. ISSN(Print) : 1738-7248, ISSN(Online) : 2287-7428
Korean J. Food Preserv.

27(6), 754-768 (2020)

https://doi.org/10.11002/kjfp.2020.27.6.754

Check for
updates

L5 IR ET P QY

bt
v The Korean Society of Food Preservation

Isolation and identification of biogenic amine—degrading probiotic lactic
acid bacteria isolated from over-ripened kimchi
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Abstract

The aim of this study was to evaluate biogenic amines (BA)-forming and -degrading abilities of lactic acid bacteria
(LAB) and yeasts isolated from over-ripened kimchi and to investigate probiotic characteristics of the BA-degrading
and -degrading microorganism. There were significantly more BA-forming LAB and yeasts in over-ripened kimchi
prepared with fish sauce or salted fish than sun-dried salt. The BA-forming ability of the microorganisms was highly
strain-dependent. Among the isolated microorganisms, the BA degradation ability was found in LAB including
Leuconostoc mesenteroides subsp. mesenteroides CMLO1, Enterococcus faecium KML12, Lactobacillus fermentum
MMIL21, Lactobacillus sakei MML23, Enterococcus faecalis MML26, and Pediococcus pentosaceus SML34. However,

all yeast tested did not show the BA degradtion ability. In addition, L.

sakei MML23 and P. pentosaceus SML34

exhibited probiotic characteristics including tolerance to gastric acid and bile salt, adhesion capacity to intestinal
epithelial cells, and antibiotic susceptibility. Furthermore, the bacteriocin produced by L. sakei MML23 and P.
pentosaceus SML34 showed antibacterial activity against E. faecium KML15, Saccharomyces cerevisiae MMY28,
and Lactobacillus brevis MML24. Consequently, the bacteriocin produced by probiotic L. sakei MML23 and P.
pentosaceus SML34 seemed to be effective in reducing the risk of BA toxicity by inhibiting the growth of histamine,

cadaverine, and putrescine-forming bacteria.
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o1, BEH HEARA A9 s 37,
= A 9 JF Aol AR o 2 Y 242 4
Aol A1 02 HI1E 3 QItiTamang 5, 2016). Attt 2
& AEE e g AEES HBT 9 9 Ue
o gEE7], 55, AEEUS ¥ T 5 45 A A
o] a3 918 A|1l tiTamang &, 2016).

olo] ¥tsf| Tt 71541 F-8/d0] LEiXl R AEY
Aeke 92je] 77 AT T4 B9 HoleAY of
H(biogenic amines, BA)2] AJ/dego] 35| == Foll 5
EofoF gt BAE o] Hoish= nlgE] o8 AA
obulizAte] Tk} 32 ofulite] ofuli| ol as: 2
Jo= QIgh ATs|=} A=Y ofn|i7| HolRkgol wet
Bl AREA f713 oIt BAE T2, 9L Eo|E,
A 9 Y RS 91 BT Ao RA A %
4, 9o B4 3 O 7ot 59 A 418 9 Hast
bg 480 BA AFle A4l RolskAl eith(Tamang 5,
2016). SHAlSt R AT, 9 AP} Fiofl AdkE
& ofAAloh 22 oFE B Foll ofslo] obl AL
ghio] wow slactyl FeEg SIS HokTamang
S, 2016). EQL HdF O BA HFH Al SFE, 24,
S5, WA 9 9% A 59 Algdl AEET fAe 54
& zHolA Hh(Ladero 5, 2010).

Seluiet iAol W Ao shiel PAL T
e, 5714 9 71E 754 i Adalste] e, Ak
T4}, Fn @ FHTE 5 A7l 0|22 oA 714
T3 sfeiti(Pak 5, 2014), 77 W0 FAIR] 41
< Z=Ho|QE o Qlste A 75 Vi, FEF, B
o, FEUAHE, Fedl B4 @ WY 7s A3 2YE U
EPHTK Zhao 5, 2019). SHA|TE 71X|9} 22 dhg XA Fol=
o)pEe] Z43} Sk Bl Bl et Agee) BAY}
AEE 1 It Montet 5, 2014). Leuconostoc mesenteroides
T2 AT fAF HHo| Hojdls tHrAR] fARFe =
Qe oAb TERIS} A7 BAS A4ER: A0 R oK)
2 1} QI Garcia-Ruiz =, 2011). Mah S(2004)2 A|ghe]=
859 HAXEFE FEA, 7HH|d, s|AEw] 9 Byl
2] BAZ} HEHUSS FASKT, ol A=Y Aol
ol ofgl Aol a3t ATS hral Atttk EgL
x|t AR 2EE B9 Lactobacillus brevis?t El2t
91, Hek-wHdofdol, FEHA 2 7™ 52 A5k
YA Aoz TeW v AUrklee 5 2019). W
Lactobacillus plantarum CAU3823-2 o}l A5t AE AJAE
OB Fo A 219 IE 970 BA FE oF 40%
BN R B 54 AUS FOIoH] 22 AoE o
At (Niu 5, 2019). BAS] A4 9 Hofis- AR of

Yzl 5520] SJsi e SRIESE=T, Wa AR =R 2
% Debaryomyces <, Yarrowia <, Candida <, Kluyveromyces
2 Saccharomyces & 59 X BAE A= Ao=
2|21 v} Qltk(Benkerroum, 2016). 5FA]9F Baumlisberger
520152 Debaryomyces hansenii H5259}  Yarrowia
lipolytica 5°] Y5 AR ZHE BA #5f50] 8154 BAY
UT 97 ARl B 7HIH ok Bushsick

A7 FAIECIY 77 7H-& & ©ilE gFdo] =7
U A3 59 a8 AaF Woll EAsks f4kt 3RVt
BA 3] n|R= 9= AR A7 A= v Bl
Qlth(Doeun 5, 2017; Spano 5, 2010). YutF o7 vy 7]
7to] dojglof wet BA 2 SVt Ao® A=A
Zoll= E6k(Um -5, 2016), 230 717 SAIX H2A]
W BAS] 3t 9 HajH -S4kt 590 BA A4 9 &9
5ol 3 A+ A= BEoltt webA 2 dAqtola= A
Az Al 7H A2 F2AERE E9E A a1
o] BAAAY 2 #ole= 5790k, 23l B4 Uil +
O] HaAE AEEHEA &8 7MY 7R f% 2=
HRo] QE S AR

TR
23 Yz
HE Aol FYF HE o A2 The v 1 ke

10%(w/v) ALY Gho] HAA 2ol FaL oF 15A1RE
AR B2e FRER 39 PP A ths 3ARE
i AR 2718 AASIIH A37HRG.5%), e
(2.5%), A7H0.5%), FH3.0%), EE(3.0%) L AZ2.5%)
< S3tokal, E4)7](SMKANB-4000, PN, Ansan, Korea)Z
w7 2ot whe FEe EY iFB5%)0 AT =3 4
A5 @A AE2 e AelM et 7hdeiel B4 o
A Y AALZ 47 ARSI B A= A2l ot
S AT WARE thF 2C AALOlA 12703t Bastod
Ag Aol ARSI

oY oft

3

2
Py
ret

Ja
rlo

A& 50 gof] Q1AFHE~8-N(phosphate buffer saline, PBS,
pH 7.0) 450 mLE 713t o3 < 387F AERAG M,
Maplewood, MN, USA)Z #2435t Alg &4 1% (W)
CaCO;7} A7} Lactobacilli MRS agar(BD Difco Co.) ¥
TafR]o] =gt &SI 37T oA 48417 BigslT A
FHo| Fg%t &2 Aok dFE Adstel MRS
agar(BD Difco Co., Sparks, MD, USA) FHH[A] AJojA] &=
T HjoFslt}. fARFS Lim(2016)9] Hiiol wet

