J Korean Soc Food Sci Nutr b 21 F o 4283 A
42(1), 89~95(2013) http://dx.doi.org/10.3746/jkfn.2013.42.1.089

2% Z20| WE RAR MBEH I J|SH S4

Biological and Functional Characteristics of Lactic Acid Bacteria in Different Kimchi
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Abstract

Biological and functional characteristics of lactic acid bacteria (LAB) were investigated in mustard stem/leaf
kimchi (MK), cabbage kimchi (CK), young radish kimchi (YRK), and cubed radish kimchi (CRK). LAB of young
radish kimchi were mainly composed of bacilli in contrast to the other kimchi. 89.2% LAB isolated from all
kimchi harbored plasmids. However, LAB had an average of 4.1+0.5 plasmid bands in YRK, more than MK,
CK, and CRK. Exopolysaccharides were produced by 10.9~11.1% of LAB, and were especially by LAB isolated
from radish kimchi. A significant percentage of LAB (69.5%) had antibacterial activity against one sensitive
strain or more. LAB from CK, YRK and CRK had antimicrobial activities against Bacillus sp., Listeria mono-
cytogenes, and Salmonella Typhimurium, while the LAB from MK had activities against Vibrio parahaemolyticus
higher than those from the other kimchi. In YRK and CRK, acid-tolerant LAB were twice as prevalent as those
in MK and CK. Bile-tolerant LAB isolated from CRK were more prevalent than other kimchi. When 10° CFU
of LAB were added to Caco-2 cells, 12.1% of LAB isolated from all kimchi showed similar adherent activity
to Lactobacillus rhamnosus GG. LAB of MK particularly adhered to Caco-2 cells, 2.0~4.1 fold higher than
LAB in the other kimchi. From these results, biological and functional characteristics of LAB varied according
to the type of kimchi and LAB existing in kimchi were limited to their respective species.
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AX e wWjF, F 0], @F, 3 57 22 ALFE &7 AX e F HEgAd 2kt 71583 fFARSEHER).
of Al F, uF &, vl 59 ohd LAFE HrHsle AR Ax 874, 98, A4 Tl wet g, 227 59
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E U AAEQ FATY] ZTEH|QY 75AS FAC A US Ao 2 FFEY 2y 29 A A7) wiF A
Ya e Aol 5421 g AE LaAFo|th3). T4 A5 YFE fikte Bx= 9 Vsl did) Flstde
g3 1A 9 ddF £/ w29 o 15150 EA =2 AX 9 70 WE fikre] Aeld Ao g At
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avHT GAZ SANAE e fASE WFE TR
2 e E YA, 2 FARR e 2719 GRA,
T Ak T APAZRE FAHS Felste] 2 AR R
o e el ARSE @ /%A 542 Fastdn

T, BT 2R (0]3F MK&
%‘“é) 124%, v FA A (o] 3} CK) 9%, EFAX(¢]3} YRK)
2%, ZH771(018F CRK) 33%9 AXE 34t &=7]
1 Hole 7] 2 Zee A4 10 g& 90 mL Ed59}
A E3, vHlstAth v A S 108 A A4S ohE
0.5% CaCOs3(w/v)7} 5917+ MRS(Mon de Rogosa Sharpe,
Criterion, Santa Maria, CA, USA) 1A v Aol EF3} o).
30°Cell A 2 F3t v Fate] CaCOzell tate] FH 8-S ¥
e 22UE 2859t Ba® 35 MRS 9A wj =
o] Hjeksl & 259% glycerol(v/v) stocks TS0 -70°Co
B

FoRo| MESHA B4
B89 f2H1L catalase A8, Gram g4 2 3stsn]

ES
74 (Olympus, Tokyo, Japan)S £3F dejs3 #2&
t}. ol& T Leuconostoc %3} Lactobacillus 4-& 12}
3}7] $18] 247 PES(phenyl ethyl alcohol-sucrose agar)®l
A9} LBS(Lactobacillus selection)B] XA & AF&-3l T -4k
TS5 MRSHIA]O 0.1% A F3te] 30°Cl A 24A13F uf &3
t}-&, PES 3248 X (peptone 5.7 g, yeast extract 0.5 g, su—
crose 20 g, ammonium sulfate 2 g, dipotassium phosphate

