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capitata) reportedly exerts
antioxidant, anti-inflammatory, and anti-gastric effects. We aimed to evaluate the

Abstract White cabbage (Brassica oleracea var.

biological activity of B. oleracea fermented with Zactobacillus plantarum (FBO).
The plant material was fermented for 7 d. The antioxidative potentials of FBO
(DPPH radical-scavenging activity, and total phenol and total flavonoid contents)
and ability of FBO to inhibit digestive enzymes (e-amylase and lipase) were tested.
Anti-inflammatory and anti-allergic effects were also determined by measuring the
release of NO, inflammatory cytokines (IL-18, TNF-¢ and 1L-4), 8- hexosaminidase
and histamine. FBO contained 15.84+0.25 mg GAE/g phenols and 1.19+0.09 mg
NA/g flavonoids. FBO showed DPPH radical-scavenging activity, and inhibited «
-amylase and lipase. It also inhibited of NO, PGE, and inflammatory cytokine
production by LPS-stimulated RAW 264.7 macrophages. Finally, FBO inhibited
degranulation and inflammatory cytokine production in antigen-stimulated RBL-
2H3 mast cells, in a dose-dependent manner. Collectively, these observations
indicate that white cabbage fermented with L. plantarum can be used as a
functional material and edible resource in industrial setting.

Keywords Brassica oleracea var. captitata, Lactobacillus plantarum, anti-inflammatory,

anti-allergic

1. ME

OFi3(Brassica oleracea var. capitatay= BE22d], A& 53 ¢ AR A&
o %atul 7P gol vzl ARskt Ao F shtolw, A WAL 1Y edE HER
FAE S PR AR, 287F 23] F71ekaL AthHounsome &, 2009). FHiES]
Qopgrom uletel A W BEEH ozt wekel Co} ekl K, U 5 gHak glovd, 2%l

AL 2ol4l, srgo] ol ghiE|o] ItHPlumb &, 1997; Riba &, 2018). E3H
chlorogenic acid, ferulic acid, p-coumaric acid, lutein, zeaxanthin, sulforaphan,

g5k YUtH(Hayes &, 2008;

. caffeic acid,

=8y 4 Ke)

glucosinolate, S-methylmethionine 59 A48&4 24
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Rice-Evans &, 1996; Rice-Evans &, 1997; Sim %,
1992). 1% isothiocyanatess & A%, WY 75 &3}
3HALS} 3§ 1, S-methylmethionine> HHYF
% 9@ g, F95 &5 A 85 5ol UoH,
sulforaphane AL 3§+ a3k 5ol &HA ot

a5 5ol 9

(Conaway &, 2002; Gessler &, 1991; Hwang¥} Nhuan,
2015; Li 5, 2012). 9Fuf3=o] Ael&Ao] thst chokst A

-

:rL P Aeg=lo] YAYG o 9 A=t ofuzt Fe, Al
7, 23 A, Aszxd, 8% A4 HA, A8
ot 5o] R EYHHong 5, 2013; Lee 5,
1990; Maritess &, 2005; Nilsson &, 2006; Samec &,
2011; Suido &, 2002; Zhu &, 2000).

Lactococcus, Lactobacillus, Bifidobactenium 5=
E3bole o] RS2 HREE F9 lactic acidet o
& "41/\}"%2 *”*}'3}“4 T 2, W 34, AUl

AR, AA7154E, AdE, 3E S thdRh EofollA
o]&=1 QitiHa & )

2014; Kang &, 2009; Kim¥ Lim, 2018; Park, 2012;
Park 5, 20006).
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2. Mg % diH

2.1. @F W L YHFE L7 Bas HE
Latobacillus plantarum ATCC14917 #F+= 595
AL HAE (KACC)RHE £ Hol ARl L.
plantarum= lactobacilli MRS agar BJ#|(KisanBio,
Seoul, Korea)o Z='dsto] 37T oAl 4847t vljgste]

