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Abstract

Brassica spp. vegetables have been known to have biological activities such as anti-cancer and anti-inflammatory
activities. In this study, we investigated the in vitro physicochemical characteristics and antioxidant activities of
commonly used Brassica spp. sprout vegetables such as kohlabi (Brassica oleracea var. gongyloides), red radish
(Raphanussativus L. var. sativus), broccoli (B. oleracea var. italica), cabbage (B. rapavar. glabra Regel), rape
(B. napus), radish (R. sativus), and tatsoi (B. campestris var. narinosa) sprouts. Our results showed that the vegetables
with the highest total phenolics contents were the radish sprout (24.40+1.24 mg TAE/g) and kohlabi sprout extracts
(23.97+0.46 mg TAE/g). Furthermore, the vegetable with the highest total flavonoid content was the radish sprout
extract (15.30+1.35 mg CE/g). However, the kohlabi sprout extract showed the highest DPPH radical scavenging
value (ICsp = 1.95 mg/mL) and ORAC value (79.03 mM TE/g). In addition,the six kinds of Brassica spp. sprout
vegetable extracts, except tatsoi, significantly inhibited the reactive oxygen species (ROS) production and showed
thatintracellular oxidative stress is closely related tothe accumulation of differentiated adipocytes and fat during
the adipogenesis of 3T3-L1 preadipocytes. These results suggest that Brassica spp. sprout vegetables, especially
kohlabi and radish sprout extracts, can be used to develop natural antioxidants.
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var. italica), W3~(B rapa var. glabra Regel), SX|(B napus),
TR sativus) D THN(B. campestris var. narinosa) ‘&2
theket AAskE AR AEo] T Wl 9lom, AH]EF
T A Skt Tk1,2).

AR} A e 2ol AR BYe R A= AEER, o]
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SoflA] bt A oto] R L7t F R WA Aol
Exd], oju A& AT A Al Bog ddaE
ohF et EW, 3], vH|glol T ojFo] Hork
B 2R 8 Bodle 5oz o AAMHES AJAHHTNG).

Fahey 5(7)9] A7elA, B2Fe]d| 3id a4l
sulforaphane®] 3H-f-3-2 TF 2}gk H2Fe] Bl Aj#bef A
408 ©o]F ol FfiEo] ke Aol HuEHA A%
A axef] thek BAlo] FobAth ARt thekel TR AR}
Shap AR 2ol gk HatslE ] 9 APEA 2 W] reactive
oxygen species(ROS) &2AZ/doll gt A= of7] 27|d
Alell W& stk

mEba] B Ao A= Fulol A thAiH] H = A xlsta)
AR TR, T, W, AT B, o
el in viro FA¥SHEI T} 3T3-L1 HAAEA A4 ROS
A A3 S ekt

ERT

FEE A= 9 Al

& Aol AR AAbsta AR A9l e, A7
B39, w5, #4, T 2 tAlle deAEdTde®
FH Aol ARgsti o] & AEA Ao tskeA]
B7He flste] ool Wi wet FEES Al Zsih
AN F 28 A& 1006 sEEtE 80%
AehSS 7, A2oA 1823 o)) 4 L wwt
sto] FEIth 1§ FE 92 o 2] (Whatman filter
paper No. 9)E ©]-ste] 23] A3gt § oFF Bt XA
R = 2 BT B e o= e BT e R R o
(EYELA N-000, Tokyo, Japan)S ©]&3lo] 34171 H,
SZ 7 Z7](FD5510 SPT, Ilshin, Seoul, Korea)S ©]-&-3}]
TANZE st FEFES AxsIATH