(AR g:
e 3R

1 g, magnesium sulfate 0.244 g, phenylethyl alcohol 1.5
mL, agar 15 g/L)dl] T&3F & 20°Coll A 3~5Y 7t vjekatar

Zo] A 47 W HAE FALS AH3tA Leuconostoc
48 A ATH9). Lactobacillus 42) 2 Al 317
93] LBSH] A (Rogosa SL agar 74.5 g, sodium acetate 30
g/L, pH 55)° =23}l 30°Co A 39 &9 vt & 5
o AHE s ATHI0).

7} §-2+ 9] plasmidE mini—prep kit(Qiagen, Diisseldorf,
Germany)< AHE-3le] 2]l 1.0% agarose geloll Z7]
9% 3}9t}. Size markerZ2+ A DNA(H/dII cut)(Kos-
chem, Seongnam, Korea)2} 1 kb DNA ladder(Takara, Otsu,
Japan)E& A&t TH

Exopolysaccharide(EPS) £2|

MRS A A uf z]ol] Auf 3t F-2HF-S 2% sucrose’} 9]
A= MRS HA A 0.1% 3 EF3F 30°Col A 24A17F ul

SHA T vl FA S 12,000 X goll A 17 52t YA R 31
ﬁiﬂ% Ak 344 A A9 159
=3l BuulE Wy 4°Co|| A 2447

St AXAIAL ©] 5 1,100x goll A 58 B¢ AR 3
o FAES 53k 60°CAlAM 12413 Ft AxAT o=+,

olo] AxFTH(w/v)S ZH3FATHIL).

KR B 5
AT TS

A4S spot on lawn assay WHOZ =3
A TH(12). ool A TF= Bacillus cereus ATCC27348
(LB, Luria-bertani, Difco, Lawrence, KS, USA), Bacillus
subtilis ATCC6633(BHI, brain heart infusion, Difco), Sa/-
monella Typhimurium KCTC2515(LB), Micrococcus Iu-
teus ATCC13513(LB), Lactobacillus plantarum ATCC8014
(MRS), Listeria monocytogenes ATCC19113(BHI), Vibrio
parahaemoliticus ATCC27969(TSA, tryptic soy agar—+
2.5% NaCl, Difco), Escherichia coli ATCC25922(LB)Z &

FS AMESIR AL L. plantarum ATCC 8014%F 30°Cell A 24
A ufeFstar U A= B5F 37°Col A 16~ 18413t &<t il
oko]_odr,} 300(:0]]}\1 2UAN 7 ZoF vlgdE SATF o‘roﬂ
11,600 x goll A 5% &< JAEE st AA A dAE
gt wAE EiFE 28 AH3 A ODp=1.022
A% F, 5 uLE MRS aAufA A M AT} 2 2
oo AFujA o] 3 05% agars TSIl oo 7
T (0ODso0=1.005 1% AF3td fikdo]l 3449 1
A ol 5 mLE EF3t 2 W7hA] A2 A Hx
o A 7F ok @ wi R 30°CelA 19 B3t v Fate] A
FHoE FAHH T3 &
Z 3~6 mm, 6~10 mm, 10 mm ©]’39] FH3 HI=
+, ++ +++2 JE AT

At
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30°Coll A 24f\1 b Eet m e T, o1 39] 0.1%E MES
B A ul) 2] o Xéio}@] B oFsl gt Eulj e f-4kT 5 mL

£ 1,100x gol A 103 B2t A2 st #A S 35319
o} 7)o BA3 Hule] 01 N HCIZ ZHE MRS(pH 2.0)
H A S o] AEAIA 30°Coll A 24413 F<t v oFate] At