242

49 single colonyE lactobacilli MRS broth HjZ]
(KisanBio, Seoul, Korea)oll H&3sto] 37CoA 24A]7F
wjoket T, HEYoz ARl

FullFE M5t 0.5 mm=E B3t & 1. plantarum
TS AT Pl S 0.5%F 51| 37ColA 701
7k A SSIIH: vl T= F HHrA] AR Hls
I g RS 527427 |(lshin Lab, Dongducheon

Korea)g o|83dto] EHARE AXs¥on -20TA

B2 HFH 1 mLel Fats 9 mLE QL
gkt ok 108 Ao R 3]4ste] MRS agar HiA 0|
TE5k . 35CoA 72417 widet th2 FAE colony
T ASstL, JAuieE Fote] it 75 ARESHSiTh
pHE= pH meter(Thermo scientific, Waltham, MA,
USNE AHgsto] Zeleict & AR AR 1| mlE 55
2 208 343t & 1% phenolpthalein &9 7}stal
0.1 N NaOHZ #7}sto] 243t th2, ARS-E NaOH &
o ¥ KAV ALE Bsel B AT e

23 FE4= & 5222 0/E g5 24

FEZ99= T2 Folin-Denis 0]835t] 24519
th(Singleton®} Rossi, 1965). ethanol& ©]&3fo] 1
mg/mLZ 3|43t A]& 100 uLofl Folin-Denis reagent
£ 100 pLE 7Fsto] SRket & 387 A2ofA BHEAIA
ok 38 T 10% sodium carbonate solution 100 pL=
7¥ofo] 3tetal, 1AIE BREAIR] & ASAE FHoto]
Microplate reader(Molecular Devices, Sunnyvale, CA,
USA)E 0]&3}9] 760 nmoA SFEE 4519t &2
A& R gallic acidE o]-&3dto] A4S HETAL

&l Aottt

FEE o|E T2 Davis(1947)9] WS o]85o]
S45I9th ethanolZ °]-&5t9] 1 mg/mLE 3|43 Al=
100 gLof diethylene glycol& 1 mL#¥ 7}olo] g3t
% 1 N NaOHZ 100 L 7Foto] & &§lelal 37C water
bathol A 1A1ZF &<t -&AIFH T 1A1ZF & microplate
reader(Molecular Devices, Sunnyvale, CA, USA)E ©]

filo m
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€319 420 nmoA FBEE S, FETHE 0]
T 2 naringing ©l-sto] AR BEZAS B9

O -

AT,

2.4. DPPH radical 2724 =&
1,1-diphenyl-2-pycrylhydrazyl(DPPH) radical &7
5+ Blois(1958)9] W& o]&ste] &7gstitt. DPPH
Al9FS- 0.1 mM %7} HE% methanolo] &0 AL8S
At methanol® 34%H A& 100 L2 DPPH A9k

0.5 mLE 21 208 B9t 2 Aohst 2AA 8R-gAIF

& Microplate reader(Molecular Devices, Sunnyvale,
CA, USAYE 18810l 517 nmolA] S8 2485k
DPPH radical &A62 o33 22 A& o]&sto] A4t
saict.

DPPH inhibition (%)
=1 - (& A2 FB= / Am FAH2Y F40)
x 100

2.5. a-Amylase o2ty =&

e-Amylase AAEAL Lim 5(2005)9 FHES o]&
sto] A5t SHSE AT AR B3 | o-
amylase E4AY(5 unit/mL, in 50 mM potassium
phosphate buffer)2} £gsto] A-204 5871 9H-gAIZ]
T 714 &2l 1% starchE go] WRIRE & 42004 55

SAZAT -3 3 3 5-dinitrosalicylic acid &%

=
2]
i)

W3 100CEIA 582 Bol WAAZ)T J2sle] DWE 3

WHKSE H, microplate reader(Molecular Devices,
Sunnyvale, CA, USA)Z 550 nmolA &Jr=E =743}
248 BRI

