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Isolation and Characterization of Exopolysaccharide Producing Lactic Acid Bacteria from Korean Soy Sauce and
Soybean Paste. Yun, Hye Ju'2, You Jung Lee', Soo-Hwan Yeo', Hye Young Park', Heui-Dong Park? and Seong Yeol
Baek'*. "Fermented Food Division, Department of Agro-food Resource, NAAS, RDA, Suwon 441-853, Korea, 2 School of Food
Science & Biotechnology, Kyungpook National University, Daegu 702-701, Korea

Three slime-forming lactic acid bacteria were isolated from traditional Korean fermented soy sauce and soybean paste and
shown to produce exopolysaccharides (EPS) in sucrose media. By isolating the strains, examining their morphological charac-
teristics and determining their 16S rDNA sequences, N58-5 and K6-7 were identified as Leuconostoc mesenteroides and N45-
10 as Leuconostoc citreum. The acid and bile tolerances of these three strains were investigated. Amongst the three lactic acid
bacteria, Leuc. citreum N45-10 exhibited the highest viability (10°-10% CFU/ml) in 0.05 M sodium phosphate buffer (pH 0.3) for
2 h, in artificial gastric juice for 2 h and in 0.3%, 0.5% oxgall for 24h. Leuc. mesenteroides K6-7, N58-5 and Leuc. citreum N45-
10 were grown in sucrose liquid medium and 8.16 g/L, 3.65 g/L, 16.17 g/L of EPS was collected, respectively. The hydrolyzed
EPS was analyzed by HPLC in order to determine the sugar composition of EPS. Leuc. mesenteroides K6-7 and N58-5
showed two peaks indicating glucose and fructose, thus they were determined to be hetero-type polysaccharides. Leuc. cit-
reum N45-10 showed only the glucose polymer, indicating it to be a homo-type polysaccharide. In addition, all three lactic acid
bacterial hemolysis did not demonstrate a clear zone in blood agar in the area surrounding a lactic acid bacteria colony.

Keywords: Lactic acid bacteria, exopolysaccharide, soy sauce, Leuconostoc sp.

N 2
SAEE AR o) 9 RE5T HotBE B/ 0R
o|g3te] FALS AASHE TABRA SAE, §5,

A
ol 7|3k QT EYF AR fATE £

A E A ool Be At 19429 Leuconostoc
mesenteroides7} AAFsH= dextran [12]0] 8 S7AIZ 7
dtE o] pullulan [7], xanthan gum [8] S H|&E3F o
7HA] 7ol tigt 712 2 §-& A7t A= o] et 1]

B2l AT BEFE HYHOE o gL AR Ty

h

*Corresponding author

Tel: +82-31-299-0581, Fax: +82-31-299-0554

E-mail: dunkbis@korea.kr

© 2013, The Korean Society for Microbiology and Biotechnology

http://dx.doi.org/10.4014/kjmb.1302.02004

ol vls 40] st S50, £747EA] 7} o9 ot
7+ A9 71648 AANEA Y A o] u-¢ Zt}[32].
NS fi gEdRes ZA AEEe dRE EX5H=
intracellular polysaccharide, |9 FT2AEQ] structural
polysaccharide, A|Z® Q& o] ZA3}= extracellular
polysaccharide 522 UE 4 Jrth E3J] extracellular
polysaccharide= A|Z¢}9] T2 Ao oz}t slime,
capsular, microcapsular®] A 7}2] FEHZ2 EFT 4 9o
o o] E5& FA3}9 exopolysaccharide (EPS)Z} 3tt}{30].
EPS& Al o] B2 A=Y 9o Fub& FAs
Ad A2y oo Hd FeH=A LE Fol S 5= n
AE OIRE, 134 B 22 A EEo|tH14]. EPSE 9
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o] st HFHE, iAo RRE 357t H3 FAH|
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Abato] A48t EPS7H ”51'9‘ O3REA AEFY A
34|, A3t 2 7 A%EL T o
$EE 80| 7153 EE EPSE AAkHE FAKZ]
Ao] AR} EobAT ck33],

L Aro] WA= EPSE 3 A homo-polysaccharide2t
hetero-polysaccharide2 3¢} 2t} Homo-polysaccharide:=
TE ISEQAY SRF A0 T2 3 71X P Fo
29 FAEY 9= tgF 2, Streptococcus salivarius}
Str. mutans7} A AFs}= fructan type] levani} inulin©]