H
—
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DNA extraction kit(Qiagen, Hilden, Germany)Z 52
DNAE F& AAISt & 27F(5’-AGAGTTTGATCCTGGCT
CAG-3")2} 1492R(5>-GGTTACCTTGTTACGACTT-3") Xz}
o|HE Al&3lo] Z5Ha AAMTES(polymerase chain reaction,
PCR, Bio-Rad Laboratories Inc., Foster City, California,
USA)L = %7] HAJ(94T, 38), HAJ(94C, 28), EH42CT,
18, (72T, 28), AH72C, T2) 407 363] HHEA]
# DNAE $ZA|Z ) PCR A2 purification kit(Qiagen)
Z AA|5t & National Center for Biotechnology Information
(NCBD2] BLAST search(http://www.ncbi.nlm.nih.gov)S %
o FAAE H71AES BASHL As/dS Blaste] 5785181

o

20 534

Qb4 25K AlE -8 NS Yeast Glucose Chlorampheni-
caol(YGC) agar(BD Difco Co.) Hia|R]o] =2 &=35}11,
25T oAl 484171 vliefsto] AJ/d=E =S YPD(yeast extract
1%, peptone 2%, dextrose 2%, agar 2%, w/v) BJR|o|A &5
2] W AT Min 5(2012) el W} eIk
2. YPD brothe]l 4%3fe] 300 24412k B4k okt &
PAEE(7,000 xg, 105, 4T)5H T} AZE TE buffer(10
mM Tris-HCL, pH 8.0; 1 mM EDTA)°{| @ErA|A genomic
DNA purification kit(Promega, Madison, WI, USA)Z &3
DNAE AZs1ch. PCROY| AR8-2 26S tDNAS] DI/D2 &=
wole 23 A|7]7] 918} NL-1(5’-GCATATCAATAAGCGGA
GGAAAAG-3")T} NL-4(5>-G GTCCGTGTTTCAAGACGG-
3°) Iajo]m, ITS1/5.8S rDNA/ ITS2 EH|QLe ITS-1(5°-TC
CGTAGGTGAACCTGCG-3")3} ITS-4(5-TCCTCCGCTTA
TTGATATGC-3") Egjo|wE A3}l PCR Thermal
cycler(Bio-Rad Laboratories Inc.)o|A] 27] ¥AJ(94C, 38),
HA(94TC, 28, EHA2T, 18), APH72C, 28), 72T,
T&) O = 363] HHEAIA DNAE SEAIZH PCR AR
purification kit(Qiagen)Z At & NCBI2] BLAST search
2 So A% WIHLL BYSHT AL vEstel 5
319,

ooo g

i 2 54 A 820 BA A5 Eerola
5(1993)2 Mah 5(2003)9] HHo] w2t 5745130t MRS
brothofl 4] B FAkE A EiFA(0.1 mL)yS BA A= ¢
St TAJHUiR|(1 LY meat extract 8 g, tryptone 5 g, yeast
extract 4 g, glucose 1.5 g, fructose 1 g, Tween 80 0.5 g,
MgSO; 0.2 g, FeSO, 0.04 g, MnSO; 0.05 g, CaCO; 0.1 g,
tyrosine 2 g, histidine 2 g, ornithine 2 g, lysine 2 g, pyridoxal

BA MAL é

A

5-phosphate 0.25 g, pH 5.5) AJoll4] 28T, 5Y7t w5}t
SHH, §5= YPD brotho]] &3t & viGA|A A2 A Hlek
H(0.1 mL)y= FARFI 53 BA A4 /duiA] Aol A
QF TR, 28T, 5U7t viFsltt. Akt o) Hijorle
LUR(7,000 xg, 108)310] XS4 392 ofzt A2 of
= Han 5(2007)2] ®H<& 45 HFsIo] BA ThS S5t
At =, AlE(GS g)°f 0.1 N HCI(20 mL)S 7}sto] w25}k
3 TR (7,000 xg, 2083101 AEAS BB
WaEe v 248 53 25 50 mLol 93] AR 8ol
2 ARSI o1 AliH0.45 um membrane filter, Millipore
Co., Bedford, MA, USA)3SH A& 890] BA &3 ¥& 89
(cadaverine, histamine, putrescine, tyramine, 500 mg/L)Z}
0.4 M perchloric acid (Merck, Kenilworth, NJ, USA, 9 mL)
2 1e g A B T ARIG.000 g 10851
o} A5 91S o}l ojiWhatman paper No.l, Piscataway,
NJ, USA)3HTL, 71 oJoi(1 mL)o] 2 N sodium hydroxide(200
uL)2} sodium bicarbonate 335} 290300 uL)yS 71513l oA
Eof 83]A]71 dansyl chloride(Sigma-Aldrich, 10 mg/mL, 2
mL)E 7F5to] 40ToflA oF 45571 BESAIFT: 25%(viv)
ammonium hydroxide(100 pL)E 7}ol] ZE5H= dansyl
chlorideE AASEY, A2004 <F 3087t WAsFAuTh
Acetonitrile 7Fto] ZE 5 mLo] 9= thg AHE
(2,500 xg, 58)3l] I AGH2 022 pm membrane
filter(Millipore)& oJ3}5to] dansyl -S-EA43} A|ATh Nova-
Pak C;z AH(150x3.9 mm, 4 pum, Waters, Milford, MA,
USA)S 9’23t HPLC (Shimadzu, Kyoto, Japan)Z A& W
BA FE FF5IH ol A &doE:= 01 M
ammonium acetate@} B -8 O 2= acetonitrileS ARSI,
AR 10 pLE FYsto] §42 1 mUminC 2 24530,
Y 2% 40T AR

BA &3l &4

FARET BH0] BA #6f6- Lee 5(2015)2] {Ho] w
2t 2451t AAE2 MRS brothollA] 37T, 24A17F, 51
+ YPD brotho]lA] 30T, 24417t &3t 22} Hijokslo] 4w
(7,000 xg, 10&)5to] 22 NEZS PBS(pH 7.0)0 EEA|
A 27] #5E 1.0x10° CFU/mMLE 243519t} Al E detoy
(1 mL)°] BA(cadaverine dihydrochloride, histamine dihy-
drochloride, putrescine dihydrochloride, tyramine hydro-
chloride, 0.1%, w/v)< #7}8F MRS broth®} YPD brotho]|
AR AR S 27 HERE - 30ToA 597 A Hiefst
At ikt G0 Bifl(1 mL)S BA(S0 ppm)7t 37}
=] MRS broth®} YPD brothol] ZHzF HZ311, 30T oA 48
ARt &3t 2 sttt B (1 mL)ofl BA £ #58
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(500 mg/L) E 0.4 M perchloric acid(9 mL)E H7}51]
g St o2 PHE2](3,000 xg, 102)3HAH: A5
o7 (Whatman paper No. 1, Whatman, Maidstone, Kent, UK)
A GA AFT o g SrA3t & HPLCE JESh=
BA9] 3RS =4519it BA £35(%) AXHA[(27] BA
3HF - R BA §) / 27] BA $=F x 100]°] tdsto
=3l

o1Z Astoloy CHst AEH £

Lim(2019)2] BHo] w2} BA Edi5-S Uehd #5= &
T2 AAEIR]OA 37T, 24A17F BiSSERITE HFHS A4
£2|(7,000 xg, 108, 4C)5lo] AZE 353512 PBS(pH
7.0 7I5ke] 23] A5 A|ES4E 1.0x10° CFU/mMLE
2A5}] Q1 9JH[NaCl 125 mL, KCI 7 mM, NaHCO; 45
mM, H&](Sigma-Aldrich) 1 mg/mL, pH 2.0]0] J&3t th&
37COolA 2417 HigstGiTt. vl W ZkEShE o= Hl
U8 HRR] AoflA BEFPAET o2 2459t
SHH, Q13 AN oA FkEdhs Axss 245 A5t
1.0%(w/v) bile salts(Sigma-Aldrich) -&Ho] HFs}ct. 3
TCONA 3AIZE viokeE & vioRE HidEjA] Aol EETH
B o R HE S, AT L F5HolA

