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ABSTRACT

Characterization of Weissella sp., Leuconostoc sp., and

Lactobacillus sp. i1solated from Kimchi

Kim, Eun Ji
Advisor : Prof. Chang, Hae Choon, Ph. D.
Department of Food and Nurition,

Graduate School of Chosun University

The four different commercial kimchi (midium enterprises kimchi) were used as
samples, which were fermented at 6.5C for 7~9 days. SJ] was isolated from these
kimchi. It was identified using morphological and nucleotide sequence determination
of 16s rRNA gene. It was identified as Weissella koreensis SJ. General
characteristics of Kimchi lactic acid bacteria (LAB), LAB 9 strains were seleted;
Weissella koreensis SK, W. confiisa G)6, W. cibaria 31, Leuconostoc citreum GRI,
Leu. kimchii 2 strains, Leu mesenteroides 2 strains, Lactobacillus saker 4 strains,
Lb. plantarum 2 strains, Lb. curvatus BU1 strain were investigated.

To investigate the antagonistic activity of kimchi lactic acid bacteria (LAB)
against kimchi LAB, 29 LAB strains were selected, W. koreensis 5 strains, W.
cibaria 2 strains, W. confiilsa 2 strains, Leu. citreum 4 strains, Leu. kimchii 2
strains, Leu.. mesenteroides 4 strains, Lb. saker 7 strains, Lb. plantarum 2 strains,
Lb. curvatus 1 strain. Antagonistic activity of LAB were examined using paper
disc method and direct method. W. koreensis did not inhibit the growth of most of
Leuconostoc and Lactobacillus species, while W. confilsa and W. cibaria weakly
inhibited the growth of Leuconostoc and Lactobacillus species. Leuconostoc species
inhibited only the growth of Lb. curvatus among Lacobacillus species. Most of
Leuconostoc species did not inhibit the growth of W. koreensis. Lactobacillus

species inhibited the growth of all Leuconostoc and Weissella species, and Lb.

- VIII -
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plantarum showed the strongest antagonistic activity against all tested LAB
strains.

The growth of the LAB were measured; W. confiizsa GJ6, W. cibaria 37 and Lb.

sakei SC1, Lb. sakei YY1 rapidly reached stationary phase at 12 h. W. koreensis
SK, Lb. plantarum HDI reached stationary phase at 24 h.
To investigate the growth of the kimchi refrigerator’s different temperature (-1~ -
2T, 65T, 15C) and the general refrigerator's temperature (4°C), LAB 9 strains
were selected. Growth of the selected LAB 9 strains were measured at -1~-2T
for 8 weeks; the selected LAB 9 strains was initial the viable cells about 5.0 log
CFU/mL. W. koreensis SK rapidly reached 9.3~9.4 log CFU/mL at 3 weeks. Also
Leu kimchii G]J2 and Leu mesenteroides TA reached 6.8~79 log CFU/mL, Lb.
sakei SC1 and Lb. sakei YY1 steadily increased to 8.0~84 log CFU/mL at 8
weeks. Interestingly, W. confiizsa GJ6 and W. cibaria 31 slowly decreased to 3.4~3.9
log CFU/mL for 6 weeks but they increased to 53~6.7 log CFU/mL at 8 weeks.
Lb. plantarum HD1 slowly decreased to 4.4 log CFU/mL for 8 weeks. and Leu.
citreum GR1 maintained for 3 weeks, after weakly decreased to 4.4 log CFU/mL at
8 weeks. Therefore, Lb. plantarum was restricted at psychrophilic temperature.

Growth of the selected LAB 9 strains were measured at 15C for 7 days; the

most of selected LAB reached stationary phase at 2~3 days except Lb. plantarum
HD1. Lb. plantarum HD1 slowly reached stationary phase at 5 days. The overall
growth rates at 15C were similar the growth rate at 30C.
The effect of initial pH (pH 4, 5) of the growth medium on the growth was
observed. Also, the effect of acids on the growth rate of LAB 9 strains were
observed. Among these LAB 9 strains, Lactobacillus spp. exhibited a relatively high
survival rate in MRS medium, which was adjusted to pH 4.0.

It is important to understand at detail the properties and roles of Weissella sp.
Leuconostoc sp. Lactobacillus sp. during kimchi fermentation if desirable properties
of Lactic acid bacterium are fully utilized for the production of high quality kimchi
with good taste and enhanced biofunctionalities. These results indicate that a more
systematic kimchi production manual should be developed to industrialize and

globalize kimchi.
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4. Scanning Electron Microscopy (SEM)

AW 7 W. koreensis SK, W. confiusa GJ6, W. cibaria 37, Leu. citreum GRI1,
Leu kimchii GJ2[42], Leu. mesenteroides TA, Lb. sakei SCl, Lb. sakei YY1 ,Lb.
plantarum HD1[43]¢] &ejst% =3 =7]E Scanning electron microscopy (SEM)
o7 gelstr] 98 dAe HAHS AldstAd tH(Figure 1). MRS (Difco) AviA] o] A
Hj kel 196 FFake] 24413 A e 2 widA S 27 dAE99,950 xg, 5 min,
4C)3t] Ao TAlE PBSE 33 A& & 0.1 M sodium cacodylate buffer (pH
ol g% 25% (v/v) glutaraldehyde (pH 7.4, Sigma, Buchs, Switzerland)® 4T
o 4r7Hs¢t A AU A 1AHH AZEEZ 0.1 M sodium cacodylate (pH 7.4)
2 =91 1% (w/v) osmium teroxide (OsOs Sigma, Saint Louis, USA)E o] 4Tel
A 2A17Hs¢ 3 A&k tA] 0.1 M sodium cacodylate buffer (pH 7.4)& 1554
33] AFstg e, 1 F 50%, 60%, 70%, 80%, 90%, 95%7}A] A €& FLEE 24
o7 Fo g s 77 1584 A3 ve AT 100% g2 39 S S 7
Aok vlA g o 2 tert-butanolS 2084 3 X33t tS HAXIAAS AAH FAFAFEH o
A plantinum®. 2 120~150% Y3t FE-SEM (Field emission scanning
electron microscope S-4700, Hitachi, Tokyo, Japan) 2. & 323}
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Lactic acid Bacteria cells

l
Washed with PBS
!
Pre—fixation with 2.5% glutaraldehyde (2 h)
l
Washed with 0.1 M sodium cacodylate buffer x 3 (15 min)
!
Post-fixation with 126 osmium tetroxide (1~2 h)
l
Washed with 0.1 M sodium cacodylate buffer x 3 (15 min)

!

Dehydration with ethanol

50% ethanolx 1 (15 min)

60% ethanolx 1 (15 min)

70% ethanolx 1 (15 min)

80% ethanolx 1 (15 min)

90% ethanolx 1 (15 min)

95% ethanolx 1 (15 min)

100% ethanolx 3 (15 min)
!

Intermediate with butanol

tert-butanol x 3 (15 min)
!

plantinum coating

l

Field emission scanning electron microscope (FE-SEM)

Figure 1. Scanning electron microscopy (SEM) preparation protocol
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A 3 A ARH Weissella &, Leuconostoc %, Lactobacillus %

Tabd ASAE 24

2 Ao AL dEe AW {AF o5 29F (W, koreensis 5%, W. confiisa 2%,
W. cibaria 2%, Leu. citreum 4% Leu. kimchii 2%, Leu. mesenteroides 4%, Lb.
sakei 7%, Lb. plantarum 2% 1331l Lb. curvatus 1F)o|H, & Ade 745 FH
7}k direct methodS AH&-atith. Z42+9] A A|3+S wjAo] 1.0x10° CFU/mL7} A
w=atel FHlstA Tk A Alte] =dE FaulA] el wjgd (oF 1.0x10" CFU/mL) <
aolE v 30CeolA 24417 vl vhg Zh2be] fAF o] o g

= T
A5 A AF5 BEs

A 7 SEE Weissella % 9% Wste] Leuconostoc <, Lactobacillus % A5
A& &A, Leuconostoc % 105 Whste] Lactobacillus %, Weissella % A5# )&

A Lactobacillus % 10F9| W3 Weissella %, Leuconostoc <4 A-SA XS A}

Aol g A% Ad FH=A

DN
PN
0.?‘_‘.
ot
i

2wt F 29% (W, koreensis 5%, W. confiisa 2%, W. cibaria 2%, Leu.
citreum 4% Leu. kimchii 27, Leu mesenteroides 4, Lb. sakel 7, Lb. plantarum

2% ¥ il Lb. curvatus 15)& MRS (Difco) HAMIA] 5 mLel] HE3&o] 30T ol A
o Aujekatdtt 30 mL MRS (Difco) AAuj Ao 19%9] Aujekols =3}

R M

247 31
aL, oAl 30Tl A 244 3ks ¢k Eaf sttt Bl S 4TolA A8 (9,950 xg,

=

15 min, 4C)3F] AL Y A NS 045 ym membrane filter (Advantec MFS, Inc.,

[e]
Japan) = ARtk AdE FAHNESE AU (freeze dry system, SFDSMI2,

_9_
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Samwon Co., Korea)gt $-¢l 25v] #5o] A dd¥ 3% S/ 5o FHl e
4. 237 844 98 48490 34 574

Z8qt 4o 93 LA FAL paper disk method[46]5 AF-g&3te] F AL ).
7te] A Al#S MRS (Difco) mAlwi=]o] 1.0x10° CFU/mL7} 7 =%ste] 1) 8}

A #F7F =2 GAEA] Yo 8 mm 2 7AH Y paper disc (Advantech,
Tokyo, Japan)Z =i F3+ E4S& 50 plL® 7Fsk $o wjgate] Zhzbe] x| At
gt AsAHE A4S FAHsAT ASA 74] < digimatic caliper (CD-15CPX,
Mitutoyo, Kawasaki, Japan)& AF&3le] A &S 334 43t Hzks YeEhA S
m A¥e % 33 wEalyo)

