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Abstract

Due to the nutritional value of rice cakes, there is renewed interest in this traditional Korean food, and thus various
efforts have been made to improve its storage stability. In this study, lactic acid bacteria that produce exopolysaccharides
(EPS) were isolated and their physiochemical properties were analyzed. The bacteria were used to produce ‘Sulgidduk’
(a Korean rice cake) with improved storage stability. Among the 107 strains isolated from traditional fermented
foods, only five strains were confirmed to produce EPS in MRS media with 10% sucrose. Two of these strains
were identified as members of the genus Weissella and three were identified as the Bacillus genus via sequence
analysis of 16S rDNA. Among the five strains, the strain Weissella cibaria JNU29 was selected for application
to ‘Sulgidduk’, since it is food applicable, viable in artificial gastric and bile juices, and produces the highest content
of EPS (16.72 g/L). TLC and HPLC analysis showed that the EPS produced by W. cibaria JNU29 strain was a
homopolysaccharide composed of only glucose. A culture solution of the W. cibaria JNU29 strain was mixed with
milled rice flour to prepare ‘Sulgidduk’. After incubation for 48 h, the ‘Sulgidduk’ showed lower hardness values
than that of the control without the culture solution, and the lactic acid bacteria survived to a level of 7 log CFU/g.
Thus, the W. cibaria JNU29 strain, which produces EPS, can be applied for the production of ‘Sulgidduk’, as it
delays retrogradation and prevents mold-induced decay to improve shelf life.
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3 U7kal QIti(Yoond}t Oh, 2014). 18} W #Eo] -5}
2 QI3 RE7I%to] vk BT Zhegd AR
2 s Q9 59 EAZ Qs AARLH o5, v, &
H|E= IPFoA gkttt #43E 7L ltHYoo &,
2018). AE9] L3t HEgR E4o] AL 52 WA 27
Sl S 2AU rlEs @42 UElls AE 8ol A
£ gusitar & 4= gt o A2 ASKE Hdlota
AlRE Holme] A4 Aote] 8 fQles HiEirt
(Gudmundsson, 1994). $~E-312H Zeleznak¥} Hoseney, 1986),
AAZA(Park 5, 2009), ZEQ XK Jankowski2} Rha, 1986;
Nishita?} Bean, 1982) 50| %2 3lof] 2 mX|= <l
A2 2 dEFom, YBeck 5, 2011), AHHZhou 5., 2008),
A (Watanabe 5, 1991), T (Chrastil, 1990), g5
(Kim®} Chung, 2007; Satrapai®} Suphantharika, 2007)2} Z+
2 AEA7 A= QA gto] D7t Aol Hof it
SEA U} T go] Lot AAIE sidst] flehiA g
Az o A7) ATHEE HEA sSEAWKIm 5, 1995),
287 (Son 5, 1997), WEJE(Park 5, 2003), =X Hong
5 1999), BH2KSung} Han, 2003) 5 =85 JAAZ 5
e ARES A7RF weSol STk Hold ek
o] 3io] olet F Ashe Mol BAP} =] w2
of BT WS AXT W= HEe] w3t U AR 20
ofgt B2 A5 v] 9o Al W TS A2 sourdough
£ o]23t A 7]&-S 0]-835} tH Arendt 5, 2007). Ak
w3 GRS IFRE TRt nPdEe] 9fs vHE1%l sourdough
£ ol-&sto] v Alxshd o] A7t wol oA, 3l T
o|9] AL A9t T2ttt APt Qe AeE UHA
ITHGobbetti, 1998; Hanseni} Schieberle, 2005; Tieking
5, 2003).

ngEo] ek TRl S5 AlxEo] IRE A
L5= A|EZY ttd-H(intracellular polysaccharide)2} Al|3EZH
T25 FAIoR=E X tdE(structural polysaccharide), 1
g Alzd oio] 4 FHE EActe AlxY thdR
(extracellular polysaccharide)® ~2FITHCerning, 1990). &
5] AZ2e] thgRe AZH YRZA A|lxd =90 4
== @ (capsule)o]u A|lZEH Q]Flof A== HA FE| o]
SA(slime) 522 A £/ 4= Jl=T, ol 333
A] exopolysaccharide(EPS)2} -2t Sutherland, 1972). 1]
&0l Ao EPS= AT H 24 B0 QI8
& =492 AYL AL, AAA A A Eoli=aL, vigH
S wRE HA deEHv= AR 7HAA Qo] ARl &
o] &2 tFFolthKim®} Chung, 2007). @A EPS+=
=454 a1}, A3, SHAL, A 52 2ol AE, 5,
sfsto]| o|27]|71A] ThgRt wokollA FRISHA A= o] A