=

2.6. Lipase Ajofgty =&

p-Nitrophenyl butyrate(PNPB)2] substrate(10 mM)
£ °l&sto] lipase Asi@4d= SAstithPark &,
2014). Substrate solution®] SF+E 343 Tt =
L9 ARE ATt lipase 10 mUE 7F5te] 60TolA 15
E ¥S-A171 & microplate reader(Molecular Devices,
Sunnyvale, CA, USA)E ©]835t 405 nmolAl 10&7t

https://www.ekosfop.or.kr

p-nitrophenol(PNP)2 Z745t Vmax E+= FZTE
A 5H T

2.7. ME W L ME & F&

RAW 264.7 A%, RBL-2H3 A|ZE 10% fetal bovine
serum(FBS), 1X antibiotic-antimycoticE® ZE3$Isl=
Dulbecco’s Modified Fagle’s Medium(DMEM) iR &
AHBsH, 37T, 5% CO, 7oA viFstadet. vk flask
olA 70-80% L& A&HA =W Trypsin-EDTAE ©]&
sto] Aty Adof o]-&stoitt.

M9 MZEE-L 3-(4,5-dimethylthiazole-2-y])-2,5-
diphenyl-tetrazoliumbromideMTT) &¢ W< o]&
sto S45H3ItH(Van 5, 2011). AIZE 96-well plates
of &3k F 1247t 53t HiFeE &, AEE AlxEo] A
sto] 24A17F B9F Hidstt. vl & HiRA= 3]Ag
MTT €9&FE5%: 0.5 mg/mL)E ZF wello] 100 pxLA
Agstar, 37CTAA 4A17F 53F viFstel MTTE 2HA]
7. HiAE AAStY B/8E formazang =°]7] i)
dimethyl sulfoxide(DMSO)E 100 pL¥ £3319] 10&
591 2339t & microplate reader(Molecular Devices,
Sunnyvale, CA, USA)E ©]-&35l9 540 nmol|A] S4L=E
S5tk AEE AYstA] i viRRE H2et Axs
2O R Stof Al MEEE AE AE&S UEY
At

2.8 NO ¥4z =&

Nitric oxide(NO)2] RAdL griess reagents ©]-&5}]
43I AEE 24-well plateo] £5310] 124171 B F
St 30 A|RE sEEE A2t th3, lipopolysaccharide
(LPS) from Escherichia coli 055:B5(1 ug/mL)E # 2
stof 20A17F Histleh. A= wiFH 100 wLeot Griess
(1% sulfanilamide in 5% phosphoric acid®t 1% a-
naphtylamide in H,O) A12F 100 pL.& &3oto] A0 A
108 59 ¥SA171 &, microplate reader(Molecular
Devices, Sunnyvale, CA, USA)E °]&5}% 550 nmOjlA|
AT E ZA5FA Y. Sodium nitrate(NaNOy) 2 HE&E
S Akl NO Hg2 ARESHITE. i A|9E A 23k Al
£ 54 diEE, LPSH A3t 25 4 di2Le = 5t
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of A= A= 242 Blask

2.9. Afo[E7f01 ¥ PGE, 58

wiA] ol A= cytokine ¥ Prostaglandin E2(PGE,)
9] 53X+ enzyme-linked immunosorbent assay kits
(R&D Systems, Minneapolis, MN, USA)E o]&3}o] =
gotoiet. A=} LPSE A 2sto] Higfo] ¢ & 4+
goto] FSHE Eejotal -70Co] EHstnt. ARA
A AT ARl weh 49¥skal, ELISA reader
(Molecular Devices, CA, USA)E o| &3l P& =
ottt Standard®] FEE=E REJAS oL, ol
o]-g-5to] Ato]E7IRQIF} PGE,2] & Aot viAqt A
g3 NZE 34 di®+, LPS T+ DNP-bovine serum
albumin(DNP-BSA)TF A 2|3t A& ¢4 thxsto] Al
7 AL &4 Blasklt