vl f2 A WA E 3T3-L1 Al 2= American type
culture collection(ATCC, CL-173, Manassas, VA, USA) =+
g ol ARGkt A @] AHEE A2k folin &
ciocalteu’s phenol reagent, sodium nitrite, aluminium
chloride, sodium hydroxide, catechin, 2,2-diphenyl-1-
picrylhydrazyl(DPPH), potassium persulfate, 6-hydroxy-
2,5,7,8-tetramethlychroman-2-carboxylic acid(Trolox), 2,2’-
azobis (2-methylpropionamidine) dihychloride(AAPH), 3-
isobutyl-1-methylxanthineIBMX), nitrotetrazolium blue
chloride(NBT), dexamethasone(DEX), quercetion, ascorbic
acid, gallic acid, N-acetyl-L-cysteine(NAC), trichloroacetic
acid(TCA), 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt(ABTS), potassium ferricyanide, sodium
carbonate, 2,4,6-tris(2-pyridyl)-s-triazine(TPTZ), potassium
persulfate, insulin, acetic acid 5+ Sigma(sigma-aldrich Co.,
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St. Louis, MO, USA)ZHFE T3}, Dulbecco’s
modified Eagle’s medium(DMEM), bovine serum(BS), fetal
bovine serum(FBS), phosphate-buffered saline(PBS), penicillin-
streptomycin(P/S) 2 trypsin-EDTAE Gibco(Gaithersburg,
MD, USA)ZFH Y39 2™, XTT{2,3-bis(2-methoxy-
4-nitro-5-sulfophenyl)-2H- tetrazolium-5-carboxanilide innersalt)}
assay kit WelGene(Seoul, Korea)ZH-E T3},
fluorescein sodium salt+= Junsei(Junsei Chemical Co., Tokyo,
Japan) 27| AR&-33iTh.

£ HE &2k 24
% ¥ 32 Folin-Ciocaluteau®] W (8)S ¥ &3l

2439t} 1 mgmLe] $E& A2E AR 1 mL, 10%
Folin-Ciocaltueu’s reagent 1 mL¥} 2% sodium carbonate -&-
a1 mLs ZFsle] 1A ¥EE A]7]1 Z microplate
reader(Molecular Devices, Sunnyvale, CA, USA)E o] &3}
o] 750 nmol| A &F =S 27313tk Tannic acidS ©]-8-3]
of REAVNE AL, ol 2RE ARl % 3 7

&F(mg tannic acid equivalent/g)= AH=E3}31ThH

£ ZeiHlolE &2 24

T STHE o= 9 542 Moreno 5(9)2 W=
Hgste] 2369t 1 mgmle] FE2 A% 3 AR 1
mLol] 4 mL2] double distilled water(DDW)2} 0.3 mL2] 5%
sodium nitriteE 3 7}ske] 5E3F ¥HE- Skt 0.3 mLe]
aluminum chlorideZ ¥ 7}8la 683 vE&-A1Z1 3 1 M9]
sodium hydroxide 2 mL< 2 %It} DDWZ % 535 10
mLZ ¥ 5 microplate readerE ©]-8-3}] 510 nmol| 4]
THEE Sttt AT EHZ = cateching AHE-3FS
om, Alg9] F EetE ot TS AE EEFAE
o]-8-35toq catechin®l| “¢-3-5H= Y(mg catechin equivalent/g)
o2 ZHtsksich

DPPH radical 2+ &3

DPPH free radical 27152 Abdille 5(10)2] ¥'H-&
stod Al59] FtslEd S Blustth AlE 0.2 mL
etanol©l] ¢ 0.4 mM DPPH A<} 0.8 mL< £3 ¥ 25
bAoA 1087 HESAIZ] B 517 nmoll A SRS =45}
Atk ok 2ldl ¢]sle] DPPH fiee radical 27%2 VERY
Atk

s B oot

DPPH radical scavenging activity (%) =

Experiment ABlank

[1-¢( )] x 100

AControl

Oxygen radical absorbance capacity(ORAC)
A% 9 759 AR A FEE-3 75 mM phosphate
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buffer(pH 7.4)°ll <] peroxy radical®] A3} Ardo] o] gt
ﬂuorescentA HAaE-S =7 8FA T} Peroxy radicale] A4
< 93l AAPHE A3l 3L, EFEA R troloxE AHE-3F
o Ou 5(11)¢] W< 883t ORAC valueS %7155
t}. Black well plate©l] Al & 25 L2} 40 nM fluorescein 150
LS H7ksta 2% 24l 37Tl 1583 A X]skaL 150
mM AAPH 25 yLE #7}3 ¥ fluorescence microplate
reader(Spectramax GEMINI EM, Molecular Devices) S ©]-&
3le] 485 nmell Al AR} 7] F 535 nmell A WEE = 2o
2 37T~ 9083t 3% ntt} fluorescence] A E&S =%
sttt EE=E2Q troloxE ©]8-3}] the area under the
curve(AUC)Tg— 7513 o 2 T2 A (y=1.1713x+0.266)

< 2dste] A1 &9] peroxy radical Adle= % FoFAT)