o] HES(UE LR,

U HLOA=of CHSH B2bs AL

Lim(2019)9] ®3ol wet g AuAzo] gt F2ks
ZALE Y5l Caco-2 cell(Korean Cell Line Bank)S AR8-5}%,
t}. Dulbecco’s modified Eagle’s minimal essential medium
(DMEM, Sigma-Aldrich) 8] 10% (v/v) fetal bovine
serum(Gibco, Rockvile, MD, USA), 2 mM L-glutamine, 1
mM sodium pyruvate, 100 U/mL penicillin, 0.1 mg/mL
streptomycing F718F RS Caco-2 cellS FE3s1, 5%
CO,, 37COo|A monolayerE F/dL wi7HA| HIFSHAT
DMEM HjAE £33} 6-well culture plate (Falcon, Beckton
Dickinson, Sparks, MD, USA)ol PBS(pH 7.0)2 A|| &gt
Caco-2 cell(1.0x10° cells/mL)2 ZHZ3}F the =3t X709
A 2417 Bl Fstolet. +F Bl Y= (7,000 xg, 1042,
4T)3H1L PBS(pH 7.0)2 A|H3t A2 DMEMo] dets}o]
#5E 1.0x10° CFUMLE 23313, Z+ wello]l HE3sto] 3
7CANA 2417 51t g Caco-2 cellof] F2F=#] oF
< BA EoftZ A|ASKAL ' & trypsin- EDTA 8402 &
ZFAIA PBS(pH 7.0)2 AlAeH & HiQRE HuHlA] oA &
TP IIFHOE BA Hof| #44E S

.

AN e 24l 2

—_

BA Edlle= UeRH 5=9] A et =2 24
A" &%= (minimum inhibitory concentration, MIC)%(Bauer
5, 1966)°22 SA5Ilth. S+t igdS A4EE](7,000
xg, 108, 4C)E Bl AlZE Ho} PBS(pH 7.0)2 A& &
AEZS= 1.0x10° CFU/MLE 243814} 50T AEg 23
AR (agar 1.0%, w/v)oll A2 FEFN(1%, viv)S FE5
11 SRRt & kA flofl $3551e] SaAFTh A,
el Azutol AL, Ffujoldl, HUAY, AEWEDol, €
EgpifolZR 9 Hiamoldl 59 PAYA(Sigma-Aldrich)
stock O 2 HE 27] S|HOZ L& Uk ThS paper disc
(® 8 mm, Toyo Co., Japan)°]] 50 pL loadings}1l, wo] FZ
= FyaRlo] 3t 37T, 24417 viSF 3 disc FHoll A
ke AT B Ha BES 2,

g2l &Y =4

BA ol 37CoA 24A17t vigsto] 2L v
AAEZ](7,000 xg, 10i2, 4C)3t] Bl FeATS B2 7
6N NaOHZ pH 6.5 911 71E2okA|(1 mg/mL, Sigma-
AldrichyS HeStEiTt. S0%(wh) SHISHRES H7lel
4CoA WRISHEA overnight B TS HAAZ] o=
AAEZ](12,000 xg, 30, 4C)sI3it JAAES Hof 20
mM PBS(pH 6.5)0] HEFA]7]1L, FA4 % (molecular weight
cut-off = 1,000 Da, Spectrum, Laguna Hils, CA, USA)C.=
4TofA 24A7t B FA6ISIHE HARIEE IHHOR 5
23t A|Z5 carboxy-methyl sepharose CL-6B(CM-Sepharose
CL-6B, Pharmacia Biotech., Uppsala, Sweden) %fo]2 wg}
FAE olgsfo] HE FA5IE =, 20 mM Na-phosphate
buffer(pH 6.0)2 HEFPSFAZ] th3 CM sepharose CL-6B
column(1.6x23 cm)°f] £A43F &H(4 mL)E FUstL 1 M
Na-phosphate buffer(pH 6.0)Z linear salt gradient B\ O 2
FAof T ES BEAIA B8(4.5 mLyS 35oto] It &
A 24351t Lee 5, 2005). T SHS 3t A
= & Ao ARSE HA AEERE E2E BA B4 &
At aRE ARESIYITE ©]52 MRS broth(BD Difco
C0.)2} YM broth(BD Difco Co.) Z+Z+9] ZFufjR|of| A uijoF
S i FAS AHEE(7,000 xg, 102, 4Tt 2& A ZE
PBS(pH 7.0)2 23] A5}, AESE 1.0x10° CFUMLE
Z7gstqirt. x dhe|E] Al 8H2 i A] AdollA ofxl 3
A5} microtiter plate(Falcon, Beckton Dickinson)©f| -3t

= A #59] Al FERE HE5to] 37T oA 24417
HieFstlth. 2= £ HHEE| Al 894 tj4lo] PBS(pH
7.005 A7Ist & digoict. viF ¥ microplate reader
(BioTek, Inc., Seoul, Korea)Z 600 nm2] mpgofA &A=
2T L 50%0] ol2= £ HE|g 4l N9 X

41
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S5 e ue2] 94l S (arbitray units, AU)O.Z
AR

A W0 Cst WE2IQN 80| B 23

BA Aol ot dhel2] o4l 890] g2 Shakila 5
(1996)0] WHe A% WAYsto] Zsloch. BA AATL
0.0005% pyridoxal-HCI(Sigma-Aldrich)@} 0.5% L-histidine
monohydrochloride monohydrate, L-lysine monohydrochloride,
L-ornithine monohydrochloride -2 L-tyrosine hydrochloride
(Sigma—Aldrich)% %}7}-’5‘} Trypticase Soy Broth(TSB, BD
Difco Co.)oll &3t The 35CoA 24417t w5 HY
FoH(1 mLyg 2] 241 §H(100 AU/ML)Z} ofu]ieAksS0
ppm)°] 7 TSB(S mL)of| E 5 35TofA 2441t wlief
Soick. Hiooe UAIEL(7.000 g, 108, 4T)3 the 4
SHL 0.22 um membrane filter(Millipore2 oJ}3t & kA
At Jpol Wk HPLCE ARgsto] BA A7) Alshe
(4r& 23tk

2 55 Sex2E SMF U 500| B3| 53
ALY % 359 AR Ad= g 4 1% 1271 =t
LaA] %%ﬂi—rﬂ 2% BA 345 22 Eohs=
E} awol 574 75J—]-“ Table 1 2! Table 29} Z
of Yo A T WA BeA 2R HejE 4

oI GX= Z}Z} L. mesenteroides subsp. mesenterozdes
CMLO1(98.6%), L. plantarum CML02(99.0%) L Saccharomyces
cerevisiae CMY03(97.0%)2.2 It 7hte] HAS
Hrlboto] WaAZ E2AZRE= L brevis KMLI11
(98.2%), Enterococcus faecium KML12(100.0%), Weissella
confuse KML13(99.9%), Pediococcus pentosaceus KML14
(99.0%), E. faecium KML15 (97.0%), Zygosaccharomyces
mellis KMY16(99.0%), Pichia fermentans KMY17(96.8%)
2 Sjlsigict WA Aate Hrlslel WAzl Bedz
B¥= Lactobacillus fermentum MML21(100.0%), L.

i

_|_:

Table 1. Identification of lactic acid bacteria isolated from over-ripened kimchi prepared with different kinds of salted and fermented

seafoods using 16S rRNA gene sequence analysis

16S rRNA sequencing

Source LAB
Related strain in NCBI Accession No.  Similarity (%)
Over-ripened kimchi CMLO1 Leuconostoc mesenteroides subsp. mesenteroides TW8-1 KJ026579 98.6
prepared with

sun-dried salt CMLO02 Lactobacillus plantarum FY1 KY039178 99.0
KMLI11 Lactobacillus brevis 12N-1 MG676651 98.2
KML12 Enterococcus faecium C228 AB246407 100.0