TE Z3 A UHFAE2 U7 Fds o= &

P 3lE, 0.5% oxgalle] E°] v MRS AAu) ]| 2447t
e S & AEASFE ST
Fobte| MRS 5

Caco—2 A|ZF= ATCC(ATCC HTB37, American Type
Culture Collection, Manassas, VA, USA)Z 5§ kgl
t}. Caco-2+= DMEM-high glucose(suppled with 10% fetal
bovine serum, 1% non-essential amino acid, 1% strepto-
mycin/penicillin(10,000 IU/mL), 10 mM HEPES, 1 mM so-
dium pyruvate, 1 mM L-glutamine, Hyclone, Logan, UT,
USA) v A& AHE-8taL o] &l g M4 wj A& v FAL
W 1569 &<k wi st ESAIZ TH(13). A F-25oll ARE-
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Table 1. Distribution of kimchi lactic acid bacteria by morphology

. . D Phenotype Live bacilli and Sticky materials
Kimchi type Number of LAB Bacilli Semi-bacilli Cocci semi-bacilli on LBS forming cocci on PES
MK 129 42 a7 40 42.7%” 775%”
YRK 53 18 27 8 17.8% 62.5%
CK 122 55 33 34 35.2% 61.8%
CRK 44 9 19 16 60.7% 81.2%
Total 348 124 126 98 39.1+15.4% 70.8+8.7%

4”MK was mustard stem/leaf kimchi, YRK was young radish kimchi, CK was cabbage kimchi, and CRK was cubed radish kimchi.
%)The rate of live bacilli on LBS against total bacilli by kimchi type.
YThe rate of live cocci producing mucus materials on PES against total cocci by kimchi type.

3} passaget 25~457+A 9t}

Kimoto 5(14)3} Bogovi¢ 5(15)2] S HEA|A Caco-
2 A xFo g F25S SF3ATh fFaTS 30°CellA
2477t S wi et F, FAE 3438k phosphate buf-
fered saline(PBS, pH 7.4)2.2 3 A A3yt wtH, 159
]k Caco-2 AlEZ PBSE 29 A H3 3 o 7)o -2kt
] 10° CFU/mL7} Bl=2 21 8449} fetal bovine serum
o] oA & wA S Z wellvlt} 1 mLA €9ttt o=
37°C, 5% CO, 2713}l A 1A12F F7F v kst & F2351%
23 f4s WEl7] 93 PBSE Al W AlFs A 7
welle] MEE 1 mLA Yi 58 T A E7} cover slipoll
TP EE 53 Gram G4 ¥ 3T dAv|HFo= #AA
TH(x4,000). 3 B S8 A 24 wellvkt} 0.05%
triton X-100 1 mLE Y3 108 ¢ E59 F3
3] 433k MRSH| Aol =@3lar 30°Col A 1~2Y &<t vk
st A NERTE Lactobacillus rihamnosus GG(ATCC
53103)5 A&t 54 WERTEE Lactobacillus acido-
philus ATCCA356S AH&-3FATHI6). F-2H&(%)2 Caco-2

Azl ¥ 7)ol g B s s

colE

Znt 2 D

X wibre| 22| 3 MEEN £y
AAZEE Fibd2 CaCOzell sty FH3S A,
Gram ¥4, catalase 74 A5 B 52 AH3H
z 2 7+

e B wlE A 2611, EFAA 561, Z4HF7] 181,
242 2218 JEp AvbH oz pao] HYar, o] g

2
ge 53 ATPANA Feagth 28y RE %

1]
=

AlB oA Fio] HL AL Leuconostoc 40 5 o|F =
TFato] w2 pHel A AEHA] B3l 3| AX7F 25 i
g F dAC AFEE 21719 Aol ez uEE

oH(17).
LBS 8] A= Lactobacilli®] thAlel] Q3 x| WAks 34
fFHAM HEFHOR pH 552 2 F30], AR, strep-

