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ABSTRACT

Characterization of lactic acid bacteria isolated from

Kimchi and their application for Mukeunji

Moon, Jeong Sun
Adviser : Prof. Chang, Hae Choon, Ph. D.
Department of Food and Nutrition,

Graduate School of Chosun University

Four homo fermentative lactic acid bacteria (LAB) were isolated from Kimchi.
Based on morphological and biochemical properties and 16s rRNA gene
sequence determination, they were identified as Lactobacillus plantarum AF1,
Lactobacillus sakei W]1, Lactobacillus sakei SC1, and Lactobacillus sakei YY1.
Before applying the strains as a starter for kimchi, general characteristics of
LAB were investigated. The growth of the LAB was measured; Lb. plantarum
AF1 reached stationary phase at 36 h and Lb. sakei W]J1, Lb. sakei SC1 and
Lb. sakei YY1 reached stationary phase at 24 h. The effect of initial pH (pH 4,
5, 6, 6.5, 7, 10) and NaCl concentration (0, 1, 3, 5, 7%) of the growth medium
on the growth was also observed. They can grow well at 3~5% of NaCl
concentration and pH 5~pH 7. Lb. plantarum AF1 and Lb. sakei WJ1 was
identified as D/L -lactic acid producing strains, respectively. Both Lb. sakei SC1
and Lb. sakei YY1 were identified as L(+) - lactic acid producer. Lb. plantarum
AF1 showed about 69% of cholesterol assimilation ability in 24h and 62% in
48h at 30C. Whereas, Lb. plantarum AF1 showed much higher cholesterol
assimilation ability at 37°C; about 82% in 24 h and 97% in 48h. Lb. sakei W]1
showed 52% of cholesterol reduction in 24 h and 56% in 48 h at 30TC. It
showed 43% in 24h and 48% in 48 h at 37C and it showed the lowest
cholesterol assimilation ability among the four LAB. Lb. sakei SC1 and YY1
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strains showed up to 57% of cholesterol reduction in 24 h and 59% in 48h at
30C. However, their cholesterol assimilaton was lower at 37C as 50~55% in
24 h and 44~52% in 48 h. Antibacterial activity was found to be active for
four LAB against Bacillus subtilis ATCC 6633 and its activity was stable at
pH 4.0 and unstable over pH 5.0.

These four LAB were used as a starter for kimchi(AF1, WJ1, SC1, and YY1
kimchi). Kimchi was fermented at 15C and stored for 240 days at -1TC. The
pH of kimchi decreased up to pH 4.0 drastically in fermentation time and
showed little change during the storage time. The acidity of kimchi went up
rapidly along the low pH. and all 4 strain starter kimchi had lower acidity than
general acidity of Mukeunji at the end of the storage. The dominance rate of
the used starter in AF1 and WJ1 kimchi was over 90% in 210 days and over
80% in 240 days of storage at —1C. The dominance rate of the used starter in
SC1 and YY1 kimchi kept over 90% in 120 days of storage. But, its dominance
rate started to fall down from 180 days and ended with 43~6095. In spite of
their lower dominance rate, SC1 and YY1 kimchi showed more positive
evaluation on sensory evaluation than the others. Especially, SC1 kimchi showed
soft sweetness and it masked strong sour taste of kimchi. Also, the smell of
SC1 kimchi was similar to Mukeunji over 60 days of storage. The color of SCI1
kimchi was dark red based yellowish and the texture was crisp enough as
Mukeunyji.

The prepared kimchi with 3% salinity was taken 5 more fermented days to
reach pH 4.0 than the starter kimchi. The starter dominance rate of the kimchi
was over 909 120 days of storage but, it started to fall down from 180 days
and ended with 43~519%. SC1 kimchi had more positive assessment on sensory
evaluation and showed the similar flavor and taste of Mukeunji when its 60
days of storage. Moreover, the texture of the kimchi was more crispy.
However, control kimchi was very sour and showed bad smell when it stored
longer time(more than 4 months). Moreover, the control kimchi showed softenity
of texture upon long-term storage. The above results, it is considered that Lb.

