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Isolation and Characterization of Exopolysaccharide Producing Lactic Acid Bacteria from Kimchi.
Kim, Hyo Ju and Hae Choon Chang*. Department of Food and Nutrition, Chosun University, Gwangju 507-
759, Korea — Three slime-forming lactic acid bacteria were isolated from Kimchi and shown to produce vis-
cous exopolysaccharides (EPS) in sucrose media. The isolated strains, GJ2, C3 and C11, were identified as
Leuconostoc kimchii, Leuconostoc citreum and Leuconostoc mesenteroides, respectively, by examining their
metabolic characteristics and determining their 168 rDNA sequences. Leu. kimchii GJ2, Leu. citreum C3 and
Leu. mesenteroides C11 exhibited high viability (maintained initial viable cell count of 10% CFU/ml) in 0.05 M
sodium phosphate buffer (pH 3.0) for 2 h, in artificial gastric juice for 2 h and in 0.3% oxgall for 24 h. When
tested, Leu. kimchii GJ2, in particular, displayed antimicrobial activity against pathogenic microorganisms.
Leu. kimchii GI2, Leu. citreum C3 and Leu. mesenteroides C11 produced 21.49 g/l, 16.46 g/l and 22.98 g/l
EPS, respectively, in sucrose (5%) medium. The amount of purified EPS extracted from Leu. kimchii GJ2,
Leu. citreum C3 and Leu. mesenteroides C11 was 14.61 g/l, 7.73 g/l and 4.77 g/, respectively. Although the
EPS produced by Leu. kimchii GJ2, Leu. citreum C3 and Leu. mesenteroides C11 differed in viscosity, TLC
and HPLC analysis revealed that each contained only one type of monosaccharide, glucose. The average

molecular mass of EPS produced by Leu. kimchii GJ2 was 306,606 Da.
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frAkre] AA3 3= EPSE= =7 homopolysaccharides}
heteropolysaccharides®. “+#e] =}, Homopolysaccharides
+ FE fructose?} glucose} 2 3 71A] Hee] o
v FAEY] 9l AL WEh | Streprococcus salivariush
23} fructans type2] levand}
inuline] 312, glucans type2Z Leuconostoc mesenteroides
subsp. mesenteroides$} Leu. mesenteroides subsp. dextra-
28 dextrand} Lew. mesenteroidesel ]3¢
alternan Y Streptococcus mutans ¥ Streptococcus sobrinus
o 2J8} mutano] $1EH5, 23]. Dextrane A3 2214,
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AR o] gkom, AT} o)) BaA] F31 5l et A4
W2, A Aeje] A3 elo|lamye] WAWR], FAAFE
9] A2 T AFTHAAME 3] o] 8T H21].
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galactose, fructose W rhamnos?} A Z o ¥] &2 TAH
o] 9lov], 7o w2} N-acetyl-aminosugar, phosphate,
acetyl, glycerol} -2 o] opd EAlEe| Eajslr| = g}
T2 Lactococeus lactis subsp. lactis, Lactobacillus casei,
Lactobacillus sake 5 T4 FATE3} Lactobacillus
acidophilus, Lactobacillus delbrueckii subsp. bulgalicus,
Streptococcus thermophilus 58] 3124 fATEl A AL
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Bifidobacteria®] EPS$} Lactobacillus delbrueckii subsp.
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sucrose ¥l A|(1% tryptone, 0.5% yeast extract, 0.5%
dipotassium phosphate, 0.5% diammonium citrate, 5%
sucrose, pH 7.0l =2s}e] 30°ColA] 48417 i<k &t
. Mucoid colony® WERE HATS AA 8L, THA
sucrose HA w1 A A HAEAL Eu|sh= AL 3Halsle]
EPS A T2 Al sisdct.

