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Antioxidant Activity and Anti-Obesity Effects of Mixture of Brassica juncea and Black Rice Bran
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Abstract

This study was conducted to provide basic data on the antioxidant activity, inhibition of adipocyte differentiation and reactive
oxygen species (ROS) production of a mixture of Brassica juncea extract (BJE) and fermented black rice fraction (BRF). We
investigated the total phenol content, total flavonoid content, antioxidant effects (DPPH radical scavenging, ABTS radical scavenging,
reducing power, FRAP and ORAC assay) and anti-obesity activity of the mixture in 3T3-L1 cells. Our results showed that the total
phenol and flavonoid content increased with increasing BRF mixture ratio. The antioxidant activity increased as the BRF mixture
ratio increased. In addition, BJE and BRF mixtures did not show any cytotoxicity during the 3T3-L1 differentiation period. During
adipocyte differentiation, BJE and BRF mixtures significantly inhibited lipid accumulation and ROS production compared to the
control group. These results warrant further experiments to develop an anti-obesity functional food using a mixture of BJE and BRF.
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M E
A AFJALS] oA = AstE A, a9, Wi
H] ol 2 Qs H AAFo2 v|qto] Azt Agto 2 i+
%3 QIh(Visscher & Seidell 2001). B9 Zraa] HF 9} &

H|9] Extg o2 s = tiAMg ] dF o=, A48
gk vgeh ARE G E Z4F o 59 Ak Ag iy
7FeAS F7MA71E 8910 & A A E AL Qloi(Spiegelman &
Flier 2001). whetA] A7} 442 IS4 Blgke] ot A
&7} vl-¢- F 85l tH(Mason EE 1992). AlFofl= ThgRt vt

o

Ag5AZo] W= YR T, 23EF T F
o] ¥iH H} Qt}(Ballinger & Peikin 2002; Cheung &
2013). weba| BAREZ FAadoliA 4%t 35S 7HR
A 3 2418 S vT A8A o] 275 AUt

Reactive oxygen species(ROSy= AU oA XY == tiAtt
Joll Al Ats} - g Bhgof o5l AYsh AT AGE wiZfA|
24 3449 ol P FE 520 ROSE AL T
WY, A W W] &4 Yo BN 7% o
& 907 4 QIth(McMurray 5 2016). $HH Lee 5(2012a)9]
Aol o5t ARA|E P/d 1} ROS7E WHT TAE 7HA
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I Akl B E QI A A E7F AN R 2I}eh=
B AE URE §EE 2edS ASH] s A
I HAEH YA A H2E AXA Hr} o] F hexose
monophosphate(HMP) shunts= G6PDHE 53l A|%gAdo] ©
23 NADPHE 3751 ©rt. 0|9} 2o A/dE NADPH=
NADPH oxidase(NOX)l| 23] NADP+& A2+e| 1 o|uf A=
W superoxide@} -2 ROS7} A th(Lee 5 2009a). AW o]
 AZoA PAEE= ROSE THFet iAo A 2|43
o g, ROSSH A B4 k] AP0l BiAE
Al ASH AEH A0 o7t G, H|TE, 13 59 7S A
52 sl EthHalliwell B 1996). AWPA| Lo 4] 25}

Al B == ROS= 3T3-L1 AATFA| 229 B35 £X16}
A A 0 ST 2 AT 3 v
ROSE A4a7] HRo] Hgte] 28 €el Fo] Stk 1
aLg HF lth(Yamashita 5 2008). WEbA B3HA Q1 FHlek &
A FHS eiAE AE 24 JA azel A ROS &7
Ao gt FAe}t S A Brkshe A2 F8sith

M Brassica junceay® YAA7E FF0| A5k T} Lo
A gy RejEln Y= ARSI Brassicaceae)ol] &8F=
A0|th(Kwon 5 2020). 7]‘—,% 22} AEA giAREEC] EH
LolE, ZY Y& 9 83 3+9 FgtEo] EHSH AoE H
N E] A THCho 5 1993). At}7} sinigir, 7] El glucosinolate S}
= H isothiocyanate $}eh=2 o 5 TSt &0l ot
1 &2 A Qlti(Talalay & Fahey 2001). w2tA] B. juncea®]] o
SF TRt Ao sinigring: 2] A AJR o= HA 5t
2 AF7F o]FolHom, A 9] &zl &HH 2t =
EE9 A9 FH|ol g9 G50] e o2 By vt
9IthKwon S 2021).