Over-ripened kimchi
prepared with KML13 Weissella confusa R003 KF312398 99.9

‘Kanari-aekjeot’
KML14 Pediococcus pentosaceus 1105 KJ649285 99.0
KML15 Enterococcus faecium DIJ1 GU358405 97.0
MMIL21 Lactobacillus fermentum LMEM 5 MK418591 100.0
MML22 Leuconostoc mesenteroides AHL9a MK262982 99.9
O"erfr'e“p%erggd ‘i;‘tr}?‘:h‘ MML23 Lactobacillus sakei Wil KM267630 98.3
Myeolchi- MML24 Lactobacillus brevis Z3 KX608718 975
ackjeot

MML25 Lactobacillus plantarum S9 MF197402 100.0
MML26 Enterococcus faecalis SLDL-211 MH779826 100.0
SML31 Leuconostoc mesenteroides PC13 EF579730 99.0
SML32 Lactobacillus brevis 42K KU746859 98.9

Over-ripened kimchi
prepared with SML33 Lactobacillus plantarum MS KP874187 100.0

‘Saeu-jeot’

SML34 Pediococcus pentosaceus 143 MN904850 99.3
SML35 Lactobacillus sakei MG5333 MN368591 99.5
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Table 2. Identification of yeasts isolated from over-ripened kimchi prepared with different kinds of salted and fermented seafoods using

26S rRNA gene sequence analysis

26S rRNA sequencing

Source Yeast

Related strain in NCBI

Accession No. Similarity (%)

Over-ripened kimchi prepared

with sun-dried salt CMYO03 Saccharomyces cerevisiae SFM33 MGO017574 97.0

Over-ripened kimchi prepared KMY16 Zygosaccharomyces mellis ML534 KC692235 99.0

with ‘Kanari-aekjeot KMY17 Pichia fermentans NM816 MH704184 96.8

MMY27 Saccharomyces cerevisiae NQ4-3 GU565198 98.3

Over-ripened kimchi prepared MMY28 Pichia membranefaeciens TFO 10215 AB019215 99.2
with ‘Myeolchi-aekjeot

MMY29 Candida versatilis OH3G1 AB196212 100.0

Over-ripened kimchi prepared SMY36 Debaryomyces hansenii WC13 AB436429 98.0

with “Saeu-jeot SMY37 Pichia membranefaeciens NRRL Y-2026 EF550227 99.9

mesenteroides ~ MML22(99.9%), Lactobacillus  sakei
MML23(98.3%), L. brevis MML24(97.5%), L. plantarum
MML25(100.0%), Enterococcus faecalis MMIL26(100.0%),
S. cerevisiae MMY27(98.3%), Pichia membranefaeciens
MMY28(99.2%), Candida versatilis MMY29(100.0%)2 2}
=G AfALE Yol EMRAX] F2AEREE= L
mesenteroides SML31(99.0%), L. brevis SML32(98.9%), L.
plantarum SML33(100.0%), P. pentosaceus SML34(99.3%),
L. sakei SML35(99.5%), D. hansenii SMY36(98.0%), P.
membranefaeciens SMY37(99.9%)% &91=]Qict 22 &
Agah B ERE Bex) AR vzt §ojg i} 9]
S, ol 707 % - 3ele U Az} ¥ 84| Aol
71Qleke Ao wehEc)

Park 5(2010) 4TCollA HRAX] X9 27| @A F
8 QAFO R W koreensis@} L. brevis7t 4507 319
1, B2 ANFERYEEE Leuconostoc gelidumT}; L. sakei
21 BFETE Lee@} Lee(2011)+= L.
mesenteroides, L. plantarum X L. sakei= S-2A| 25 E B
A g EHQ FEoleka Buskal Seo S(2014)% &
SAIZHE E. faecium SHOIZ 223t vt =H], 0|2} &o]
oo} Aol FelE AR F2A9] FARFES & AT
oM YR FLoIH. 4 Holl= L. mesenteroides?t
Q4%0l v, Wg $7)0= Lactobacillus 40| FQ A
O & FEEHI(Rhee 5, 2011) L F=H|, & A-olA
+ 7] d3E Flste] HRAIY] S2A1E ALet Al
o||A L. mesenteroides7} & 27| AHE & 7|7F 5ot
FAE =T, o= A 2=2T)7F #37] el Aes
HojXItH(data not shown). THFA] AX] W HF F4kt9]

subsp. sakei7} 5 0|

o A

e A9 duet Alx o 9 Ta 240 dFe e

At g aRE 4
o, Y 2o a4E FHIRFCEN PX| 9
7|3l o]FE TAAI717] whizol X Waof Fefiet vdE
2 71FED 9kLee 5, 2018). X W) aHSE= 28 2
71914 S717HAE daERE fYEe] I FAET
7} 571 o1 HE fANESTE HAET] ARFsHEA H7A 0
£ Z71=0] AA Yof| 27, SYAIE, vl 2 3Rk
A4S BARPo M 553 FHlE AT But ofye),
B V9 F= AMaRrt SARIo 2N A9 2AE
FE2A sk A% @S Rt (Kang 5, 2019). & A+
o] Am2RY £8¥ AT 9 A9ol= 6.9+43.1
x10°-7.0+1.1x10° CFU/g Aol W&} Zeggol utet A
A38] S71517] AlZtste] Fdf i A 3-6711H0l| o]23]
7t 71 o)Folle AAS] s o] o7l EaAYl F2A4]
o A= 8.8+1.9x10%-6.2+0.2x10" CFU/g §=Z=0]ith. FA]qt
ARE YR iERE AEE7] ARSI, o7EE B2
Aol A 6.0+£3.2x10°-1.3£0.3x10° CFU/gC& AZEon
E(Lim, 2020) 7|& 97} BlSRE Ao = YT Kang
52019y HiEAAZEE  Brettanomyces  claussenii,
Candida bogoriensis, Candida cacaoi, Candida guilliermondii,

Citeromyces — matritensis,

B
e
k>
PN
o
T
N
>,
2
ol

Kluyveromyces  vaeronae, P.
membranefacience, Rhodotorula glutinis, Saccharomyces
bayanus, S. cerevisiae, Saccharomyces pretoriensis, Saccha-
romyces italicus, Torulopsis salmanticensis 5°] 2=,
Pichia kudriazevii, Pichia kluyveri, Kazachstania exigua,

Kazachstania pseudohumilis, Kazachstania servazzii, Candida
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sake, Y. lipolytica ‘5 X HHO|| TS FA o= Ata

Eo0] ¥R F7]o] E=EAHAL HIsiGitt & AFA =
ol Aol Rel At 9y 75| Aaigon, ¥

& 71710 Zojgel] et Bexje] 217o] E2fA T o]
7} A= Qich(data not shown).

