHEQIASFE A 07
1008} 2]413F DCFH solution 50 L5 €3l 5 minZ+ 4]
o]Zt}. Synergy HTE 485/530 nmollA] fluorescence=
5 min 7+4 2% 30 min7k S48kt

2.2.3. Hydroxyl Radical &&=t

DCFDA (1 mM) 50 uL %} esterase (600 unit/mL) 50
pLE Z3e ¥ 37 CTelA 20 mingt R-&A14 DCFH
solutionsd WHEo] DCF S4HS o]&3alo] A3t
[20]. 96 well platee] &= 2t A5 10 yL& ¥ 10
mM FeSO; 540 uL ¢} 1.35 mM H.0; 20 mLE 412 &
ShalS 190 ulLA ¥ol=tk 1008 34 st DCFH solution
50 uLE ¥ 5 minZt 4otk Synergy HTZ 485/
530 nmolIA] fluorescence® 10 min ¥+ .2 40 minit

Sgsan

2.3. X|&npits AxE 0t £

Z}E*@M e B4l gt % o]-g-3te] ApsAak
stE AAlshE =S A 2o 10 mM 2EAt &
0—“.[22]4 ARE J7te $ 4 coﬂﬁ 24 h WAk},
’3719] EFkMof| 75 % eSS Hrhske] wRkst & 40
% E] QA MR FEA 3 20 mM F3F Al 18-S 37}
3to] 3 mingt WA gk & AAIA UVIKON-XSE 500
nmelA FHEE Stk

2.4. Tyrosinase &M Xslls

843 Sl 96 well plateel] 2 Al 15 uL&

Y 0.1 M A8 (pH 6.86) 150 uL2} 1.5 mM
L-E]2A1 &9 25 yL 2} 2,380 unit/mL mushroom ty-
rosinase 7 uLE 2tz ¥o] UVIKON-XSZ 490 nmeilA
RS 54T $ 30 CollA 10 min ¥k % UVIKON-
XSE 490 nmelX FFEE S48kl dixrel= Al
HE YA 22 96 well plateol] 0.05 M 1AFeE &4
(pH 6.86) 150 uL7} 1.5 mM L-E] 241 & 25 1.9} 2,380
unit/ML®} mushroom tyrosinase 7 uLE 7—}71 o]
UVIKON-XSZ 490 nmolA S3EE 543 530 C
oA 10 min RS EAGA AdleS WS Algbel] W}
H 27 3359 W3t 32 543131 tyrosinase 43
Al s v 2ol Attt

A &(%) = {(A-B)—(C-D)}/(A-B)] x 100

A = AAS g A9 vk A FFE:

B = AsAlE 2 29 whe ¥ FEE:

C = AsAlE ¥A &2 29 vks d FH4&

D = AsiAlE ¥A &2 29 kg ¥ FH =
2.5. ANz

& Adel WiE e A dye B e 2214t
2 YeRlSlaL A1 #9732 SPSSE ©]-8-3F one-way

ANOVAE Q3R o, A 752 Dumcan’s post-
hoc testZ 283t RFB:Y RBES] xfoleo] osh
o492 ttest® HATSIAAL 21492 p € 0,062 s3I,

3.1.1. Free Radical 2121 &H
DPPH= 313HE U A 2419 radical® radical AA}F
o] vlAA e oal] kst 329 radical® EA) S
DPPH= 517 nmellA Hdo S5 dehdn, swd
517 nm‘ﬂ]’* F77F flofxit) kA DPPHS S %
AAe] ghdge] 2 lvi23-25]. DPPHA ¥+=
Flgure 1ol el o™ RFBE 100 » 10 > 1 uL/mL
o7 747} 61, 53, 47 %9 % =AU A
271 84 B9t RBSF RFBS RE wLox A-f
o)z A B9 o)l AfolE Helon xFEEA
2 AHEE vitamin CHUE A 27%59] “qoix]‘“ 7
O % Yehth

3.1.2. Superoxide Radical &H=2t &3

Parat ABA el AEY a EE O
0] 24 SN BEoiA v QA Eatol %
3 B8 I, Ak BA ol &3 B2 1)

o] H gli= MRS = HBALA oY A B
ATPAHE G9isko ol ST 4914, e g
So= 10, -0,, OH. hydrogen peroxide & free radical
o] Aol B A thate] 54 vER O] of
2 7} Agke] wAy71de] dofsiria S 26-30].
Superoxide radical &~ A3 d¥+= Figure 27 £t
RFB+ 100 > 10 > 1 uL/mL 2.2 Z}2} 89, 72, 61 %]
=% o]E2AQ superoxide radical 27 A4S BgoH
RFBS 22 559 5522l vitamin C2F RBef| 1|3}k

of Z}7+e] FUF Tl 71 =& superoxide radical 4

J. Soc. Cosmet. Scientists Korea, Vol. 37, No. 2, 2011



AN7pA

100
Q0 £ W Vitamin (
B0 RFB
70 G e HRB
60
50 f
40
30 -

20 ¢

DPPH scavenging activity (%)

10 -

100 10 1

Concentration{x/fn2)

Figure 1. Scavenging effects of non fermented rice bran
extract and fermented rice bran extract on free radical.
Vitamin C was used as a positive control. RFB :
fermented by Bacillus subtilis extract, RB : rice bran
non-fermented extract. p < 0.001, in two-sided student’s
t-test. a, b, ¢, d, e, f are different group by one-way
ANOVA with post-hoc test.
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Figure 2. Scavenging effects of non fermented rice bran
extract and fermented rice bran extract on O, . Vitamin
C was used as a positive control. O, : superoxide radical,
RFB : rice bran fermented by Bacillus subtilis extract,
RB : rice bran non-fermented extract. ***p < 0.001, in
two-sided student’s t-test. a, b, ¢, d, e, f, g, h are different

group by one-way ANOVA with post-hoc test.
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Figure 3. Scavenging effects of non fermented rice bran
extract and fermented rice bran extract on OH . Vitamin
C was used as a positive control. OH™ : hydroxyl radical,
REB : rice bran fermented by Bacillus subtilis extract, RB
: rice bran non-fermented extract. ***p < 0.001, **p < 0.01
in two-sided student’s t-test. a, b, c, d, e, £, g, h, i are dif-
ferent group by one-way ANOVA with post-hoc test.
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Figure 4. Inhibitory effects of non fermented rice bran
extract and fermented rice bran extract on linoleic acid
auto-oxidation. Vitamin C was used as a positive control.
REFB : rice bran fermented by Bacillus subtilis extract,

RB : rice bran non-fermented extract.  p < 0.001, p <

0.01, in two-sided student’s t-test. a, b, ¢, d, e are differ-
ent group by one-way ANOVA with post-hoc test.
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Figure 5. Inhibitory effects of non fermented rice bran
extract and fermented rice bran extract on tyrosinase.
Vitamin C was used as a positive control. REB : rice bran
fermented by Bacillus subtilis extract, RB : rice bran
non-fermented extract. ~ p < 0.001, p < 0.01, in two-sid-
ed student’s t-test. a, b, ¢, d, e, f, g, h, I, j are different

group by one-way ANOVA with post-hoc test.
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