=¥ EPS A 5 2#EM(BD Co., USANE ¥
F3 ge)sty EA, S0CHL API kit(Biomérieux Co.,
Franceyd o|-8-3+ Azleks] B4 2 16S rDNA 97|44
Mg B3t FAsAH

v 23t 2713 FARE $lM FA8] $lske] 9]
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1,000 unitmlE- A7}sted AME3I9ict. EPS A4S fls &
ZFFE sucrose DA IRl 1%(v/v) FE3ke] 30°Cel| A
48717 wieksldTt. wioFel-& 1A1E2](9,950xg, 5 min)sted
TAE #4332 pH 3.02] 0.05 M sodium phosphate
Sz} g9l zpzt AN o ® Arisled 30°C
ol A 2417 wieksigiet. 22X 7t wiok F AHSE S5}
WA 2 gl edel Hgt A4S v wEsieh. HEEE
R FF7) EPSE AASHA] & Ael2 A MRS wix|ol|A]
woFgt $(30°C, 24 h) AT} U3 Asisdet.

IBHE MEM

ol F5E2] A= MRS ARl 045 pm filter(Milipore
Co., US.A)E o373 oxgall(Sigma Co., US.A) &4 &
03%2 H7}ste] ALgshalh2s). Hgel T a2
sucrose NA IR A 30°C, 484)7F wieFE TFE 919
Aol A 2A12F M7 F QFHF ek AAAS As)
Ack dFHY A2 g AR FARE wid S A2
(9,950xg, 5 min)dted A ML A AL FAHE 3Pt
o}, 3l5E TAl] AR QTHFAE A AR A F
% Arlsted o] & Hehrzl F 30°CellA 24417F vl okslad
o}, 244)7F wiek 3 AFF(colony forming unit(CFU)/ml)
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gt °d -2 trypsin(Sigma Co., U.S.A.), lipase(Sigma Co.,
U.S.A), protease(Sigma Co., US.A)E 50 mM Tris-HCI
kZH(pH 7.5), pepsin(Sigma Co.)= 50 mM citrate <3
H(pH 2.0), proteinase K(Sigma Co., US.A)= 10 mM
Tris-HCI-50 mM NaCl-5 mM EDTA(pH 7.5), a-amylase
(Sigma Co., US.A)¥= 0.1 M sodium phosphate 2+3=o¥
(pH 7.0)°ll 20 mg/mP7} B =5 FHsle, t-Eaol] )
H 24 BT AT 4 mgml TEE 37°CAAM 12417 W
$A7 B2 MRS SAIT. ETRE BE $9T
27 Tant W Al g AE A

EPS =2, Ed % ¥

FelaTaie AR EPSE A wioklE 4°ceiM Y
A21(9,950xg, 25 minjsled FHE A AL, 37 A
dell 2ufFe] B2 95% oeHE-& AMA13] Zlsted 4°Cel|A]
1527 AAAA Felsiedch AAE- A E2](9,950xg,
25 min, 4°C)3ted F|galal, @2 olebgS AR ¥ F
Z71Z(Samwon Co., Korea)d}e] ©]Z crude EPSE 3}gic}
[27].
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4°Cydte] FA| 9} AAE hiA-S A AT A d-e 3]
48 F 0.2 um filter(Milipore Co., U.S.A)E o 7}sle]
2 S AAS, 2] WA 95% olske-S MM
3] 7ksted 4°ColM 15412 A Z T AAE-L A4l Ee
(9,950xg, 25 min, 4°C)3}ed 33l 2 ofehg-g Ax
A7 F 32} FFaol £33k dialysis-sack(MW cut off
10,000, Spectrum Laboratories Inc., U.S.A.)ol] 31 4°C,
24R|17F F1F A o %R 31sIEH30]. wiokd el o
gt EPSS] AL g/12 ViERSI
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% & 2 glucoseE EFEAZ 3lo] Dubois E[8]2)
phenol-sulfuric acid®] 22 &A%} 2 hujzlgpe
bovine albumin(Sigma Co., USA)S EFEAI s}l
Schacterle & Pollack¥PH [24]1& o] 88l A3l AA
EPS®] # =1 viscometer(Brookfield Co., U.S.A.)9l] small
sample adapterZ ¥-#8}o] spindle No.18& ARt} &3]
st
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EPS®] FA @& EPS 7}4ESES AlE F TLC ¥
HPLCZ EA531H(21]. EPS®] 7lpdall= 2 N Sike =
100°Col| A 3-6A12F F<k AAIBE e 7 RalES | N
NaOHZE F3}38}3L 0.45 um filter(Milipore Co.)=. o3}s}eq
ABE AHEsldY) TLCE: FH|E A EE TLC plate