2.10. f-Hexosaminidase % histamine o2&
22 B-hexosaminidase £4& o835t &Qlst
ArtHMatsuda, 2002). Dinitropheny-immunoglobulin
EDNP-IghE gt DMEM HiAIE ARSo], 24-well
plateso]] AEE EF5101 vigBIL). ZF M EE-S Siraganian
buffer(119 mM NaCl, 5 mM KCl, 5.6 mM glucose,
0.4 mM MgCl,, 25 mM PIPES, 1 mM CaCly, 0.1%
BSA, pH 7.2)= Aol £, 37Col|lA &Y3 buffer= 10
70 A ikt o]l ARE FEHEE JAAIA ARE
of Astal 30% &t ¥HAIZ1 § DNP-BSAS 715t
2A17F B9t HESA|F) AL, ice bathol|A] 1087k vieFste] vt
23S ZZAANRT. AEN 40 plof substrate buffer(2
mM 4-p-nitrophenyl-N-acetyl-8-D-glucosaminide,
0.05 M sodium citrate, pH 4.5) 40 pL& 7Fstal, 37C
oA 1A1ZF B9t BESAIZl & ZF well]l stop solution
(0.1 M Na,CO3/NaHCOs, pH 10.5) 200 pLE 75t
132 SZA1712 405 nmolA FFEE S5
Histamine Shore 5(2013)9] ®'HE 0|85t =74
StAct. AlE wjeked 25 pLE 91 0.1 N HCl 22.5 uL,
60% HCIO 42.5 pL'E 93 RESAIXl & AAEstal 45
A 40 L2 5 N NaOH 25 gL, n-butanol 500 gL, NaCl
0.06 g £8sto] g & =253k Butanols

244

400 L9 0.1 N HCl €9 150 L, n-heptane 0.5 mL
£ Egoto] g & YRS, $5 100 plot 1 N
NaOH €9 200 L, 0.1% o-phthaldialdehyde € 5
pLE B T 37CA 38 52t vESAIFTE ©o]% 3 N HCI
10 pLE ¥l 287 59 934171 & 360 nm(excitation)2}
450 nm(emission)°lX FFEE Attt

HiAgE A2t xS 54 dE, LPS E+= DNP-
BSATF AZ|3t AlZE P4 HEXTOE Sto] A5 A7}

244Z vlasHT

2.11. EAx/2/

HE A2 33] ol WhEsto] AAlstalon, Addnt
= Bt tRFUAE eI SA % 42 SPSS 20
(SPSS Inc, Armonk, NY, USA)S ArESIY one-way

ANOVA #4 % p<0.05 #*=°ll4 Duncan’s multiple

range testol] 93 §-948S AZ5H3Ih

ook

3. 2t H uH

3.1. SHFE 27 HE29 Y7+, pH Y Mz
FAES o&oto] WhaH guiS LR ES] wi AlZHE
A, pH 9 A HSk= Table 10] Uebich Jeisol
g AP A 19 o]F 7.53+0.31 log CFU/mL2]
A4S HetgleH, Ba 7)7to] S7HE Bdae
Z7¥eto] d| 790l A7F 10.40+0.08 log CFU/mL
2 Hdgke Yerddy, #E 10¢ FolE 9.05+0.13
log CFU/mL F&sh= 432 Yetfioich pH 9 A=
Fakg A pH 5.27 9 0.14%S UeERAR 2 1Y o]%
Z¥7Z pH 4.69 9 0.14%E Yepdon, &3 10 o=
217} pH 3.70 9 0.6022 4 U F7HS ek |4t
o HFo] o5t pHY 7a E AR 9] k= fAkEl 9
S A/8H 1AL ZAt 9 oA EAR Fof| 9fsf UEhh=
o2 oAXH, o] Ryu 5(2018)9] A4 ANt
Fol osff pHY A, A7t S71sHE Haleh fAkgt
IE e} o]#st ¥ pH 9 2 A7t fAkt
S0 I Fo] BAE7t TV F FAsHe 2R oA
o, BS54 2ol w2t oS vEd 2a 7Y
AN BEES oot 7ls8S Bk