S 0|7 (Black rice brany> SH|E Exéi T AR ASS
woiel, e Bl W oot WEd seE o
anthocyanin®] &X.6}tH(Cheigh 5 2010) o]t anthocyanin
delphinidin flavylium, cyanidin, malvidin, pheonidin, pelargonidin
gl 0]=9] glycosides® a-tocopherold} -F-AFSE $~59] FFALS)H
S AYAL Aokl Hu I Q) o]9F -2 P4k} 3}
SHE 52 superoxide anion radical, singlet oxygen, hydroxyl
radicals L5t ROSE AZ 02 A A= 702 Hiy
o] Qlt}(Slavin 5 1999; Choi 5 2007). 1|72 AL &4
olQlo= thFet A &S 2= AR o]tk (Chumchoochart
& Sutthanut 2020). £3], 0|74 LasI¥-S o T, St
48 W g4 = thoket Aol =717 BaE b 9
THKim 5 2014; Safrida 5 2022).

weba] B AT Saat Aeley A4l 2t S
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Alo-IXHE =1] AIOI:

2 Aol AFEE ZEET HE S BEES 6

o AE]&Hto] @ Bl(Chuncheon, Korea) O 2 5-E] A3 Hro} AL
L5}, 3¢ FEE(Brassica juncea extract, BIE)2] A X vt
‘ﬂ% Kwon 5-(2021)2] WS arskaitt. 2t 5 keofl 60%
g 300 AASAT 0 TN AT B BF 2B T
Si3iSio] 4% BEINL SAALIN] B A wA
5|7} B35 E(fermented black rice fraction, BRF)2 (F)o]| A
Helvlolodle] Sulg@ua FaGS A%UYE
(15,000xg)5to] A|=2] NP ES AAskL, 484 e F
W] asho] Bk 05% XS HAAste] 4T T
8~10A17F B9 AXAIAHT. o]F, AAEZ](10,000xg, 10&)

—lo

2 5o 24 AUEL A4S FRAE A8t 5l
5 ol& ZZAZX5to] dAtHKim 5 2013). BIEQ} BRF=

9y vl EYstol 2 EYu|S Helstur stgon,
BJE®} BRFE Z+Z} 8:2(BRMI), 5:5(BRM2), 2:8(BRM3) H|-&
7 grloto] AlgE ARSI & Aol A ARGE ARl
Quercetion, ascorbic acid, gallic acid, 2,2'-azobis(2-methyl-
propionamidine) dihychloride(AAPH), 1,1-Diphenyl-2-picryl hydrazyl
radical(DPPH), potassium ferricyanide, sodium carbonate, potassium
persulfate, 6-hydroxy-2,5,7,8-tetramethlychroman-2-carboxylic acid
(trolox), folin & ciocalteu’s phenol reagent, 2,4,6-tris(2-pyridyl)-
s-triazine(TPTZ), 2,2'-azino-bis(3-ethylbenzothiazoline- 6-sulfonic
acid) diammonium salt(ABTS), Dexamethasone, 3-isobutyl-1-
methylxathine (IBMX), insulin, Oil red O (ORO) 5+ Sigma-
Aldrich Co.(St. Louis, MO, USA)O|A] F£d5to] ARE-5F AL
Bovine serum, penicillinstreptomycin, Dulbecco’s modified Eagle’s
medium3} trypsin - ethylenediaminetetraacetic acid= Gibco
(Gaithersburg, MD, USA)O| A 45} AREsHTt.

2. & HE Y EEEL0|E &2 2N
3 ol BHE Na 50O HHE AFslol 2H
t}. BRM1, BRM2, BRM32 7+ 1 mL® 35t &, 2% sodium
carbonate 1 mL2} 10% Folin-Ciocalteu’s reagent 1 mLE &7}
sto] Estal 1A 59 daofA vHEAIF ¥ &
microplate reader(Spectramax i3, Molecular Devices Co.,
Sunnyvale, CA, USA)E AR&-sto] 750 nmoj| 4] 825 57
Stelth #REEHE gallic acids AME-SHo] 23S & AT
-41(y=16.901x-0.0416, R2=O.9982)9_§1?—E1 S A4S

ot & EdtE L olE T2 Moreno 5(2000)9] BHH-E&
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sto] £45k3{th. BRMI, BRM2, BRM3 7} 0.5 mL¥ 3] &
F<= 2.8 mL, 1 M potassium acetate & 10% aluminum nitrateS-
H7VetaL Aol A 303t ¥HSAIF S ¥HS
readerE AFESH] 415 nmo A SFEE SH6IUH. E2E
A& Querceting ARE-35l0] HE AT I41(y=3.245x - 0.006,
R*=0.9998)& 245kl kg AL