Q1o glucan type S 2= Leuconostoc mesenteroides subsp.
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mesenteroides®} Leuc. mesenteroides subsp. dextranicum
7} A= dextrant Leuc. mesenteroides?} A A=
alternan, Str. mutans®} Str. sobrinus7} A A8l= mutan
%Ol QIt}H5, 25]. Hetero-polysacchariderx 2EF o]At9]
o, 32 glucose, galactose, fructose, rhamnose’} A2 Tt
E vz FAH 3o, 7ol w2k N-acetyl aminosugar,
phosphate, acetyl, glycerold} Z-2 Fo] ofd EdE0] X
371 = stt}k. 2 Lactococcus lactis subsp. lactis, Lac.
casel, Lac. sake 52| &4 {§A4E3 Lac. acidophilus,
Lac. delbrueckii subsp. bulgalicus, Str. thermophilus 5
9 n24 fFAFENA AAET U¥tA O F hetero-
polysaccharide= homo-polysaccharideo] 8|3} AJAtAgo] o
on Ao Z YAE = EAo] 9}, o|ast FARL 1|

WEO|A EPS AAkol] Tolsh 21 SARe] BeHg 4o

2 &4 E A9 o] 715k, EPS AAte] 474 2
QAL A o) §40] A2 BA7} Hek, 251,

2 BPS7L A9 e BA715 A7} ohd A7)
22 FEL B3 9ot $A+ 5 Bifidobacteria 2
EPS®} Lactobacillus delbrueckii subsp. bulgalicus, Lac.
helverticus var. jugurti25-€ S5t EPSe| attaytr) 9l
ot B3 = AH17). AF7HA %01]/\1 A9 € EPSO|
Wt B2 A7t o] R oY, g RE 2 FEES A= F
7 22 2a fAIFA -‘:E]??l fratato] =3tE Syt
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Aol eH19]

A% ARE 2y 458 Selvete) fEge gF
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dgie] Hugo) wtet 7154 HECRA AEHF o
3 BAlo] F7ska Gl FAlolche, 22]. olgh 2ol 1y 2
g 2 AE AR sl Be A7 B 2
CEEREEEEE RIEEEERTEE SR RL TR
o] AH7kelx it

gebd 2 AL AE AROIA BT f4F F
EPS A4 §AFES AMSLAT, A, AT 90 9 213
SE AT AW Bokel A% S AU AE 75
4& 2ABGOH, EPSE 22, BAse] 1 B4 o)

o Aot

ER T
M=

B AFHA AR A4 7H3 T "R AT oFEA]
oh gopzal Aele] AAAFAA FY3AL Ao 4
A g2 AEE 59 on, FF7FF Leuc. mesenteroides
KACC12312+ 53X 34 Sas g ELEME A &
oF wro} A}23}gth B A o AF&3F A]oF2 Sigma Aldrich
(ST. Louis, USA)| A F+¢3}o] A}-&-3}4ch.

27 HQr W At
#X‘ﬁ‘_} AR AR 10 g2 90 ml9] 0.85% NaCl2 @etst
RS A Ao 100 ul = F3ko] 3TCAA 4847 )

% fs} o HjoFE RS FehA Ffol 2 o] g3kl 1% A
Haly, SAFoR BolE FRE £IZ oA W%

tryptone, 0.5% yeast extract, 0.5% dipotassium phosphate,
0.5% diammonium citrate, 5% sucrose, pH 7.0)¢]| =¢3}
o 37°Coll A 48A17F v %Fste] mucoid colonyE YEH= &
A@e QEstTt of 278 $az0s ARl weF
stol HAEAS Bulsh A2 AT ke EPS AY 7
22 gurstel o] Ao,