_‘IO_
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A 48 ALA Weissella &, Leuconostoc %, Lactobacillus %

v =
b #5e 21 54

1L v 250 BE A8

AYS g8 dA el AlFsta s AAWYHI 34 (A, B, CAhHe wE BRE
o Byt o] 2 zAME A THTable 1). A, BAF AX W33 g2k 15CI L
o, CAF AAYALE ¥ B &% 6~7ColA Hastich Ay Fne 34 Hge
TE EUE 65T 15THAAY fib AsEE #FsRon, A B, CAF A%
AEALET BFE -1~-2TE ¥[8tk o]F EWRE - 1~-2ToA fAkd A5
TE #EEAT

15cke] AFEo = SDS-PAGE #4], T-RFLP (terminal-restriction fragment
length polymorphism) 2Z2]3Z ARDRA (amplified ribosomal DNA restriction
analtsis), metatranscriptomic &4 &< Tt WS sdste] Ao waHAd F
of mAE HolE dnt YH1 &% 4C°ﬂ/‘1 F71H o2 AEste] HaskATH S,
22]. B AFoA = o] & EUR 4TAA Y ikt ASEE AEs o

7 A1 T oE AYSE

AutEl FAbt 9% W, koreensis SK, W. confiisa GJ6, W. cibaria 37, Leu. citreum
GR1, Leu kimchii G]2, Leu mesenteroides TA, Lb. sakei SC1, Lb. sakei YY1, Lb.
plantarum HD19] 2% W& AS=Z 3Fel3 gty MRS (Difco)d Awi A 30 mLol
AA 9] Akt o 53 o2 x7] 77 oF 50 log CFU/mL7F = A A &3t
o] 4T, 65T, 15T 183l thx7- 30TColA AAjgetaA 54 4 4T, 65T
M= 15 HEos 2AHEA 1, 15TAAE 19 402 3% (Amersham)E 600
nmoll A S skt

_‘I‘I_
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AS5E

i

U BHALEY

Adtel Faket 9% W, koreensis SK, W. confitsa G)J6, W. cibaria 37, Leu. citreum
GR1, Leu kimchii G]2, Leu. mesenteroides TA, Lb. sakei SC1, Lb. sakei YY1, Lb.
plantarum HD19 AAYH 1 B2 [11, 4119 w2 A== <18t A, B, C

EF -1~-2T2 Hssdld o8 EdE -1~-2TA
#FsEA T - 1~-2CoA= FF7F & AepA] Eepo] Fd=gkol

T
nuske] At AakE yEtlr] flal, 15 Ao 4571A, 25 HA R 8571

_12_

Collection @ chosun



Table 1. Different temperature range used as the storage mode and

fermentation mode for the three companies

refrigerators

Company

Storage mode

Fermentation mode

-14~-18T

15C (36 hr)

l
~1.3C (60 hr)

l
-5C (1 hr)

l
-1.3C

-05~-1.2T

15C (72 hr)

l
-17-2°C

-15TC

-1.5TC (6~11 hr)

l
12 (7~25 hr)

l
5C (30 hr)

l
-15C

-1.8T

-15TC (9~14hr)

l
6C (58~111 hr)

l
-1.8C

Collection @ chosun
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2. X pHY W& S E

AutEl §Abt 9% W, koreensis SK, W. confisa GJ]6, W. cibaria 37, Leu. citreum
GR1, Leu. kimchii GJ2, Leu. mesenteroides TA, Lb. sakei SC1, Lb. sakei YY1, Lb.
plantarum HD19] 7 x¢] pH7} A& m &= Jd3sS xAbslz] s A 273

A1, $719] A pH (4.0 283 5094 AF2E FAedh. 5 N HCl &4 2
2 pH 403 pH 5022 %43 MRS (Difco)H A=A 30 mLel %7] #57F 1.0x10°

-

CFU/mL7} = Al A&3te] 30Tl 24411t 484 7¢
Az om, o mE YirE el

n:lo{v
o

%= (Amersham)E 600 nmol

3.4 #2 FFE dF WAy Fot

Autel A At 9% W, koreensis SK, W. confiisa GJ)6, W. cibaria 37, Leu.
citreum GR1, Leu kimchii GJ2, Leu mesenteroides TA, Lb. sakei SC1, Lb. saker
YY1, Lb. plantarum HD1E t’do=z 2 A4S HPgsgict. 2 Ag2> A 370
Al g e sty 918l pH 40 2el3 50 o WANA WS Brbera

n

Ak #5F2 MRS (Difco) A= 30 mLol 1% (v/v) HE3ke] 30Tl 24471 vy
Falo] A TS 8] AR (9,950 xg, 15 min, 4T)3tATE 1 T AA NS A
Aste] FARE 358kt 5 N HCl €902 pH 403 pH 5002 %43 MRS
(Difco) A v =] 30 mLe} =7 pH 6.5 MRS (Difco) A v =] o] 3|48 #AE5 37}
she] 30Tl A 24217, 48A1ZE, 72417 v st A At s SA 3T

_14_
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A3 2y 2 &

Al A AR AAZREY FA dF 28 2 53
1. gy B4

7. pH 2 A =9 W3
xﬂiww N#AA e 9 Azd gA2ZA 74 gde] A4S A (HAF ZA)9] A

o pH 6.04% 7b% E=9ka, A% B (MIAF #A)ek A= C (M24F AA)e] pHE 247}
589¢F 5830 H|%@ FAE BAh T DY HA pHE 55~60 g v
WAtk 7F BHE 65T Aol wast AaEs Bk BE Az pHrl 443
Aastark AE A HAF AA)E= 65CAA %4 9ol 509714, AZE C (M2 7
A)e %A 9YAl ol 439744 7Hg =LA 7439 cHTable 2).
Ak 7] AzIAE 65CoA HATHE B4 F e WS denidch #9
gl A9 Awi AE C (M2 AA)9] Aw} 036%2 7HE motow, A=
(HAF AA)e] AF=7F 021% =2 7P @ 225 YJel At 65CToAA =4 7~9Y9 A
of AF=7F 0.5~0.8%° =3l tHTable 2).

U 94 9 3=
Az sAbd Al PR 9 24 A3 A4S A HA #BR), AZ B (MIAF AA),
AE C (M2AF A=) 28ja A& D (YA AN A=+ 72H7; 1.88~2.26%, 2.49~
3.10%, 1.87~2.69%, 1.88~1.89%= YEFHATH Table 2).
Az A Ag P gw 24 Ay AZ A HA AA), A4S B (MIAF AA),
AE C (M2AF AA) z2e8lar A& D (YA AA)Y de+ Z47F 11.2~11.3 brix, 10.2~

11.3 brix, 10.2~10.3 brix, 9.3~9.4 brix

Collection @ chosun

& YE v (Table

2).
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Table 2. Characteristic of the four different commercial kimchi.

sample A B C D
General
- (H company) | (Ml company) | (M2 company) | (Y company)
characteristics
Fermented .
6.5C
temperature
Fermented time 9 days 7 days 9 days 9 days
pH 5.09 4.93 4.39 453
Acidity (26) 0.47 0.49 0.83 0.59
Salinity (%) 2.26 3.1 2.69 1.88
Sugar contents
; 11.2 11.3 10.3 9.3
(brix)
—_ 16 —_
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e T 4% Oy S dzt
16s TRNA gene 714 <€ 4S5 53 B4 EAS ARG
A Al o] HFBke] 244 s
A3} (Figure 2), SJ& 138949 1ol AL, colony:= T& oW, colonyML E5H
shaz, BFe ofolH g WS Yehflon, AV w9 Fi, FHLS &7]7F £23 o)

ekt

)
=
0%
rot
o
o)
=
ab}
3
102}
—t
0,
=3
=
(i)
o
ofr
el
% Q
ol
o
ra
=)
o,
lo
fr
s
}1_11
rot

1. 16s TRNA gene @714 <E 4

SJe 16s rRNA gene @7IANE #A4E& T d#F54HES Sstd SJEHH
chromosomal DNAE #&ltsith SJ2 % 1527 bp= A4S *(Figure 3), ¢joi%
16s TRNA A <€ &4 Blast programe AH&3to] A4S @AY 875 SJ
& BEFIF Weissella koreensis S-5623" 7 99.9%¢] =& AHEAS UeElgon,
Figure 4¢] 16s rRNA gene @7IA<ES 7|22 3 ©E bacteria®te] 7§ TAEH
HAE YERAA T

YT SJE= dubH el EAd 16s tRNA gene @7149S A3 A3} Weissella
koreensis® FZTF Weissella koreensis S-5623" 3 W iale] 99.9%°] AH54S

zb= AN RN, Weissella koreensis SJO %2 v &)t}

_17_
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CHOSUN UNIVERSITY

Figure 2. Gram staining of the isolated strain SJ

_18_
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841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501

TCAGGATGAA
GATATGAAGA
TAACACGTGG
GTATAATAAT
TGGTCCCGCG
GCCGAGTTGA
AGGCAGCAGT
TGATGAAGGG
TGTTCAATGT
GGTAATACGT
TTATTTAAGT
AACTTGAGTG
TGGAAGAACA
GTGTGGGTAG
GTTGTTCGAG
GAGTACGACC
CATGTGGTTT
CTCCAGAGAT
GCTCGTGTCG
CCAGCATTTA
TGACGTCAAA
CAACGAGTCG
GTAGGCTGCA
CGGTGAATAC
CCCAAAGTCG
TAGGGTGAAG

CGCTGGCGGC
ACTTGTTCAG
GAAACCTACC
TAAAACCGCA
GTGTATTAGT
GAGACTGACC
AGGGAATCTT
TTTCGGCTCG
GTGACGGTAT
ATGTTCCAAG
CTGAAGTGAA
CAGTAGAGGA
CCAGTGGCGA
CAAACAGGAT
GGTTTCCGCC
GCAAGGTTGA
AATTCGAAGC
GGAGCTTTCC
TGAGATGTTG
GTTGGGCACT
TCATCATGCC
CCAACCCGCG
ACTCGCCTAC
GTTCCCGGGT
GTGAGGTAAC
TCGTAAARAG