- microplate

o

3. Ehtst gty

DPPH radical 2752 Cho 5(2011)9] WIH-&
=235} th. BRMI1, BRM2, BRM3 Z+ 0.2 mL& 3] 0.0004
M DPPH AJ9FZ 0.8 mL YW1l 3ot SEE-2 U440
A 1087F ¥H-8-A]7] 1L microplate readerS ARME-5}9] 517 nm

oM FBEE S5t oH, tha At el 9ste] DPPH
radical 275 F5F9 T
L AExper‘Lmétnt
DPPH 2 2 2715 (%) = | 1— — P < 100
control

ol

2

ABTS radical 2752 Choi 5(2022)9] ®HE &35}
T}. 2.45 mM potassium persulfateﬂ]— 7 mM ABTSE &3}5}a]
Aaof| A 1647t Tt ¥H-EAIA radicalz FJAIZIH. o],
S3ES 734 nmof| A G grol 0.70£0.027} H =& 34
519t} BRMI, BRM2, BRM3 - 10 uL% %3] ABTS &
| mLE H7bsto] AF2oIA 62 NS AR ol % NS BS
microplate readerZ ©]-85}] 734 nmoj|A] —aa‘rE—E—' 243519
I 2 Ak o] o]t ABTS radical £752 oAt

AExperiment

X
A 100

ABTS #t)Z+

contorl

i7ﬁ(%)=( -

FRAP &4 242 Benzie & Strain(1996)2] i< 115}
2t} 300 mM sodium acetate buffer(pH 3.6), 10 mM TPTZ I
20 mM FeCl;-6H,OZ 10:1:19] H| &2 Z3lst 89 1.5 mLe}
50 uLA F sk BRM1, BRM2, BMR3 181l %5 150 uLS
X o] 37T A 487 YFSAIZ T} B8 &, microplate reader
2 olgslol 593 molH FHES ZHskck

Reducing power= Yen & Duh(1993)2] WlHHo] u}e} =43}
%th. BRMI1, BRM2, BRM3 Z+ 0.1 mL, 200 mM sodium
phosphate buffer 0.5 mL % 1% potassium ferricyanide 0.5 mL
£ 5355ho] 50 Cof| Al 2087F BF2-A]71 & trichloroacetic acid
0.5 mLE 7}5kch 9 89S ¥AAEE]7](Hanil Science
Industrial Co., Ltd., MICTRO, Daejeon, Korea)S ©]-85}0]
L790+¢2 1087 QAIEIsto] 459 05 miL 23] 37 5
2205 mL, 0.1% Tron(ll) chloride 0.1 mL9} ZF}T
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microplate readerS ARE-5F0] 700 nmof| A S EE =45
ORAC value2 BRM1, BMR2 ¥ BMR3E- 75 mM phosphate
buffero]] =50 peroxy radical®] A§/dx} AHo] wE fluorescent
o g€ Jsiolch KISt kTS LA A
AAPHE AF3}91T, Ou 5(2001)°] HPHS S-851a] ORAC
valueE 7153t EEEEL troloxE /\}%—0}%‘3}- Alge
75 mM phosphate buffer(pH 7.4)E o]&35to] ==H=Z A X5}
11, 18 mM AAPHE 37CoA 158 B9 wFx|sl9ct 1 &
40 nM fluorescein 150 pLojl A& 25 uLE €3 HF=Z AAPH
25 WL2 F7HSHct 2451 A shaking o137 FHEHY
TARE FBELY Fd $E5 37CoA 0& FACET
13]) 485 nmol| Al AA7F SEFE7E H AL 530 nmof| A W E]
Al A7 sto] S5t ié%’éi ARG trolox®] FEE
0.625,1.25,25, 5 2 10 pMZ 3191, A|F9] A3 52 trolox
equivalents® HH5}1L A|F O] the area under the curve(AUC)S
FETA(y=1.3342x+0.3955)0]] 9J5f AL k5t