3Y 3R SeNERE RRIE DR
52X 258 2o ngEe] BA 84452 5793 23
L Table 33} Zth L. mesenteroides subsp. mesenteroides
CMLO1S S|AEMIS 562.3+13.6 mg/L AASHA,

plantarum CMLO2EZEE] 7IchH AJAJ5(103.6+1.2 mg/L)

Table 3. BA-forming abilities of lactic acid bacteria and yeast isolated from over-ripened kimchi prepared with different kinds of salted

and fermented seafoods

BA-forming ability (mg/L)

Source Strain
Cadaverine  Histamine  Putrescine ~ Tyramine
Leuconostoc mesenteroides subsp. mesenteroides CMLO1 NDY 562.3+13.6” ND ND
Over-ripened kimchi
prepared with Lactobacillus plantarum CMLO02 103.6+1.2 ND ND ND
sun-dried salt
Saccharomyces cerevisiae CMY03 ND 107.2+16.8 ND 34.74£5.5
Lactobacillus brevis KMLI11 384.2+20.9 ND ND 411.4+30.9
Enterococcus faecium KML12 ND ND ND ND
Weissella confusa KML13 ND 115.7£13.0 ND ND
Over-ripened kimchi
prepared with Pediococcus pentosaceus KML14 ND 357.4435.1 ND ND
‘Kanari-ackjeot’
Enterococcus faecium KML15 ND 193.2425.8 ND 99.4+1.0
Zygosaccharomyces mellis KMY16 80.7+2.7 ND ND ND
Pichia fermentans KMY17 ND 147.6+5.4 ND 99.3£11.0
Lactobacillus fermentum MML21 ND ND ND ND
Leuconostoc mesenteroides MML22 ND 287.4+24.0 68.2+11.9 ND
Lactobacillus sakei MML23 ND ND ND ND
Over-ripened kimehi Lactobacillus brevis MML24 ND 112.3£6.7  451.7+2.3 ND
pr‘if/’f;‘f(ﬁcglfh Lactobacillus plantarum MML25 ND 4942451 ND 84.243.5
ackjeot” Enterococcus faecalis MML26 231.545.2 ND 55.9+14.9 ND
Saccharomyces cerevisiae MMY27 ND ND 164.2+21.1 ND
Pichia membranefaciens MMY28 209.7+11.4 ND ND ND
Candida versatilis MMY29 ND 56.9+2.9 ND 76.5+2.2
Leuconostoc mesenteroides SML31 ND 299.7+24.1 ND ND
Lactobacillus brevis SML32 205.8432.5 ND ND ND
Lactobacillus plantarum SML33 318.2+14.5 ND ND ND
Over-ripened kimchi
prepared with Pediococcus pentosaceus SML34 ND ND ND ND
‘Saeu-jeot’
Lactobacillus sakei SML35 ND ND 3472452 491.2440.3
Debaryomyces hansenii SMY36 66.7+6.0 ND ND ND
Pichia membranefaciens SMY37 ND ND ND 47.1£3.4

UND, not detected.
DAl values are the meanSD of the three replicates.
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o] SRI=|GIEE. L. brevis KML11-Z tHg9] 7ok} El2il
& AASIHEIL, W confuse KML133} P. pentosaceus KML14
EREHE S4B Adso] ERIEUCH, E faecium
KML15= S|AEIERE ofuzl Eele /g5l L.
mesenteroides MML229} L. brevis MML24= 8| AT}
FEHAS ABotTt. ATkt L. plantarum MML25+= T
o] S| AEMIT} ElRtY, E. faecalis MML269] SJsiAl 71t}
iy FEH L] Aol SRIEIUT. L. mesenteroides
SML31-& S|AEMI, L. brevis SML322} L. plantarum
SML332 71O A-E AL, L. sakei SML35= ZET|
A3 Ejee AR

SHH, S. cerevisiae CMY03< 5]2~EF(107.2+16.8 mg/L)
S AASIAL Z mellis KMY162 Z1ohH|=(80.7+2.7
mg/L), P. fermentans KMY 172 S| AE(147.6+5.4 mg/L)Z}
E]g}71(99.3+11.0 mg/L), S. cerevisiee MMY27-S ZEE#A
(164.2421.1 mg/L)yS AJAISISIC). P membranefaciens MMY28
2 ZH|A(209.7+11.4 mg/L), C. versatilis MMY29+ 3]
2EHN(56.942.9 mg/L)i} EJH1(76.5+2.2 mg/L)S AY/Jst
At} D. hansenii SMY362 71| #(66.7+6.0 mg/L), P
membranefaciens SMY37-2 E]E71(47.143.4 mg/L)S A
stsick.

ool AolA & o A TFE F2A oA B &
Attt G0 o] wet A EE BAS] S5 ATl
= FOg Zo7t A2 & ¢ ATk

ALHET = HAlolu S H7RE F2A2HE Hf
gt 579 BA A 4kt 2 au7t BEE e, ol o
Aot A ApAof T BA AFAdtol oJgt Aoz 4
Hot 2 AFtolA] AREE 7iue] ARAFE AL 5.4+1.2
mg/kg, 7FHHIE: 192.4+10.1 mg/kg, S|AEN: 316.7+5.8
mg/kg, EJZHTL: 12.4+1.7 mgkg), B WA (ZEH AL 331.9+
20.4 mg/kg, 7R 221.6+16.9 mg/kg, 3|AEH: 201.3+
0.9 mg/kg, El2Hl: 8.9+0.2 mgkg) L ALY L
S| AEM: BAZ ZEHAL 152.3+13.7 mgke, EEFTL: 342.1+
22.4 mg/kg)ZEE] BAZ} ZZ(data not shown)E|Q o Z
ol 4t | A1F o= BA /4350l Sle PIgEe] &
Astalom, A= AX|et 5249 BA Fgor FF 1
7 Aoz wetEch 2 Ao} fASH oot 7t A =5 E
AEH BA= HRl o2 RE feiEe 208 HiH v gl
(Lee 5, 2019), Tsai 5(2005)% Wi =2EY HEH 1}
FO| S| 2B AA9] H7tof| e Zol=tal YRt

Jin 50192 25719 S7YAZRE BoE Hleulg
ok GF fANE 5 AAY s4do] 2PE= 52t EEh
H19] &g TPl o= L. brevis® S7E =T, &
Aol M HYHE ALfet WA A2 H7Isto] A3t

2O 2 HE L brevis KML11, MML24 2 SML327} £2]
Eglom, o5 EEylS HEsto] 7k, s|AEN] 2
FEAS A5t visAR oA 22E L mesente-
roides= E|2t71-S AJAJSH HFH(Kim} Kim, 2014) L. mesen-
teroides MML22:= 5| AEMIT} ZEHAS, SML31-S 3|A
S Aot eI =RE 29 L. plantarum- €
S A9 A0 & Hard Hf Ql=t(Arena 5, 2007), L.
plantarum CML022} SML33-2 71oH|&, MML25+ 3] AE}
97t g2l Ak oleks 2] et S
Z28E EB2|H L mesenteroides, Lactobacillus pentosus 2
L. plantarume BAS AJ/J5HA] = ACE SRIE =T
(Jin 5, 2019), & A5 oA = ol 5 TLS HSEE
58 BA A0l gRIxo] el AT Atk E3L
W=7 x9] 8= QAN L. brevis, L. plantarum, L.
mesenteroides, P. pentosaceus't BAS AJAFSIA| QH= A O
& B v} 9lo], §4NtS] BA 52 dSEths #5
of 9J&Esk= A & & UK Mah T, 2019).