Mz=ME7t

3T3-L1 AAI ] g AApstat A s 325
M EZE=A H7l= Hanks®} Brent(12)2] WS W3 o]
XTT assay kitS ©]-&3t] =433t} 3T3- Ll A A =
A8 A 1x10° cell F=E 96-well platec]] seeding 3+
A ZE 100 pg/mL =2 A 2]sle] 24413 B2t 37T CO,
incubatorol| A ®lFStTtE. 1 & XTT % PMS(N-
Methylphenazonium methyl sulfate) reagentE 37 Coll A ¢
3] 15 AlA 1 mLe] XTT9 20 uLe] PMS reagentS
238t working solutions ZA|SFATE ©] & 96-well
medium -3¢} 20%7} == & HEFE M| wellell M7}
sto] £33 Th CO; incubatorol| A 447 &<t vl oF -
microplate readerE ©]-83}o] 690 nm FF = FtollA] 450
me] FH= kS W A7 go = Ax5de ALttt

Lo

3T3-L1 M= bi¥ & 25t

3T3-L1 A A EE 24-well plate]] ZH2} 1x10° seeding
gt 3 BS(10%) ¥ P/S(1%)E &3t High glucose DMEM
(89%)° 4] 100% confluence 2 W] 7}*] CO, incubatorel] 4]
vjoFaldch 29 & AWM E i 52 (10 pg/mL
insulin, 1 M DEX, 0.5 mM IBMX)¥ FBS(10%) 2 P/S(l%)
£ 13 DMEMO.E AAWAH LS A WA L2 Folf=
st A WA E3Kday 0)A] DMEMOI| AAR) & 78
TEES % 7} 100 pgmLe] F== A2lslaL, ol Al
#AsE7] $lske] 249 2T (negative control)©]]
= o].Pr;i T AEskA] &om, ok ulZ T (positive
control)ol| = &4F3FA Q1 NACGS mM)E A 2] ste] H] w5}
o AMAES] BEE PAE B4 A 7, 200
o} XA 2 2 10 pg/mL insulin, 1% PJS, 10% FBS7| &2
wjol Z47te] AlRE Aeleke] H kel

NBT assayE 0|88 ROS &z &1
B3} ypgo] w2 A bA| £2] ROS AA S =367
ko] WA 24-well platee]] Bl<F 2 23} & 3T3-L1 A<

=

kel A A & HitE PBSE ©]-8sted 23] A4, 02%
NBT reagent 0.2 mLE 37131 CO, incubator el A 90+
ZF kA7) 5 B A 2838 2 plated] DMSOS}
1 N KOHE 7:39] W& & Aelsla, e S7E 571
3to] dark blue formazans 2T £EA|ATE 1 &
microplate readerE ©]-€3F%] 550 nmol A FFEE %3

Ak

EAIZN

RE A2 A W o)} vhESig on, Ao A
= SAS©92, SAS Instltute Inc., Cary, NC, USA)Z o] &3}]
A5G 7oA 492 one-way ANOVA A% 2 A4
3}1L Duncan] \:]"5‘7’]78] H(Duncan’s multiple range test).S-
2 o2 p<0.05 FolA A8

StE-o WAl 2] o] e4of phenolic hydroxyl
(-OH)717} A g= ] S’J\{— 4ot} HEA e AE
Al de] Exso] le 22t tiabEe] shubzA] vkt
TE2 BAFE 7RI dE deEe oWVl e)
& Foloh dlE el 720 31 st el itk
e 7 Fg 2 et 83 5o AP S A=
Ao dex Jdti14-16). HEA e F SR
o|EE CeCrCe®l 7124 S 7ML Stk A Fell=
anthocyanines, catechin, elcatechjn kaempferol luteolin
myricetin, naringenin, phloridzin % s T
o Eehnol=Eol EAdo

Aol AR AL 75 F22 F 3t
%E}ELO] = S B4 3 A= Table 17 ZTh
FZ 29| % vE g7l 2440+1.24 mg TAE/gC. 2

7V e B2 Fe] A4 $%5(18.30+0.80 mg TAE/g)°ll
19l <
=

! quercetin &

1.3HH E& A= UERiTh iﬂ‘rﬂl *H“‘ ZZ“’A
A AR 1%% (22 17£0.18 mg TAF/g), Zi 7 f\HéAL %%%
(21.8310.34 mg TAE/g), thal Aj# F25(20.68+0.11 mg
A 3225(19.0240.51 mg TAF/g) & H=Z
2 AR FE2E o F s S-S et F ZeR