GTGCCTAATA
ATTTGATTIT
TCTTAGCAGG
TGGTTTTAGT
TAGTTGGTGA
GGCCACAATG
CCACAATGGA
TAAAACACTG
CTTACCAGAA
CGTTATCCGG
AGCCCTCGGC
AAGTGGAACT
AGGCGGCTTT
TAGATACCCT
CTTGAGTGAC
AACTCAAAGG
AACGCGAAGA
CTTCGGGGAC
GGTTAAGTCC
CTAGCAAGAC
CCTTATGACC
AGGGTGCGCA
ACGAAGTCGG
CTTGTACACA
CTTTTATTAG
GGTAACC

CATGCAAGTC
CAACATTGCA
GGATAACATT
TTAAAAGATG
GGTAATGGCT
GGACTGAGAC
CGAAAGTCTG
TTGTAAGAGA
AGGAACGGCT
ATTTATTGGG
TCAACCGAGG
CCATGTGTAG
CTGGACTGTA
GGTAGTCCAC
GAAGCTAACG
AATTGACGGG
ACCTTACCAG
AAAGTGACAG
CGCAACGAGC
TGCCGGTGAC
TGGGCTACAC
AATCTCTTAA
AATCGCTAGT
CCGCCCETCA
GAGCCAGCCG

Figure 3. 16s rRNA gene sequence of the

Collection @ chosun
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GAACGCATTG
ATGAGTGGCG
TGGAAACAAA
GTCTTGCTAT
CACCAAGACA
ACGGCCCATA
ATGGAGCAAC
AGAATGACAT
AAATACGTGC
CGTAAAGCGA
AATTGCTTTG
CGGTGAAATG
ACTGACGTTG
ACTGTAAACG
CATTAAGCAC
GACCCGCACA
GTCTTGACAT
GTGGTGCATG
GCAACCCTTA
AAACCGGAGG
ACGTGCTACA
AGCTTGTCTC
AATCGCGGAT
CACCATGAGA
CCTAAGGTGG

TGGTTGAAAT
AACGGGTGAG
TGCTAATACC
CACTAAGAGA
ATGATACATA
CTCCTACGGG
GCCGCGTGTIG
TGAGAGTAAC
CAGCAGCTGC
GCGCAGACGG
GAAACTGGAT
CGTAGATATA
AGGCTCGAAA
ATGAGTGCTA
TCCGCCTGGG
AGCGGTGGAG
CCTTTGACCA
GTTGTCGTCA
TTGTTAGTIG
AAGGCGGGGA
ATGGCAAGTA
AGTTCGGACT
CAGCACGCCG
GTTTGTAACA
GACAGATGAT

isolate strain SJ



0.005
g_gisseﬂa paramesenteroides DSM 2002887
0

009
0.014 Weissella thailandensis FS61-17

o 07 Weissetia helienicaNSFB 20737
[ ] g Weissella confusa DSM 201967
Wg:ﬁz Weissella confusa GJ6
gt O Weisselia cibaria KCTC 37467
— O'T Weisselia koreensis S-56237
Weisseila koreensis SJ
0.007 0005 0.0 Weisselia halofolerans DSM 201907
0.007 e Weisseffa minorDSM 200147
0.007080% | isseila viridescens DSM 204107
: L euconostoc mesenteroides TA
0.066 008} euoconestoc citreum GR1
o0 001, oconostoc kimehii G2
e Lactobacillus sakei SC1
0.056 e Lactobacillus plantarum HDA
0013 Ll Lactobaicillus buchneriMS
—

0.m

Figure 4. Phylogenetic relationship between W. koreensis S] and
other Weissella species and other related bacteria based

on 16s rRNA gene sequences

_20_
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A 2 A AN2RY B3I Weissella &, Leuconostoc <,

Lactobacillus & 4t #5529 &4

%

N\

—

AR AT v pH

AA 2R B3 Weissella %, Leuconostoc %, Lactobacillus % 4752 +AF i
MRS (Difco) ¥ A vj =]l 1% (v/v) FEske] 30TANA 247 7Hs <t
Hjokol o] pHE =A3sAvt. W, Lbh buchneri MSE 43X 7H 5o A v & pHE
A8t pH S @2 394 SAste] FE A= et vk (Table 3).
fokel o] pHE #2eS Wi, W, koreensis 552 pH 46~472 % & FAF
of vla| 7}& =ty FH W, cibaria 253 W. confiisa 2% pH 4.3%
koreensisE.tt  Leuconostoc %3 Wk pH ®HH7F O FAES Zelskdh
Leuconostoc 2] W% pHE Leu kimchii 3%°] pH 4522 7} =90
S Leu. mesenteroides 7%°) pH 44~45, Leu citreum 7%°] pH 4.3~44S YERY
AT}, Lactobacillus 52 vl pH #S Weissella 53 Leuconostoc <9 W|3}o]
P wkth. Lb sakei 1759 %) pH =4 A3} pH 39~42%8 3t Lh
plantarum 3§ W pH7} pH 38= 71 ©+& $XE HAvh. Lb plantarum©)
A7 H=mEA sk Abgje] #ofdtia delA dTHBlE Bk Aded Lb
plantarum®] A& HAA A= Be 4ko] Ylo g o] AXIt

A=Al 7] (pH =5.2), =71 (pH 45~52)9A Leu. citreum, Leu mesenteroides,
Leu. kimchii. W. confiisa, W. cibaria’7t %°] HAE¥vhil e A tH16]. o] A=
AR x7], F71 Wol] AEH= Ak A 7)ol ol & v} pH7}F pH 4.3~4.5%)
S FRIstATh o)& A Aol AAFAERT AN ¥ o] FHEHaL, AF3Y]

N dlo

d

jus)

N

o 2 29SS @etsta, A9 %7], 7] pHE AASI= fAibitol Leu citreum,
Leu. mesenteroides, Leu. kimchii, W. confiisa, W. cibaria 9= & 4 U3

AA 7] (pH <45)0] Wol HEY+= At e 2% Lbh sakei, Lb. plantarum, Lb.
brevis, Lb. curvatus Z1813l W. koreensis7t 2ol HAE=Htta <A JAoH12].
Lactobacillus %2 Wkl pH= pH 3.8~427FA ©& Weissella &3 Leuconostoc
ol waf Z4k A 5ol AFaiA] wiked pHYF O wtow, HA 7] pHE AAstE

_21_
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W. koreensis® Hj %

WA=

d ]

i\

oM 7+

A

L

pH 46~47%5 %
koreensis7} §7] 9]

pH+

™
o
o
o

)

=

—

o
iz
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Table 3. Pre-screening (culture medium pH) on 48 selected

Lactic acid bacteria

Species Strains Pre—scree.ning
(culture medium pH)
Weissella koreensis KACC 11853 4.70+0.03
Weissella koreensis MG 4.63+0.02
Weissella koreensis SK 4.63+0.01
Weissella koreensis SJ 4.69£0.04
Weissella koreensis HB 4.64+0.02
Weissella confiisa GJ6 4.31£0.02
Weissella confiisa 31 4.31+0.01
Weissella cibaria 37 4.29+0.00
Weissella cibaria KCTC 3746 4.34+0.02
Leuconostoc citreum GJ7 4.39+0.02
Leuconostoc citreum C3 4.40+0.02
Leuconostoc citreum C4 4.28+0.01
Leuconostoc citreum C8 4.26+0.02
Leuconostoc citreum Cl11 4.30+0.02
Leuconostoc citreum Cl6 4.28+0.01
Leuconostoc citreum GR1 4.32+0.04
Leuconostoc kimchii GJ2 4.46+0.05
Leuconostoc kimchii GJ3 458+0.04
Leuconostoc kimchii C1 4.53+0.01
Leuconostoc mesenteroides PH1 4.42+0.05
Leuconostoc mesenteroides PH2 4.44+0.01
Leuconostoc mesenteroides C12 4.45+0.02
Leuconostoc mesenteroides C14 4.45+0.01
Leuconostoc mesenteroides DM1 4.39+0.03
(continued on next page)
- 23 -
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(continued from the previous page)

Species Strains Fre- scre.ening
(culture medium pH)
Leuconostoc mesenteroides &5 4.38+0.00
Leuconostoc mesenteroides TA 4.49+0.01
Lactobacillus sakei SC1 3.92+0.01
Lactobacillus sakei YY1 4.01£0.01
Lactobacillus saker WJ1 4.16%0.02
Lactobacillus saker JH2 4.00+0.02
Lactobacillus sakei dC2 3.93+0.00
Lactobacillus sakei =C1 3.92+0.02
Lactobacillus saker H]C 4.00+0.05
Lactobacillus saker NJ2 4.04%0.08
Lactobacillus sakei v 5=C 3.92+0.06
Lactobacillus saker HJ5 3.95+0.03
Lactobacillus sakei C3 4.11+0.01
Lactobacillus sakei SI3 4.08+0.03
Lactobacillus sakei =C4 4.15+0.01
Lactobacillus sakei =Mb5 4.14+0.01
Lactobacillus sakei D2 4.06+0.01
Lactobacillus sakei D3 3.96+0.03
Lactobacillus sakei D5 4.05x0.02
Lactobacillus plantarum HD1 3.77+0.03
Lactobacillus plantarum AF1 3.83+£0.04
Lactobacillus plantarum EM 3.80+0.00
Lactobacillus buchneri MS 4.34+0.02
Lactobacillus curvatus BU1 4.20+0.01
o4 -
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2. WiF AlZhe] WE AKE