sakei SC1 is the most suitable as a starter for Mukeunji.
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A2 AIdAE R UH

A 1 A starter 52 &8 - T4 L EAFH

—
A

A BL&X| starter 759 £

&4 H2A starter 5 &Elsh] fete] v AAEZFEH EE HAA F
At T AR 7] EEO Holetes HA bt AR (Lactobacillus %) & 29%
S AR o] Hgte] 1 BEHE FAEIAT 8 #FE MRS A A A o
&3kl 30TCAA 24X 3F & viFst $ol 25%(w/v) glycerol stocke 2 -70C
oA Hyeol i, Ao AFEE Aol 5 mL MRS A wf Ao HE st
30CAA 24213 & st
oS A7) 9t Few A5 AA W= AAE v Fo dAA=E
At AA ARAS A F Hyrd A7 Feb~Ad 100 mL A ekt
wulE ZEkaAd Zhzbe] #FE 1% (v/v) HESIAL 15Tl Al 24~48A12F ¥l
S, AR ool It uho] tiste] e bE AASH. EE 1 A o dols
TS o835t AAmMER dAFoR 345k, CaCOs;(Amersco Inc., USA)
o] 2%(w/v) H7}e De Man Rogosa Sharpe(MRS; Difco Laboratories, Detroit,
ML, USA) 3-dujx](1.5% agar, w/v)ol =3 3 30CoA HAwjds & F4

&5 A8 colonys #HEd ¢4 AR5 el

=
S
2
N
N
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2. & I

N
L

A

T E e TS flste] dAH o P, Astety 545 A
th. 2 A (Gram stain kit, DB Co., USA) % d&v]
system (BioMerieux, Marcy IEtiole, France)S ©] &3l & W3 T2 A3 &
of #F54 219 (http://apiweb.biomerieux.com)& ©]&3to] FF= FAFA
o HEHd FA4ES st FEldT9 16s tDNA @71AES dAste] gz
=3 v AT 16s tDNA @714 S A4 6t7] flsto], 2 HFo25H 9
genomic DNA F%-2 Genome DNA Kkit(Q-Biogene, USA)S AF-&3}$3 .
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el WAt W ASEE 2AMSY] 918ke] MRS A ul Aol &t
T2 1%(G/v) HZFstol 30ToM 48417 &b AAuE st v 641 3kvict

TE =4

Agp(Ultro spec 2100 pro, Amersham Biosciences Co. England)oll A S35 =

sto] W3S ZASIYG Y 3 == 33 HHESle] =A 5T
) WA o] 27] pHell w2 A&
WA el 27 plrl R saEEe Agd mAE 98 28] s, IN

NaOH *+= 1IN HCIZ pH 3.0, 3.5, 40, 50, 6.0, 7.0, 80, 90 1&g i 100o= BHA
g 100 mL MRS HAiA el ZEFE 1%((v/v) FEste] 30TolA 24413t 74

A uf kst & Agw(Amersham Biosciences Co. England)ollX 3 =& =435t A
SEE gt FHEE 33 wEste SAs

) HiA 9] NaCl 5=0 W& As=

Aol %7] NaCl %7t w2 A% nAe ¢S }J\}O}ﬂ ?]8te], NaCl
= 01,35 % 7%(v/v) F7Fgk 100 mL MRS A vf=]el] #e]dF5 1%((v/v) HE

shel 30CoIA 2441 A
A FREE FAs] 455

T Agp(Amersham Biosciences Co. England)®ll

k3|
selstglth. FHEE 38 R SRt

mlﬂl 0

#3o] WA S Z=Aat7] Yate], #F2 MRS A Ao 1%(v/y) QEsho]
30Tl Al 24A17F vl et & AAE2]1(9,950 xg, 5 min)ste] FA NS A AL o
A= 343 S, pH 3.0, 4.0, 50, 60, 7028 A3 MRS wjAo] H7lste] 3
0CNA 2447+ S T o Hoes =469

jus)
==
o2
(
o,



) 759 D/L-lactic acid®] T==4

759 lactic acid forme olR7] 98] lactic acid BE Kit (Roche,
r—biopharm, D-lactic acid/L-lactic acid)(46)& ©] &3}ttt A5+ ZF w0 2=
s E Aokl Ao Foll A ete] FHlstA T HE whol AWM F e o
o ALkstdt.