s

(Whatman Co., England)ll 1 pl %23+ & 2718} acetone
:butanol : water(4: 5: 2)2 2 ANAZTE. Spote] Eel-g-
$130 0.5%(w/v) a-naphthold} 5%(v/v) BARS E3H3) ofjek
< Sfol T A2A F 120°C LA 1087 &
A H 9] HPLCE +4]
analysis column(3.9 mm x 300 mm, Waters Co., US.A)&
ARS3IE Y o] AL S0 2= 80%(v/v) acetonitrileS AFR-
ated 1.5 ml/min F4 22 35°Cel| 4 EAslgdn) Alg:
autosampler(Spark Co., Netherlands) & ©] &84 20 pul F
43l RI(Refractive Index, Younglin instrument Co.,
Korea)d &7 2 &3}

column®. % carbohydrate

22X =4
FAek2 EPSY X2 [0 mgmlZ 3ted GPC(gel

permeation chromatography)g ©|-83ld &3}, Zorbax

bioseries GFC 250(MW range 500-400,000)% &4
column®® 3} GPC system(Agilent Co., U.S.AYS AR
et o] 54 B85 ARSI | mUmin 502 35°C9
Al Fgstlel. A8 100 pl FY3ted RIFASVZ &3]
Rt BAFFE Agfe| A5 TR o] I ST
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EPS MY #Fo| 22| ¥ 53

AAZHE 223 FARF 5 sucrose TA || A A=
A A=S veplE 950 #2 2218k L 5 sucrose I
AR Aol A Fell7p B2 350 75 Aldslsict. Fig 1
of viepd vlel ko] Gl2247¥] AA4H EPSE FshdA
A= AL vehdeh C3olA9e] EPSE 25t
LA o] = x| Ael] EF31A E£olgghom, ClielA
o] EPSE B A 3 AL 359 95 B
T O] T oE HujAsleAe sty Hata
A 3tEtA BAS ALl 168 tDNAG7IM T B4 4=
22" 3F9 FFE Leuconostoc kimchii AF179386,