I

[e]

(R

oZ,

o
lo
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Table 1. Viable cell count, pH, and total acidity of B. oleracea fermentation with L. plantarum

Fermentation time (day)

0 1 5 7 10
Viable cell count (log CFU/mL) - 7.53:0.31" 9.19:0.15' 8.48+0.15° 10.40£0.08° 9.05£0.13°
Total acidity (%) 0.14+0.03° 0.1440.02° 0.12£0.01° 0.1440.01¢ 0.34£0.01° 0.60£0.04'
pH 5.2740.01° 4.69:0.01° 3.97+0.01° 3.83+0.02° 3.770.01° 3.70£0.01°

"MeantSD (n=3) within each column.

*fMean within the same row followed letter are significantly different (p¢0.05).

32 YHE R BEE9 Shs Y SEE/EL0/E Y

s 3 %%—8— AEol| EAsh: diAMtER Bt
EAzE 7}X]tt] 7f o]4+9] phenolic hydroxyl(-OH)
71E 7Y A& T% et 842 wlEsltEe] ¥ &
AR gHA Qlrt. kst Qo 39 9 Y, Fofloj =,
SA A T 22 E}OH BEE75E 7 ZoR
AHA AtHLee 5, 1992). ESH ETHo|== EH
=7 SRHE F olU=E ikt S48t ofye, thaket A
g4 7152 s¥okes Ao gEA Qlrt. gl 4
+ FaEY FEYHE 4 Z“E}EluOl‘: ol digk 2
= Table 200 YetfiSich. &2 % 54 24}
15.8440.25 mg GAE/gC& é@HMJﬁ, FETE w0
T 3F =4 ﬂﬂ 1.19+£0.09 mg NA/go2 =3=|qict.
GHiF AN FaEd I ETvEA SREERE o
2 7H4 *“ﬂ%]r*el 715E 71dE 4 Y= 0= AlgH:

3.3 gHfF R E2E9 DPPH radical £7{E&

DPPHE £4}F Y9 free radicalS -85l 9o, &
A¥s} 20| o5 shels]o] xpalo] Ewgb Are =45}
o st L PAS NS 29T 1 olgEn
(Ramrathnam &, 1995). ¥Hli5 F4ht HRES] DPPH

Table 2. The contents of total contents and total flavonoid
contents of B. oleracea fermented with L. plantarum

Sample Polyphenol contents Flavonoid contents

(mg GAE"/g) (mg NA?/g)
Fermented B. oleracea 15.84+0.25% 1.19£0.09

UGAE, gallic acid equivalent.

INA, naringin equivalent.

IMeantSD (n=3) within each column followed by different letters are
significantly different (p¢0.05).

https://www.ekosfop.or.kr

radical AAZ4E H7He A, 50, 100, 200, 400 g/mL
oA 0.20£0.06, 8.04+0.06, 14.84+0.90, 25.24+0.37%
A7 YEStkFig 1). 0|2 £ ohlE S
2RZ0| DPPH radical 47 84 Shelsigion] g4z
24E 7 AAaA2A Bol 7HsT Ao ArHct

3.4, YfiFE RHd BEE9 LefEL XY

a-Amylase®= =%, glycogen 52 Egst= thdHo
Zgoto] 2EFy} dgoz Bajels astaict g4st
=9 Bolilet 239 vE 2Eske o $8% JT=
S, @-amylase?] JA= BT Ho= dAtEE 5=t
(Tan 5, 2017). a-amylase Asf&Adol H7ist A3}, 50,
100, 200, 400 pg/mLolAl Z+z+ 11.16+1.37, 25.82+
2.68, 39.08+3.85, 45.18+3.37%2] A& 2l
ChFig. 2(A)).