A M= =2 AU 7HE AL e Cho 5, 2013).
Bacillus licheniformis©l|A 2|3t EPS-1-2 HIZE7| A
@} herpes simplex virus(HSV)Q] EA|S oFs}1A 1= aJHlo]
A EAA| 2 (Arena 5, 2006), Sphingomonas paucimobilis
ol 9J3f AJAt=l= EPSCl AT} Xanthomonas campestris
pv. campestris®] 2J5f| 4itEl= EPSQl ZeHg-2 Al5o] gt
T} A7 FdZ Sl 7 TfsiA ol8El= ARRTREE A
95| Qitk(Sa-Correia 5, 2002; Palaniraj} Jayaraman, 2011).
F| o= EPS A& §-AH#2] Leuconostoc lactis 95A 452}
Lactobacillus curvatus 69B2 w55 0|85t -2, EPSE A}
XA = QANES 0]85t sourdougho]] BI3jA Ea 7|7k
Z Aol AAdske 74 T thdR dEfol 7=
A4 37 9 et A9 B2 ko] E4 ol 2ol H 3
THMonaco 5, 2015). TESE EPS AJA] G4 Streptococcus
thermophilus St-Bodyl #+5 °©]-&slo] A|xH Q72 E0]
A wEARI] 1S ATRE] At Sl
(Kang -5, 2005), S. thermophilus< ©|-83t] A|ZH QAE
oM §3 22 Aol el HIt 1R e SRIsi
TH(Hassan 5, 2003).

wEba] & AtoA= EPS7 A4 571 9 w3t oA 3
of] FFZ vth= Ao 2Rtete] | HEo] =35} oA 715
A< 7ok, T A AR 2 dRAEo 2K E EPS A
Aehe ARER] Weissella cibaria INU29 w525 £-2]5}0]
1 EAS BA51T}. ESY, W cibaria INU29 o527} 34
SHe EPSE oljo] A0l SAIER: 47188 Azge
2 A7 A9 o8 TF5S ANLA St

ERTET

AE A7 2 IRAFo =R A Besh] fIst
4e], AR, G, 154, 1P D AR 20179 A

7HgRoA 35K A= 5 wEeel e & &
HAR O R Ao} ARSI, A, B 1EaL 1L
F AlEE= 10 g& Eat A2 E430.9% NaCl) 40 mLoj|
A3} 3 & HAF o0& BlAsto] ARESIGITE SAH AR
= A B85 9slo] MRS(MBcell, Seoul, Korea) 214
Hjx]o]| sto] 37CoA 129 B3t vidsto] vdES &
SIelt. & B2 PA8ES MRS AAME|X|of vt
3., 20% glycerolo]] @EFslal -80C oA Basto] Ado] A
gstoict

2o VRS ZolM BPS Y SATL A 9
3 MRS 32AJ8]A]o]] 10% sucrose(Sigma Chemical Co., St.
Louis, MO, USAYE 713t &, Z}7+9] E2jH «5 20 L

Ky
&

)

O
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HAsto] 37CoA 2 &3t vigste] E2Y 9o Jd=E
g AWote A5 1A Adelolt) 12 Al 45 o
Al 10% sucrose”} A7l MRS A R]of 1%(v/v) &3}
of FHAEEEZ Bdote AL SUACE ARG & exo-
polysaccharide(EPS) 284 w52 22} A5ttt

AL EPS A 0] 2 2] FAMIESHE 582
2J5}o] genomic DNA extraction kit(Thermo Fisher Scientific,
Waltham, MA, USA)S AR835lo] #+59] genomic DNAS
22519911, genomic DNAZHE 27F(5'-AGAGTTTGATCC
TGGCTCAG-3)2} 1492R(5-GGTTACCTTGTTACGACTT-3))
sojolrig olgsjo] PCRE %3t Th 168 tDNA 404}
gEg ST PINAS B

EPS M4 d3o| Q59 L AZHE Add =l

MRS HAEIZ]2} 10% sucrose”} H7HE MRS HAH[R] o
A e 928 37C, 16817 HRORE ., ODr1.002 %
Helol 717} Qg giol 9 gl gty Alglol ALgsic.
AFYM A AL Kobayashi 5(1974)2] HHHS HIFS}H
of HCI(Sigma Chemical Co.)Z pH 3.0°02 273 MRS
AHiR|o] 0.22 pm membrane filter(Sartorius, Goettingen,
Germany)Z 473t 1,000 unit/mL pepsin(Sigma Chemical
Co)Z 7ot QATHHE AxsIATt v HAHE
(5,000 xg, 4T, 102)5t0] F5HS AASIL ASHHE
SN} FFS 7Isto] 37ColA 2417 B2t Higsto] A+t
8 AT AEEOHE (AT log ATHHZT
o log Agh) * 100102 LERAIEE, S Q139
thAl MRS AAEZ]2} 10% sucrose”} 7Hel MRS HAHj
A A8,

AFHE A ABS +sH] Fsto] MRS A
o] 0.22 pym membrane filter= H 0.3% oxgall(Sigma
Chemical Co.y& 3715t QIBHFNS ARGIATHYun
5, 2013). JIFHA AE AZ o= AR (5,000 xg,
4T, 1025t F5HE AAsHY, AFHEFNE At
S 7I5to] 37ColA 24A17F B2t Higste] A4S Al
3T AEE(%)Z [(HAT2 log AF/HET] log
A5gh) x 100102 Yepigleh. diz+e AsEsd il
MRS HAERZ]2} 10% sucrose”} 71 MRS HAE{X]E
Apgstsict
EPS 44 AFujgAlo| EY =l