GJ2

Fig. 1. Isolation of EPS producing lactic acid bacteria from
Kimchi. Isolate strains were grown on sucrose medium. A. Leu.
kimchii GJ2; B. Leu. citreum C3; C. Leu. mesenteroides C11.
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AB023246% 99%, 99%, 99% “45/3& 474 vhete]
Leuconostoc  kimchii, Leuconostoc citreum, Leuconostoc
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frakre] AA=RE-e) 558 W3] AsiMe O &
3l oA A E3}od o} gk}, wlelA TS Fdked A3
2 el HF 5H 599 Aol =237 Al A
o] Az} Aol A Fu|== Hgel W WS 25
olof &k 3F9 ¥2] FF Lew kimchii GI2, Leu.
citreum C3, Leu. mesenteroides C11¢] Ar 3 & 7 &3}
A3} Fig. 20 Jepd uke} o] sucrose ¥iAleA 30°C, 48
AlZE 1Y vkl EPSE AR 3%0] HeldS pH 3.0
2] 0.05 M sodium phosphate 2§ o]u} Q1A ellA] 24) 7}
o] At Foll = APEELR] 9kT 27|74 (10° CFU/MD)E #
A& 2 WA VeI ol SlelA AEs A
22 o5 4 slvks 7FeAS AXE A & 5 9l
o}, 43 9109 pHE 1.4-2.0 A= A P vy E
2 7)ol A] AbEEA HARE AFHE FAEY] A8
2 Q3] 21| pHt Eokivhs AL [26] g A&
&2 oS Fobd 7oz A4 JFHE] HE WA
2 AA|Z probiotics T2 7)5-& AL 3
sl A 2Ee) 2506 g/t A w2 oxgalle]
8 wiAlell A A 4 gl WA 7FAoF sH20]. A
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Fig. 2. Acid tolerance of EPS producing isolates in 0.05 M
sodium phosphate and artificial gastric juice of pH 3.0. All
values were means = SD (n=3). Cells were precultured in MRS
medium at 30°C for 24 h () or in sucrose medium at 30°C for 48
h () — treated in 0.05 M sodium phosphate (pH 3.0)([]) or in
artificial gastric juice (pH 3.0) ((J) for 2 h.
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Fig. 3. Bile resistance of EPS producing isolates against 0.3%
oxgall after treatment for 2 h in artificial gastric juice of pH
3.0. All values were means £ SD (n=3). Cells were precultured in
MRS medium at 30°C for 24 h () or in sucrose medium at 30°C
for 48 h (M) — treated in artificial gastric juice for 2 h ((O) —
and then in 0.3% oxgall for 24 h ((J).

0.3% oxgall $-f JTHEFS A0S o 375 27 24
A7 EY 27174108 CFUMmDE F-A18h 2 95
A& VEPIEk(Fig. 3). A F[6]e] Bazgk FA|u]elA
2]3} Lactobacillus sp. FF-30] Q1 3¢ Yol A2] #etA] o]
2 ub QlFHFAA ] AEE] 6%E Vehd Hell W]
e 2 Ao Me] Ee|TF Lew kimchii GJ2, Leu.
citreum C3, Leu. mesenteroides C11-2 =2 WAAY] 7|5
S AU FAle] FFel g =2 A3 S el
probiotics2.2] 715 ZFATL & 4= ol 2=
MRS Hiz]o)|A] 30°C, 24717t 53t wiloF=]e] EPSE A5}
2 B3kS W] 739 A A Ao e} JFHE AE
A A7) 102 CFU/Mm] ZAA8AE Heod, $ujell
A9 AE 7FsAT ATEFFNMY 2 AP T
9] EPS AJA 02 olgt Al Bunt 2R o5t Areln
Het=|del, Bl ohe} Lew. kimchii GI22) 73-F B e
ol ARV} H= E coli, NEFL A 7)== Pseudomonas,
4359
Staphylococcus, Streptococcus S S A=
722 el }(Table 1) Aol] HEHA Falld5E A}
vk gl Ay S AT e A EF ATEA V)
S 7l 4 leh =3k A" FFEA-E trypsin,
protease, proteinase K&} 2-2 -l F4vo)] 2]3le AlE
oz A EAYS o 4 ATH(Table 2). o] 7
2 2 Leu. kimchii GI2& AdZAA| 2 &-83}7]0l] wl
+ AL veRle AR i

N

o}

A N#FQ  Listeria, Micrococcus, Salmonella,

EPSe| &2 ¥ HH|
359 Helgge Y8 e O R sucrosed ©]-8-3}o]
EPSE A AV}, Leu. kimchii GJ2, Leu. citreum C3,
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Table 1. Antimicrobial activity of Leu. kimchii GJ2 against
pathogenic microorganism.

Sensitive indicator GI2

Escherichia coli ATCC 25922
Enterococcus faecalis ATCC 29212
Streptococcus mutans ATCC 25175
Micrococcus luteus ATCC 13513
Staphylococcus aureus ATCC 29213
Salmonella typhi ATCC 19430
Pseudomonas aeruginosa ATCC 27853
Listeria monocytogenes ATCC 19111

o+ o+

To assay of antibacterial activity, Leu. kimchii GJ2 was directly
applied onto sensitive indicator. +: detectable activity.