EPS AHAI- ;{-xo| Ex-l

DNA §AA FG714 ¥ EAL Solutions for Generic
Technologies (Solgent)A}o] & 2|3}e] EA3} 2 W, primer
2+ Universal PCR primer 27F(5-AGAGTTTGATCC
TGGCTCAG-3)¢} 1492R(5'-GGTTACCTTGTTACGACTT-
3N ARSI A4 ZA-L LasergeneAl?] DNASTAR
pro software (SeqMan Pro)®} The National Center for
Biotechnology Information (NCBI, http:/www.ncbi.nlm.
nih.gov/)o)| A A|&3}l= Advanced blast search T2 13-
5319 GenBanke]] E11H FAF F39H] 7| EE ¥ I,
AEEZEH SATAE B4 s5t92eH, MEGA v4.0& o]
£3}9] Tamura-Nei distance model¥} neighbor-joining

June 2013 | Vol. 41 | No. 2



192 | Yun et al.

method [26°] ©J5) AE4E 245,

Ltk R QIS HA K

23] F39 4 AL whée A4 pHO| et YA
T J A3k 2AT SARRE A A 2A517] Yty ¢
THY WEHES AAste] gelatglet. A4 pHoll tigt
WAL 0.05 M sodium phosphate £ (pH 3.0)2 AF&-3}o]
45t gtH24]. JAFAHH YA AF2 Kobayashi 5[18]9]
P& Wgstel 1N HCIZ pH 3.022 23 MRS 943
a2 o l—g— 1,000 unit/ml7} ¥ =& H7}ske] QAZ 9o
= H3tsict. EPS A4S 98l 28 #5785 A=

ZA), 4
2 °“74]HHX]°1] 1%(v/v) HEsto] 37°Coll A 48A7F vl 2t
3, AAEF(10,000 X g, 5 min, 4°C)3te] FAE 324314
ot AAE AR A3 F3F0] 0.05 M sodium phosphate £}
(pH 3.0)7 AFAHS 22 F7kste] 37°Col A 2A|17F v
g o AdeE A5k WA T QlFHHef gt A%
A& B71sE T 212 MRS i 2| o) A] v F31{ (37°C,
48 h), EPSE AA35tA &2 2o AE 1< FYs5H
A 2] 5kt

H i}
oft ¥
N
rlo
z 0.

RS AA|ui Ao 0.45 pum filter2 o 23t
0% H7ehod Azogches). 3E] AU
HPHL AR L2 AAWA RFE 1%() BEHo]
STCOIA 48121 R T QB AA 241 A 2lshel
F U3 HE APHS A AF A H2g AR
AL RS LHLLA10000x g, 5 min, 4°C)ske] 41
Ag A7, FAE Beston 58 20 2AE A3
G2l AT AR NT} Egko 2 Hrlate] &]EI-A]S']
3TCOIA 24Nt RYBIY T, B E S AF TF
o tHet M-S AT P2 FS MRS WA A o)
%F3}e](87°C, 48 h), EPSE A3HA b 24 BT
st BUstA Helsheict

EPS 22|, N H Y

BHH4FE #3222 wiX (1% tryptone, 0.5% yeast
extract, 0.5% dipotassium phosphate, 0.5% diammonium
citrate, 5% sucrose, pH 7.0)o]| FZ£3}o] 37°Coj| A 48A| 7t
v gFste] EPSE A/ AT o] v gL 4°Coll A A&
(10,000 X g, 25 min, 4°C)5to] FHS AALL, 325 AF
Hof 2] WZE 95% ot H7lsto] 4°CollA 1547t
DANA o] HHES A YA (10000 g, 25 min,
4°C)sto] 3stal, 2 ofehEs AXRAY 3y 524742
3} o]& crude EPSZ 3} tH29].

crude EPSE AA|517] Y3) wllFH o] trichloloacetic acid
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£ HAFFE 4% w7t HEE H7FstaL 4°Col A 24|17t A
3 & YA (10,000 x g, 25 min, 4°C)dte] FA<+ FA
H g AAGT FAHL Sg F 0.2 um filter
2 ojmsto] g2 Gl AS A AL, 3H A Ao 2n)
F 95% oTE& H7sto] 4°Coll A 1517 JAHAIA &
gty AAEL YAEE (10,000 X g, 25 min, 4°C)3}]
34, F2 S-S A2AZ $F 32k SRS &3

o

Of

Fo] dialysis sacko] @il 4°Co| A 2447t FoF B A3 o
. &8 A2k (34]. Mgl thet EPSS] AL g/L
= vehigd.