Sucrose® g3}l AR ol WL Hlsp] ot
o] 10% sucrose’} Z7F= 10 mLe] MRS HA | R[] #55
37CoIA 29 ¥ T #5EYN-S TLC(Thin-Layer Chro-
matography) A3 2]d A|E2 ARESIT}. TLC TSilica gel

60 F254 aluminium sheets, Merck, Darmstadt, Germany)©]|
1 uLE HAsto] A7-80f(nitromethan: 1-propanol: water=2:
5:1.5, v/iv)Z 33] A7l5lH 0w, WAL-8ul(0.5% naphtal, 5%
H,S0,)Z Asto] 100C 220] 9] spotS ERlsto] thg
= o8& H|w5H3L) Oligosaccharide®] ¥E5-219] isomalto-
oligosaccharider= AJ2eta 7=t W AG-AoA &
OF who} AR8-519 0™ maltooligosaccharide(Sigma Chemical
Co.y= Ffjolo] AREslT). 18]al Saccharide®] EEEZE
M= sucrose, glucose, fructose(Sigma Chemical Co.)E A&
59t 10% sucrose”} A7FE 200 mLe] MRS HAHl=] o]
7= FEolo] 37Cok 29 B HiRE & A=A
(Brookfield viscometer, DV2T, Middleboro, MA, USA)E ©]
&oto] FFHFH HA=E S5l FZ= spindle
No.3& ARESto] 25T Al 20 rpm ZZ0A 75

EPS 22| ¥ dY

AdkE FeollA A3/dE EPSE He| 2 o] flsto
10% sucrose”} 27} 200 mL2] MRS AAufjA]of|A] 22 H]]
FH TGS R (5,000 xg, 4T, 102)5k0] B
H A5 2lestal, 2819] W2 95% offeS{Merck)=
AA13] 718l 4TollA 16A1ZF JASIIT JAE2 dilEe
Sjof Saha, g ke AR T FAARAA
SAAZE A=) 4% trichloloacetic acid(Sigma Chemical
Co.E 4TCollA 2A1%F A3t F AHEF(8,000 xg, 4T, 20
Boto] MAE SAS AASHA. deHS Bl5oie]
0.22 pm membrane filter2 oj}sto] P2 TS A A3}
a0, 2819] ¥ 95% oflghES 7hote] 4TolA 16417t &
oF Aol AES YAHE(8,000 xg, 4T, 204)5H0]
ASHE AAT F, F2 eSS ARAX] & Hro] &
sj5lo] dialysis sack(MW cut off 10,000, Thermo Fisher
Scientific)ol] 211 4T o4 48A17F 57t FA% th 544
Zokoict. A€ EPSQ] AdFE gLE UERITHLynch
<5, 2014).

EPS #4Y =l

EPSS] A= ERIsH| fls TLC ¥ HPLC(high-
performance liquid chromatography) £4-2 =~335}l5tt. A
A= EPSE 2 N ZF4KSigma Chemical Co.)2.& 1007 of|A]
3-6X7F 7IEAE & 7RESES IN NaOH(Sigma
Chemical Co.)Z 35}5}31, 0.22 pm membrane filterS ©|-&
Sto] ofufgt & TLCQF HPLC AlE= ARESISIT TLC plate
o 7585 E 1 uLE A&slal, A7]-80f(acetone:butanol:
water=4:5:2, v/v)Z 23] Z7|5Fct 2HA8-21(0.5% naphtal,
5% H,SO,)Z TAste] 100C Q20 9] A9 spot
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I, EEEA2 monosaccharideZA4] glucose, fructose,
sucrose, oligosaccharideZ44 isomaltooligosaccharide, mal-
tooligosaccharides ARE-5I3TH HPLCE 53 74T &4
o= 28E7AZE7]9 RID-10A(Shimadzu, Koyto, Japan)2}
ZA%E LC-20A HPLC(Shimadzu)E A8siich 48
column+> SUPELCOGEL C-610H(7.8x300 mm, SUPELCO,
Bellefonte, PA, USA)S AR89, column ovend] &%
£ 40CE FABIH 52 0.5 mL/minC & {-A|5t31 L
o]5AC & 0.1% phosphoric acidE ARE5lo] 4587 A4S
AA5t}. #EEAR galactronic acid, glucose, fructose,
arabinose(Sigma Chemical Co.)& ARESIITEH
EPS M4 23E 83 4718 A2 Y HE 5%

BAZ SE| Al-stal 1Y 9t 3% ths &2 AAT
3, AFH(Sajo, Seoul, Korea) 12 g& F7I59] roll mill
(Kyungchang, Seoul, Korea)2 12} A|E313ct. A&t A7}
ol EPS7F Add el g 180 mLE 71sto] S5
Xoj& T 8H(C] Cheiljedang, Seoul, Korea)S &3}5}0] 2
Al A2ttt dEj o] EotE o] Al A7EE= 30
mesh A|(Chung gye, Seoul, Korea)o] & thS 205-7F %A
A718E A 25499, AR(24T)0l 2417F BEEE 3 A3y
=22 ARSI HRFOoE2E & 180 mLE 7Ieto] A=
o He Agsigct