Auksk B2 5= Werssella < 7%, Leuconostoc < 7%, Lactobacillus < 7%l i
sto] wiF Alzhel] e AFEE ZAFSEATE MRS (Difco) A Alol 1% (v/v) HE
Fod 30TCol A 48A1FFs <t A sl A F3 %= (Amersham)E 600 nmoll A 0~24
A ZFEekE 6A1Z FHA 02 SH3IR o, 24X o] Foll = 48X MR 12413 kA L

Weissella % 7% tdk v Al7te] wE AHS&=Z YelAch(Figure 5). W,

confusa 23} W, cibaria 22 w1 % w2 tir|o] o] Zwl L, 12A] 7wk A A

=

7ol =&ttt a2y e Weissella %91 W. koreensis 3% ¥l 6A17H-E
71, 18~24A1 7k vke] A= 7]o] Eets RS #AZT 5 AUk T 22 Weissella
&= W. koreensis®l| W3t W. confiisast W. cibaria®l ZHt*]d] o]|& S3F %
TA EN =5 4 7 AU

A =5
Leuconostoc % 75 st ASE=E A& HFigure 6). -1 A3} Leuconostoc %
7 W W EF 6AIHEH g AsH Al Aske] 18AIRkel A 7]el =Eskidtt. Lew
citreum 3% 3 Leu. mesenteroides 2% Leu. kimchii 2Rt & 3% X%
& YUeti i

Lactobacillus % 7&°] tst AS5EE Bzt A vH(Figure 7). Lactobacillus % 7% %
T oujek 18AIZkRkel AX 7ol =e Yl Lactobacillus % R Weissella 43
Leuconostoc %9 Y3 =2 F3=E YelUT. Lb plantarum 2&S AA 74t

215 S 559 /M =8 3% 11.24~12947HA 2gkom o]= w9 A7, A
a7z S Yo Hlth

A

N

—_

A
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5.0

4.5

4.0

35

3.0

25

AGOO

2.0

15

1.0

-B-KAcc 11853 —©-sK
—Gle ——33 ——37

—#-KCTC 3746

0.5

0.0

0 6 12 13 24 30 36 42 43

Cultivation time (hour)

Figure 5. Growth of Weissella sp. 7 strains at 30T in MRS

media

L], W. koreensis KACC 11853; O, W. koreensis SK;, &, W.

’

koreensis SJ; x, W. confiisa G)6; %, W. confusa 31; €, W. cibaria
37, W, W. cibaria KCTC 3746
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Figure 6. Growth of Leuconostoc sp. 7 strains at 30C in MRS

media
Ul, Leu citreum GJ7, C, Leu. citreum Cl1;, &, Leu citreum GRI;

x, Leu. kimchii GJ2; %, Leu kimchii Cl, €, Leu mesenteroides
DM1; B, Leu mesenteroides TA

_27_

Collection @ chosun



14.0

12.0

10.0

8.0

AEOO

= —

-8-gc1 -©—-sI3 —A—yy1 =¥-p2

4.0

2.0

—#-Hp1 —*EM —®BUl

0 6 12 18 24 30 36 42 48
Cultivation time (hour)

Figure 7. Growth of Lactobacillus sp. 7 strains at 30C in MRS

media

[, Lb. sakei SC1; O, Lb. sakei SI3; 2, Lb. sakei YY1, x, Lb. sakei
D2; *, Lb. plantarum HD1; €, Lb. plantarum EM; B, Lb. curvatus
BU1
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3. Scanning electron microscopy (SEM)

22 AT W, koreensis SK, W. confisa GJ6, W. cibaria 37, Leu. citreum GR1,
Leu kimchii GJ2, Leu mesenteroides TA, Lb. sakei SCl, Lb. saker YY1, Lb.
plantarum HD19 AMXEX Ry} A7|E ZAS] A&37] 93] Scanning Electron
Microscopy (SEM)e. 2 &adstth 1 A3 Weissella £ R¥ Witdolgon
(Figure 8), AlE9] Zol:x 15~20 pmAEolH, Z& 08~10 umAxEo|tH21].
Leuconostoc %2 T 2.2 (Figure 9), Zo]= 0.7~1.2 yimA=o|H 2 0.7~1.2 um,

pu
e

Lactobacillus <& 7rito] W (Figure 10), 2ol 37~80 ymA =0l Z& 07~10 1
mo| ST}
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y

37 15.0kV 10.9mm x15.0k

Figure 8. SEM micrograph of Weissella sp. growing cell stage in
MRS broth (x15,000)

A, W. koreensis SK;, B, W. confisa GJ6, C, W. cibaria 37
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Y y y
VA )

» O

o
) £

GL1 15.0kV 12.3mm x15.0k GJ2 15.0kV 11.3mm x15.0k

TA 15.0kV 10.0mm x15.0k

Figure 9. SEM micrograph of Leuconostoc sp. growing cell stage
in MRS broth (x15,000)

A, Leu. citreum GR1; B, Leu. kimchii GJ2; C, Leu. mesenteroides TA
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ESN

SC115.0kV 11.1mm x15.0k YY1 15.0kV 11.4mm x15.0k

HD1 15.0kV 11.2mm x15.0k

Figure 10. SEM micrograph of Lactobacillus sp. growing cell stage
in MRS broth (x15,000)

A, Lb. sakei SC1; B, Lb. sakei YY1, C, Lb. plantarum HD1

_32_

Collection @ chosun



A 3 A AEH Weissella &, Leuconostoc %, Lactobacillus &8
AT ASAEH &4

Weissella <, Leuconostoc <5, Lactobacillus 42 X &g o] #ofst= x4 +
Abdtolth, X 7F Qojzte] wel v AE Hol7l dojy=d, WHE %7 Weissella
%, Leuconostoc 40 $-33tth7y 8 A7) o]|$R ¥ = Lactobacillus 4°] -7 0]
HeE Aow 4 dom,. W, koreensis & 79 E A 77kl A HEEH
L Barso] QIuH7,17].

2 A= A AR & 78 ddgd

Hol7b dojuh= e stz

Leuconostoc <, Lactobacillus < A8
e}
‘Ilr

= ZARSRe] ofdl A Qbell A w| A
AL T 2R Weissella & 9%l thalo]
SANEA, Leuconostoc % 10&] st
A&7, Lactobacillus % 10&° g Weissella

2 Leuconostoc & AS5A &S #2351

Lactobacillus %, Weissella <

1. A28 Weissella 4, Leuconostoc %, Lactobacillus &8 4t

BSA N &=

x

o] Ay TAE AH 718t dlrect methodE AFE3FATE ZHzEe] A At wl %] o
1.0x10° CFU/mL7t Sl =wsle] Eulshdrh. A Aol wate FakufA) 9ol wjey
(¢F 1.0x10° CFU/mL)< 15 cm Zeol& 103 5 30TelA 24413 wjksle] zhzte)
FAF Tl g B A AR5 #EsH A vH(Figure 11).

A FAt T Leuconostoc % 10, Lactobacillus 4 10%°©] A Al Weissella % 9
Fol disl A&AS &g oJRE Table 4o YeEbNATh Leu kimchi 2%5 A%
WUw A Leuconostoc oA REF Aol YErw i, AAT W. koreensis 20
et Leu kimchii GJ2, Leu. kimchii Clo] °FstAl A& sttt o] A3E Ho}
Weissella <5 W52 Leuconostoc %3+ Lactobacillus <o 23] A3l = AT},

A FAE T Weissella % 9%, Lactobacillus 4 1052 A A+t Leuconostoc 45
10F gk KA, dHAFE Aol YElWAtH(Table 5. W. koreensis 5%
B5 AA Tt Leuconostoc % 10&S AdetA] XAt 18y W, confiisa 2&, W.
cibaria 2% %2 75 AA Leuconostoc % 10&° tfste] As|&dS e Aot
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Lactobacillus < 10& R A A5t Leuconostoc & 10&<& A 3l35H %

AuE AT Weissella % 9%, Leuconostoc 42 1052 A A+ Lactobacillus % 10
ol g AFANLdS Table 60 HetAvk. 1 A3 W, koreensis 5& 2 E5F
A A3t Lactobacillus 4 10&] dia]l &2do] velA] gktew w72 Leu
kimchii 2% 25 Lactobacillus < 10%° W3] A o] yepA] gk,
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y)

Leu. mesenteroides DM1 W, confusa GJ6

Figure 11. Antagonistic activity of the LAB isolated from kimchi
against the other LAB isolated from kimchi by using

direct assay

A, antagonistic activity of the Lactobacillus 10 strains against Leu.

mesenteroides DM1; B, antagonistic activity of the Leuconostoc 10

strains against W. confiisa GJ6
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Table 4. Antagonistic activity of the Leuconostoc and Lactobacillus strains isolated from kimchi

against Weissella spp.

Indicator strain

cos . W. koreensis W. confiisa W. cibaria
Identification  Strain KACC 0
MG SK SJ HB GJ6 31 37
11853 3746
Leu. citreum GJ7 + + + + + + n n n
C3 + + + + + + + + +
Cl1 + + + + + + ¥ + N
GR1 + + + + + + + + +
Leu. kimchii GJ2 W - W - - - _ _ _
C1 w - w - - - _
Leu. PH1 + + + + + + + + +
mesenteroides PH12 + + + + + + + " n
DM1 + + + + + n + + N
TA + + + + + + + + +
LDb. sakei SC1 + + + + + + . + N
YY1 + + + + n + i + N
WIJ1 + + + + + " + n N
JH2 + + + + + + + n +
NJ2 + + + + + + + + +
SI3 + + + + + + + + +
D2 + + + + + + + + +
Lb. plantarum HD1 + + + + 4 + 4 N .
EM + + + + + n n + N
Lb. curvatus BU1 + + + + + + + + n
Antagonistic activity: +, positive; —, negative; w, weak.
— 86 —
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Table 5. Antagonistic activity of the Weissella and Lactobacillus strains isolated from kimchi

against Leuconostoc spp.

