Hj|“f°*2|7<| H18# M2z, 2018

— |'0|'

PISSN 1976-9334, eISSN 2288-1522

= Y OE =X 28 £

orean Med Obes Res 2018;18(2):64-73
h ttps://doi.org/10.15429/jkomor.2018.18.2.64

JKOMOR

Original Article

gt O Y= Hop 5 (T 25 )

Effect of Platycodon grandiflorum Fermentation with Salt on
Fermentation Characteristics, Microbial Change and Anti—obesity

Activity

Na Rae Shin, Sokyoung Lim, Hojun Kim

Department of Rehabilitation Medicine of Korean Medicine, College of Korean Medicine, Dongguk University

Received: November 2, 2018
Revised: November 30, 2018
Accepted: November 30, 2018

Correspondence to: Hojun Kim
Department of Rehabilitation Medicine
of Korean Medicine, Dongguk University
Ilsan Oriental Hospital, College of
Korean Medicine, Dongguk University,
27 Dongguk-ro, llsandong-gu, Goyang
10326, Korea

Tel: +82-31-961-9111

Fax: +82-31-961-9009

E-mail: kimklar@dongguk.ac.kr

Copyright © 2018 by The Society of Korean
Medicine for Obesity Research

NE

—

S A (Platycodon grandiflorum)<
oK g, VAR, olAFIin= B,

1), 78 (5,
Ago = o] §E=

inulin, betulin 5°] = Aot

xe Al EERRIHR), A #H ol AE AW 2o o

64 www.jkomor.org

SHEA 2 saponin} platycodin A, C, D2}

Objectives: This study investigated the effect on microbial ecology, fermentation character-
istics and anti-obesity of Platycodon grandifiorum (PG) fermentation with salt,

Methods: PG was fermented for four weeks with 2 5% salt and the characteristics of fer-
mented PG were performed by measuring pH, total sugar content, viable bacteria number
and microbial profiling, Also, we measured total polyphenol, flavonoid and the percent of in-
hibition of lipase activity and lipid accumulation,

Results: Salt added to PG for fermentation had an effect on pH, total sugar, total and the
number of lactic acid bacteria, Total sugar and pH were reduced and number of total and
lactic acid bacteria were increased after fermentation, The majority of bacteria for fermenta-
tion were Lactobacilus plantarurm, Leuconostoc psedomesenteroides and Lactococcus
lactis subspecies /actis regardless of salt addition, However, microbial compositions were
altered by added salt and additional bacteria including Weissella koreensis, W. viridescens,
Lactobacillus sakei and Lactobacillus cuvatus were found in fermented PG with salt, Total
flavonoid was increased in fermented PG and lipid accumulation on HepG2 cells treated
with fermented PG was reduced regardless of salt addition, Moreover, fermented PG with-
out salt suppressed lipase activity,

Conclusions: Addition of salt for PG fermentation had influence on fermentation character-
istics including pH and sugar content as well as number of bacteria and microbial
composition, In addition, fermented PG showed anti-obesity effect by increasing flavonoid
content and inhibition of lipase activity and lipid accumulation,

Key Words: Platycodon grandiifiorurn, Fermentation, Salts, Lactic acid bacteria, Anti-obesity
agents
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|H v ke f7IAHe st Rl AS5
o] A7 ABAIA oW 713t AF Bl HAPE F
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1. E2iX| 25

B Aol A EefAE 5 T4 AR A=
2} (Bburi-maeul, Chungju, Korea)S AMERTE =2}x] 2]
EPQ3% FES AAS I A & Bsle] T A
23k HEE e | kg EHAE HERTFOE ARSI
2T A7} 28 25 gkgdl A7 TEE &FE Hriske
710l "o FFol & Hi Asd ol 45 T
AAZTE EE 7)1 E<F Wi 100 ¥ AFH sk -80T
B3 H A8E AE3F T

2. pH &%

e AEE £435H7] 913 pHE 45T ol & 9
3l | g AlEE 9 mL9) 0.85% NaClIZ 343+ & pH ¢
E{(Thermo Scientific, Beverly, MA, USA)E ©]|&3}
A3kt