AzE A7 712 8 cmx |2 7 emx¥20] 3 cm 7|2
A2 &, GHlE7]of Yol AR 147 4847t 52t 420
HgE o2 AR EE ARSI A719 oA A&t
W. cibaria 45} B. subtilis 459 232 dH ARG
750.9% NaChE U7 Hl&=E A 3]4I510] MRS TAH|A]
of =slo] 37CoA 1Y B2F HigRt & Yehd =] 5
A=t S5tk ESE HFEA|(Sun Rheometer Compac
100-1I, Sun Scientific Co., Tokyo, Japan)E ©|-85}o] AL
(hardness)E &7%5l9tt. &YX AL adaptor No.255 A&+
311 o8 ANTE 100 mm/min, AYAT 50%2 U=
Asisich 4718 A% 29 e 7] oo

SHAZ|

Al5]2 33] HkE =551 0, SPSS ver 25.0(Statistical
Package for the Social Science, IBM, Armonk, NY, USA)&
ALg3te] BB AFSIY 2L AFHEY Dol 5A
2 SO paired tiestS o}83}o] Eastglon], ol
20059 1 oI5t Xol2 Uehfis Ao wasiolr: 4
T 34 9 A= 4 die dUuiAEARE A (one way
ANOVA)Z AAlSIRoH, A4S 53f Frelo<E 0.05
£ 71&02 gA9 tE5HYAA (Duncan’s multiple range
test) &2 SAAF] SHTh

my

o %L

=

EPS M4 33 M% o 5%

EPS 434 4122 Allel] 19 9% 45 4% 9 Uw
AlZogHE Bt 107 455 10% sucrose’} H71E
MRS IAH[R]of BjFshHA FEoHA Hde YERAY
ERYoAA FA HA= B8PS AW 552 AR A
g5kl ARtE #55 thA] 10% sucrose”F 7=l MRS
AN BfiFetiA PSS EHlohs A2 Ste R
gRlsto] F/do] Aot A== S+E 23k AEskl
o} oA B3t = RWY, AA|of|A 223t 5
+ KC29, 2FgollA B3t 452 SA224, EoflA] F2j5t
Pt SPA6S, LRAOIN R FHE RPSI6OE B
3ttt E2ld T2 HE genomic DNAS FE31] 168
DNA @714 2e B3 A3k RWogk KC29 F5 W,
cibaria®}, SA224 5= B. amyloliquefaciens®}, SP465
F= B. stratosphericus®t, RP506 5= B. subtilis?} 212t
99%9] A4S 7= Ao 2 SHE UK Table 1). Weissella
& OANFE AR Lactobacillus &3} Leuconostoc <5 94+
3t &0 gho] 7] BhE AHoks AT oE & dHA
1o H(Kwon 5, 2002), Bacillus £ ZAXE H|ZESE A=

Table 1. Identification of potential exopolysaccharide (EPS) producing isolates by 16S rDNA sequencing

Stock No. Origins Description Identities (%)
RW9" Rice wine Weissella cibaria 99
KC29 Kimchi Weissella cibaria 99
SA224 Soy sauce Bacillus amyloliquefaciens 99
SP465 Soybean paste Bacillus stratosphericus 99
RP506 Red pepper paste Bacillus subtilis 99

YRW, rice wine; KC, kimchi; SA, soy sauce; SP, soybean paste; RP, red pepper paste.
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7, AT 22 A AR AAeke Aos gl ixato

B PR DS 7RI Qs o ® H I EQITH(Lee
5, 2013). wEhA FSAHO0 R RWY o= W. cibaria INU9
2, KC29 #F= W. cibaria IJNU29E, SA224 45+ B.
amyloliquefaciens INU2242, SP465 =+ B. stratosphericus
INU4652, RP506 w-5= B. subtilis INU5062 THH3F &
Aol A8l

u
ook

EPS MM #F2| in vitro AZH L oAZEHF A

fANFo] AolRl= AHE FF 52 B0 ol =2
5171 Sfslixle K1} 28 547 EA5k= 915 Sstoiok
stH, @5o] EAck= AolAd= #AoF tHDunne -5,
2001; Saarela 5, 2000). £2]¥ EPS A4 +59 AW Ash
I 204 AE 71573 RIS fiste] Qe ATt <l
SEHEA] gt A AR SPoioick ATHA A7
85 34571 fIsll MRS HAERR]I} 10% sucrose 71l
MRS AAEfR|o| A A5 HA] vjgRt the Agkas
Q) 4lo] TS5 pH 3.0 ZA9] MRS O] 2219]
FEES WESN] 242 R T BTRE ZSA,
AN AFIS ZASE A3k, W cibaria INU9 552} W.
cibaria JINU29 ¥+ 18|31 B. subtilis INU506 5= MRS
MAER A2} B W & W] 10% sucrose H7FEl MRS Al
Aol A viFetde o =2 AFE2ES HotKFig. 1). 154
H 270X W cibaria INU29 = MRS HA|ul 2] of| A
HjQFe wj= ALl A&EsHA E o, 10% sucrose F7HE
MRS AAEfR|of| A HiFRt o= 70%2] A5-AHY A%
S YeRTE B. subtilis INUS06 5= DA] 10% sucrose
7K MRS HAH[R|o]A] vt H-fofli= 85% &9 =

120

O InMRS medium
100+ W In MRS with 10% sucrose medium

*3%
*%

80 | " _
60 [ *%
40 |
20 | H
. il . ‘

INU9

INU29 INU224 INU465 INU506

Survival rate (%)

Fig. 1. Survival rates of exopolysaccharide-producing bacteria in
artificial gastric juice.