Table 2. Effect of various enzyme on the antibacterial activity of
bacteriocin from the Leu. kimchii GJ2.

Enzyme GJ2
Control (non-enzyme treated sample) +
Trypsin -
Protease -
Lipase +
a-Amylase +
Proteinase K -
o-Chymotrypsin +

Lb. plantarum KFRI 464 was used as a sensitive indicator.
+: detectable activity; -: no clear zone.

Leu. mesenteroides C11S sucrose 9 A}l 2| ol 30°C, 484]
Zh wjokgl wjokelol] 2uEe] ofebg-g 713l AAAZ R
A Z7F 21.49 g/, 16.46 g/, 22.98 g/1¢] crude EPSE 3]
51}, 319°% crude EPSE oHA AAIEIE wloll Leu.
kimchii G)2, Leu. citreum C3, Leu. mesenteroides C11<
747k 14.61 g, 7.73 g/l, 4.77 g1e] AAR EPS +5%%
vehfe] o olebS AH 22 343 crude EPSET} oF
1.5-50) A= FrAwE Evi(Table 3). o]#3 A= S
thermophilus®} 73-%- 50-350 mg/I2] A€ EPSE A&
ol Cerning S8 R 3[4]¢} Lactococcus lactis ssp.
cremoris?} 164-263 mg/l] EPSZ 2433} Zhennai Yang®}
RI[30] ¥ Lactobacillus ssp. SCU-M®] 1,680 mg/1%]
EPSE A4t BaRRet 2 EPS RS 24
L, T. Smitinont 5-[27]¢] 313}t Pediococcus pentosaceus

AP-13} AP-301A) 6.05% 2.5 g/I2] EPSZ It Aol #]3)
M5 22 gatekolet & 4= olv). et AR gt
FrAkTolAel EPS Aol BatE = o F[9pl 23t FA
oA Bel%l Leu mesenteroides®] dextransucrase2] ZHA
o et BaAxolr 71 F[13]] 23t ZX|ZHFE dextran
A Leu. lactis B-2]oll B3 B317} 9ot AA dextranel]
A5t A7 o] Fo HA] skt

7o 2 ¥ EXtE

Felel ofs) AR EPSY 74 23S ) #)s)
o] A} 715538t EPSE TLCS HPLCE AHEsle] ¥A3)
el TLCEA A= Fig. 4ol viehd ulel go| Rl
ol AR EPSY A4 3F EF RE FoE AT
glucoses} 22 AMEE 1719 spotd veplle] 1AH o=
glucoseZqF o] Fo]%l homo¥ ] EPSE FA3 ¢ St
Bo} Aasr 248 $j8) A 7eEslES HPLCE A3}
AohFig. 5). TLCEA A3} v A2 7keis) ® 3%
o] EPS BF BF 923 AM83} glucoses}t &2 retention
time(5.92 min)2] Y peakihg vielo] EldF Leu.
kimchii GJ2, Leu. citreum C3, L83l Leu. mesenteroides
Cl1EXE JAE EPSE 24 glucose2Ht TAE] 8

woow o -==glucose

1 2 3 4 5 6 7

Fig. 4. Thin layer chromatogram after acid hydrolysis of EPS
produced by Leu. kimchii GJ2, Leu. citreun C3 and Leu.
mesenteroides C11. Lane 1, 2, 3 and 4(standard): fructose,
glucose, galactose, and mannose, respectively; lane 5, 6 and 7:
acid hydrolyzed product of EPS from Leu. kimchii GJ2, Leu.
citreum C3 and Leu. mesenteroides C11, respectively.

Table 3. EPS production by Leu. kimchii GJ2, Lew. citreum C3 and Leu. mesenteroides C11.