rr

o
-

6) el =HE Adts

BV

A3}7] $13Fe], O-phthalaldehyde method(52)%

Fo FesdE Adse &
AMA EFE 1% [l W7 Hom A W
4

Abgetith 5 mL MRS 9 5 2
3 Q4R 9950xg, 5 min, 4C)5He] FF 42 Ak 30T JTCAA F&
WheFal gl o] 24A13F, 48A17E MG 27t ALgEte] Agsm o] ME £AF
=45k 7 ol distel 33 W% FAsAth 1 mLel AE A 2 mL

KOH(50% wt/wol) €993 3 mL absolute ethanol(95%)< # 3t 1# S<F vortex

st & 60C water bathell 10i- &<t WHgAZth ¥kgo] v & 52+ & F&

3] 2138] 3L hexanes 5 mLE #H3 & 5~20%7F vortexdtdth. 1 mLY 3% =HF
E FHstax g T2 A7Esot vortexE SFth Fo] BElEEE 1083 A2

WAstAA Fol BelEe As Flsta dFel A7) hexaneF oA 3 mLE
sto] 7|3k test tubeol] &7 H3kth 60C water bathel test tubeE WHE <t
el Al A7 ~E o] §31] hexanes o THAIA %3 553 hexane©]
=71 test tubeo] 4 mL9 O-phthalaldehyde & <%(0.5 mg/ml O-phthalaldehyde in
glacial acetic acid)& #3tal F43] vortexdt 1 th. O-phthalaldehyde &2 213
of Ab&3at7] vtz A e vtk ARgskdtt 1027 2ol WA & $ 2 mLe &
2be Wi 5~20%37F vortexdtal 1023 thA] Ad2dd WG 1 mLY 9&
Y-celld]l # 3l Asso(Amersham Biosciences Co. England)olA &3 =5 A3
th Zb st Fel tiste] 334 whE Fagh ghs S5ASka o] & standard curve$t H]
W EHA T

Computer®} Spectrophotometer(Amersham Biosciences Co. England)& <23}
o] Swift I - Quantifications ©]-83}9] standard curved #Adstal 59 24

~HE Ads +28 490



30C, 24hr anaerobic incubation

l

Cell remove, centrifugation for 5 min at 10,000rpm

l
Aliquot 1 mL + 2 mL KOH(50% wt/wol) + 3 mL absolute ethanol(95%)

l

vortexing for 1 min

l

heating at 60C water bath for 10 min

l

cooling with cold running water

l

Hexane 5 mL — vortexing for 5~20 sec

l

1 mL distilled water — vortexing for 5~20 sec

l

10 min incubation at room temp. to permit phase separation

l

3 mL hexane layer to clean test tube

l

evaporation under nitrogen gas in 60C water bath

l
4 mL O-phthalaldehyde [ #0.5 mg/mlL O-phthalaldehyde in glacial acetic

acid]
!

vortexing for complete mixing

l

10 min incubation at room temp.

l

2 mL concentrated sulfuric acid — vortexing for 5~20 sec

l

10 min incubation at room temp.

l

1 mL of aliquot — Y-cell

l

Reading absorbance at 550 nm

Figurel. O-phthalaldehyde Method (52)

_10_
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oot

bt 34 24

o~

Z38i E A9 FH]:= Direct method(31)9 A¢, Ee#FE 5 mL MRS 9A
Hj Aol HF kel 30Tl A 244F &<k BAstHA A gt gt 1 mLE
AAEZ9,950 xg, 15 min)ste] 4 A A A FAo 100 L MRS < A uj