Baumlisberger 5(2015)2 & 2J010 g HE| E2|El Dekkera
bruxellensis= TSt £59] BAE XA, EQFo2H
Bl B8 D. hansenii H1/2-72= FEHAl, 3|AEH] 2 ]
241, H199= 3| AEMIT} Elghdl, H5249F H525% BAE A}
Ko gre A0 Belslo] 3o ujh AT BAC)
F5/h vetT U Ew eklozny Rod P
membranefaciens H227-2  E|2¥Q,  Schizosaccharomyces
pombe K812 ZTEFAl ElgTl, ofgoldl, Zygosaccha-
romyces rouxii~= E|2p1d} ogoltlS AJ/dot= Ao= o
Qlxfo] HE AF A xR0 &= aRo] oA thFet
BA7} AdEctal HAsiQity. 2 Ao P membra-
nefaciens MMY29+= 5| AEMIT} Elgty], SMY37-2 E|ZHT
S AJAFS1o] Biumlisberger 5(2015)9] ZAjel= HEZ o7
Y25 Caruso 5(2002)> &9} 9fQ1C = RE FejE
Brettanomyces bruxellensis®] 2]3l] & BA TTH(15 mg/L)°]
7V =9k, 11 TR0 2= S cerevisiae7} AJAFSE & BA
(12.14 mg/L)o] 7} W@ AoE Ueyth E5] S.
cerevisiaeZ A7) 2Qlofl= ofEolHl(2.3-16 mg/L), of
TI9F(3.1-7.5 mg/L)o] 7MY A SEEQITH AL Stof & A
F9] S. cerevisiae CMY03(3]AEMI) U MMY28(Z1chH|#)
IH= o2 F79 BAE AAbsks ZA0& ERIESH Qi &
2014y B2, el Fehilel, AdEeld S| 3
L C versatilis®} Z. rouxii 52 G10of 98 Z71=E9a1, 7F
ZF YollA Z rouxii= 121.71 mg/kg, C. versatiliss= 69.96
mgke AIEIGLOB, B2 ofoliAl FeHt 547 ofv]
Ao 2 RE BAS AT BE sI7lo] Aol 4T BAF
< S7FETHL sheltt
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AL dokio] n2E AR oA 85 5
3 7 Az wsiele] Qe 2404 A 717 A
% o MG 7M1 YrKBarbieri 5, 2019). 53] op
B SAL WL pHo| Q3 % QU vl BASfe
of Alof Tigk AEdA0] AR 5= ek 2B 1EBH
QAR ofuliA} TebiIsh Al Aul0] Wit AT B3
oluix] 32 AT e oliL, o] <sle] BA

13g0] 7Rs ST Lucas 5, 2007). BA A4+ PAE et
A Tk §AR9) B FEECHe F50) olEsty, got
3 27 SlHe] BED AL A tAUZS UREO
2 FRE Aol §24 54 A sstcBarbieri
5. 2019). o]g} 2 GAKEe ofuliAl PEHG} AUZ
o0& QI8) 7X)9] Wwiask Aol uet FAko] YL &
7AOE pH7t WolAE BA BHFE G5k 3718 4
ol Aoz TR,

A 7Y S2A=RE Z22E 04322 BA Bdls

A 2RE £ e BA Edls= S79% 21
= Table 49} Zt}t. L. mesenteroides subsp. mesenteroides
CMLO1S 7hhia] Eol5(6.540.9%)S YERN, E.
faecium KML12ZHE+E S|AEMI(41.742.2%)2 El2HT]
(25.3£0.4%)9] Hol50] ERA=QIct. L. fermentum MML21
o e FFhH|E(24.2£0.9%), L. sakei MML23-& EE|
A1(31.244.8%) 7} E]2H1(19.744.1%), E. faecalis MML260]|
OJsfAl S| AEF(4.940.3%) Eallso] YERATE P pentosaceus
SML34= FEHAS 25.740.9% E3A17]= A 02 2RIE
U}, ¥H, A2 25E £2EH LE GHo] 9Joji= BA &
S0l SRRI=A] &3ttt

2 AT AIojA] Bzo| o] Wt £4 BAS AT
HHd, E tE BAO] tisiAl Edl52 YERZ1 = SH3ith Jin
520192 IH7} XD 245719 T4 W g
¥} S| AEH Skefo] AAS] AE =T o= BA Ed5°]
U= FARFOl 93k Aolgkal =453tk Kim 5(2017)%
S| AEM Bafls0] Q= L. sakei, L. plantarum, Leuconostoc
carnosus 'Y L. mesenteroides= 4ZE35t vl U9 5]A
el FEL 7ol WIsh ROIE ZAERS L K
t}. Urs 5(2019)°) 93l L. plantarum-2 S| 2EFR(100%),
ElZHH1(100%), 7FeHE(28%) R FEH41(67.8%)= =5l
3 Aoz BIEIit. ofg} fAH £ o] AnelHE
L. mesenteroides subsp. mesenteroides CMLO1(7 &), E.
faecium KML12(5|2~EH, E]2H), L. fermentum MML21
G, L. sakei MML23(FEEH A, El2M), E. faecalis
MML26(3|AEM), P pentosaceus SML34(FE |4 ZEE]
BA Edl50] Rl AU=H, Alete] BA &3fks2 obtl Ak}

B 4(amine oxidase)o]] 2]of A8} o5} HHS-S &
Sro g Uepdtial d#A Ith(Tabanellin 5, 2014).

B (Lim, 2020) 23}, AYFOo = T AR |oAEH 7Ht
B|21(0-105.16+5.07 m/ke)Th 5] AEFT1(0-326.82+0.75 mg/ke)
o] SFFS a7} AYDF= J7I=A=T L. mesenteroides
subsp. mesenteroides CMLO1, L. plantarum CML02 % S.
cerevisiae CMY039] <5kl Zog A}t S, L.
mesenteroides subsp. mesenteroides CML01< 719 B
S50l SRl=U oL, /o] Rol 524 7t Tk
SO WA Ra Ao weHEr

Tke] AR Arhsto] g 1A v AT 55409-
440.96:2.97 mgkp)©] TR Wi} APBEE FAH0
2 V=9, o= L. brevis KML113} Z mellis KMY16
o] JgFo g FHETE S| AENI(8.52+0.15-274.52+6.37 mg/kg)
9] =R P pentosaceus KML14, W. confusa KMLI13, E.
faecium KML15 @ P. fermentans KMY172] F&Q1 Aog
HojAw, S|AEIO] Sk 6719 o] % FEl= Q3| A
E|Ql=d], o] E. faecium KML129] E515-20] 9§43kl Ao
2 34" ot Al Y El2H(0-368.05+0.99 mg/kg)
L. brevis KML113} E. faecium KML15S Y P fermentans
KMY179] Gl AL = 75, Eleiilo] ok 971
olFRE AT o] SASLL, o E fuccium
KML12S| ol 0 Ap2e] Aol ofat A0z 248t

2] AR o= T YRAX] F-2A]9] 7IhH|R(6.69+0.64-
185.72+1.66 mg/kg) IS E. faecalis MML26, P. mem-
branefaciens MMY289] 4391 AoZ 7Y, ¥a 57|
B 45E L fermentum MML219] Z3150] oJs]] 7HeH]H
o] FFS A IR G A0 YT, FeaAl
(9.42+1.11-310.54+3.00 mg/kg)] SFFS L. mesenteroides
MML22, L. brevis MML24, E. faecalis MML26 % S
cerevisiae MMY279] G321l A0 7 HojX|n, ¥g F7]0
11 9Fgo| AA S7FEA] Y8k AL L. sakei MML232] -
Shet A AFEe] 7115k AL R THET EEvl
(0-93.89+2.26 mg/ke)2] SHFS L. plantarum MML25 2 C.
versatilis MMY29°]| 7|15}, 97§ o]Fof UA3t =F0
2 §RE AL L sakei 239 Bdls L L plantarum
MML252] AbFZo] oJ3t Ao & HojXIt} ¥hH, S|AEI
(5.61£1.80-815.26+5.5 mg/kg)] SFHFS L. mesenteroides
MML22, L. brevis MML24, L. plantarum MML25 2 C.
versatilis MMY29°] SJ5}H, E. faecalis MML26° 2 ELE]
Eofso] ERIEGloH, B4do] Wol T Aaol= & IF
= XA 2UE A= W

AAZE Fol HRAT F2AY] 7hefH]|=(0-436.03+
8.4 mg/kg) L. brevis SML32%} L. plantarum SML33 X
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Table 4. BA-degrading abilities of lactic acid bacteria and yeast isolated from over-ripened kimchi prepared with different kinds of salted

and fermented seafoods

BA-degrading ability (%)