4. 3T3-L1 MZH{ I =35t

3T3-L1 A3+ American Type Culture Collection(ATCC,
CL-173, Manassas, VA, USA)ZXE] Jujsto] AME35}TH
3T3-Ll= ASEH o] 9 24-well 2 96-well plateo] Z+2+
1x10° cells/well-S seedingSt 5, BS(10%) 2 P/S(1%)S A7}
3 DMEM(89%)°1| 4] 100% confluence®f] Z=2gt wj7}A] vjoF
Stelth o258 F 29 &, AYAE E3HE £EH(0.5 mM
IBMX, 1 1M DEX, 1 jig/mL insulin), FBS(10%) = P/S(10%)=
H7F3 DMEMS 7} wello] H2jto] AAPMAES 2
EE BBREE S19ITk AMAIE EoKday 04 B8t 95 oy
Z]o] BRMI, BRM2 2 BRM3Z 400 png/mL® A 2]st91, &F
A ) Z1-(positive control) . 2= 7FE AL o} ZFE X]o} 100 ug/
L2 Aelstol Bl ESIgIch ALY Bohe HhaE B
AL A5t o2 29uttt 10% FBS, 1% P/S ¥ 1 pg/mL
insulin® A 7}5F DMEM &, 835}8-4] H|X & F7}5t] 69
FoF Bobel S SAISIRA AT ROSS] A HE
Bt AZ AgolH ARe] ABEE Kwon §
(2021) ¥ Ghasemzadeh 5-(2018)9] A& a5t A=
o] et o mA Azgd slso] 23 Aow
AHEE 400 pgml SES A5,

5. XTT assayE 0|28t MEZSMEI|

XTT {2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-
carboxanilide innersalt} assay kitS ARE-5Fo] 3T3-L1 A &Eoj
ot BRMI, BRM2 3 BMR39] A|Z5/d2 B7Fstio
3T3-L1 AFAZE 96-well plate©] seedingdlil 3} 6L ]
1 mLY] 2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-



Vol. 36, No. 4(2023) ASuS

_IlOll

5-carboxanilide (XTT) A| 23} 20 uL9] phenazine methosulfate
(PMS) A|9FS &35t working solution 4|5}t ZH]E
working solution2 H{Z] H1] 2] 20%Z Z} wello]l 71T
CO, incubatoroll A 4A|7F &<t H¥jget &, microplate reader
(Molecular Devices, Sunnyvale, CA, USAYS A&-5}0] 450 nm
o A9] FF& FollAl 690 nmollA 9] FFE Fre i A2E
S A4S EH(Furukawa 5 2004).

6. Qil red O stainingE 0|28t K|t S={ZF BHat

6% B2t 235} IS AZ 3T3-L1 AIZ W AFEHFS
EA35}32F BRM1, BRM2 @ BRM3E A 2|5}] 24-wellof| A]
o 59 B3HE 3T3-L1 A2 BiFAS A AL Bt
PBS(pH 7.4)5 Z} wello]l 500 uLA] 7}sto] 23] A 4513t
AlZ F 500 uL] 10% formaling 47151 ¥ 1 A-L0]4 SE
ZH A g H AASIAH. O F 55 10% formaling: 37k
SFAL 1AIZE o] A2 WAk e g2 EIHE 3T3-LI
Al 252 plateo]] IFAIZ . 10% formaling $H5] A|# 5t
7] 93} 60% isopropyl alcohol 84 500 LLE A& 5} A&
H A25S SAs] ARAIZT 6] A2 Azs2 v
2] A|Z3St Oil red O working solution(DDW : Oil red O = 4
1608 APAE Y SHE AP HRES TE5] A5k
o} 94 T 2R ARgS] TS 33) AHST SRS
Qb &S] AXAZH Al W S4€ A0S FATE Oil red
O 100% isopropyl alcoholS AREdlo] H&F EFA|7] &,
microplate readerE AME-5}0] 470 nmof| A SJEE =35I
th(Lee S 2012b).