tococci 59 AHE A5t Lactobacillitt 838 4 A

31, PES A= 20°Coll A glucoseZHFE dextrans A
Jbste] o TR HHAES FAste RS o83 Leuco-
nostoc 4-& YAH o2 AE = o] AR oA FAHES
ket gol o] &1 91th9,10,18). LBS % PES #iA]
A Aoz AEH Lactobacillus 4 L Leuconostoc
&2 4F o] AANA 747t 30.1+£154%9) 70.8+8.7%=
E}buttH(Table 1). Leuconostoc 2.2 FA = FHL 4%
o] AR NA B3 Al SR A Y Lactobacillus 2.2 F
AE= T2 Z4F70A 60.7%7F Ad = g2 AX T/
frefe] fAbrEl HlE) Aol Euth 28y 2 s Ao
s HldEA S-S g fabdo] Folv EAEA 1
kil Al PESHI A A A
AES AT Fbdol £ 8F°] YEWTHdata not
shown). ]2 BF 2719 @M 27 o2 FAAH Fe S
o} AX §A S Lb. fermentum KFRIN64, Leuc. cre-
moris KFRI241, Pediococcus 4, Weissella 4:°] LBS 2
PES Aol tjate] Al BFatAY vldE2 A5S 5
o= Bitol] wet o] &3 FAMS TY AR o FEnH(d).
FA+F 9] plasmide 3 W&, anti-phage activity, EPS,
v, vhe ] 0 Al 7 A 2 A W T AEEL
2 KA 7158 EAY ALt o] 85w, thekgt plasmid
patterng AU 3o FF AX FAT 2/ F &
FAR AL vector29] &8 5 Y S8
T ATH19). °o]F mlel A A fAkt e plasmidE # 2
stod &g A7, AA fFA4H plasmidE Ad a2
89.8%F °F 10% Jx=9] ka2 plasmidZF §1tHTable
2). 2t MiFAR fref fAr 2 81.3%7F plasmidE A
o2 X5 g9 plasmidZ} §lE Sabdo] 29tk Plas-

-

Table 2. Plasmid profiling of kimchi lactic acid bacteria

Number of total Number of plasmid

I?mcl})l ! ?XBO?’}? plasmid bands  bands beyond 5 kb
ype © per each LAB per each LAB
MK 93.8 3.6+0.7 26+1.4
YRK 979 41+05 33+15

CK 81.3 3.0+03 22+13

CRK 89.7 32+05 24+13
Total 89.8 35+05 26+14

USee the legend of Table 1.
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midE Ad F4HtL H 351059 plasmid bandE A|Y
a1 JdRew o] F plasmid bandE 17§19 2t AF+= 145%
Ao EA = 8~10709 plasmid bandE AU &= FAHFE
A A THdata not shown). @FHAXNA E23k FAHT2
plasmid band7} 3 4105702 T2 A 79| fFAakatel
Hlal @kt

& #-2 Lactobacilli®] 7% plasmid7} EA3th= B

a7b o 7R Qe A 28 (20), A=
sp., Enterococcus sp., Lactobacillus sp.7} B plasmid”7}
ARG, TS AR e et 22 T
A A A 2= plasmid profiled] X}o]7} v, &3] & £
A= fFitel plasmidE AV = A7 BE F AT
3w RTE v QT22). ol faldo] EAsHE #7ol

=9 Lactococcus

W} plasmid Rgo] Zol7} Mre Aow B 4 9o
AR F-AkTo| Lactobacillus sp.2} Leuconostoc sp.7} 3
Fog EAFox EFea(5) & AT w=d 713 98
o W&t FAkTFo] XY+ plasmid profilee] B8t AL E
e

ZIX| FARO| MAISH= exopolysaccharide(EPS) &zt

A 357F 9 FAHT T 95%9] fAtdo] AEFTHOZ
5 mg/mL ©]’2] EPS A 5E R AtH(Table 3). & )
52 g ZAF7)dA 111%, EFA A4 10.9%9] Hl&=2
EPS A4 frabdo] kA v s FA XA 28§ frabd
o] EPS A #o] 84+20 mg/mLE R dF T AiE =
EPS gl =t) 3 HA| EPS Akt F w24 A
olA &g 3FTE AQdsta BF Faolth(data not
shown).