—_

AN

S A 245 98

470 nmoll A &3F%(Spectramax Plus, Molecular Devices,
Sunnyvale, CA, USA)YE &35 om, & 3 TS AT
3] Q3 2 gS BFEUE AT B#FEFAS 2

Hatel % § PP Baskel TASAL

4, Polymerase chain reaction-denaturing gradient

gel electrophoresis (PCR-DGGE) &4

g TEkx| 9] vjAES PCR-DGGEE ©]-8-3t £493}
Atk viF AL A B PowerFood™ Microbial DNA Isolation
Kit (MoBio Laboratories Inc., Carlsbad, CA, USA)E A&
3} genomic DNAE FZ3I3th PCR-DGGEE 71& AT
w0l whe} 24319 0H?. Total DNAE PIAE2] 16s rRNA
gene primer?! 27F (5-AGA GTT TGA TCC TGG CTC
AG-3"9} 1492R (5'-AAG GAG GTG ATC CAG CC-3")=
©]-8-8}] nested-PCR= A3} T} PCR AHE2 1.5% ©of
7t2 2~ (agarose gel)oll 7] 53] PCR AH=2] A7)
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rulm

gIgk & ¢k 1.5 kbollA SFH WMERE 22} Accuprep
gel purification kit (QIAGEN, Hilden, Germany)ZE AF-&-3}
o] PCR 4H2< AA|SF9 . 22 PCRS GC clamp”} F-2}
# GC338F (5-CGC CCG CCG CGC GCG GCG GGC
GGG GCG GGG GCA CGG GGG GAC TCC TAC GGG
AGG CAG CAG-3")9} 518R (5'-ATT ACC GCG GCT GCT
GG-3)E A3l PCR 4AHE-S S-Z313 ) PCR-DGGEE=
D Code universal mutation detection system (Bio-Rad, Hercules,
CA, USA)<& AHg3te] 415 33t th Denaturing gra-
dients= 30~60%= 5 THi7} A5 0® 49 AS
A &ste] AgatTh AZE Ao 22 PCR A& 29
&}al 1X Tris-acetate-EDTA buffer (60C)ollA] 20 VE 30&
< A71EE3 F 60 VE 13AHE A7 ¥53tdTh 7]
d5o] 589 AL ethidium bromideZ FMAIZ] & UV
illumination (LAS-3000; Fuji photo film, Tokyo, Japan)S A}
g3t M=E sk

5. DGGE fragment DNA F&

PCR-DGGEE 3l #2]d 2 DNA =2 7L<
A8t 5] 98] 2 f1X]9] MEE AE F tubeol]
%71 Gel & PCR Purification System (BioFACT Co., Ltd.,
Daejeon, Korea)2] protocol< ¥ ste] gt zehzl
gel FA19] 3819 UBE 713t the 4T oA overnight &=
HjoF 3 02 342 BioFACT Co., Ltd.ol A 233k v}
re wHH o 2 DNAE AAISITh AA1E DNAS] 9714 <L

232 Macrogen Inc. (Seoul, Korea)oll 2|3} 0, H4
714 €2 National Center for Biotechnology Information
(NCBI)®ll 4] BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi)
A48t AT

m\!

rit Hﬂi

ATFFE B4817] Y8l A5= 222 g¥ 18 mL 0.85%
NaCl2 &% § w23} 3 v, #2891 mLE 9 mL 0.85%
NaClZ 3|43tk Z Alit+ Tryptic Soy Agar (TSA)
H X|(Difco, Detroit, MI, USA)Z, f4H+2 de Man, Rogosa
and Sharpe (MRS) agar HlX|(Difco, Detroit, MI, USA)Z
o] 83 EAM g} 3|43 AlSE 100 LA TSASH MRS
Hj Ao B3] =g & 37C of| A] 48A17F Hlj gL AY
e Y 224 A
o= Ytk

F

-

< colony forming units (CFU)/g
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7. 4E 22 % 53

TSAS} MRS agar plate®l A Az F2Y F T2 =2
20704 Adrete] ruf ket lAES] B ol
ATl A A el met FAEAT?. &4 el