Indicator strain

Identification Strain Leu. citreum Leu. kimchii Leu. mesenteroides

GJ7 C2 Cl1 GR1 GJ2 Cl PHI1 PHI12 DM1 TA

W. koreensis KACC 11853 - - - - - - -
MG - - - -
SK - - - - - -
SJ - - - -
HB - - - -
W. confiisa GJ6
31
W. cibaria 37
KCTC 3746
Lb. sakei SC1
WIJ1
SI3
YY1
JH2
NJ2
D2
Lb. plantarum HD1
EM
Lb. curvatus BU1

T S S S S S
I T S S S S
o+ + + + o+ o+ o+ o+ o+t
I S S S S
o+ + + + + o+ o+ o+ o+ o+

+

+

+ + + 22 + + + 4+ + + + + +
+

+ + + + + + + + o+ + o+ o+ o+
+ + + + + + + + + o+ o+ o+
+ + + + + + + + F + + o+ o+ o+
+ + + 52 + + + 4+ + + + + +

+ o+
+ o+ o+
+
+ o+ o+
+

Antagonistic activity: +, positive; —, negative; w, weak.
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Table 6. Antagonistic activity of the Leuconostoc and Weissella strains isolated from kimchi

against Lactobacillus spp.

Indicator strain

Lb.

Identification Strain Lb. saker Lb. plantarum
curvatus

SC1 W]l SI3 YY1 JH2 NJ2 D2 HD1 EM BU1

W. koreensis KACC 11853 - - - - - - - - - -

MG - - - - - - - - - -
SK - - - - - - - - -
SJ - - - - - - - - - -
HB - - - - - - - - - -
W. confiisa GJ6 + + + + n + n W W N
31 + + + + + + + W W +
W. cibaria 37 + + + + + + n W W .
KCTC 3746 + + + + + n + W W .
Leu. citreum GJ7 + + + + + + + + + +
C3 + + + + + + + + + +
C11 + + + + + ¥ + + i N
GRI1 + + + + + + + + + +
Leu. kimchii GJ2 - - - - - - _ _ _
C1 - - - - - - - - - -
Leu. PH1 + + + + + + + + N .
mesenteroides PHI2 + + + + + + . N N N
DM1 + +
TA + +

Antagonistic activity: +, positive; —, negative; w, weak.
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g EZ 93 Weissella 4, Leuconostoc %, Lactobacillus

Z&dat B4 Weissella % 10&°] A AT Leuconostoc 42 AH5ANEdS FAFS
A= Table 79 YeR AT 285 EF W, koreensis 5% A At Leuconostoc
ol skl Asgke] A717F 10.35~1143 mmoz W FXE HolAY FAHS B
ol A erokr}. ik FEt B Weissella & 105 RS A At Leu kimchii GJ29
Leu. kimchii C1o| tiato] &do] s ##= A okt

2t =4 Weissella % 10&°] A At Lactobacillus < Wg 54 3]g
Table 8o YElW ATt Z&3 5 W, koreensis 5% R A At Lactobacillus
el s Aol Rolx kvt 2t BF W, confusa 253 W. cibaria 2
Lb. sakei 7% < 4%l daiAA™r &3S At Lb. plantarume] &A= &4
o] idlem, =g dEH Weissella % 105 B+ 3] A3lstA] %at3
it 54 Leuconostoc % 10&°] A AT Weissella < dlg A5 Ased Az
& Table 9o YelNAT. =&+ 5 Leuconostoc % 10&2 A At Weissella %5 5
ol distel i ofstAl S AsisiAd A4S HeolA &t AAFow
Leuconostoc % 10& EF A At Weissella 4 1059 djste] A&g =7]7F 1041~
12,74 mm= °Fgt &4& Bt

23 B2 Leuconostoc % 10%°] A At Lactobacillus < thall A5 3] A
A3E Table 109 YeERNTE Zgt B2 Leuconostoc % 10& EFE AA
Lactobacillus % 10% < 9%l Wste] A3 @AS HolA &gkom, AA Lb
curvatus BULl tha| A5+ A& 319 o}

Z&at 4 Lactobacillus % 10& 0] A At Weissella <0l tigt ASAaeAd 2y}
= Table 11, A A Leuconostoc 49 3k ASA &4 A3E Table 129 YERY

At 28t BA Lactobacillus & 1058 A ATt Weissella <8, Leuconostoc <& 20%

o

S
=

By

=

ol

KeN
T

ofN

BN
o

5 AdetRa, 28 EF Lb plantarum % 2% AAT Weissella % 10F,
Leuconostoc % 10% RE5o djsgte] Aal|ge] A7]7F 16.39~20.95 mm= v¢ & &
e 7MY 28+ B2 Lactobacillus % 105 A A+ Weissella 2, Leuconostoc
& 208 B Aslstath. XA Weissella <Xt Leuconostoc 40l ths &4do] #

AMow o 2 AL HASALL
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Table 7. Antagonistic activity of the Weissella strains isolated from different kimchi against

Leuconostoc spp. by using the paper disk method

*Inhibitory zone (mm)

Tadbemior | Sheria W. koreensis W. confiisa W. cibaria
KACC KCTC
MG SK SJ HB GJ6 31 37
11853 3746
Leu.
GJ7 0.000.00¢- 0.00£0.00°5 0.00£0.00°% 000000  0.00:0.000  11.25+0127%  1155+011%  11.38+0.16®s  11.39+0.12%:
citreum
C3 0.00£0.00° 00020.00%  1051+0.23p  1095+012%  1062+0.045°c  1212+0.110°% 123940185  1239:025,  1245+0.18%
Cl1 0.000.00° 0000005  1066+0.12%  11.22+0.11%  1093+0938%  1210+0.130%  11.63+023%  1223+0.11%  1217+0.0%9%
GR1 0.00£0.00% 10564024, 10844022  0.00x0.00%  000x0000%  1151+0.082%  11.68+033%  1150+042%  11.30+0.168%:
Leu. GJ2 0.00£0.00 - 0.00£0.00 5 0.00£0.00 & 000000p  0.00:0000p  0.00£0000p  0.00£0.00p 0.00+0.00 ¢ 0.00£0.00 p
kimchii

C1 0.00£0.00 0.00£0.00 0.00£0.00 g 0.00£0.00 p 0.00+0.00 0.00£0.00 p 0.00£0.00 0.00£0.00 ¢ 0.00£0.00 p,

(continued on next page)
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(continued from the previous page)

*[nhibitory zone (mm)

Indicator  Strain W. koreensis W. confiisa W. cibaria
KACC KCTC
MG SK SJ HB GJ6 31 37
11853 3746
Leu. PH1 000£0.00°  1050+0.06°x  10.35+0.19 0.000.00% 000£0.00°%  1256+010°,  1253+013%  1274+0.14",  12.86+0.10%4
mesente

—roides PH12 0.00£0.00° 000£0.00°% 10764009  11.15+0.13%;  11.23+021%,  11.19+044":  1153+030%c  11.11x017%  11.46+0.21%
DM1 0.00+0.00° 0.00+0.00% 000+0.00%  000£000  000:0.00  1116+0.14°%¢  11.78+025%¢ 115120530  11.23x021%

TA 0.00+0.00° 000:0.00%  11.23+00%x 11464014  1093+006% 1236+016°a  1338+011%  1221+011°  12.20+0.09s

“Means in each Weissella spp. with different superscripts letters are significantly different at Tukey’s test (p<0.05). Means in
each row with different subscripts letters are significantly different at Tukey's test (p<0.05).
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Table 8. Antagonistic activity of the Weissella strains isolated from different kimchi against
Lactobacillus spp. by using the paper disk method

xInhibitory zone (mm)

. ; W. koreensis W. confiisa W. cibaria
Indicator  Strain
KACC KCTC
MG SK SJ HB GJ6 31 37
11853 3746
Lb. sakei , . ‘
SC1 0.00£0.00% 0.00+0.00¢ 0.00£0.00"- 000£0.00°  0.00£00001  1267+016% 11570065  1157+083:  11.84+0.06%

YY1 0.00£0.00™ 0.00£0.00™- 0.00£0.00™- 0.00£0.00~-  0.00£0.000- 0.00£0.00°g 0.00£0.00°¢ 0.00=0.00%, 0.00£0.00°g

WJ1 0.00£0.00 - 0.00+0.00 - 0.00+0.00 - 0.00£0.00 -  0.00£0.000 - 0.00£0.00°¢ 0.00+0.00°¢ 0.00£0.00 p 0.00£0.00°¢

JH2 0002000 0.00£0.00  000£000 000000 0000000 0002000  0.00£000°%c  0.00£0.00p  0.00£0.00%
NJ2 0.000.00¢ 0.00+0.00¢ 0.000.00° 0.00£0.00°  0.00£0.000°  12012006%c  11.724016°%;  11.99+016%  11.97+0.79%
SI3 0.000.00" 0.00£0.00- 0.00£0.00% 0.00+0.001  000+0000%  11.80+0010°c  1231+0.15%  11.83+00%%  11.47+0.10%
D2 0.000.00°- 000£0.00°-  0.004000°  0.00+0.00° 000+0.00°  1213+047%  1237+010°  1283t095° 1383012

(continued on next page)
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(continued from the previous page)

xInhibitory zone (mm)

; ; W. koreensis W. confizsa W. cibaria
Indicator  Strain
KACC KCTC
MG SK SJ HB GJ6 31 37
11853 3746
Lb. q
HD1 0.00+0.00 - 0.00+0.00 - 0.00£0.00 - 0.00£0.00 - 0.00+0.00 - 0.00+0.00°% 0.00+0.00°¢ 0.00£0.00°p 0.00+0.00°%
plantarum
EM 0.00+0.00 - 0.00+0.000 - 0.00+0.000 - 0.00£0.000 - 0.00+0.00 - 0.00£0.00°% 0.00£0.00°¢ 0.00£0.00% 0.00+0.00°%
Lb d d d b
BU1 0.00£0.00"- 0.00£0.00"- 0.00+0.00%- 0.00+0.00" 0.00£0.00"-  11.39+0.12°p 11.59+0.80"s 11.60+0.09°¢ 11.21+0.07p
curvatus