Lipase= triacylglycerol& 2-monoacylglycerol¥:
5 BAY fatty acid®2 Eofohs B4R A-Eol, A3

-
N @ @ o
<) S =] i<}

DPPH scavenging activity(%)
N
o

T.i.l.#L

Vit C (400) 50 100 200 400 (ug/mL)

Fig. 1. DPPH radical scavenging activity of B oleracea
fermented with L. plantarum. All values were expressed as
the meantSD of triplicate analyses. #p<0.05 vs. control group.
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=
=

80 r 80 |
60 r 60
40 40

i B I ” 1
0 J . 0 j ‘ - . -

400 (Mg/mL) 100 200 400 (Mg/mL)

Amylase inhibitory activity (%)
Lipase inhibitory activity (%)

Fig. 2. Effect of B. oleracea fermented with L. plantarum on digestive enzyme activity. (A) a—amylase and (B) lipase. All values
were expressed as the meantSD of tiplicate analyses. #p(0.05 vs. control group.

Ao AW g0 o] wf F23 IS JtrHPark 3.5. YfiFE LA eSS0 ot HE =S Haf
5, 2014). FuiS A ‘?45915«] pancreatic lipase9] FuljlF FARE HREEC] RAW 264.7 AJZL} RBL-2H3
AA| AL in vitroo|A Q1513 Tt Lipase A4S AZo] A3 BEEof nA]= FFS MTT assay= ©J-&-a}

B7kst A3, 50, 100, 200, 400 pg/mLolA 2+ 5.22+ o] 2kol5tthFig. 3). HlYta FuiFel Fufs FAkt wh
0.36, 10.0840.58, 13.85+0.51, 33.28+0.63%2] ]3| BEZ 0, 100, 200, 300, 400, 500, 700, 1,000 zg/mL
AL FIFATL g-amylase A|EAo] g Fe & B2 24A17F 5ot AT At RAW 264.7 A|ZojA& H]

3 YEHllthFig. 2(B)). ©l 2HE 53l 4348459 < 9g g 1,000 pg/ml, FEiSE AN SEES
A B4e gelstion, olfdt G459 AAE B 2+ 700 pg/mL ol sEOIA AlE BEEo] AasAt
FL2Y F5ES JANALEHN AU TxstA Z]% RBL-2H3 A|ZofA= HIER Fufs, JHils fARE 2R
o] ZAEE AL st & Qlo] vk MY S & & EF 1,000 pug/mLolA A BEE&o] AT gl
T UZ AR woEn stdct. weka] o= w sloteA] AEe AE AZL|
(A) === Fermented B. oleracea (B) == Fermented B. oleracea
120 | === 5. oleracea 120 L = 5. oleracea
100 | 100
g 80 § 80
% 60 r § 60
8 4wl 3 4
20 | 2 |
0

0
Con 100 200 300 400 500 700 1,000 (Mg/mL) Con 100 200 300 400 500 700 1,000 (Mg/mL)

Fig. 3. Effect of B. oleracea fermented with L. plantarum and B. oleracea on cell viability in (A) RAW 264.7 cells and (B)
RBL-2H3 cells. Cells were treated with fermented B. oleracea and B. oleracea for 24 h. After incubation, cell viability was
assessed using the MTT method. Data show mean#SD values of three independent experiments. *0¢0.05 vs. control group.
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o

o

E%

FA e B WglA Agstac

3.6 YHfFE A BaE NO ¥ PGE, 44 X2y

NO= @5 "7} 24 & L-arginine°|A] NO synthase
(NOS)ell o5l Fd€tt. v ot T AASH= 9T
< sP7|1& sHAIRE A9 B dF whgol| ofgitt Hes)
A A€ NO= 542 Uelin, Av 249 &4, ¥4