Cells were cultured in MRS(OJ) and MRS supplemented with 10%
sucrose(ll) at 37C for 16 h, subsequently incubated in artificial gastric
Juice for 2 h. All values were mean+SD (n=3). p<0.05, p<0.01,

“p<0.001 compared with control treated with artificial gastric juice
in MRS.

2 WEE&E Bt I3y B. amyloliquefaciens INU224 5t
29} B. stratosphericus INU465 w-5+= MRS AAulj=]o]]
10% sucrose 7} {7l AJHglo] BEEo] fAlE= A=
SRIsISlH:. o] A= AE AFolA EElt Lew. citreum
K6-7 459} Leu. mesenteroides N58-5 455 0]835F A
A sucroseE 715t EPS7F AdH 2719 A5-HHo
A] sucroseE H7FoIA] G2 20| vlsf| 7t =4 Uer
ARt FARIHE Yun 5, 2013).
fAkto] Ao =3t 24 AR 715E st
¥ 959 55(0.6 gL)HET B T2 oxgallo] T HY
AoflA A 4= s W/dE 7FAoF jHtH(Dunne 5, 2001).
ALtFE MRS HAERROA] Bl et ZAA oxgalle
7Fo HE 9t0] BEE0] 70-80% oxgall A2 Ao H|
of Aatr AAHJAHFig. 2). 13 10% sucrose H7Fe
MRS HAJE[R]of|A] BT 2704 oxgall ZJ2]7o] HI5]
= F39] B4t Z7K5H9] 100% olite] BEe-S UE
QTt. o] BIR= Leu. kimchii G2 452} Leu. citreum C3
% 1831 Leu. mesenteroides C11 55 MRS HjX|of| 4
HjFsto] EPS7F A gt W JIFEHEANA He
7#520] BT} 12 log CFU/ML 7HAEl= FARS HoloL},
EPSE A7l & l5E5S ARlohd w2 E5d A
= YEhd 23} JA5HAthKim™} Chang, 2006).
Lactobacillus & SAMNEL} Leuconostoc < 5-Ak10] Q1%
AAT AFTHFHA =2 A4S Hol= A2 sucrose
A stollA] Bl 57t B/8E EPS7F fANES] AlEH
F9lof] Houtow g9t Ano|w, EPS A4 o7 7t QlE
AN 9 IFHFH| =2 AFdS 25k 8RIeE B
I EAHAhnT} Choi, 2014; Kim¥} Chang, 2006; Korakli

160

O InMRS medium
140 m In MRS with 10% sucrose medium .
*

120
~ *
X
< 100
3 r
E 80 L
s
>
E 60
&

40

20

0
INU9 INU29 INU224 INU465 INU506

Fig. 2. Survival rates of exopolysaccharide-producing bacteria in
artificial bile juice.

Cells were cultured in MRS ([J) and MRS supplemented with 10%
sucrose (M) at 37C for 16 h. Cultured cells were subsequently incubated
in artificial gastric juice for 2 h and 0.3% oxgall solution for 24 h.
All values were meantSD (n=3). p<0.05, p<0.01,  p<0.001
compared with control treated with 0.3% oxgall in MRS.
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5. 2002). £ ATOIAE EPS A4 of7} QA3 o1 g
S5 £ A4S Hol 244l 82l0|91ee 3l

F 4= AUt ZIE 02 10% sucrose 71l MRS WA H]
A|ollx| EPS7} ABdE W, cibaria INU29 T2} B. subtilis
INU506 7} QIS4 15N =2 A= U
el o 24 Zhf] oA BE 7HsTE R EE5H7|0
At Zo=w BFriEQ.

i

EPS 4 dFHligAe| E4

AL BRI B ARIE ALE WIR 22
Yol WaAA A wel FHo| QUKAoL TAIA £
St W. koreensis HO20 w22} W. kimchii HO22 w152 W&
3 A7FEE oldsle] dHE WEE ATt HAEQIH
(Choi 5, 2013). WepA] 2 Q17:9] Bo] w3h7} oAk
W2 Aot 919 EPS A RS B3 S Rol]
W] 7R A7]Eo] KT % e NG S4E
Qefgict. 7 PFEE Tl AVRE o) e
gelstz] f15to] 10% sucrose”} 71l MRS HAH[A[of A
W EPS A S R RS TLCR BHEI,