VA &2 random amplified polymorphic DNA-polymerase
chain reaction (RAPD-PCR)S- o] &3}o] 755 /3N
t}. RAPD-PCRS 913} M13 primer (5’-GAG GGT GGC
GGT TCT-3")E AHE-33L PCRE 94T ol A 5E3E wk--A
21 94T oA 18, 45C ol A 20%, 72C ol A 28-2] ¥H-g
< F 303 33 F 72CoAA 1087 HF A3t
PCR 4HE-2 2% agarose geloll 23 3 100 VoA 3&,
50 VollA] 2A17F F<2t 27195 ¢ F UV illumination (LAS-
3000; Fuji photo film)< AR&-3te] MEE FIstT) W
= g&lo] Hkd 55 15 2% YiE U2 Genomic
DNAE F=3}33 DNAS A7IAE w42 Macrogen
Inc. (Seoul, Korag)oll &J&sl 0w, EX% 714 <E-S NCBI
o4 BLAST 438t 43t

8. & EdHE A & EUEL0|E &

% # =38k (total polyphenol)S E4317] Y& Alg5e
13,000 rpmell A} 53E7F AAEE g F 58S dol ARgst
A} 2% Na,CO; 1 mLell AlE 50 «L, 50% Folin-Ciocalteu’s
phenol reagent (Sigma, Louis, MO, USA) 50 uLE &3st
T A2A 1023 BEAIZL F 720 nmell 4] UV ELISA
microplate reader (Spectramax Plus, Molecular Devices,
Sunnyvale, CA, USA)E o] &3] S4 =5 A3 Gallic
acidE EFEAR AMEStY BFFAE A & F 2
He g MBIt 3 FHR 0] E(total flavonoid)
FS AlE 500 pLoll 5% NaNO2 300 #LE &3t
5EZF HESAIZ & 10% AICI3 300 «LE S3ste] 58Xt

A1 Foll 1 M NaOH 2 mLE RH8-& AAAIZ] F 570 nm
== ZA3Ah Querceting EFEHE ALE
FHAE Agste] & SetR ol S &

7] $18) AlE+= 13,000 rpmoil A 5E

7t AAEYT & A5 AEs Aol AT Lipase from
II (Sigma, Louis, MO, USA)E 10

B 94

pocme pansreas Typ
mg/mL 52 314121 F 16,000 rpmoll 4] 552
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A & A5de Eagor AHgEAT 71Ee
mM p-nitrophenyl-dodecanoate S 5 mM sodium acetate buf-
fer (pH 5.0)°1 1% triton X-100S 7}F5le] 100C ol A 28
B BAIR F 37T oA A 7= ARSI 50
L A&l 100 ¢L lipase EAH3} 150 L 100 mM tris-HCI
buffer (pH 5.0)5 oA F0Ig 3 100 L 714& H718)
o 37C ol 4] 2A13F B ?F v ¥ TE vl FA-2 10,000 rppm
ANA 17 T AR’ F 4SHS w420 nmell A

F=E 2450

o 4=

ook
il

10. ZHHIZE HHY A Oil red O SM
Aol Al g TFA S HepG2 Al E+= ATCC
(Manassas, VA, USA)ol|A] EeFitol ALE3SIATh ME=
Dulbecco's Modified Eagle's Medium (DMEM)®ll 10% fetal
bovine serum (FBS)¥} 1% Penicillin/Streptomycin solution
(P/IS)S #71gk wiA] ol v dSIATE 6 well platedp 4x10°
cells/well®] FO. 2 seeding$t ¥ 37C, CO, HlF7]ol 24
AlZE v FSHATE | mM free fatty a
acid=2:1)¢} 30% &&= FE3 FE5< 100 mg/mLo]
22 A & 24X vt FH Oil red O GAOE
7H1]_-_°ﬂ 2 E ANFE S43AT Oile red O FH-2
w2 H|EZE phosphate-buffered saline (PBS)Z 3% A o]
% 4% formalinol] 5&3F vFst & ohA] Mol 24|13
MEE 2GAFHTE 2HE HEE 60% isopropanol 2
Bk Wk