Purified EPS
Culture Crude EPS (g/l) Purified EPS (g/) -
Total sugar (g%) Total protein (g%)
Leu. kimchii GJ2 21.4940.46 14.61+0.09 96.48+0.49 0.80+0.26
Leu. citreum C3 16.46+0.79 7.73£0.09 89.38+0.33 0.90+1.04
Leu. mesenteroides C11 22.98+0.72 4.77+0.08 91.05+0.28 0.95+0.45

Values are means + SD(n=3).
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Fig. 5. HPLC chromatogram after acid hydrolysis of EPS produced by Leu. kimchii GJ2, Leu. citreum C3 and Leu. mesenteroides
C11. A. glucose(standard); B, C, and D. acid hydrolyzed product of EPS from Lew. kimchii GJ2, Leu. citreum C3 and Leu. mesenteroides

Cl11, respectively. Arrow indicates glucose.

A J]E X 3= homo® <] polysaccharidess] 122 HAA =
At 3% RFF F EPSHA ] M B2 Lew
kimchii GI2¢] ©3|A] GPCS o] &3} RA=f =X A7}
polysaccharide calibration curvesol] ¢]3l AHE¥ Hit £}
L 360,606 DaE ElE it

l

O

r

He

BadF Leuw kimchii GJ2, Leu. citreum C3, Leu.
mesenteroides C112%-E]2) EPS7t 25 & 279 ©}
(glucose)o. 2 FAE Y 2= g:;‘-?f}_w_ Fig. 1ol g} 7o)
M2 oE Ao EPSE AA s webA BeldSe
sucrose ¥k AN ojek-g FHste] 3]423 crude EPS,
AA| EPSell A8l H=E S}, HEEA A= Table
4ol e}t whe} o] BT Leu kimchii G2, Leu.
citreum C3, Leu. mesenteroides C112] vk AlAled.2 7}7}

Table 4. Viscosities of the EPS solutions produced by the three isolates.

13.03 cp, 7.31 cp, 2.21 cpd] AEE Hehliglon, ojz 4
Bl &% crude EPSol M= 77t 482.15 cp, 139.25 cp,
5.39 cp, AAl EPSel M= 27k 4,662 cp, 3,633 cp, 3.67
cp2] A=E et sucrose AR Lew. citreum

C324¥ AAE EPS7} 71 £l = B8 Leu.
kimchii GI225-E19] EPS7} 7HY 2 HEE Yehjom,
502 Lew. citreum C3ZHE]Q] EPS, Leu. mesenteroides
C1125-€]¢8] EPSToE velygeh. e} o)e} 22 Ax)
A4 E] dF2FEe] EPS AT B Aelr) A=
o ek vHE g oloBR 7o) BE|EFEHEL
crude EPS¢} AA| EPSE 4%(wiv)e] U= 243 F
AXE =43}k (Table 4). 2 A3} Leu. citreum C30A
2] crude EPSS} A A EPS7F 27+ 136.3 ¢p, 3,719 cp=E
7V 2o AEZE Yebdt}. Lew. kimchii GI2= 242} 119.4
cp, 266.3 cpA-2™, Leu. mesenteroides Cl11-& Z+7z} 3.57

(unit: centipoise)

Culture Culture Crude EPS Purified EPS Crude EPS Purified EPS
supernatant /20 ml DW /10 ml DW (4%) (4%)