HE #559 #FHdHolAN FS HERoY, HE
dFE0l v3| W, cibaria INU9 w52} W. cibaria JNU29
5= 183 B. subtilis INUS06 571 B0 A =2 HAS
Hith(Fig. 3A). TLC ¥4 A3}l W cibaria INU9 T3}
W, cibaria INU29 F-F= 713t sucroseE HF H5HA]
ooy tdsH AASo] =9k, B amyloliquefaciens
INU224 5, B. stratosphericus INU465 w5+ sucroses
AQ] EafietiSole E5tal - Bdse] Rkt B.
subtilis INUS06 T5+2] 3% sucrose?] E8]7} 25 0]F0]
Hovl, o s BHSS Bl 3B). ZnEoR
10% sucroseZ} 7Fel MRS BAEAJo] A =& 242 Hel
W. cibaria INU9 #4522} W. cibaria INU29 &5 18]l B.
subtilis INU506 ==ollA W2 TR 9 dd=E /st
S AS P & A

W 5ol e R S WA 9 10%
sucrose”} 71l 200 mLo] MRS AAH Rl A HljIRt 5
HiFH O] s S5t MRS HAulR|of| A wlid =
o)Al B. subtilis INUS06 w+5-9] A7t thE w5¢of] |
o 27t =A UEREC L, 10% sucrose”t 71HE MRS A
Hiz]of| A v A= W, cibaria INU29 o7} 7
=2 AL E HYUKFig. 4). 7 TP vl A4
& Ho] FYH W cibaria INU9 d5F}¢ W, cibaria JNU29
% 0lE Felsk A= Aol HolFglth eI 10%
sucrose”} 37FE 10 mLe] MRS HAH[Z]of|A] et B.
subtilis INU506 +5=2] Qo= St 2 siolg Ak

A

(B)

- o e~ & e
IMO MO M S G F 1 2 3 4 5

Fig. 3. Morphological aspects of exopolysaccharide production (A)
and exopolysaccharide analysis by TLC (B) from S bacteria in
MRS supplemented with 10% sucrose after 2 days of incubation
at 37C.

(A) Sample: 1, W. cibaria INU9; 2, W. cibaria JNU29; 3, B.
amyloliquefaciens JNU224; 4, B. stratosphericus JNU465; 5, B. subtilis

JNUS506. (B) Standards: IMO, isomaltooligosaccharide; MO, maltooli-
gosaccharide; M, maltose; S, sucrose; G, glucose; F, fructose.

80

| JNUY IJNU29 O JNU224 B INU465 @ INU506

60

b
40 |
a
20
b oab ab b aaa
ab ab a -
= a
oL mmzza— 2 [l Em
MRS

MRS with 10% sucrose

Viscosity (cP)

Fig. 4. Viscosity of the exopolysaccharide solution of the 5 bacteria
in MRS supplemented with 10% sucrose after 2 days of incubation
at 37C.

All values were mean+SD (n=3). Means with different letters (* °) above
the same bar are significantly different (p<0.05).
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2 =22 AXE Ho] I, TLC ACRy: Uo gRE g
gk ZZ ERIsIl o, dalidHe] e S 2Ish o
LeF0 2 F5 WSt A= B, amyloliquefaciens INU224
59} B. stratosphericus INU465 w59} H|5HA YA Y
ERATH(Fig. 4). nEo0] Adsk= EPS« viA1 9] 9,
gragdolu) A4y Z-2 ook HaxERt oyl 5,
Aba@} pHOJ| o3t 214 daxRAk AJAko] Alol& Helot
T BUEQtHDe Vuyst 5, 1998, Petry 5, 2000). 3]
Razack 5(2013)0] S5V B. subtilis w57} AJ4Jsl= EPS
+ pH, =%, HIFAZHRRE ofl 2}, FEHY] 5L 2%l
1%= 25 73 EPS B/979] 40%7} ZHA=|Qlrtal Bars)
At w2k TAE B subtilis INUS06 #5271 AAok=
EPSQ| HF2 HEHUY 27| 5= 22 vl &4 Ao]
7} EPS 3ol S Xl A= AY7bEr

ol

EPS & 2 74T =l

A 0] EPS A3 522 ERIsk] $Idl 10% sucrose
7} 3471 MRS HAER| oA F=E viYgRt th& EPSE 7
Agt & SISt B. subtilis INU506 w50l 4] A3/3%t 7
AlE EPSO] T2 855 gLE thE dFERT oA W
L fFolQlom, W cibaria INU29 #5= 1672 g/LZ th
£ #5500 sl F2oHA =2 2= EPS 453t
(p<0.05)(Table 2). SHEAE B2 T2 57 W cibaria
INU9 I8} W cibaria INU29 ¢ AtoloflA] EPSQ] &=F
o 7F7} 11.58 g/L9} 16.72 g/LE 8-2J3F Zfo|E H Yt} o]
9} -8 Avf= ZR|of| A B2lst W cibaria CK0232, CK0235,
CK0487 wol|A A2 ThE EPS B4 58< Hltk= 2
T} ARSI THKImT} Lee, 2013). W, cibaria INU29 d==
oA A= EPSQ] S+ Leu. kimchii GI2 452} Leu.
citreum N45-10 @527} Z¥zF AT 11 14.61 g/Lo}
16.173 g/LET} @oF1(Kim¥} Chang, 2006; Yun 5, 2013),

Table 2. Amounts of exopolysaccharide produced by the bacteria
strains isolated from traditional fermented foods

Strains EPS (g/L)

W. cibaria JNU9 11.58+0.4"

W. cibaria JNU29 16.72+0.26°
B. amyloliquefaciens INU224 8.57+0.8*
B. stratosphericus INU465 15.38+045°
B. subtilis INU506 8.55+0.07*

DAl values were meantSD (n=3).
*“The same column mean significantly different as determined by
Duncan’s multiple range test (p<0.05).