L,o]C ?5]—\10]:9/] %@] ﬁ.ﬂ]— -1?—'/‘2‘ %%% 1 15.30+1.35 mg
CHgo & 7Md =2 2345 Yehila, fleh 22 A

ZZ8o] 7}7} 13342058 2 13.08+037 mg CE/gO.& =&
e UEISIT & wme] 49 Red 2o A% 52
Fo| f914 Ao|7} YUAT % Fehrico|me] S T
F25o| sk Tep] A F2E B} foH o
Jefth, Fepoli AR A OB ARt &



590

o)7g zpo|7} Wl 5dt S YRl E 7357t BeH, M
Rsde] ol 3250 ¥ vE o F Fehuiecl=
&ekS B3 Chon 5(17)9] A9} o] T 3 Afo] 9]
ZFBASR)7E 09770(p<0.05) L2 v $- o, B A 2
eb Ak A Bl

Table 1. Total phenolic and total flavonoid contents of commonly
used Brassica spp. sprout vegetables

Total phenolic Total flavonoid

Brassica spp. sprout vegetables contents contents
(mg TAEfg) (mg CElg)
B oleracea var. gongyloides 23.97:0.46" 13.08037°
R sativus L var. sativus 21.83+0.34" 1047:0.97°
B oleracea var. italica 18.30+0.80° 10.34+0.77°
B rapa var. glabra Regel 19.2+051° 10.74=1.50°
B napus 22.17:0.18" 13.34£0.58"
R sativus 24401124 1530£1.35"
B carnpestris var. narinosa 20.68+0.11° 8.26+1.00"

UEach bar represents the meantSD of triplicate determinations, n=4. “Means not
sharing a common letter are significantly different (p<0.05) by Duncan’s multiple
test.

gasgy 5%
HE W FARE FRATHE AF ol Sl
Pl G FYstel A QP S
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gl o3 Paetey Z3W o btk 2t A
@ st S5 ol vl o Dpey
3 = o

ascorbic acid 2 tocopherol,
S, WIE ol Rl e AL
YT £AE PP 2 o, neh
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so] gaElolA) & Ae)E o] §ato] thasdt
24< Sae] Slal Bol o g5 7 a}u}. ol

A ghe AR ol el GAEE e 8 4 9

WPelT0). $4304ke] gl <l
grksteg %@‘ﬁ% gAsLEA 9] free radical A 5=

=3 le WHOZ, ORAC assay/| WI3EZA Q1 dojth
2 ATl e AR AR L 75 FEES ol 8ot
o AAALS o] &3 YABDY 237 FauAe] A2
& o183 PABRY 23 T HE W APslel AR
7E Aol 9] ?%}*Ji}%“é < vlw-#4 3} thFig. 1). DPPH
al 27059 A5 2} el 7158 S48 F et

EACE 50% HAA71Ed Do XNES ¥
(inhibition concentration 50, ICsq) = \/}E}LH Ao} 7“334
e A %é%(lcsfl.% mg/mL)°] 7} & DPPH
gz 2A%S B A F(1Cx=2.90 mg/mL)9} T
(ICs0=3.09 mg/mL) M FE5EF 22 YENYTL ORAC
value®] 73§ ZEp] A& FZFE°] 79.03 mM TE/gC.=
1 = gasl e S e, 1 H 2 a8
(69.94 mM TE/g), ¥-<(62.36 mM TE/g) FZE] £AR
Jeptd, ole] A3E 2 o), Ze) A 238 A
DPPH radical 227453} ORAC &% H7lA 25 =&
_6})\1‘&%}‘4 1’]'1:/]"41 13, DPPH= Zﬂ,"?‘ *HM]' Tg%OL
ORACE H]|Z3= A Z=250] 2}z T H 2 3MikslelA]o]
=7 Yelgt <= +&5 3 DPPH radical 2453
ORAC f5°| %538 A= Yyttt

A~

ﬁ%‘.

MEZSHEIL

3T3-L1 AAI 2l vk A2 759 AIE54d2 Fig.
29} 2t} 100 pgmLe] F=2 ARSI} AP L 78 F5
=2 AP F AYS Y3 23, A E AL 6FlA

L =4o] Yehtx| gtttk thale] AS- ol EAE A e]et

A ¢S control cell THH] 92.56%2] AHEE&S EAiTh
B) w
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Fig. 1. DPPH radical scavenging activity (A) and ORAC value (B) of Brassica spp. sprout vegetables.