Source Strain
Cadaverine  Histamine  Putrescine ~ Tyramine
Leuconostoc mesenteroides subsp. mesenteroides CML01 6.5£0.9" ND ND ND
Over-ripened kimchi
prepared with Lactobacillus plantarum CML02 ND? ND ND ND
sun-dried salt
Saccharomyces cerevisiae CMY03 ND ND ND ND
Lactobacillus brevis KMLI11 ND ND ND ND
Enterococcus faecium KMLI12 ND 41.742.2 ND 25.3+0.4
Weissella confusa KML13 ND ND ND ND
Over-ripened kimchi
prepared with Pediococcus pentosaceus KML14 ND ND ND ND
‘Kanari-aekjeot’
Enterococcus faecium KMLI15 ND ND ND ND
Zygosaccharomyces mellis KMY16 ND ND ND ND
Pichia fermentans KMY17 ND ND ND ND
Lactobacillus fermentum MML21 24.2+0.9 ND ND ND
Leuconostoc mesenteroides MML22 ND ND ND ND
Lactobacillus sakei MML23 ND ND 31.2+4.8 19.7+4.1
Over-ripened kimchi Lactobacillus brevis MML24 ND ND ND ND
prep ared with Lactobacillus plantarum MML25 ND ND ND ND
Myeolchi-
ackjeot Enterococcus faecalis MML26 ND 4.9+0.3 ND ND
Saccharomyces cerevisiae MMY27 ND ND ND ND
Pichia membranefaciens MMY28 ND ND ND ND
Candida versatilis MMY29 ND ND ND ND
Leuconostoc mesenteroides SML31 ND ND ND ND
Lactobacillus brevis SML32 ND ND ND ND
Lactobacillus plantarum SML33 ND ND ND ND
Over-ripened kimchi
prepared with Pediococcus pentosaceus SML34 ND ND 25.7+0.9 ND
‘Saeu-jeot’
Lactobacillus sakei SML35 ND ND ND ND
Debaryomyces hansenii SMY36 ND ND ND ND
Pichia membranefaciens SMY37 ND ND ND ND
DAIl values are the meantSD of the three replicates.
INot detected.
D. hansenii SMY36°] 7]Q15hH, S|AEI(0-419.16+1.11 SML349] Eallsof 9Jsf Wa 7|2 2455 o] 34
mg/kg)] TFL L. mesenteroides SML312] Qgfo|1l, FE S7V=EA 2otE A= 7%?]_ .
#A1(4.87£0.37-180.21+7.67 mg/kg)d} E]HT](10.52+0.32- olAto] A}, dha FAso] SHEo] Akl GOl F
390.36+0.51 mg/kg)S W5 L. sakei SML350] QJ5F o= o] ulz} BA AJAdeko] Alojehhs A2 & 4= 9lglod, U
a 12717 Y, slAE f EERRY) R A Fo] Ta vEo] oJsiAd BA Edfse] ElEiens i
Fpl S71Eck SPAIE REANS] B P penosacens T AHE Azl 0183} v1RS] BA A4 i 2elo]
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TA Ha¥ Aoz AlmHr

BA B35S LK H2| 339| mauj0|og &y
BAS AASHA] L1 BA Edfso| Q= E faecium
KMLI12, L. fermentum MML21, L. sakei MML23 % P
pentosaceus SML34E Adsto] T gHlo] Q8 #5329 715
8 B7IsH7] flsf Q18 axgtlo] gt A3 CaCo-2A]
30| ofgt RS 2ASE A= Fig. 13} 2t} E. faecium
KMLI12% pH 2.09] 915 $J9 3}of|A]9] ABZE-E- 0.5+0.03%,
1% bile salts SFo|A= 17.5+4.7% ABE5FR L AT A Lo]
gt B2 4.7+1.1%0]3}T}. L. fermentum MML219] Q1
2 Slola G5 Sl BERL 247 0.06:0.01%}
32.4+2.9%0] 01, AluAxof tist BAE-2 27.2+3.9%
2 etk L. suker MML239] 21 9jotat 25 2ol
O] =G-8 7¥7} 23.9+3.4%%} 52.8+3.1%0]21 21, AT AL
of gt BRRE&S 7.240.9%% YERHTL P pentosaceus
SML34] €12 91943} GEoAI] BEES 217 19:03%
9 258:5.0%2 Uehtor, AmHme] tigh BHge
18.7:3.7%2 2HEI9ck. ol4e] s, Q1 2stalo] et
A/t A o] et FAReE whsol wet Feljt A
o7t 13Lee, Q1% Siolz} el et AT L sake
MML230] 7} =43, AuAase] ofgt §Rg2 L
Sfermentum MML210] 7P} =& 07 YElit)
Lertworapreecha 5(2011)2 & 6059 E. faecium
15 5= At gt Aol ERIEQIY, 1 FolA
EFMC21, EFMD30, EFMI47 9 EFMI49= ©50] =25
%S o AEEo] =okom, At Huto] gk R =%

100 m

I Tolcrance to gastric acid
[ Tolerance to bile salt
80 f [ Adhesion capacity to intetsinal epithelial cells

60 |

40 b

Survival and adhesion (%)

20

KMLI12 MML21 MML23 SML34

Strain

Fig. 1. Tolerance to gastric acid and bile salt and adhesion capacity
to intestinal epithelial cells of BA-degrading lactic acid bacteria
isolated from over-ripened kimchi prepared with different kinds of
salted and fermented seafoods.

o3l BSkI=T E. faecium KMLI12+= Ao tgt A3/g
2 olEHT} thh Witk Allameh 5(2013)0] 2J5h4H L.
Sfermentum-3-2 pH 3-8 E 0.3% HEY stoA 54 753}
Ral, TS L. fermentum BIF-19+= 73SF A BH A4
w2} Caco-2 Al3Eof Yo gt F21(8.78+0.36%)& HERHSL
O H(Panicker 5, 2018), L. fermentum MML21%E FE5AMH]
thet WA 9gt FaRe-S UeUSIT L sakei J4= Q1%
Floo] Thgt BEE2 24.3+3.0%, BEA] e EE2
25.8+04%% TFE o500l H|g] AHiHos =2 BE&S
e QA (Park 5, 2012), L. sakei CH8-2 A3 Alm| A3
oF 2417 &9 v & &2 FAES HojF{tKSong 5,
2015). P. pentosaceus MZF16-2 B3} FEHo| tfst AE
g0 T2 AFAE YRS, a0 Y S48 UE
o] %3 Caco-2/TCT Al tisf] &2 7= Uehiil
T}l Shod(Zommiti 5, 2018) & A+t Ael= tha 2jo)7}
UM

E. faecium KMLI12, L. fermentum MML21, L. sakei
MML23 9 P pentosaceus SML342] TAYAJof| thst A
< =73t A3l= Table 59 2t E. faecium KML12= <&
Ad, ofgjAazato]Al 9 vtuto]Alo] tist ZHpAdo] &
Al VR o™, 7hmto] A} HEgtato|E710] tis A3Hd
o] & AL= YERITE L. fermentum MML21-2 HUA=0|
gt 7H/do] =3d W, AESIEnfolAlo] gt A3
o] A YeFst L. sakei MML23-Z of|2| AZnto] 41y} H|
Egpalo|Z -] gt 4do] =tar, st Huydd
of tigt Aol & ALR RIS} P pentosaceus
SML34+= fuAdat 7hdato]ilof] theh Zhado] &kar,
HUARo] gt #d4do]l A UEHTh E. faecium
EFMC21, EFMD25, EFMI47 ¥ EFMI49= HHg|2] A1
AYAretl o, oAl AR/ ZERETHE AIZE2ESAMI, A
afo4l, EgjH|Ang/ HupHEARE, vkantolilo] thsh 2
g0 E=UE wH, AlZEH, ofg|Agntol4l 9 HEZRAL
o|Zdo] thsf Aol =Tkl Soi(Lertworapreecha <,
2011) E. faecium KML129F= LR FgA0] ohsf Hls=gt
A S UERSITE L fermentum-3-2 ~EF]ER}
o]4l, Fefrtol 4l & Fhtuto]Alo] ths A3t o] s,
g EZtAlo|Zdof| s F7t Fxo] ~Folqlon, E2¢
HUZ, oA, e o] tisia A4/do] 4%t A2
2 Ut mevolo FEEA Aushin st
(Allameh 5, 2013). L. sakei GMKO12 ¢m]Ad, HyAd,
SEAME, SHcrtol4l, S2HYUE, ofg|AZulo]4l,
Aepatol4l, 7hupatoldl, AEREHlojAl Fof tisid 74
go] =W wHA, SARAE, HAERH, RhamtolAl, Al