*Means in each Weissella spp. with different superscripts letters are significantly different at Tukey’s test (p<0.05). Means in
each row with different subscripts letters are significantly different at Tukey's test (p<0.05).
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Table 9. Antagonistic activity of the Leuconostoc strains isolated from different kimchi against

Weissella spp. by using the paper disk method

xInhibitory zone (mm)

Indicator ~ Strain Leu. citreum Leu. kimchii Leu. mesenteroides
GJ7 C3 Cl11 GR1 GJ2 Cl PH1 PH12 DM1 TA
w. KACC . , . . N o
. 11414018 113020177 1117+0.22%:  1097+0.22%:  1116+016™y 11194020 11.0920.11%% 1086+0.08%  11.15+0.101"p 11421017
koreensis 11853

MG 11.49+0.27°: 12.42+0.32%2 12.25+0.28%A 12.32+0.16"s 11.48+0.24°5 000:000%  11.44+030%  1140+0.03°%p  11.67+0.30° 0.00+£0.00%
SK 0.00+£0.00% 0.00+0.00% 0.00£0.00% 0.00£0.00 0.00£0.00%¢ 0.00£0.00% 10594035 11474027 11.79+0.20° 0.00£0.00
SJ 0.00£0.00 p 0.00£0.00 ¢ 0.00£0.00 p 0.00£0.00 p 0.00+0.00 ¢ 0.00£0.00 & 0.00£0.00 ¢ 0.00£0.00 ¢ 0.00£0.00 ¢ 0.00£0.00 p
HB 1134008  1153+0.30°cp  11.56+0.15%¢ 114240200 11.17+0.24%\p 0.00£0.00% 1060:0.12° 11464018 11.2620.16%p 0.00£0.00p

Collection @ chosun
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(continued from the previous page)

xInhibitory zone (mm)

Indicator  Strain Leu. citreum Leu. kimchii Leu. mesenteroides
GJ7 C3 Cl1 GR1 GJ2 Cl PH1 PH12 DM1 TA
w.
confiisa GJ6 12065008’  1L04:008%  1123:008%c 114120195 11155011%s 11465017 1228:021°%  12315020°%4  1274010°%  1237:0.06%
31 202:014%  1196:008%c  1173:047%s  1205+0150°4 11624035y 10412016  1201:008%  1192+018%°s 1203009  1141:0.17%
w.
cibaria 37 1255007 12154016%s  11.35+012%  1212¢0.17%%  11642029%,  1059:02%Fp 11324011 111940157 12024014%%  11.72+041°%;
KCTC b b ; . . b b I 0y
746 15012 11750155 1143:029%%:  1230:021%  10M:014%  1099+031%  1184015%s  1165+03%5c  1139:011%p  11.36+0.07"¢

*Means in each Leuconostoc spp. with different superscripts letters are significantly different at Tukey's test (p<0.05).

Means in each row with different subscripts letters are significantly different at Tukey’s test (p<0.05).
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Table 10. Antagonistic activity of the Leuconostoc strains isolated from different kimchi against
Lactobacillus spp. by using the paper disk method

xInhibitory zone (mm)

Indicator  Strain Leu. citreum Leu. kimchii Leu. mesenteroides

GJ7 C3 Cl11 GR1 GJ2 C1 PH1 PHI12 DM1 TA

Lb. saker
SC1 0.00+0.00 0000005 000x0.00 000000 000x000 0000005  000£0005 0.00£0.00p5  0.00£0.00c  0.00+0.00 ¢

YY1  000:0005 000£0005 0000005 000£0005 000£0.005 000:0005 000£000p 0.00:0.005 000:000¢  0.00+0.00 ¢
WIJ1 000£0.005 0000005 0000005 000:0.005 0000005 0000005 000:000s 0000005 000:0.00¢  0.00£0.00 ¢
JH2 000:000°  0.00£0.00%  0.00+0.00°s  0.00£0.00°% 0000005  0.00:0.00°;  0.00£0.00%  0.00+0.00°%s 11.30:0.20% 11.40+0.06'
NJ2  000£0005 0000005  000£000 0000005 0000005  0.00£0.00 0000005 0002000  0.00:0.00c  0.00+0.00¢
SI3 000000 000000  000£0.005 000000 0000005  000:0.005  000:000  000:0.005  0.00:0.00¢  0.00+0.00 ¢

D2 0.00£0.00  000£0.00s  000£0.00z 000000 000£000s  000£0.00z 000000 0.00£0.00s  0.00+0.00¢c  0.00+0.00¢

(continued on next page)
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(continued from the previous page)

*Inhibitory zone (mm)

Indicator  Strain Leu. citreum Leu. kimchii Leu. mesenteroides
GJ7 C3 Cl1 GR1 GJ2 C1l PH1 PHI12 DM1 TA
Lbh.
HD1 0.00+0.00 000000 0.00+0.00p 000000 000+000p 0.00+t0.00p 000+000p 0.00+0.00p  0.00£0.00c  0.00+0.00 ¢
plantarum
EM 0.00£0.00  0.00£0.005  0.00£0.005  0.00+0.00 g 000005 0.00£0.00p 000£0.00p 000000  0.00£0.00c  0.00+0.00 ¢
Lb.
/ BU1  1240:009 11644012  11265012a  12202005°%  1242+031%  11542010°  11212013°% 112040022  1165:008°%  12:22+001%
curvatus

"Means in each Leuconostoc spp. with different superscripts letters are significantly different at Tukey's test (p<0.05).
Means in each row with different subscripts letters are significantly different at Tukey’s test (p<0.05).
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Table 11. Antagonistic activity of the Lactobacillus strains isolated from different kimchi against

Weissella spp. by using the paper disk method

*Inhibitory zone (mm)

. . . Lb.
Indicator ~ Strain Lb. sakei Lb. plantarum
curvatus
SC1 WJ1 SI3 YY1 JH? NJ2 D2 HD1 EM BU1

w. KACC
koreensis 11853

120017 1250:031 13910145 1180008 12724012y 132602 5174014 1876020y 1987H04F%s 14064023

MG 13630185 13005y 1261:036T,  1BMHORFy 1336026 14070 s 12364020 1861+044%, 54028 1377403 %

SK 1B342:038%:  1227:019% 1373012 120Xy 126140267,  1297:010%,  1319:0205% 1679:014% 1744023 13254055 %

SJ 1227140065, 12544012 12704018 12294012 12181001 13574030 apc 127704053 % 19554027, 20191056 14.05+0.16%a5
HB 1256+0.31% 12404032 12414015 12424017 % 132048018 1354+021%m 136680119 1843+0.11% 19624024 13694019
(continued on next page)
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(continued from the previous page)

*[nhibitory zone (mm)

. . Lb.
Indicator ~ Strain Lb. sakei Lb. plantarum
curvatus
SC1 W]J1 SI3 YY1 JH2 NJ2 D2 HD1 EM BU1
w.
confiisa GJ6  1281:010%  1311:008%  1375:005%c  1276+025%  1265:004% 1344037 1285:023%:  1734:037c  1763:04%c  1320:014%
.16+0.47 340 C 4010.22°¢ .06£0.14¢ 2.383+0.08"p .86+0.11“cp 55+0.16™% A1+057°¢ 76+0.34°¢ 67+0.23°D
31 13.16+0.47™ 12.340.24% 13.45+0.22° 11.66+0.14° 12.38+0.08%,  12.86+0.11 12.55+0.16% 1741057 17.76:0.34°%c  12.67+0.23%
W 37
cibaria 1385+001°% 1342017, 1474+023°% 1408070y  1266+020°p 1263081  1294+020%  1756+03%c  17.91:048% 14612049
KCTC
3746 15204023°%  1355+0.25'4  1511+0.36y  1256+0.0%%cp  1417+045%4  1448+020°%y  1443+0.12%  1838+029%  2016+012%5  13.98+055 anc

*Means in each Lactobacillus spp. with

Means in each row with different subscripts letters are significantly different at Tukey’s test (p<0.05).
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Table 12. Antagonistic activity of the Lactobacillus strains isolated from different kimchi against

Leuconostoc spp. by using the paper disk method

*Inhibitory zone (mm)

Lb.
Indicator  Strain Lb. sakei Lb. plantarum
curvatus
SC1 WJ1 SI3 YY1 JH2 NJ2 D2 HD1 EM BU1
Leu.
. GJ7 151040.08%c 14074015  1575+0.10°p  1266+0.39ps 13712012  1528:003%  1370:0.11%c 1675+024°p  1854+050°c  12.71+0.23%
citreum
C3 13.640.30% 1373014%  1382+0.03%  1179x013%  1275+016%  1451+023%¢  1356x025%  16.39+026°n:  17.14+0.20% 1335+0.13%,
C1l1 144720315 13512039%,  13732008%  12.18+0.39%  13.38+0.17%:  13.76:0.14% 13561015 17.33:t026°%  1835t0.35c 128403
GR1 14.144050%r 12774027  1396+0.33%% 11574013  11.66x008%  1413+0.1%cp  1336:012%  1576:0.30°%  17.69+0.20°%  12.81+0.15%:
Leu
imehii GJ2 1567+016°%s  1378+044%  1570x017°,  1391#0.18%  15252047°, 153120305  15.16+0.14%  1853+0.45%  1954+0.16%  15.32+0.12%
mchii
C1 1624+0.08°%4  1555+033%  17.68+0.11°  14.86+0.25%  14.92+0.13%p 1527+016%  1408+026°c 17112074  1921+008%  1508+0.11%
(continued on next page)
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(continued from the previous page)

*Inhibitory zone (mm)
Lb.
Indicator  Strain Lb. sakel Lb. plantarum

curvatus

SC1 W]J1 SI3 YY1 JH2 NJ2 D2 HD1 EM BU1
Leu.

mesente— PH1 = 1580:010%%  1524:027% 1667021  1325:018cp  1466:023%  1646:023°a  1628:0.15%%  2015:057% 2070022,  1518:0.16%xc
roides

PH12  14902026°%p  14590.18%c 1593045 12.92+0.27° 1344+015°¢  1527:027% 15310697 1854+029%  20.76+015%  15.28+0.09%%¢

DM1 143140170 15213001%s  16.38+020°%c  1355+0.20'%¢ 1349024 16.66+0.26°A 1527+026%s  1993+0.07°  2095+0.26%  16.39+0.54%

TA 16569+024°%8  1569+0.16°4  1581+013%  1267+0.231e  13.80+0.15% 153040255 1533+039%  1879+016°%s  19.47+0.22% 1461030

*Means in each Lactobacillus spp. with different superscripts letters are significantly different at Tukey's test (p<0.05).