El]o

EPS 714 B &4

EPS9] A4 @& EPS 7}4-E&ES HPLC (Waters Co.,
USAZ B4t EPSE 2 N 3H4HS 2 100°Co| A 6417
Eob 7}B 85T, 1N NaOHZ 233t & 045 um
filter2 o1}slof EPS 7tRallE A B2 ARESHTH &4
AYL e3lE 248 A Y (carbohydrate analysis column)
(3.9 mm x 300 mm, Waters Co., USA)S AF&3}g o0, o]
FAC 2L 75% (viv) oFA| EY E E (acetonitrile)S A5}
At} o] EAY $42 1.5 m/mine 2 o, AEE
auto-samplerS ©]8€3}4] 20 ul FY3Fo] RI (Refractive
Index) H&712 A&}

SN U HalEl HSiAl
E N 517 Bl R (tryptic soy agaroll 5% sheep blood & 7})

23t AN =Yk, 37°Co| A 48A17F vl k%t o
e 4o Re §E4S Tt
20]. Az+e Gk vl X|(beef extract 0.3%, peptone 0.5%,
gelatin 12%)°ll £ #F& FF3 thF 37°Col A 48A]7F
vt & Aatel PR E 4°Ce] oF 47 B2t WA
A sto] B A &) 31 o 5 gRlstict. v x| 7} L= A ¢
od A3t ke FAHeZ FASET27].
2y
EPS MMl QAKHO| Mt 9l EX

AE A7 ARAA =Y FH A ZolE A
Hako] oF 1,000 5 AL, fAt S
o 200375 $E20L WA KA B8
6‘%&% % B2 84L& Hol= N45-10, K6-7
5358 AEegc. A4E EPSE £
HyE "}E}k‘i o N45-102%7} 7H4 w2 EPSE QA
et

AREgh 3% F 42 16S rDNASY] |71 A2
AT}, N45-10, K6-7, N58-5= Leuconostoc sp.2} =
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AL Uetit 281 459 AFTH FABAE 165 ot =2 WAMIE 7HA AL Qlo] YA Fo g o5
rDNA §-4% A7 E& 7122 Leuconostoc &2 & F 3= & 7Hs/0] AAE Y. o] Z3t= AR oA A 5[15]
S0 GAIEE RARSE A3}, N45-10 43 Leuc. citreum o] B &8t Leuc. kimchii GJ2, Leuc. citreum C3, Leuc.
T} K6-7, N58-5 w5+ Leuc. mesenteroides?} 100% A%  mesenteroides C11 w5 L o] 5[20]°] 283t Lac. plantarum

Qe vel 7z Ao SAEOR FHEI, NO.1 %7} EPSE 45142 1 0.05 M sodium phosphate

S H .00} AT $IolA] 24zbo] He Fol= A

LKA 21 Q1Z SIo4 Xf3H "okx) g 2712458 FA%e] B2 WAHS dehigl

Sargol Aol A2 Aol EFsl] SlslE @ the 23 SASHETh WA K67, N5g5 FFE Ni5-10
A3 2% wATF EASHE

S5 SHstofoF hef, o] W §]  FFET; HIA W2 FE(10' CFU/MmDE LRl AT

of pHE 43| 2 7HANS AUT Y3 S4B 4ol
=)
u

of whet pH 2.89] WIS LIERATHI0L meba] Slo] B OIE SE M

S el MAES AESG A 22 9F BHel Aol AUelA AR A15S 2useE A @

AT, HE BRI AU EPS ALY SAR NIS10, 9 BEO6 glieh B BE oxgallo] T58 W0

K6-7 @ N58-59] 4t AgHdoll thgt A& Fig. 10 et AT 5 Sl WS 7HAoF ghrt[23]. 3" ikt 4

Atk AR A WA A EPS S FE3 #+FE AR Y8 St o o]FEe AL sty Add

0.05 M sodium phosphate &% (pH 3.0)0]L} 21-F $Hof A 3AFE QAT YA A 2A17F A3 £, 0.3% L 0.5%
o go

2A 7 A S o A= EPSE A &2 #5355 oxgallS g T FE5H AgstAtt. 1 23t Leuc.
ot =4 Yelygth 335 Fo A N45-102 EPS A &7 mesenterozdes K6-71} N58-5= A2 ALESH S, Leuc.
oF A#glo] H& AH#4(10°-10° CFUMmMDE A B citreum N45-102 H| 3 £ AF4(10%10* CFUmMDE