5 1

A, BAAPRIEY, HEAIEY SOl dis] AdstA
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Table 5. Antibiotic susceptibility of BA-degrading lactic acid bacteria isolated from over-ripened kimchi prepared with different kinds of

salted and fermented seafoods

Minimal inhibitory concentration (ug/mL)

Strain Ampicillin Erythromycin Kanamycin Penicillin Streptomycin Tetracycline Vancomycin
KML12 8 4 64 32 16 64 4
MML21 32 16 32 4 64 32 16
MML23 128 8 32 512 16 4 16
SML34 4 32 4 128 32 16 64

(Khiralla, 2015). P. pentosaceus MZF16 -+ AEFato] Al
SEEUF ¢ vizvtol4lo] tishd A do] %o 2
SEAML, A, dlgjAazntol4l, AEJIER]A] 9 |
EgpAtolEdo] gt A4d0] Ethl 5Fl=Tll(Zommiti
5, 2018), 2 A9 o5} U S H TS W
o] we} GgAIS] 750l th Holt U o % 919
=7

oM, 2 A F2AERE E2E BA B4 fAR
auwo] tigt E. faecium KMLI12, L. fermentum MML21, L.
sakei MML23 9 P. pentosaceus SML347} A3AFst BHE|2] Q.
Al 8] Bt B2 7% A= Table 59+ AT E
Sfaecium KML129} L. fermentum MML210] 34t BHe|2]
24 &R BA ABAdatol A It S UEiAl &
QYAWE, L. sakei MML239] HHEH QAL E  faecium
KML15(2,560 AU/mL)%} S. cerevisiae MMY28(320 AU/mL)
of tial st S YeMNI O H, P pentosaceus SML34
o] uHe| 2] QA L. brevis MML24(640 AU/mL)o]| T3 &t
o L3E UEURIEE ATt L sakei MML 230] 84K ¥F
HZ Al 89100 AUmML)S A2t AL E faecium
KML157} RJAKSE S| AEMIO] QRS 44.7+4.8%2} S. cerevisiae
MMY280] AARgE 7ioh[EE 6.9+1.2% FHAAIFT EST
P, pentosaceus SML347} AJALSE vH|2] QA1 -BNL [ brevis
MML249] ] AE(8.1+0.5%) T} SEEHA1(10.7+3.9%) B4
S TAATIE BT YERRE B 7o) AT S
o] 3ol et vejelele] W P} g ATE
33T A7t lgloH, Pt EdS vEhd v A
AA| #52] F4] QAR ol e, o]=9] BA B A
ok &30l ERISHATt. L. fermentum-3-2 o7 ¥
Aol et ARt I S UEISI o Allameh 5,
2013), L. fermentum BIF-19+= BHE|2] QAIS AJASIA] L
A0 2 VEPFTHPanicker 5, 2018). L. sakei J4= A5t
of ot =2 IS UEAL(Park 5, 2012), P
pentosaceus MZF16-2 BH| 2] @ A1 AJAVS1] Listeria 4:0]
et gt E/g0] RISt SFof(Zommiti 5, 2018) <

ol vzt srelelo Al WA B AHEDL Aolasict
71E A ko] sk FET xEnloloE WA of
A Zpol7} Ao L. sakei MML23 L P pentosaceus
SML34+= 9|Hof| Tt /dat F54te] et =2 A& 2
AR YAl gk 7 g8t ofye}, BA AJAdtoll tigh
|| Al BT ERIE|ONE DRHO|QE HFEA]
Astslcty W=k Nisin2 A= Lactococcus lactis
= Streptococcus thermophilus®} E. faecalis®] BA BAMS &
Of3i] SISO D E HeT| oS B S-S T
&3t W0l BA Azslol madolekn ws wh otk
(Tabanelli 5, 2014). BA 553} =t E4 Pikso| =
L. sakei MML23 ¥ P pentosaceus SML34 52 28 A&
Ax& AHERE olgittd Wa 9 A% g 5 BHd
BACE QIgt 54 9¥E W& & AUS A= woH:

419] Aol ol wet AZof| thgt AH|RR] Q14]o] A
Al HatEHA SRk 0 2 MY AlEH7HEol et AR
o] ZsfiAl= HHH, S5 9ol flar QPHsHAA iRt A
& 7] HABoY BESHH EES o83t AES A
5513 It} Generally recognized as safe(GRAS) S22 A4
F=/40] A5 Pagat Aol 7-83 e gt ofy
2}, ot 24 Aol e 4 Y 59 715 EEe &
U ZEHPO|QE #529] EE 7|7} #o] B7HE L it
(Liu 5, 2017). BA E3f50] Q= 735 Wa AEEE o]
|02 54 B4 S8 AN HEH A, A2
9] o, HE 2 39 gedit 59 f-8%t AR 3
Bk ol A 5 83 AU Al 9, A5 A
42 9 HY AA" 2 59 A% 715 ol B =
nulol9 8 PYE B4t ArtH 43 AZolE £%
2 % % 9 7159 4% A7 7FsHd 2ol Cousin
5., 2011; Li®} Cao, 2010). AT Q13 Asllo] oigt A%t
A, ApEo] o 325 W R ks 5 mevj)
98 FFA 71RHY S 2EACHT THAE BAG}
2o =4 B2 WA olokst HsH 0]8% 4 9
0B W A% Azo] o§al/] ol oblAt gkt 7
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2240z Gopd Wa 4EE WHSHA AZSP] Aol
A

ow =
50 gl Eoso] Y Wi Aute o] g3t 4]

9] 2HE RS 5= LS HHY AR FS Aot AlF
9] B3 JY7toll FFIFE vIRA G AR 38 7IeS
AL31AU, ofglo g ASER] U 2o Y2 Auleis
S AHRPF QM AHT & Qs PR R AE AR

off et A7E ket A SRS ofFofajol & Zlolct.

o OF
g = =

B dFoAe st AZE ARS E2AERH &
H fAkt aR0] BA 44 2 EosS S35 Eoks
o] SlE #F2] ZEHP|QE B4 AR HAFE
The A3loly Ads H7lste] Alxet 524 HolA BA
A At aRaTE ROJskA Bk, o529 BA 44
52 #5 YEFo|YLY}. Leuconostoc mesenteroides subsp.
mesenteroides CMLO1, Enterococcus faecium KML12,
Lactobacillus  fermentum MML21, Lactobacillus sakei
MML23, Enterococcus faecalis MML26 % Pediococcus
pentosaceus SML34ZRE] BAO| st Eallso] 2RI=A
o} SHAYE HE AR =RE BA £915°] Y= Ae &
E|X] ooftt. ES|, L. sakei MML233} P pentosaceus
SML34=25¥] Q15 iz} G<5Ho] thet AHd, g3t 4]
Alzo] it F2ks A 54 A iRt w2 A4 59
Z2upo|E Zgo] SRIEQIT ESE, LEHo|QF g
S FiktEo] AR B A2 AR BA A+t
of gt Tt S UEIRITE 284 0% meHlolQE L
sakei MML233} P. pentosaceus SML347} AJAFSH Bhe|2] @ Al
o slag, shchilel @ FEA AR AL oA
71o2M BA S49] 9I9E FaAller] AaEel Zow
et

ol

(]

LAl o

o] =2 20195HA % FrEthetu Wifekd+tH] Ao
oo} ATEAHIAHL 2019A036).
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