(o))

7. NBT assay2 0|&gt ROS &2F &3

62 B9t 23} 4L A 3T3-L1 A E | ROS JAZHS
Z75t7] flsto] 24-wellol] £33} 3T3-L1 A Z9] E3}-F-A]
A& 25 A AT & Eo+E PBS(pH 7.4y 7+ wello]] 500
uLA H7ksto] 23] Al AT A& F 0.2% NBT &4 0.2
mLA 7t well vt} 71513 CO, incubatorQtof| Al 90E-7F vt
SAF . BH8o] £ ] 1 N KOH®} DMSOE 3:7% 23}
S}E&HE AHESHY] dark blue formazang 5T 8-S}
microplate reader® ARE-510] 570 nmOlA S EE £75
thH(Lee 5 2012b).

et

¥ R

8. SHAz|
£ 492 33 48 Agsiglon Bag EEuAs
TRl Aol Ayghe] diet SAAE B4 ~ZES
o] SPSS statistics ver 26.0(IBM Co., Armonk, NY, USA)E ©]
8510] RAsioiT). Bt 9914 B4 ANOVA A A|
P5}o] Duncan®] T} HP 775 (Duncan’s multiple range

ol B3] WSt B4 9 APIAE oA fat 247

test) O 2, G-9J4 p<0.05 $Fol A AATIFoH, AATA L=

Pearson®] A& AFA|4>(Pearson’s correlation coefficient)S

olgste] oS ErISHgnt.

=}
=

K
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1. & HEs Y E220|= &2t

BRMI, BRM2 ¥ BRM39| 3 #|& 9 EtE o= 3
A= Table 13 Zoh & flE 2 EEELE gllic
acidg ARgste] 1 dFS AT & Hs gk
BRMI(8.51+0.05 mg GAFE/g) , BRM2(9.37+0.07 mg GAE/g),
BRM3(10.03+0.07 mg GAE/g)$= 0 & BRF9] H]-g0] &o} &4
& F ¥= o] 3716kt & St eo|E ke
FE2EE Querceting A& 11 g2 RIS & &
gH ol 3F 99A] BRMI(4.45+0.19 mg QF/g), BRM2
(5.22+0.24 mg QE/g), BRM3(6.25+0.12 mg QE/g)<=C.& BRF
9] H]go| ol T F EetEolE Fo] F76ll
Jun 52012y S0} 9 An|at -2 {0 oA w2
HE 3 4 EgtELolt TS Zrethl shgleH,
Cheigh 5:(2010)2 S1]73& &9 27X FE519S
F|df 7.08 mg QE/g9] Eeti 0|t S ZE=rtal B is)
%ch. whkA BRMI, BRM2 @ BRM39] & Hli&s @ Sk
o|E FgF WTl= BRF S w9 ZAOo= yoEr)

i

2. Ehitst gty
BRMI, BRM2 4 BRM39| 3h4te}t & B7h= ohdet in
vitro =@ (DPPH radical 7], ABTS radical 4~7%, FRAP,

Table 1. Total polyphenol and flavonoid contents of
BRM1, BRM2, BRM3

Total phenolic content Total flavonoid content

Sample (mg GAE"Jg) (mg QE”/g
BRM1" 8.5120.05° 4.45+0.19°
BRM2? 9.37+0.07° 5.22+0.24°
BRM3Y 10.03£0.07* 6.25+0.12°

Y Brassica juncea extract and black rice bran fraction were mixed
with 2:8 (v/v) ratio.

? Brassica juncea extract and black rice bran fraction were mixed
with 5:5 (v/v) ratio.

3 Brassica juncea extract and black rice bran fraction were mixed
with 8:2 (v/v) ratio.

9 Galic acid equivalent content.

% Quercetin equivalent content.

“Means£SE within same column with different superscript letters
differ significantly at p<0.05.
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Reducing power, ORAC value)S ©]|-&-5}o] =759 th. DPPH
radical AA%59 AL Fig. 1A) FAAUYZRLFLCoRE AREH
ascrobic acid= 42.03~74.64%= YEF S ™, BRMI1, BRM2 9
BRM3OJ| A ZFZF 38.12+1.63%, 43.45+1.39% % 48.93+1.11%9]
DPPH radical 2442 H Yt} ABTS radical A2759] 73
Qo= DPPH radical 2453 SASE A3S HAth(Fig
1B). BRM1, BRM2 Y BRM39] ABTS radical &7%52 27+
18.02+0.16%, 18.88+0.27% X 20.25+0.02%°. % LEF} BRM3
oA 7 &2 A4S &S YEFH T Reducing powerQ]
74 9o = BRM3, BRM2, BRMI £©° 2 BRF9| H|E0°| =&
5 A4S o] FoH o g F7tslith(Fig. 1C). FRAP
9 A] DPPH, ABTS ¥ reducing power?] Zi}e} 22 F3-S
YERATHFig. 1D). 31, 49] Mg #heisto] APPH
2 Asf AAdH peroxyl radicalo] FALSIEA O] o) FF=
7k At A8 AHgSlel BB B S ORAC
wsay®] 39 AR e VO Aol BE4E G
40| 45t decay curveE WEH=H] Fig. 1E= At
0E2 SEEST EFELE AT trolox?] FFEZHS] 7
25 YeERd Aotk & toloxZ2RE HE HY JFA(y=
1.3342x+0.3955, R2=0.9948)—% A5t BRMI, BRM2 2
BRM32] ORAC valueE =735t 21} BRM3(26.34+£0.11 uM
TE/mg), BRM2(23.65£0.99 1M TE/mg), BRMI1(19.41+1.07 uM
TE/mg)= 0 & LR