=29l W, cibaria MG7 #37} ABARE 137 gL 9D W
cibaria F33 w57} 23418t 16.2 g/Lo} vl WM e A et
WCH(Zannini 5, 2013). 1 WPH B. amyloliquefaciens
INU224 = A8 o2 22 EPS SRS Kol 91|,
o2l 3 BAIEo] Bl B50] vt R )
Alo|& Hol=t| 7|IsiHal & 4= Qlrt. Yilmaz 5(2012)°]]
OI5PH, Bacillus 491 B. sphaericus 7055 T2 732,
sucrose  Ch= fructoseS & 7}olo] w96l 3 EPS A
Aol w7 S71h SHIsiglTh 91T 2 e B9 2
2|3t B. stratosphericus INU465 -7} 433t EPSQ] $HF
< 1538 g/L2 H|WA A Uegoy, 230 A8 -
Qi o)gRol] uhol A9k, The RN I, cibaria
INU9 #59} W cibaria INU29 #5= 13|11 B. subtilis
INUS06 255 AH83Ietch

ngEo] Aok EPSE Mdok= 9ol 5ol wet 24
homopolysaccharide@} heteropolysaccharideZ Wt} Homo-
polysaccharide= 3t 71A] F572] ©go=qt #4450 3=
A& W5, heteropolysaccharide:= T 7}4] 5 oJAlo] ot
Fog A= 0] 9= AL Wstth(Ruas-Madiedo 5, 2002).
ALE 571 BAsks EPSS] e Eklsty| flsh 4
A EPSS] 7R3 A3k 7R 59 MRS TLCE &
AslEct. 1 83y, W cibaria INU9 d52¢ W cibaria
INU29 == 1831 B. subtilis INU506 w5 RS04 715
2o Holli= EPS FEHIZ EAsrt 7eEd] Sl
glucoseZ HR|= 1719] spotS YERN O] glucoseZHE -4
% homopolysaccharideZ 3 4= AUJAHFig. 5A). ¥
of oJsi A9E EPSS] FHGE ARt SHelsp] 919 7t
ZE5 52 carbohydrate analysis columng AR&5}o] HPLC
242 Saslol TLC 23} thE Al 350 7Kek
3l & AlZof|A] B glucose T peakTHS 2HQI5FtHFig.
5B). HAEES W/oke 582 Weissella % w+5-9] ]
A B4 59| SIHU=E 55| W. confusa} W. cibaria= /333t
FY thFFE 5P| dol =2 TS okt (Fusco
5, 2015). W. cibaria MGl 7459] 7% sucrose 4] 5}o]|
glucooligosaccharides?} glucose®] A% ATA|l dextrans
SR BUEQITHZannini 5, 2013). YHbHOoR
heteropolysaccharide”} homopolysaccharide©]] B|3] -2 A}
AP Holp] QAF0 YA S4o] Slo] AdHel
E-8 = homopolysaccharide”} 57| W&ol Leuconastoc
0] &31= JAIHo] AYAISH= homopolysaccharideQ] dextran
o] 9E oloRguTk ohje, 2. AR, ololATe o)
A7 = ARSE T JtHKim 5, 2012; Ruas- Madiedo 5,
2002). o]&st AI}E Hotl W cibaria INU29 5= HWS
9¥o] EPSE AJAFel Bt ol 2t HomopolysaccharideZ -4
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Fig. 5. TLC plate (A) and HPLC analysis (B) after acid hydrolysis of exopolysaccharide produced by W. cibaria JNU9, W. cibaria JNU29
and B. subtilis JNUS06.
(A) Standards: G, glucose; F, fructose; S, sucrose; IMO, isomaltooligosaccharide; MO, maltooligosaccharide. (B) (a) Standards: 1, galactronic

acid; 2, glucose; 3, fructose; 4, arabinose. (b) W. cibaria INU9 (c) W. cibaria INU29 (d) B. subtilis INU506. The arrow indicates the hydrolysate
of exopolysaccharide produced by bacteria strains.
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wo] glo] AHIH o] 87t & Ao A