Means in each row with different subscripts letters are significantly different at Tukey’s test (p<0.05).
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plantarum HD19] &% & AFEE gt

Akt AS A2 30TAA =7+ ¢F 50 log CFU/mMLE A3t ASE
= Figure 129] el o, Ay H3% 15T, 65T, 4T & A=
CIETASIS 0= o

15CelA 27135 ¢F 5.0 log CFU/mLE HFste] 19 HFo2 79 52t vt
AEEE Figure 139 YelNAY. 2 A3} Lp. plantarum HD1S AL U= F
W5 2~399] AA 7)o =3 al, Lh plantarum HD1E= tE 2kt H|Ste] A
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o ASEE Figure 149 YEFUSATE 65CAA e f4kit AS5E=2F 30CAA e AS5=
E HustAE w, 65CoA FFEgte] AWA o g o v F2& Yehidth 17
v W. koreensis SKi= 30TColA Hd] 241~2699] H]aste] 65Tl A 1.81~1.94]
olz2e] tE #FFE M AN F Ao s #FL 5 Sl W

confitsa GJ62F W. cibaria 37 1.73~1.84% vj$- vv|3}A ). Leuconostoc <2 7k

Aoz 65ToAA FAsHAl AekA = sty v wFHT WA 27| Al #ste] 3%
B 1.15~1.400] o223}, Lh sakei SC13} Lb. sakei YY1L 30TCoA TH =37k
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Ho 542~6.257H4] o] & Hlo Hlgte] 65T A= HU 236~3.717H4] =g oz
Hol A oA At AAE ey o= A Asstal des ¢ F AATh
Lb. plantarum HD1L 1447bA] A2k Saprt 289 Ao FH o 2.19~225744 o|=w
A g e ks Bolw T A2 B AFEE Bt

4CAA Z7]d ¢F 50 log CFU/mMLE HEFste 74 HA o2 28U 52t v gsto]
A5EE Figure 1501 Yetldth. dA A4 o2 Figure 149} Hls:gh 3o ASEE
#EsE = Qo W koreensis SKi= WY 7 xbo] AHA|7]o] o= Ho 1
1.900.2 65CHT = F7F yvoton 4TCdAME 2 Ages o=z #AFHL Lb
sakei SC13} Lb. sakei YY1 W< 2894744 A A8l &eb7be= AS FRlstd oy W
confizsa GJ6, W. cibaria 37, Leu. citreum GR1 ZL¥]1l Lb. plantarum HD12 4T ol A

Ae Azt RaE A4S Feldty
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—©—-GR1 —+—GJ2 —TA
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Figure 12. Growth of LAB 9 strains at 30C for 2 days (initial
about 5 log CFU/mL)

B, . koreensis SK; [], W. confiisa GJ6; @, W. cibaria 37, O, Leu.
citreum GR1; &, Leu kimchii GJ2; 2, Leu mesenteroides TA; 4,
Lb. sakei SC1; >, Lb. sakei YY1; %, Lb. plantarum HD1

_54_

Collection @ chosun



12.0

-5k —-GJe 37
—©-GR1 —A—G)2 —A—Ta
—0—$1 ——vy1 ——

10.0

AGOO

Cultivation time (day)

Figure 13. Growth of LAB 9 strains at 15C for 7 days in MRS
media (initial about 5 log CFU/mL)

B, V. koreensis SK; [, W. confiisa GJ6; @, W. cibaria 37, O, Leu.
citreum GR1; &, Leu kimchii G]J2; 2, Leu mesenteroides TA; 4,
Lb. sakei SC1; >, Lb. sakei YY1; %, Lb. plantarum HDI1
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—-GR1 ——GJ2 —2TA
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4.0

AGOO

14
Cultivation time (day)

Figure 14. Growth of LAB 9 strains at 6.5C for 4 weeks in MRS
media (initial about 5 log CFU/mL)

B, . koreensis SK; [], W. confiisa GJ6; @, W. cibaria 37, O, Leu.
citreum GR1; &, Leu kimchii G]J2; ~, Leu mesenteroides TA; 4,

Lb. sakei SC1; <>, Lb. sakei YY1; *, Lb. plantarum HD1
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21
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Figure 15. Growth of LAB 9 strains at 4C for 4 weeks in MRS
media(initial about 5 log CFU/mL

B, . koreensis SK; [], W. confiisa GJ6; @, W. cibaria 37, O, Leu.
citreum GR1; &, Leu kimchii G]J2; 2, Leu mesenteroides TA; 4,
Lb. sakei SC1; >, Lb. sakei YY1; %, Lb. plantarum HD1
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F-B 2
A} (Figure 16). BH>%=9 - 1~—2C°ﬂ/\1 W. koreensis SK¥ wvj% 45
sHAl A58t 84~85 log CFU/mL7HA] Z=gdtew, 1 F 125714
ARTE A FASATE o] E Hol W. koreensis7t A-=olA W&t
AEHE HuE A8t = A} W, confisa GJ62F W. cibaria 372
3] 34~39 log CFU/MmML7}A] #ZA&steb7t 21 & 25 &< S718ho
CFU/mL7}A] =&k 4) T,
Leu. kimchii G]J2 Z1¥]3 Leu mesenteroides TAY 8F7HA A3 L3t 7.9
log CFU/mL, 6.8 log CFU/mL7MA] =939 2 M, Leu. citreum GR1S v]% 35714

A stk ek Al ATt Lh. sakei SC1¥ Lb. sakei YY1& AEa|A Z718+o]
e 8F Al 8.0~84 log CFU/mL7FA st oy, Lb. plantarum HD1- A 4] 3]
aste] v 8FA Al 44 log CFU/mL7F S QI o]+ A= WE HAX A+ T8
Sl Lb. plantarum°] HE%A @Gevhe 2o AFRI7E Ad=d[22], old ¥l
S uYE Weissella %, Leuconostoc 4:°] A-ol|x &utstA zgh=d Wk, Lh

plantarums A2 Yo A AR, A0 LFs AxloA WALV oy s
Aoz Algdth
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Figure 16. Growth of LAB 9 strains at -1~-2TC for 12 weeks
(initial about 5 log CFU/mL)

B, V. koreensis SK; [1, W. confiisa GJ6; @, W. cibaria 37, O, Leu.
citreum GR1; &, Leu kimchii GJ2; 2, Leu mesenteroides TA; 4,

Lb. sakei SC1; >, Lb. sakei YY1; %, Lb. plantarum HD1

_59_

Collection @ chosun



5. X pHe W& S %=

A= {2k 9% W, koreensis SK, W. confisa GJ6, W. cibaria 37, Leuconostoc
citreum GR1, Leu. kimchii GJ]2, Leu mesenteroides TA, Lb. sakei SC1, Lb. saker
YY1, Lb. plantarum HD19l 7 X9 pH7}F A Aol mA= AEFS A7) Yal 1A
27158 Hz7], 3719 AA pH 4.0 28l 500904 ASEE A3t 5 N
HCl &d4o =2 pH 4.0¥% pH 5022 =A% MRS (Difco)}Au}#] 30 mLol %=7] ¥
7} 1.0x10° CFU/mL7} S A FEske] 30ColA 244%F, 484%F F4 % (Amersham)E
600 nmell A FA4stlen, o e BrrsS s

Figure 179 Weissella 4 332 pH 4.0 pH 5022 ZA3 MRS (Difco) =) w] =
30 mLoll Z7]4F ¢F 5.0 log CFU/mLE A& ste] 30Tl A 24A17F, 4841 7F 3 =9}
AHFE ek pH 4002 A3 wiA oA W, koreensis SK3= vl 244 7F
o, Ae57F 48 log CFU/mL=Z Srol o 48A17Fe] ¢ wrolx] 32~36 log
CFU/mLE YEo] 7] pH7F A Y A W, koreensis SKi= 4oldA] X3k A
o7 AAHAC. W. confiisa GJ6St W. cibaria 37+ pH 4.0 ZA 3 wjx|odA 7.7
~84 log CFU/ML7FAl A& = ASS Qs th. Weissella & 3% E5F pH 502
2 A% wA|d A= pHE AR &2 iAo 94~10.6 log CFU/mL=Z 4|52

SHAl = 8k ok
Figure 189 Leuconostoc 4 3% Z%7] pHel wW& AFEE eERHUTH
Leuconostoc & 3% R pH 4022 ZA3F viA] oA Ao W3R HEdtes AS

gl o, pH 5,002 A3 wjx ¢} pHE A4 3tA] &2 wlx]el| A Leuconostoc
& B% 92~104 log CFU/mLE # Aehe= AL ##ssnh

np2 80 2 Lactobacillus%: 3% 3t A3}= Figure 1991 YeELNUTE. Lb sakei
SC13¥ Lb. sakei YY1 pH 4022 ZA3 wlx HolA 48A)7ke] 6.3~7.3 log
CFU/mL7FA A3kt 28y Lbh plantarum HD1& 24A7Fo 7.3~79 log
CFU/mLell o]l25low uj¢f 4847t &= 9.8~10.1 CFU/mL7HA] =9 ste] Weissella
4 Leuconostoc % Z1¥]3l Lactobacillus & 4 #5755 $5¢ pH 4022 =43