ORAC values expressed as trolox equivalents (mM TEfg). Each bar represents the meantSD of triplicate determinations, n=3. “Means not sharing a common letter are significantly
different (p<0.05) by Duncan’s multiple test. A, B oleracea var. gongyioides, B, R. sativus L. var. sativus, C, B oleracea var. italica; D, B rapa var. glabra Regel; E, B

napus, ¥, R sativus, G, B carnpestris vat. narinosa.
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Fig. 2. Effect of Brassica spp. sprout vegetables on cell viability.

Cell viability was determined by XTT assay. Each value is the meantSD of the results
from five different plates (n=5) and is representative of results from at least two different
experiments. Statistical analysis was performed by the one-way ANOVA (p<0.05). A,
B oleracea var. gongyloides, B, R sativus L. var. sativus, C, B oleracea var. italica,
D, B rapa var. glabra Regel; E, B napus, F, R satiuus, G, B carnpestris var. narinosa.

ROS 44 Xzt =3}

NBT assay+= NBT £-9]o] A WA| 3 Wof] =29 reactive
oxygen species(ROS)9} HHg-3to dark blue formazan< A3/
sHAl HH, o] & §E3t] AlEZ U ROSS| LS & F
AUTE o] gt 4bstA ~EY e AA Y] 3} 9l A
o] X3 A AAE 2t Aoz dBA Arh13,21).
3T3-L1 AR A ] £3} f = 528 X2lste] WA
2 13} x7] 5 Y9 ROS A FS 2 17] 9ot
NBT assay & ©|-8-3l] S48 A¥= Fg 37 2ok 4l
2702 A}189 NACE thiol”| & X 33t= 33E 24
glutathione(GSH) 2] A -FAlo]l™ HA gAitalA 5 stz
2 dH A Aoh22). AlEE sk 22 dlxad AA1e)
I AHAN L 7F FEEC] FBEE Hwd 23 o AR
FEES AL Fe A, A5 A%, B2EE] AR,
v = A&, fA A L B 25 634 25 ROS
A& A8k A o2 YeiyTh oAl A 259 7
$-& control?} 9|4 zto]7} 1T,

o el AutE Fall XA EZe Eslapg oA FEh,
Ay, B2 Fe, w3 2 e FEEY Aele A
3 Ul ROSY| A S dAlske Aoz YRSt AlX
A 2B e A E] E38) J Ake] 437 Uy
g AAE Zte oz delA Jed, AUA AL H 2o
ol&l A4 ¥ NADPHE NADPH Oxidase 4(NOX4)°l] 2|3}
o] A W superoxideE A3 gt o] <F o] AR o
A1 A€ ROSSF Al27F #H]38= cytokineE-2 A F 7l
AE = ARAIA E] F3ks S2A7] 2, B3 Aol A
A HEA| £ S o]l 9% 3 macrophage©l]l 93-S v A ® o}
£ ROSE A gt whebr] APgA| o] 315 AAshe=
E4& ROS| AAAATE B3 Ao S47F fdahdE
QS nA Ao g AZETH13,21,23).

NA
CON  SmM

\BT ¥ A B i C D E F G
- O NN .

100 pg/ml.

140

120 a

Relative ROS production(%b)

con NAC _A B C E F G

5 mM 100 pg/mL

Fig. 3. Effect of Brassica spp. sprout vegetables on reactive oxygen
species (ROS) production in 3T3-L1 cells during the adipogenesis.

CON, control cells which were differentiated with MDI; NAC, positive control cells
which were differentiated with MDI in the presence of NAC. Each value is the meantSD
of the results from five different plates (n=6) and is representative of results from
at least two different experiments. Statistical analysis was performed by the one-way
ANOVA (p<0.05). A, B oleracea var. gongyloides, B, R sativus L. var. sativus, C,
B oleracea var. ftalica, D, B rapa var. glabra Regel;, E, B napus, ¥, R sativus,
G, B carnpestris var. narinosa.

(@] (o]
- =

& Aol e FlolA tan] He AAkskat s
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Z s B T FgErelE S S A, T s
e S| AR T F5E0] 23971046 mg TAE/g
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24 &8 7hsdol w8 e E Jddrh
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