acid (Oleic acid:palmitic

A Z Oil red O solutione 53 & 108
2l

AEs B2 49 ’3}‘\01 2 100% isopropanol =

F 520 nmel M FHEE S5t

2 o

¥ o2 A N o =
2
=

S48+l v fk(mean)
ZK(Standard Error of the Mean)i Yeldom zb 2
P 7] BAIEA]-L Prism 5 (GraphPad Software, San Diego,
CA, USA)E AHE3I3 3L one-way analysis of variance (ANOVA)
test 22 Student rtestS =3 A3t A Ao A
Q1 21432 P-value7| 0.05 ©J3}Q1 9ol frelgt oz

EEE

FS ol&3te] A gth

Aol 2ol & YERY
2w 7V =24A1¢] pHe

E}Xl—t— 4.14%1 ¥k A3 A7}
° 2 Yepgth vjS pHE

3, x2S HE 457Y 5 pH 4.097H2] W3k

gcq 422 A7 TEAE BE 3 pH 3942 ) BE pHE
13]-(F1g 1A)

557011, 48 1FY T &
E2HA= 442 pHZFH =2 2

=439

g/g O & Aoy 7} J/}XMW oF2H] AR F& F
3 &S B tiFig. 1B). wehA ﬁ%ﬂl% e F pH9}
T BT Ao, 53 &5 A
%L 3

frere) 740} HOA Ueks AL 29 ,m

(A)
pH
6.5
-©- Control
6.02 -+ Salt
551
Z 5.0
45
404
35 T T T |
0 1 2 3 4
Weeks
(B)
Total sugar
500
-8~ Control
5 400 - Salt
=]
£
=
©
(=]
=
)
s
©
-

0+ T T

Weeks

Fig. 1, Change (A) pH and (B) total sugar of Patycodon grandifiorum
during fermentation with and without salt, Data are expressed as
means+Standard Error of the Mean (SEM), *P(0.05; **P(0.001 vs,
control,
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2. Djd=2| Yt #Ha}

o2 Zrkstg o, niA 43 & A &5 H7F Z2HA]
oAlA FoldtAl =2 F AldTE EATHFig. 2A). it
BAME B8 15 F &g 27 2EA A {25

T7F ST, HF 47 Folx o8kl S
ThFig. 2B). & 7} 70l dagle]l =244 28 5

e F VAE B2 WslE ®B7] 98] PCR-DGGE
I A7 AAAR] vAAEe] By dE

(A)
Total bacteria
15
3 Control
H Salt
| Kk * &
£ 10 —_ —
=)
'8
(8]
=]
g s
0- T
0 1 2 3 4
Weeks
(B)
Lactic acid bacteria
15
3 Control
H Salt
'é 10- KER —
=)
'8
(8]
g
ou[l,l
0 1 2 3

Weeks

Fig. 2, Changed viable cells of (A) total bacteria and (B) Lactic acid
bacteria during Patycodon grandifiorum fermentation with and without
salt, Data are expressed as means+SEM, *P(0.05; **P<0.01; **P(0.001
Vs, control,
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A gy BE 15 F2 FEENeH 157 SR 28
Z13to] Aol W& W= FA] YEhuA ettt 2a A
YUEFSE Uncultured Chroococcidiopsis species, Rhizobium
tropici 77 HA7} ol whet mAE] Al &
X7} 25T AF H7F 55l AERlo] Lactobacillus
plantarum, Leuconostoc pseudomesenteroides$}t Lactococcus
lactis subsp. lactis7} B FH 02 UFE T S7IEUL)E 53]
L. plantarum3} Leu. pseudomesenteroides, Lc. lactis subsp.
lactiss= *H & ZARE ofstA EAF L HaE7E el
wel 1 #27F ST AT =R &5 JA7F =2kAelA
+ O ok A EEe] ER | BARE Weissella ko-
reensis, Weissella viridescens, Lactobacillus sakei, Lactobacillus
curvatus, Uncultured Enterobacteriaceae bacterium®] i=©l
A Z71cKFig. 3, Table 1). =8FX] W& = Lactobacillus
of Weilssella®} 22 frilkto] 8 48 nAYEE B2
Ao