10
g 8
&
<
S o
g 4
L
2
= 2
0
K6-7 N58-5 N45-10 K6-7 N58-3 N45-10
MRS Sucrose
10

Viable count (log cfu/ml)

Ll |
K6-7 N358-5 N45-10 K6-7 N358-5 N45-10
MRS Sucrose

Fig. 1. Acid tolerance of lactic acid bacteria isolated from korean fermented soy sauce and soybean paste in 0.05 M sodium
phosphate (A) and artificial gastric juice (B).

Cells were precultured in MRS medium at 37°C for 48 h ([J) and sucrose medium at 37°C for 48 h (), subsequently treated in 0.05 M
sodium phosphate (pH 3.0) () and artificial gastric juice (pH 3.0) () for 2 h, respectively.
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Fig. 2. Bile tolerance of lactic acid bacteria from korean fermented soy sauce and soybean paste against 0.3% and 0.5% oxgall.
Cells were precultured in MRS medium at 37°C for 48 h, subsequently treated in artificial gastric juice for 2 h ((J) and sucrose medium
at 37°C for 48 h, subsequently treated in artificial gastric juice for 2 h () subsequently and than in 0.3% oxgall (lH) and 0.5% oxgall

() for 24 h.

FA 8= Aoz Hol gEd Aol 7HE Lot gith(Fig.
2). B3 N45-10 #+= 4 S[15]0] B g Ao A £
3t Leuc. kimchit GJ2, Leuc. citreum C3, Leuc. mesenteroides
Cl1o] & WA 9 7152 AUHEA Ao &5 thet
E2 AEE Uehdoe 239 fASHTH f4EY] EPS
A friel W gE A4S Bl 23, MRS vjA| 2
o a2 X HiA o WSt S, v o w4 UeEt
Wt o]A-L EPS A4 o] fAtEY] Alxy F9jo] Rauto
2 283t A2 APz

EPS E2l, M X T

ALE FARES] SAY0 R FARQAE o] 83t EPS
WA= ZASFF T Leuc. citreum N45-103F Leuc.
mesenteroides K6-7, N58-55 32 22 N vl x| of vk
3, olEE AAMS o]&ste] ZH7 16.173, 8.167 ¥
3.652 g/L% crude EPSE 3|43} th(Table 1). Leuc.
citreum N45-10-2 Leuc. mesenteroides K6-7, N58-5 X th
2-58(16.173 g/L) o] &2 EPS AAgFS Yetligltt. o

Table 1. Production of exopolysaccharides by the lactic acid
bacteria isolated from korean fermented soy sauce and
soybean paste.

Strains EPS (g/L)
Leuc. mesenteroides KACC 12312 1.973 £ 0.229
Leuc. mesenteroides K6-7 8.167 + 0.332
Leuc. mesenteroides N58-5 3.652 + 0.670

Leuc. citreum N45-10 16.173 £ 0.521

Values are means + SD (n = 3).
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= A F[hslel AAA 223 Leuc. citreum C3° A
16.46 g/L8] EPS7} A4tE itk A3kt AT

EPS 74 & 24

EPS 71483 &2 HPLCEZ B A3 A3}, Leuc. citreum
N45-10= 22322, Leuc. mesenteroides K6-7, N58-5=
TZHEQ AN SRIQAT}L 8 FAGOE FHE|(Fig. 3)
Leuc. citreum N45-100] AJAFet EPSE= homo-polysaccharide
2, Leuc. mesenteroides K6-7, N58-50] AJAFst EPSE
hetero-polysaccharideZ & ATH5, 6, 25]. TWEHA] Leuc.
citreum N45-103} Leuc. mesenteroides K6-7, N58-52] EPS
A AFFL homo-polysaccharideX} hetero-polysaccharide 2]
zolol 71Q1% 2o.2 Uehtet.