EPS 445 #FE 85 47|Ho 4x

g2 zejibio] mat Ay, 19, 230y 83 42Eo
B2 RS O F A 7FE 7]E20] Bl go] A7[Ho]
THYoon, 2007). 27|82 AEE B7IEE AREsto] AlF0
A gog A= FARet HAlR S50 wet thfsiAl A
Ho] 7hs3t S4lo]tk(Cho 5, 2006). 12y A71Ho| 4]
QI W2 A2 ot dhe] Jojuf AP/dat AEAd0]
oA &4 7j4lo] " a3t AHo]cKang 5, 2010). m=t
A B AFoAE k= M5 whaAlEo 2 HE B3t EPS
3 T BolA AlEel H-& 7hsstal FUollA A2 ¢
ol EPS 234 slegol 7 Al el W cibaria INU29
455 Agste] A719E AlRoto] 1 B4 SRlstaa}
otk 12} At A7yso| AEst W cibaria INU29 =
o] g SRt & 23} A RS thE BVIRE o]-85t
Al 2087 7|2 AA A7|HE Axstant AlxE A
719 Yol 71t 2] A= o5 2Rls| B7| fiaf AR
S o2 1417 R B 29t F9] 529} 48417 B9
AF2o] Bgk thE MRS 14| HiR|o|A AERL o0 5
237y ZAVSY BQkth 1 A3y, W cibaria INU29 -529] Hlj9F
HS ARESHA] 92 A7 tiRtolA= A o7 &2
S|2] oF2 9bH, W, cibaria INU29 9] BiSHS ARESH
A71golA AX 1AIZE Folli= 2 log CFU/g 202 5
7F BEtg o, A 48417F o= 7 log CFU/g 502
&SR o] AIR= W, cibaria INU29 47t §9] A%
Z7004 BE 7VSSHEE W cibaria INU29 o5-2] BN
< Egoto] A& A7IEE ol8st] A" A7go=
FARtFo] 55 TEol = YRRtk

EPS #5290 Herfjoflo 2 Alzd 7" o] A14/ge]
et FF= gRlsk] ol 7199 Ak HalE S7gs) Hok

X

9] 4 thztol| vl Bk grol fostA sk H3F
<= Ho] Aol PAEUES DA 4= AUSITH(Fig. 6A).
St W, cibaria INU29 o= A3 34 BaHERE ofye),
+golo] oJgt Fujjoe JFS v #FHdde
SHA| 952t AlE 395E FufiE7] AEkste] 7d &
o= A 1/4 A&7} a7} E]9lon, Fujoflo = A
£33 A7|"olA= 7Y FRE GRoA Fufizh A=A Q)
o= Qlskyth(Fig. 6B). o] A= A7 Az Al W
cibaria 5] °J8 A== EPS7} Eo] RuE op|sk=

ol RS oAke silalgltt. V10 A7Aol
AT QAWFO| Penicillium commune, Mucor racemosus,
Galactomyces geotrichum “1&]1L Yarrowia lipolytica ‘G2
T2 ASE2S oIshe Aatoll Ftadt kil Harsiel
th(Salas 5, 2019). TE3F, Choi ${(2013)2 7|84 W.
koreensis HO202} W. kimchii HO222 W a st B7152 A
25 Ao Ho| Fujo] Bolsh FolS OIS
stg Aelarin B skt

2 Q7oA 9 A% 4R 9 SasEo e EPS
£ A= QAN W, cibaria INU29 455 Ealol1, 1
Fjofole Bslo] AR lRE olgalo] A7|He
Ao = A dS FeAZ B9 ofz, Pt A
71 4= At ARA o7 B Lol ARt W cibaria
INU29 #57} 7] 6 71t L AlZsk=d 783 &
Az olgd 4 52 ERlsieih

2 o

N

Z| 74730 o] E=oAHA e -Re] AEAIRI
HOo] JgeHA] fpAdo] ARTEEHA Aol ot Tl
H5E7] {13t thedRt eglEo] ARl Qltt £ AtollA
= AlZQ] FFHEPS)E Aok AN st 1 &
& Aok, ol& o]&sto] Ao FEE A9
Azstaz} siiet. HE AF E RAFe 2 RE B3t
1077 55 =904 10% sucrose’} A7l MRS 114 &
AAR|of A HHAEEE FAdoks TS Bl 27}l 2
A EPSE A/dol= 57 5 A5t 16S rtDNAS] &
718 BAE B Weissella < 27 752} Bacillus < 37)
A2 S5t AURt EPS A4 s/ HE Sl A
7190] S-&517] sl A&l A& 7ot AZAHH H 2l
SEEHA 4ol S==5tal, EPS 3Fgo] 1672 gLE
7V =A JeRG W, cibaria INU29 325 E2H o2 A
g5lgct. o] 459 EPS= glucose® 4% homopoly-
saccharide & ERI5131L, 12} A A71Ro] oS
S3toto] 22 Al A7 |"HE Alxeiqit. 1 23, A7]go
A 48A17F Zol F4kto] 7 log CFU/g 505 AESIFO.
o, ti2to] Bls Ak Fho] Fask= AR Hol A4/go]
P FRIotoit. whetx] EPSE A/dsk= W, cibaria
INU29 o5= A/d0] s A719S AZRsH=t =50l
2 & USZ ARG
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Fig. 6. Hardness (A) and mold-induced decay (B) of ‘Sulgidduk’ added with exopolysaccharide produced by W. cibaria JNU29 during storage.
(A) All values were mean+SD (n=3). Means with different letters (*°) above the same bar are significantly different (p<0.05).
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