4, ikl 2| ¥ 3

DGGEZ 4% rlAlES £E3t7] 98] 5 20059
A ES 4 28 F 1, RAPD-PCRE 15S Yol &
18F9] MAE 1S S48 1 Ad, 7P XIS W

EE BHAYA L plantarum®] 71 o] SHH AT, =3

[‘

-

CO C1 C2C3C4 SO0 S1 S2 S3 s4

14
15

19 16

»

12

Fig. 3. Bacteria profile by Denaturing gradient gel electrophoresis
during Platycodon grandifiorum fermentation with (C0-C4) and without
salt (S0-S4). The meaning of each number is shown in Table 1, C:
control, S: salt,
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Table 1, Identification of Bacteria on DGGE Band

No. Discription Ident (%)
1 Weissella koreensis 98
2 Weissella viridescens 98
3 Lactobacillus plantarum 99
4 Weissella viridescens 99
5 Leuconostoc pseudomesenteroides 98
6 Lactobacillus sakel 98
7 Lactobacillus curvatus 95
8 Lactococcus lactis subsp, lactis 97
9 Uncultured Enterobacteriaceae bacterium 98

10 Uncultured Enterobacteriaceae bacterium 99

11 Rhizobiumtropici 92

12 Rhizobiumtropici 86

13 Wimmerella hederacea 88

14 Weissella viridescens 98

15 Lactobacillus plantarum 99

16 Uncultured Chroococcidiopsis sp 97

17 Lactobacillus plantarum 99

18 Lactococcus lactis subsp, /actis 98

19 Wimmerella hederacea 97

Porterellacarnosula Lobelia thuliniana

DGGE: denaturing gradient gel electrophoresis, subsp: subspecies,
Sp. species,

Leu. pseudomesenteroidesi= 22| =| A ZUAIR} Leuconostoc
mesenteroides7} H-2] =031, 71 2|9 = DGGE W= Uk
WL sakei®} L curvaus = Z2] = AT 7L $] % Pseudomonas
SluorescensS} Lactobacillus brevis7} 718 0.2 EE| = %)

TH(Table 2).

5. & E2HE ¥ £ SCEL0|E S

HE 24 BEEEY WsE 1] 98 & Egds
2 F ZTtRrolE IS ST £ s 3
F g M7 5ol dHgle] HE HEo) oE Ao
£ Holx] QITtHFig. 4A). W F ZElRcolt g
g AEZ {3t xpo]E HHPTKP<0.05). T2kA] wE
A 111 mg/goll Al TE 45 2,10 mg/g S & F7lekA A,
25 A7 T2 = 2E A 1.53 mg/goll A 3.04 mg/gl &
713t A tHFig. 4B). WebA bR BE = g U7 F
ol Fagle] & SetRolE e ST O, F
ZEHE ol syt glith

o
rE
ot
e
Ok
£
g
fot
orr
oR
Y|

Table 2, Identification of Isolated Bacteria from Fermented Aatycodor
grandifiorum

Name Description Ident (%)
11T Lactobacillus plantarum 98
2-3T Lactobacillus plantarum 99
3-1T Lactobacillus plantarum 100
S1-3T Lactobacillus curvatus 99
S1-4T Lactobacillus sakei 99
S2-1T Lactobacillus plantarum 99
S2-2T Lactobacillus plantarurm 99
S2-9T Lactobacillus sakel 98
S3-1T Pseudomonas fluorescens 97
S4-6T Lactobacillus plantarum 99
1M-1-1 Leuconostoc mesenteroides 95
1M-2-3 Lactobacillus brevis 96
1M-2-12 Lactobacillus plantarum 91
1M-4-3 Lactobacillus plantarum 97
1M-4-6 Lactobacillus plantarum 97
1M-81-2 Lactobacillus curvatus 95
1M-S-1-3 Lactobacillus plantarum 97
1M-S4-5 Lactobacillus plantarum 96
(A)
Total polyphenol
49 3 0week
Hl 4 weeks