Leu. kimchii GJ2 13.0320.38 482.15£10.25 4,662+£15.72 119.4+0.06 266.3+0.71

Leu. citreum C3 7.31+0.08 139.25+ 0.35 3,633+26.87 136.3+0.03 3,719+4.24

Leu. mesenteroides C11 2.21£0.26 5.39+ 0.08 3.57+0 6.07+0.04

3.67+ 0.08

Values are means = SD(n=3).
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cp, 6.07 cp ¥ LA Z zo]E Holw 71 Yo HeE
viepdet. o) 9} w523t ZA22 Elisabeth J.& BI1[10]e]] <)
3P Streptococcus thermophilus Rs®} StsollA] A€ EPS
2] 7% galactose®}t rhamnose?} 5 : 2% FAEH] A& F
x5 AR Sweptococcus thermophilus RsE non-
ropy3t EPSE Streptococcus thermophilus Sts= ropy&t
EPSE AAsh=Hl, ol 7+ TFE5H AAE EPSS ¥4
ZF(Rs: 2.6x103 kDa, Sts: 3.7x10° kDa)2} x}o]el] 23 A
Tt Husigdot. gk, HExfe]o] v 89102 A KA
EPSEZte} Af722] zlolE A 4= glo}. Jeanes 52
B[]l 2)8bH Lew. mesenteroides NRRL B-1355% 3}
g7t o2 F71A] polysaccharide® AJAJghet. shis 2zt
2} 4848 == polysaccharide(fraction L)o]3 oh2 3}
= 484 polysaccharide(fraction S)Z. fraction L= Leu.
mesenteroides NRRL B-512FZ2%€8] WA dextran -FA}
gk 95% o-1,6 glucosidic A¥ell 5% a-1,3 7R 2 FAE
polysaccharide$d 2™, fraction S¥= alternan®.E. o] F-o{3 v}
3 Baght glet. webM 3Ee] RElEF Lew. kimchii GJ2,
Leu. citreum C3, Leu. mesenteroides C11Z2F€ A=l
EPS®] AXzlel= o) 52 A¥T-x e} At Alolo] o
gk ez Azt

2 o

ZAA 25 3% EPS A fFAkES Felsiidet. Fed
= Leuconostoc kimchii, Leuconostoc citreum, Leuconostoc
mesenteroides 2 A R 2™, 27 Leuconostoc kimchii
GJ2, Leuconostoc citreum C3, Leuconostoc mesenteroides
ClZ H93tsdet. EPSAA AR fAakde] A A2 o
- 8ol A3} pH 3.02] 0.05 M sodium phosphate buffer
o} QlFH{ ol 227t Mgt Foll = 3TF BT 27)d
(108 CFUMDE A8t 20 Q3dFelA 24417 A&t
Fol % 37F BF 27|FH(10° CFUmNE fA)8h 3%
o] EPSAA A AT Leu. kimchii GJ2, Leu. citreum
C3, Leu. mesenteroides Cl10] A A &3 A probiotics
2A4 28 = g AYS Al i, dE2ees
A 2 dF7F EPSE A4S dokE ool Aol WAk
A, dFHd, lgHEFelM A=l F gt 102 CFU/mI
ZAaEAE Hod FA9] EPSAA] o137} probiotics®A 7]
T Y AAAH 89S RdF. 53] Leu
kimchii GI22] 73-% E. coli, Pseudomonas, Listeria,
Micrococcus, Salmonella, Staphylococcus, Streptococcusy
9] 8l T elM s vepisl e, Ak e
AL iy A2 EIFU AARAE Lew. kimchii
GI2, Leu. citreum C3, Leu. mesenteroides C11Z2F-€]2]
EPS AABEL sucrose(5%) WAl A ZH2) 21.49 g/l, 16.46
g/l, 2298 g/l F.om, AA Al 22t 14.61 g, 7.73 ¢,

4.77 g/|2 712] EPS A Akl M) AAkael| vls) 10
w o] Ae] ¥ AJARRE Jepfigith TLC ¥ HPLCE ©l
43+ EPS 7A 2 3¢l A} 37F 25 glucoseERE 74
% homopolysaccharides® =%}, EPS A o] 713
L& Leu. kimchii GJ29] 331 #AF3-2- 360,606 DacllS
), Uz] 5 el daixs A4 EPS e Axe] A
o] 2 ulFolHo} A EPSO| FATE} FARFe] ME o
2 A2 st

LA 2

£ A7 20049 AN 7] Adg ot
Fa=glom oo ZMAL=H .
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