Ruas-Madiedo 5 (23)el &JstH QA ZTF, FA1E,
LTEE SoM EYHE FAH T 17% HA=7F EPSE A4
e 58E /MYl Baste] B Ao A ARE-S ZX o

= 5% 7 AR EPS AAd5E AY 4k 7
A ATH23). 2 20 mg/mL2] sucrosedll Ws] AR -4k
To2HE AikE EPS &3 7.6+1.6 mg/mLZ 7]
HaE 9421(24) A3 (25-27), sourdough(28) 59
frefl At R =4 JEbtH(Table 3). frikdo] A
€ EPSE AlxEe] #uts 454U JAE 2 Ax
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ted 3 mm ©]3tE Bl oF= 2t X9
473%, AF-AX ] ol A 22.6%, WS XA 23.0%, ZHF7]
A 114% 2 % 305% Bl& 2 A3 tH(data not shown).
FAEF 2 Z@dA B2l¥ A% Listeria monocytogenes,
Escherichia coli, Salmonella Typhimuriumel )3l &3
AE AY FAFo] B WA (31,32), Jacobsen 5(33)2] ®F

BEFFU Ahn 5349 AR fikt, B ATolA g
A ‘?rﬁﬁo ol& Al A Tl tie FdarES Bl
TF7F 35~50% wholl =A] ekskar, 53] A SFF A
B9 Lactobacillus £2] ¥t o]Ao] 3 mm ©]3Fe] A&
S Ad A3 &S YE B A3 AX 9 FAS 23S

UFERATH33,34).

1% o9 2 ool agdds Bel
AXE Vibrio parahaemolyticus®] ™3t & FA4S Xd
frate] g2 Xl Blal BAth(Fig. 1). 18y Bacillus
sp., L. monocytogenes, S. Typhimurium®l] o3l &2
A §AFE AR RY SRR, WF R, 2579
W ol EAlSAT. 53 AA fawe FEEe 5
Bacillus % &N A B. cereusBth B. subtilis®| A3l =
F4 Ve, old £7 3] Aot Galeano

Table 3. Distribution of exopolysaccharide producing lactic acid bacteria isolated from kimchi and the other sources

Kimchi typel) . . . Fermented
Sources MK YRK CK CRK Total Wine Raw milk Sourdough milk Yogurt
EPS producing 10 | 6 12 5 12 6 7 13 18
strain number  (7.7%)”  (109%)  (9.4%)  (11.1%) (9.5%)
Additives Sucrose Sucrose Sucrose Sucrose Lactose Skim milk
(mg/mL) 20 100 50 82.8 200 100
Produced EPS 74+12 66+12 84+20 75+11 76+16 0.71+021 &818+6.49 396+1.71 0.72+047 0.06+0.05
(mg/mL)
Reference This study 23 24 25 26 27

USee the legend of Table 1.

YThe rate of EPS producing LAB against total LAB by kimchi type.



90 7 (A) Mustard stem/leaf kimchi

80 1 W+ O++ O+++Y

70 A
60 -
50 -
40 4
30 A

20 A
0 R
ML BS BC ST Vv EC

Sensitive strains”

90 1 (C) Cabbage kimchi

80 1 W+ DO++ O+++
70 A
60 -
50 -
40 4
30 A
20 A
10 4

ML BS BC LP LM

Sensitive strains

ST VP EC

Fig. 1. The rate of antimicrobial lactic acid bacteria isolated from kimchi.
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90 7 (B) Young radish kimchi

W+ O++ O+++
70 A
60 1
50 A

40 4

20 4
10 4

Sensitive strains

90 7 (D) Cubed radish kimchi

W+ O++ O+++
80 -
70 -
60 -
50 -
40 +
30 A
20 -
10

Sensitive strains

)ML Micrococcus luteus; BS, Bacillus subtilis; BC,

Bacillus cereus; LP, Lact()bacd/us plantarum; LM, Listeria monocytogenes;, ST, Salmonella Typhimurium; VP, Vibrio parahaemolyticus;

EC, Escherichia coli.

DThe rate of lactic acid bacteria showing antimicrobial activities against total lactic acid bacteria by kimchi type.

3)The diameter of the clear zone +: 3~6 mm, ++: 6~10 mm, +++: above 10 mm.