Total polyphenol
(mglg)
ihd

O L) L)
Control Salt
Total falvonoid
An
[ 0 week *
El 4 weeks
= 3
=) *
5=
[=2]
5D 2
= E
E ~—
2 1
0 T L}
Control Salt

Fig. 4, Content (mg/g) of (A) total polyphenol and (B) flavonoid before
and after fermentation of Alatycodon grandifiorum with and without
salt, Data are expressed as means+SEM, *P (0,05 vs, control,
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6. Lipase Xslf &4

SopA] HE Heo] mE Xl vAlE Y%
< SA37] 9@l lipase A8l EA4E A 11 A
HE Ao X lipase 43S JAAF AL, 53] d=L =
gA|o A HE A HwgS o) FE 5 lipase A3l &
Aol 9314 Z7FthP<0.05). ¥HA AFS H7KE 1
FoAAE EE 5 1 o] S7HIAIRE fFo8 Aol B
o]A] SkTHFig. 5). WA ZepAl= HE F AUt

3 &a4o 4 AE SVHIA

o

7. ZHZOIMS] K| =5 AR 22}

Lipase inhibition
3 0 week
Hl 4 weeks

'S
iy

*

w
<

T

Lipase inhibition rate (%)
3 3

o

Cor;trol Selllt

Fig. 5. Lipase inhibition of extracted Aatycodon grandifiorum of before
and after fermentation, Data are expressed as means+SEM, *P<0.05
vs, control,

ORO
150

1004

w0

Control FFA IJw
Control Salt

Qil red O staining (%)
g

Fig. 6. Oil red O staining for HepG2 cells of extracted Patycodon
grandifiorum of before and after fermentation, Data are expressed as
means=SEM, *P(0.05; **P<0.01; vs, control, FFA: free fatty acid, w:
weeks,
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FA g TH(P<0.05). 53] =21
HEs o o /Fo3 AolE BEATHFig. 6).

a3
g A Fol ek Halo] AXHA 7|E AFLE o
o= kS MAANA E5E Wrhste AFE°] o
= gt ks I asy] 8l AHREE vAES
AMeoll A= Bacillus, Bifidobacterium™}; Lactobacilluss, =

Bololl M= Aspergillus, EX. FOllT SaccharomycesE ©|
g3t 2 AF e nAES o8t Y. diE
Rl A& Lactobiacilluse ©]-83te] alet3} B-F5Ad4k
TEaANA o S oA a5 st &4 2 &
4L WUk A7t FHHATEO. AR ek s
A HENA B5E AFHe ATE

webs] B Aol A ek}l =
o gx o|3llAel Wale}l n Y B WalE B}
Gl g AZo)
g AFAAN a5 F S
A FAEe A5S SAATE S @t ol& Sl
=R ol 2.5%2] &FS F
EepA] Bgol AHgE g R 2 AEA 2
257 A LEE S8 AFgSE TEE B0 AHgS)
A,

EIA = HE 1Y &,

oA 4.14, &2F A7V 4.
o z}
2

r:LI o I o

e AR Z42F tizatell A 190 mg/g,
< 182 mg/g¥ "HolFth F Al+toe UE &
log 1.9 CFU/g, &

At 5 48 & thE2T2 log 3.6
TS Jog 5.1 CFU/g® Z7}13Th -4kt
A 07 Abgste] Adsh HE
ATelA HAE HE AFE T Zj‘ A= g A pH7F 5.0
A g 10Y F pH 4.0-3.7
Al pHY & F9] s & HH HE7F Y JATHAL AL
Hth pH ®s}ol] oA &g H7F 70l & Aol= A
Al VA FBANE F F TFFS Folg Zfo|7} YERgET
|= e 93-S Jd& Zlolth 2