Aol 7h & Ael= A4S sHelskg o)

rr
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Figure 17. Effects of initial pH of the growth media on the growth

of Weissella 3 strains

A, W. koreensis SK; B, W. confiisa GJ6; C. and W. cibaria 37
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Figure 18. Effects of initial pH of the growth media on the growth

of Leuconostoc 3 strains

A, Leu. citreumn GR1; B, Leu. kimchii GJ2; C, Leu. mesenteroides TA
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Figure 19. Effects of initial pH of the growth media on the growth

of Lactobacillus 3 strains

A. Lb. sakei SC1; B, Lb. sakei YY1; C, Lb. plantarum HD1
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gozd 98 £33 A e
& BE

Sfopstr = 1o T

2 Ay 7’Zl°ﬂ*14 *L“o BN FAEte AE TEHS &8yl 98l pH 4.0

citreum GR1, Leu kimchii GJ2, Leu mesenteroides TA, Lb. saker SCl, Lb. sakei
YY1, Lb. plantarum HD1E tido=2 2 85 s}

At 55 MRS (Difco) 4 Al =] 30 mLoll 1% (v/v) HE3ste] 30Tl Al 24A]F

ot =, wA FFE Hal AR (9950 xg, 15 min, 4C)sATh 1 F NS
AAS] TAT 3]45FH T 5 N HCl €92 pH 4.0% pH 5002 ZA3% MRS
(Difco) A vl A 30 mL} thE pHE B ASA & MRS (Difco)d A% 30 mLel
3 HAS HIFste] 30TolA 244 7, 48417k, 7241 7F vl FstA A At E =43}
o] Table 13 YERH AT

W. koreensis SKE pH 40914 24A 7744 & Adg A8 o, 48417 o] &2
= 43~44 log CFU/MLE 7ZFAdd o ol W. koreensis SK&= 4o thak Y44
o] 8.5 sttt W. confusa GJ62¢ W. cibaria 378 pH 4.0, 5.0 4 724 7+7FA]
54~6.9 log CFU/mL7}#] A &3F3

Leu. citreum GR19 3%, pH 4.0, 50914 7247kl ¢F 5.3 log CFU/mLo. 2 743}
= Ao R HWol Leu kimchii G]29¢ Leu. mesenteroides TAX.T}F A4 wl x| o] 4] 2] A3
& ¥5s Gt

Lactobacillus % 3% X5 Weissella %3 Leuconostoc %] ¥vlste] #& AEEE
Wikdol =2 oz HrbEQh ol tE ik SRT A AAdEo =& Ao
Ao w2 AZEY. Lb. plantarum HD1-S pH 4.0 2211 5004 48417t7+#] 9.3~9.4
log CFU/mL7HA] 2 3t& Ko A3 5 95 5 Akl digh 430 7 =& A
o® Wridch
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Table 13. Effects of acid tolerance of Weissella 3 strains, Leuconostoc 3 strains and
Lactobacillus 3 strains (log CFU/mL)

Strain - Cultivation time ( hour)
L 0 24 48 72
, 40 9.47+0.15 4.4140.25 4.3040.03
W. koreensis SK 9.81£0.128
50 9.33+0.45 6.28+0.76 5.62+0.04
W comtisa GI6 40 10010540 8.39+0.16 7.40+0.20 6.29+0.01
- comtusa 5.0 DA 9.63+0.05 7.3620.09 5.45+0.08
40 9.78+0.01 743021 6.98+0.19
" cibari 10.30=0.
W. cibaria 31 5.0 0.30+0.099 10.00+0.27 850+0.27 6.4140.17
40 7.32+0.16 6.350.33 5.32+0.39
Leu. ci 1 48+0.162
cu. citreum GR 50 948+0.16 8.80+0.74 7.13+0.63 5.36+0.03
40 819+0.13 8.15+0.21 7.7240.13
Leu. kimchii GJ2 9.49+0.083
5.0 9.78+0.17 75140.43 7.7440.07
, A 40 050020 8.18+0.14 7.74+0.21 7.4140.03
et mesenterordes 50 AT 10.03£0.55 7.86+0.05 7344055
40 9.01:0.41 8.27+0.04 7.16+0.17
Lb. sakei SC1 9.17+0.085
50 9.17+0.43 7.79+0.41 7.19+0.06
_ 40 9.19+0.16 8.67+0.01 7714047
Lb. sakei YY1 9.22+0.106
5.0 9.33+0.39 7.94+0.37 7.37+0.05
L o HDL 40 06050107 10.0120.31 9.43+0.00 7.02+0.14
- plantaram 5.0 OV 10.06+0.47 9.32+0.27 8.81+0.10

Values are means *=SD from triplicate determinations.
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A 434 B

Htoll= AEfst Aol AL¥ = vlujeF W (culture independent method)o] W&
AESE AT HAE AEA R Z_P*rﬂoi L AFeod: o] ARSI St
HEAE HAA 5 nAESH gdA (bacterial
succession)o| T ¥, HE @AM % A mAES gdste A7
o ItH2, 17, 18, 40]. AdH o=
Gz AAE oW 2% old F
BHE A7 A A=A tgk 2E B A 54 g o
Weissella <, Leuconostoc % “18]il Lactobacillus < 59 AX ¥&
AZHE s 543 AA 285 T 985 AAT olsst= A
ofo we} & Aol = A sl FEFS S
2 EAS AT 1 23 A 7] (pH <450 ol AEHe fAhdezZs
Lb. sakei, Lb. plantarum, Lb. brevis, Lb. curvatus ZL8]3 W. koreensis’} Z°] 7
"ot &EA A7, 17]. Lactobacillus 421 ¥ ¥ pHE pH 38~4.271A o2&
Weissella 3} Leuconostoc <50l 1|3 AA4F Ao Zste] wjgd pHZF o &
7] pHE ZAAst= fFA
A i HHZ Weissella 4 9 Wlsto] Leuconostoc 4, Lactobacillus 4 235
AMNEA, Leuconostoc 4105 Wsle] Lactobacillus <, Weissella <5 A5 A & A,
Lactobacillus % 10%F°] Wigt Weissella %, Leuconostoc % 54 3]&4dS direct
method, paperdisk method& &3l ZAMSIT. W, koreensis 5% XE5F AA
Leuconostoc % 105 A3stA Zatdvh. 28y W, confiisa 2°&, W. cibaria 2&
2e A4S AATF Leuconostoc % 10F°  dEte]  AsZAHES ERHAL
Lactobacillus % 10% 25 A Al Leuconostoc % 1058 A&|ae, At F2kats
Weissella % 9%, Leuconostoc < 1052 A A1t Lactobacillus % 1050 thah A5
AfEAS Table 6°] YEMNRATH = A3} W, koreensis 5% E5F A A
Lactobacillus % 10F°] tjs] &Aool yepuA &Etow wx7 A2 Leu kimchii 2%
5% Lactobacillus % 10F°] ] Ao Yelx] ook
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o
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At AFESL 30ToAAM e AFEE HWE S
A

6. o 28y W, koreensis SK&= T
& dFE Hst] A2dAE & g AS RS ¢ AU Lh sakei SC13%
Lb. sakei YY1& A2dA HAsA AHA= Edty o= AT ASL 52 &
T AR Lb. plantarum HD1-& 1447k ZpekA] Rsto] 7 Ao A vh& AF=
2 e =3 Ay g s B35 -1~-2CoX Lh plantarum HD1-& A A
8] zhaske] ik 8F Al of 44 log CFU/mL7F ¥t} o= AL 23F A A=

1ol Lb. plantarum®] AE%A ZFeoe Ho Ad+Raurt J=dl7, 22, ©
of 91& ©E Weissella %, Leuconostoc 4:°] A-2o|r gatalA zteli=d] Wl
LDb. plantarume A2oA HuA Agtu g A2zoA st 7oA WHE7] o
& AoR ArRHTE B3 W, koreensis SKi= W 35704 S48 A58k 9.3~
94 log CFU/mML7}A] =9gate] aj ¥ 1257k4 °F 8.3 log CFU/mL7HA fA18k3ith. 1
2laL Lb. saker SC13} Lb. sakei YY1 AZ3NA 571t g 8FA o 8.0~84 log
CFU/mL7MA] =&k},

Cho 5(2006)> 10TCelA 44zt FaAzl F -1CTE 25& 23 Hagh XA
Leu. citreum®] Z7]° $3& o|Fu7} F7], &7]dl+= W, koreensis®} Lb. sakei’}
AL A=A ol W, koreensis7t Aol 2 Axst7] wjEoldbal B algith
[71.

Ak el Atel diEd WS sk

o
o
o
N

2~ == =

< W, Lactobacillus % 3& E-F Weissella

%3 Leuconostoc <50 H]ste] m& AEERE Uibgo] =2 Ao FrtEAT o=

2 Ak SR A A Sl =7] ol AlREY. B8 L), plantarum HDI

A 75 9F T 7HE Aol dig W Aol =kt X A7) o] $o pHZF

SolA|WH Lh plantarume] WEA FA o] st HAAE AUAA AlAA &=
7

2o Yoloz E 4 Ao

>

|

o J
rl

A
=

AT A= wiA el A9 wAE AAA Hde] FFS WA ¢ e A4
o] g9l (g % AH 2% pH 5)S Wsto Weissella %, Leuconostoc % 1E]
3L Lactobacillus < fr2bite] EH 13]51 £ 54 BESAY ol g fAk &
4 EAES votsle] AAoH TE 2 BRELE 2 Az 59 Ao wal FAkt
ol X Xdo] 7t For ZgH. HA= Addg glo] AxHe 54 7t
Al Qle], A A A= g2 oy mAE #Fo] gYstA EAsH, 9d =4
of ttE ¥Rt ofyZ} HAol= Fdo] oo HFHom AEetr] wZo] o]ek &
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