(35)0] Hargh e} o] zh=4d MAES T 2 AS &4
a8 HA Fakte] A 1}3}% HO8 22 Hitskzo 2+
G2 Apolll 71‘35&‘43—’ AETH30,35). 7 FE a4
e A HAAe 2a 73t T o5 A% A =s

A9 ATAAE AP HERA RS el F7h
sgom, agE
allyl isothiocya—
SEERE
2ol 2fo]7}

[CAR=N
AA -

we gaol EAsE 270
Aol AEel a7, T Pl A0 e B9

AJEstedof vlAE fAabte] Hlgte] WY F2
B} Adka BRaEa Qek3ET). E}EW AR Ak
2R3, WEEAd 2 AU EASS gtk dx27e
tobacillus rhamnosus GG(LGG)Y WA 2 a3
7] <ol st 242 0.0019F 7.207% S YEFH AL o] B
=2 AFgEs Bl AR fabde 7247 105% 2 80F 1%
HTable 4). ©] T WAAETH WEELES S Ze ik
< 51%9) 839 A tHdata not shown). A4 Z& F2 <
lactobacilli 93% & 97%+ 2% biled A= A= Xt o] e}k
28] pH 3.001 4 4A1710ke) 509%2] f-Aakto] A=A 23|
WEFAGol AT Wikgdo] e Ao g A EJATH3Y).

3}
S|
Lac-

o
L

S/ = ()
£ o

ox -

Rugy

g 71&d RuE AFERT B2 pH 20 274 A XA
A T 302% 4 AEDO] wel AXele ulakao] e
Akl BkARE EEAdS Ad fatdS o A2 Ao
2 UGERRTH32,39-4D). SHAE A SFRER & ), dF

Table 4. The number of acid/bile resistant, and Caco-2 adherent lactic acid bacteria isolated from kimchi and the other sources

Kimchi type’

Sources MK YRK CK CRK Total

Acid resistant strains 31 (24.0%)? 3 (43.3%) 31 (25.4%) 20 (45.5%) 105 (30.2%)
Bile resistant strains 24 (18.6%) 14 (26.4%) 26 (21.3%) 16 (36.4%) 80 (23.0%)
Adherent strains 24 (18.6%) 5(9.4%) 11 (9.0%) 2 (4.5%) 42 (12.1%)

DSee the legend of Table 1.

?The number of LAB having higher resistance or adherence than L. rhamnosus GG.
YThe rate of LAB having higher resistance or adherence than L. rhamnosus GG.
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AR} 27710 A B2 F fFA T WA S B
433~455%= 7¥71Z]9} i FAX B o Bweka uie
S Ad At AF7ld A 364%2 T2 XA #
453 Bkt oy ﬁa»}% THA F7/-9 o <Qt
oA B& W L. plantarum strains?} W43 W
zkol7b Ae AT FAFSHAl Ve THA2).
A 348%F2] AR f4HTE T Caco-2 AXE
7} 27) w5l W3] 1.44+073%2] F-2&S
nosus GG HI=3tAY H & B85
F 42%°] A AHTable 4). & ALollA
< dRAA, wWEFAA, 74-r7]°ﬂ*1 7}z 9.4%,
EA)g v, 2] o A 18.6%9] C}LHl"i—_—}%% Ad
o] ERIFHAT 7|Eo ERuH A+ =W, HEFA
Z19 Lactobacillus sp. = 27.3%, 1A A& &
6%, bozadll Al £ E 4+ F 37.5%7} Caco-2
57 Ho] B AgoA 2 AR fakre <l
Boh= gkout B Al F oy bozadl
| et fabte] fa S0 e 2ol=
E‘r(4041 43). o= ol Wi G
= S layer protein, teichoic acid 5 2]
123 AT Ao FATY AW F2s
FaFs v 7<] ¥R7) WiEoz AZET
(44). = AHEste A= ”-‘Jr%,\‘ol Lactobacillus
sp.$} Leuconostoc sp.7} th3- —Er AT Fo] Ao
2 FfrEo] dsddzE B ‘3}31( ) B A9 7:'*}0"7*1
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