FAFS A EH R AFo AHEE $H7] o 2
Ald Fob etdsitta A EH o LTH(GRAS, generally
recognized as safe). 0|23t FAREL Q7to] A7}ol (835}
o QHAstTta AZbE 7] wiizof ¢HAd E 54 AT 87
A gkokeh. a2y o2 FRY FAFEH A Lactobacillus,
Leuconostoc, Pediococcus, Bifidobacterium® QX F
(Species)o] 22 Hol[1, 4, 9] A& X Yo%F Tl £ A
2L fAS AYH0E AET fo= kA FEIF F
astthn AzEle] Bol fAEe) A 4B S St

|82 847t g E = AAAE AL HE1Y §
AAQ Agro|y st ¥ 59 594, o] HAst
= SAEA YA FAE = BlFAAA Q] A-&-oltHie].
AAY 82 2 8%, 108, ZFAEZ Yo A A ZoA
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Fig. 3. HPLC chromatograms of acid hydrolyte of exopolysaccharides produced by the lactic acid bacteria isolated from korean

fermented soy sauce and soybean paste.

(A) Leuc. mesenteroides K6-7, (B) Leuc. mesenteroides N58-5, (C) Leuc. citreum N45-10.

Fig. 4. Hemolysis test of the lactic acid bacteria isolated from
korean fermented soy sauce and soybean paste.

(A) Leuc. mesenteroides K6-7, (B) Leuc. mesenteroides N58-5,
(C) Leuc. citreum N45-10, (D) Leuc. mesenteroides KACC 12312.

°‘°1Ur‘31 AZEYelA &8 ARl dojubd HEF9 Ata
29 7)5o] flolA AUl g AnE 7hALn. Al
‘E‘:I% A S FEE] AE EEA RS BT
5tof Fig. 49 22 A0S Agint. 2 A+l /\Pl??l 3FF
o Akt 2 A NA A Fo 4877t v
so] A7) FrEol UEhA| ghot Aol gHlE i
Ao Hed2 Az Adsde HpHe 4971 8
on, Az Yol @ Eafgo] dasint. Ad A5t
A @E’r‘ﬂ% 7R dftte v8e BAsE AldeR
S 2352 2ARHE W F shelnL]. AR At
w9 S 2o)5& AR 208 Fig. 59 YEhH A

Fig. 5. Gelatin liquefaction test of the lactic acid bacteria
isolated from korean fermented soy sauce and soybean
paste.

(A) Leuc. mesenteroides K6-7, (B) Leuc. mesenteroides N58-5,
(C) Leuc. citreum N45-10, (D) Leuc. mesenteroides KACC 12312,
(E) Positive control.

3T SAE B Ao A3 tehid ggken, o
T AAE A% 9% 7 S £ %
u|3h= 2192 Leuc. citreum N45-10% Leuc. mesenterotdes
K6-7, N58-59] GHi40] U425 ek

AE FRAH BHELS PR FAE E
=2 %"/‘é% RHolX N45-10, K6-7 9 N58-59] 373FE A
wakich. Adgt 3732 9] 16S rDNAY] |7 A E& £43%
A3 N45-10& Leuc. citreum, K6-7, N58-5=
mesenteroides® &7 F At} 4F A3/} AT A
L 37 F Z A Leuc. citreum N45-100] =& AH4(10°-
10° CFU/mDE Yepio] At Azt A3 HH Mol 7k

Z 2 35H veht oy, Q3 ©9E AL Leuc. citreum
N45-10& =& ¥F4(103%-10* CFUMDE §-x)5te] G H
AgAdol £t Uetdtt. 375 FlA Leuc. citreum
N45-102 EPS /40| 718 Wekal, MRS iAol 4] vi¢F
sto] EPS7F A EA] kS WETH 320 A Hi o A]
v kst EPSE A RS W A7t o =4 e

June 2013 | Vol. 41 | No. 2



196 | Yun et al.

L o]Z-& EPS A4o] $4kzo) Az 9]0 nEgoz
A5 Aoz A7 A §AE 359 EPS AL
AR A ufR| A Z+2} 16.173, 8.167, 3.652 g/LS,
S H, Leuc. citreum N45-10& S E2EFQ2AZT o]F 0| %
homo-polysaccharide, Leuc. mesenteroides K6-73 N58-5
= ZHEA FEFQAZ FTAE hetero-polysaccharides
2 BATC A fAT 35 BEE 8 SHWSS U

Bl i, A2t disheS UerdiA] ot ool BHlE Al
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