BRMI, BRM2, BRM39| & EdH5, SetH ol 3
3} c}oFet in vieo 2O 0] FHAts) B 2ke] S
B AT Table 29} 20} ¥ BeiulET} st 94
7He] AL R*=0.723~09568 =2 ¥ WAZS Vet
o, & ZgtHo]=9] HQo|x R*=0.787~0.9240 % =
© ool BAE LEgct. oloh e ATHE 2 i, BRMI,
BRM2, BRM3S| 43t SH4S Eellis 9 Eehiicos
T E4A 7t Ao E WHEH

off

rl

3. MIZ=MET}

Bioreduction® Z7}A]17]7] 938l XTTo] PMS(phenazine
methosulfat)E A 7}5F11 A|Eof| XTTS PMS9] &35S A
2|51 AtolQl Af| 3L 2] mitochondrial dehydrogenase©] 2]3}
XTTY] tetrazilium ring®] &3} =] 1L formazan crystalS 345}
Al Hct. /3% formazan crystal> $=8-H0] o} LM
A SchAdan 5 2016). 0] =THEE ELISAZ Z745t0] 4]
= 5 57}o] ol BBHHLE. XTT £40] I3} 400 pgiml. &
A= LA NESA T FH HIPF BEEA] 2ok
ThFig. 2). kAl 400 pgml FE= sto] SEE9] FH|T
24 Hrbstat

A
fol
to
AL
N
'

4. Qil red O staining2 0|28t At S&2F 2H&
BRMI, BRM2 ¥ BRM39] A|HA L £} oA a5 &
Q157 flste] Oil red OF B0l AFS H2MOE FAA]
7|13 -8&5t0] 3T3-L1 APAZ f BAEE S8ATY &=
43t A= Fig 33} 2t} th2H(con)ol| H|SH FHET
Al ZFEA| Yo} ZHEA]oF 100 pg/mL A 2ol Al 42.89+3.94%
2 AE W Xd FFH7Fo] A5ty BRMI, BRM2 Y
BRM3 & &0l A ZHzF 90.03+0.69%, 88.67+0.75% L 71.75+
436%2 NE W A& S0 27 vl FoHow
A5kt BIRkE A EA| o] 23 1Y F AlE Y
F8Aol HHE o= TAYskaL o] et A A 71H
o] 24 9 BNk A 4= Arh(Chen & Farese 2005).
Aranaz 5(2019)°]] W= PPAR y $8A4= A8k AL A
Aol 1€d e 2Eote 58S gdote=t, &9
H&2 PPAR y &A1 AT ZHgsto] A AAAHY 27
GAE JAFeEN A B 714E 2T BuE
v} 9lct. whebA, BRMI, BRM2, BMR39] A& %2 o] &}
= E9de ¢ ZgE wo|Eo} 72 e 4o 719"
Ao =2 Azteln, BRM39] EjulE gHgol 7 &9 W&
o A A AA &} T3t =UA Ao FWHH o] gt
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5. NBT assayZ 0|2st ROS &2 &3
APAE W 528 ROS= NBT &3} w50} dark