, 84 43 59 A5 HEE S RS
StH(Jung 5, 2010). &, o2 @3 w7l E2Q1 PGE,
cyclooxygenase-2(COX-2)l 2J3] &/d= ™, Th2 Al
29| BHZ FEd BFA ARIEZRIY B FEgith
ojiut ofuz} FFY AZ AFES AAlet ¢ BA
Frsto] FF Aol 71ofgtk(Jang 5, 2006). &
A a¥E gIst7] {8 NO2F PGE] A4l
HjS fARE HEE9 94 83 A5 H]
HjS=e} RS fARF WEES 100, 200, 300 pg/mlL &
L& AARt & LPSE A esto] Al vjgd Fof A
3= NO % PGE; ¥& 243itHFig. 4). LPSHF ©=
ARt 12 7o 2 HiF A RES AT B¢
ol 14.57+0.25, 48.42+0.09, 65.26+0.18%, H[HE
Bi3E AElet FollAE 3.24+0.31, 10.9340.17, 23.02+
0.23%<] NO #37do] HAEow, Hg ¢FHjSof H|s]
Gl FANE HEEY NO B4 94 3P =2 Ao=

o

o
=
L
|

=9
o v

st

Kl
I8

09 o2 oo ffo

=== Fermented B. oleracea

B)

> (Pg/mL)

PGE.

(A) # mmm B oleracea (
100
*
*
80 *
=
2
& 60 *
k3]
=3
8
5 40 *
o
z
20 +
LM . . .
Con 0 100 200 300 (Mg/mL)
LPS

UeRgth PGE2] 4%, LPSH &= A3t -8 7|&0 7
FHlF AR BRES AR F9ole 14.66£0.09,
31.26+0.10, 70.95+0.15%, H|¥rE FujFE A3t &
o4& 3.61+£0.07, 9.39+0.11, 31.08+0.21%2] PGE,
Ago] A om, v E uljSol Hlsl el Akt
HFE] PGE; 84 9A 83t #2 Ao Yyt
Park 5(2018)9] ALl OJshH L. plantarum 23a0] Q]3]
SEURY S 5ol A, nAE Ea7H g
/3 wsto] FTFS VA= AR BUSHYY, & A+
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Fig. 4. Effect of B. oleracea fermented with L. plantarum and B. oleracea on NO and PGE; production in RAW 264.7 cells. The
cells were pretreated with the different concentrations of fermented B. oleracea and B. oleracea for 2 h and then exposed to
1 ug/mL LPS for 20 h. The levels of NO in the supernatant was determined by griess reagent. Data show meantSD values of
three independent experiments. #p<0.05 vs. control group; ‘p¢0.05 vs. LPS treated group.
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Fig. 5. Effect of B. oleracea fermented with L. plantarum and B. oleracea on inflammatory cytokine in RAW 264.7 cells. The
cells were pretreated with the different concentrations of fermented B. oleracea and B. oleracea for 2 h and then exposed to
1 ug/mL LPS for 20 h. Cytokines were determined by ELISA. The data presented are the meanstSD of three independent
experiments. *p¢0.05 vs. control group; p{0.05 vs. LPS treated group.
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Fig. 6. Effect of B. oleracea fermented with L. plantarum and B. oleracea on inflammatory cytokine in RBL-2H3 cells. Cells were
sensitized with anti-DNP IgE for 24 h and stimulated by DNP-BSA. Fermented B. oleracea and B. oleracea were pretreated
for 1 h prior to DNP-BSA stimulation for 2 h. Cytokines were determined by ELISA. The data presented are the meanstSD

of three independent experiments.