ZAbtol] o3l Zakd} A4S 2 WA Fal
pH7} SrolAlTh 1% 2k Rl o3 dge] Hu

Aw H7FEE log 1.9 CFU/g® 353,
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PCR-DGGE= | ¥3}7] of2l& WAE25E DNAS +
Z3t] PCRE FZ3 024 vl DNA %] FHo|x n|
AES] TR S 24T F e 7IEE AMSEHL
ATHY, WHE A Uncultured Chroococcidiopsis sp, Rhizobium
tropici 7} TAEH AT Chroococcidiopsis spw 333
sHe FAIF 2 Rhizobiume BATH Aldoz 4y
A glom™ Qo] nAE G vt AT FHAUA
I} SR HE T 213} Lactobacillus$}; Leuconostoc,
Lactococcus= ZZHO|QLE AT A7to]| 3k IS
F= 72 RuFAAN. L plantarum™ Leu. psedome-
senteroides, Lc. lactis subsp. lactisc 25 7} -5l 7
#Aglo]l HE F I7HATh geF HE AT F AAHEE o
|3 A BE AT HIE L brevis7t $FHFTLE U
BV AT L. plantarum™} Le. lactis subsp. lactisE D&
S7HTHY. BEAZ] kAol Aol UATE A EArE <]
kA WF o= L plantarum™} Le. lactis subsp. lactis$} &
S HAESC] HR FFE T AR AAHT v
AT HAIVE W koreensis, W, viridescens, L. sakei, L. cuva-
st ZE A F7HHOE STHEA 99 #TE
02 F 3 T pH 59 ARG TS
A ZE T W koreensis, L. sakei®} 7S ¥F ©
ue. mesenterodes= ‘b E EEA| oA &5 £
71E AFIAE A TE F AR, 7]
2wl o8l Ak At Rl E ] S|
HHom B A Ao = gl o &HE
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decarboxylaseU reductase®} 22
Aof 9J3) caffeic acid= vinyl catechol®]\} ethyl catechol
Z AT} ESE f-4HF2 tannic acid2} methyl gallate}
2o AEFY A=stES tanase] 23l gallic acid=
AR, =8k B2t F FetR o= dF U}
= HAESC Yl & AR AW TR o] =T} Zal
Hol 1 o] FHE o=z o=y

SR LI T BRI R
5
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X
of

A WE F 2 U AW FHol 313
A9 we HMBA R} ool ESL E 4 UL
Relt.

ol A B £F7) 2ol ASHAAW )=
AT Fol 5F7] AF o]9)o| % ulwkn 2e AT
o T ATE AU Uolrh ol AE, Al
3} o] ThkE VAR L o] 8% WE AT 9 & B}
of T ATEE FAHU AT EehAel & B
sho] Qe B2 FAAL & e wael U@ o
T BjEF Aol B ATE A BEE T £
Aol 2 Mg BEEL TARIAT o1 T mabA
Wie] BT Yt VAR HRE ATY UL
Ao Andth £ Seh BE AF G5 v
2o 2M lipase®] B4 A} KPAZ ] A 7 ofRleh
e e weo] B42 Jepdth v Eejx) W
A3 A7V pHS} F T B, F AT AT 4
QB 20| JFE FAAW, F Fehniwol= G
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lipase A3l FAoll= & F &5 HAVME H5& A2
Aok F 5 2T BAZAA AT 2 A 7)5olA
o HAAT &5 AUt dsass ddskA 23
ot A HIRES fEd FERES o] 83 Nt &%
B7be ¥ F7HAQ A7t ol Besitt

9] o= et Gk
o, lipaseE A2k /4o of A vebstth sk 4
= A7 §5ol dHgle] ME F L plantarum®} Leu. pse-
domesenteroides, Lc. lactis subsp. lactis7t 8 V|ABERZ
L g FAgom oA A F2lo] AA|H A v =
2 7Pt mAdEe] dFS AR, 28 & 3%
Kol Asade v skt dEdeE 2 AT
ARE B =ebA dEE &5 HUke dEglel B
AEsl et ] A =4S AAFo A BRt o
A8 E%0] 2 F S Aoz rddEn

arel =2

2 A= 20161 F=rdgrAIThe] x| lof) ofsl] ey
ATHIA IL-FH 5 NRF-2016R1A2B4014225).
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