blue formazan2 Y AJstcl. AA= dark blue formazanS 8=
sto] Al W AB/" ROSY ¥ ST 4 Uthlee &
2021). 3T3-L1 ¥3} ¥4 % BRMI, BRM2 2 BRM3 2] ROS
A/ AA] A NBT assayE A8t 43 A= Fig.
49} 2o}, g 23t (con)o]l HIS] FAHRER 7FEAY o} 7H
HXZJo} 100 pg/mL A FoA 51.95:1.13%2 FojHo=z
ROS A3/d7Fo] 7r4s}% 1l BRMI, BRM2 2 BRM3 A 2|9
A 242k 91.67+3.21%, 89.45+3.05%, 84.26+5.44%2 TE H35}
H[ g A ti2to] Hls) f9JH 0 & ROS /%ol st
k. Lee 5-(2009b)] Aol oJ5hH 3T3-L1 AlZofA T4k
SHA|9] A2 & Qlsl PPAR yO] Wdo] AaE1l, ApHog
APA| 0] 3L oA 9 ROS BT 4 A3t Yepd
0y 23 up Qlok wEbA] B Lo A= BRMI, BRM2,
BRM32] ROS 34 24| &3+= BJES} BRF E3HE9] FAls)
g gt Aoz woE)

OOk Ol
g

of al A=

¥ AFE BIES BRF T2 FASt B4, A9 57
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Fig. 1. Antioxidant activity of BRM1, BRM2 and BRM3 and ascorbic acid (ASA). (A) 2,2-diphenyl-1-pic-rhlhydrazyl (DPPH)
radical scavenging activity, (B) 2,2’-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) radical scavenging activity, (C)
FRAP activity, (D) reducing power, (E) Decay curve of fluorescence in the presence or absence of samples, (F) Radical
scavenging activity of BRM1, BRM2 and BRM3 expressed as Trolox equivalents. Each value is expressed as the mean+S.D.
of triple determination. The other letters on the bar indicate a significant difference of p<0.05 in the Duncan multi-range test.
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Table 2. Comrelation coefficients among total phenol content (TPC), total flavonoid content (TFC), DPPH radical scavenging
(DPPH), ABTS radical scavenging (ABTS), FRAP, reducing power (RP) and ORAC vale of mixtures of Brassica juncea

and black rice bran

TPC TFC DPPH ABTS FRAP RP ORAC
TPC - - - - - - -
TFC 0.917™" - - - - - -
DPPH 0.944" 0.910™ - - - - -
ABTS 0.956™ 0.924™ 0.972" - - - -
FRAP 0.723™ 0.858™ 0.768" 0.824™ - - -
RP 0.779" 0.787° 0.870" 0.817" 0.821 - -
ORAC 0.928™ 0.923™ 0.896™ 0.951™ 0.776 0.724" -
Significantly different at "p<0.05, “p<0.01.
120 E: A k
g /> ( /‘ @ W @

Relative cell viability (%)

GAR
100 pug/mL

BRM1 BRM2

400 pg/mL

BRM3

Fig. 2. Effect of BRM1, BRM2, and BRM3 on cell
viability on 3T3-L1 preadipocytes. Each value is expressed
the meantS.D. of the results from five different plates

(n=5). Statistical analysis was performed using the one-way
ANOVA (p<0.05).

o] 8 ROS A4 oA AL BISHGTE F v @ Ee
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W9lom, o]o] w2} DPPH radical &A%, ABTS radical &7
%, FRAP, Reducing power, ORAC value?} ZH-2 A4S 2.4
o4 FUT 7S ek gict. Ak £41 A3, g
3t 42 Euls 2 E9E 0|t T EH0A 7IQlsk=
AL & ek 3T3-L1 AZ0fA] 400 ng/mLs=2] BRML,
BRM2, BRM3E A Z51%& W AZBEE] IdF= vAA
2%, Oil red OF ©]&3t Zl‘**ﬂi 3+ 94 ai=
BRM1, BRM2, BRM3 AnRsS g ]/\1 _n_‘,]x-lo] x]xl;‘«;QOJ
Al a7F e on o= EdHs 9 ETtE o|tet &
L2 A 229 93RS Hke Aoz muEch Ef,
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Fig. 3. Effect of BRM1, BRM2, and BRM3 on lipid
accumulation during adipogenesis of 3T3-L1 preadipocytes.
Oil red O staining at day 6. Lipid accumulation determined
by optical density at 490 nm. The result is presented as the
mean+S.D. of 3 independent in triplicate. Bars with different
letters indicate significantly different at p<0.05 by Duncan’s
multiple range test.
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Fig. 4. Effect of BRM1, BRM2 and, BRM3 on ROS
production during adipogenesis of 3T3-L1 preadipocytes.
Dark-blue formazan was dissolved and the optical density
was determined at 570 nm. The result is presented as the
mean+S.D. of 3 independent in triplicate. Bars with different
letters indicate significantly different at p<0.05 by Duncan’s
multiple range test.
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