0.05%% 74t ch(Fig. 6). TNF-22] Z9o|= DNP-
BSARF &= A3k 4-Z 7|0 E i Trﬂ%f aES
At FolME 15.27+£0.09, 40.27+2.17, 72.22+
1.95%, HIE Fui=E A3 FoAe 1.02+0.02,
5.2840.09, 29.16+ 1.12%= 7435t chFig. 6). ©] 2
75 5541 DNP-BSA T Agjto] v Fulis fAkt
g o] A [L-49} TNF-a AA4o] Z4dt AL UEt
o, fAbt wraof 95) IL-49F TNF-a A4 oAl &
7t 716t AS-S Ikt Park 5(2018)9] Aol A
B. breveg o]&3F &AL} £ub HRES 50 pg/mL
oA 247 1L-4+= 37%9} 41.4%, TNF-a= 13%%2}
35.4%9] AAE&S Yeon, TR df Ale]EFIRIS]
A3 A 537t F7HEe] BaEo] FuljS & dAet &
AgE A3HE BojRlnt. webs dulE fANE R EO]
DNP-BSAZ A=3t RBL-2H3 AlZoj|A HASA Alo|&E

7kl IL-49} TNF-e9] A4S JAst] 454 LE=7]

£ dAlste 852 7ML Qe ZAoE AlRHH

3.8 YE LA BlE 29 f-hexosaminidase 2 histamine
=4 oty

Histamine< ¢ 27] ¥ Ao &Astal loH,
g 27 S8 A= oy QR g JE = ckSchwartz2}
Huff, 1998). A-HexosaminidaseS H|THA|ELO] HH] 1}

https://www.ekosfop.or.kr

#0¢0.05 vs. control group; "p¢0.05 vs. DNP-BSA treated group.

Qo] A= qlow, dH=27] §h3ol 23| histamines
Al Bto = FH|stEE H|TA|Z o] A HRIAE o]
BHHGalli 5, 2005). HER Fuiset Fuls Akt
A= 100, 200, 300 pg/mL FE== A2|3 F RBL-
2H3 A& gl Fo A5k f-hexosaminidase &
43} histamine &HHE A6 cHFig. 7). 2ol
9J3 HH]%E B-hexosaminidase AL =735t 27} Hj
A|gt A2t o]l Hls) DNP-BSATH @ A2t wojlile
B-hexosaminidase A3/Jo] 195%=% J7Fotal, Fui
AR BBES ARt FollAl= 180, 163, 121%, HIER
FHFE AT TolA= 192 188, 173%= AJ/do] A4
Siitt. olF SoiA ikt R
4 A a3t F7HEE FRlskltt. Kang¥ Kim(2011)
O] Aol A AR Ea o] ofet Fa ghefo] RBL-2H3 Al

E Y B-hexosaminidased W&S JAot= AL 59
g 27] Ao BE YERleH, of= H[da qtefHTh
=2 A a3 UEhdty HiEo] 2 At FARE
AIE HoFg]

E3 209 & §2 =& histamine §= ST 2}

G0 93] f-hexosaminidase

A2[et ol A= 24. 87+1 75, 43 39+2.01, 70.93+1.99%,
G fAN HEES A3 FolA+= 10.8740.08,
16.624+1.31, 39.62+1.74%= histamine AJAJo] 7+AsH

249



Biological activities of fermented B. oleracea with L. plantarum

=== Fermented B. oleracea

| # mmm B oleracea
*
*
0 I L . L .
Con 0 100 200 300 (Mg/mL)

DNP-BSA

—

>

=
N
=]
S

N -
o (41
o o

B-hexosaminidase (%)

(41
o

B)

=== Fermented B. oleracea

mmm B oleracea
I| *
*
'.[
100 200 300 (Mg/mL)

DNP-BSA

Histamine (pg/mL)

#
70 |
60 |
50 |
40 |
30 |
20 |
10 |
o LEm .

Con 0

Fig. 7. Effect of B. oleracea fermented with L. plantarum and B. oleracea on degranulation of (A) B-hexosaminidase and (B)
histamine release in RBL-2H3 cell. Cells were sensitized with anti-DNP IgE for 24 h and stimulated by DNP-BSA. Fermented B.
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The data presented are the meanszSD of three independent experiments. *0¢0.05 vs. control group; p¢0.05 vs. DNP-BSA treated

group.
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