S 900 b soft agardll EA1A AF-E-3FA T Paper disk assay(66)
o AF, ®Bel#FE 5 mL MRS A #j#ol HFete] 30TCTolA 2443+ st A
A stEA A wfeFetAth. 100 mL MRS HA] wf=]e] 1% dujgFds HEsha,
Al 30Tl A 2443F &t 2 wigstaith 2 S AToA A4 219,950
xg, 15 min)dted A& AA ML 045 pym membrane filter (Advantec MFS, Inc.,
Japan)2 A+ttt AdE AA NS A HdF(freeze dry system, SFDSMI12,
Samwon Co., Korea)3dt 3o 20 mM sodium acetate (pH 4.0) &% T+= 3z =
Fol o 5 w5 wE&E FHlete] A &4 AP AREsdt 8 fAb
52 AR E 2A1E7] 98] Direct method®t Paper disk method
t}. Direct methode= 3l #FE AA|do =2 AFESE A9 LB 1A
#& 10°~10° CFU/mL s %2 =23 F 27 500 mm=z 795
b T 5 soft-agarol FAIA EATE 37Tl A 244 7F )
okl fAbFFo slo] A7) E =A3L . Paper disk method: 4719 Wi o
2 Azxd 23F 242 LB nAWAN AAFS 100~10° CFU/MmL =52 =%
%!

¢

i

o] paper disk(diameter 8.00mm, Advantec Co., Japan)ol 100
uL dAsHA 7tatel A el tig AS Al S FAHSAT ASF AA IS
digimatic caliper(CD-15CPX, Mitutoyo Co., Japan)& AF&3to] 2|52 A3
wEE ATy dHEd Ak HJS5E AANTLR Falw T Bacillus subtilis
ATCC 6633 & Al-&3tth

gt EA4S YepgE Yol wFrt Ak Zakel gk AJA wEFTF A
st gt Zdo gk AAA &RIsty] 918kl pHE 2A4sto & A4S FA
SHA o7 %

th pHE w59 wigde] pHSl 408 7]+2o= 3ste] pH 5.0, 55, 6.0
=S slo] Paper disk method®} #-& WH o= Als)stott.

Q{J
EY
it

X,
filo
d
o
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Y o
1. &4 5249 A

A= 7] drgo] #Aqst= A (homod) 4TS A9 starter2 ©] 83t 7
At AlEl(R] A ) A" AHEdtom AAYFE dYHow
ZAste] FHo] LY gho] £ £A F2A Ax7) 7teehA, oAl A7
o = A el fibite]l AT & A=A S fAkro] e daddew 7
A o] REALS FAAE F AeAE AT

Az Az e AAZFE F3 Hd(homod) ikt #F<1 Lactobacillus
plantarum AF1, Lactobacillus sakei WJ1, Lactobacillus sakei SC1, 18]il
Lactobacillus sakei YY1& A&ttt A Az A AHEE Adwis= F5
o HAA Ax sFoRFE Aewera, Fdy wgslr] A 4~543F g8k iv

AA < widv = gd ddeS 100 gol skl 1) 13:7HF 27 g, vhs

133 g, A% 05 g, 7htE] A 406 g, FA 12 g £ 133 g, W 1.22 g, @

)

i

066 g, A% 086 g, & & 61gE At HAA 9 2 A5E A&t AAE A
ZotRaL, 2)9 A5, AAe HAFE d=rF Ak 28 o] 3.0%(w/v)7F H =
shar, 4R a FEe] Bl& e SERal AE7EF] Bl &S o AlxsSith

T HjFA e AARF (9950xg, 15 min, 4T) & W2 23] A F3o] 71X
Fyloll EFetion, i HAHS F AA FAY 1%(w/v)7t HEs FHEkelt
Azxg AA= ZYolddsA = YAdE+PE 1 kg& 24A 0 wHol W& x4
stk x2S A= 15TAA HEA * -1T HAYAF3  (Dimchae

-1827DFB, Winiamando, Asan, Korea)ollA] H 33le] A 52 A3t AX
A Z= 33 vbE 35S T

_12_



£ F&A Az o] HA wE 2EF AAs7] st 100 mL MRS
HA A o] e A dFFE 1%6v/v) FEFSR AL, 10T, 12T, 15T, 18T, 20T
A 60417 A et w1241 7 Agoo(Ultro spec 2100 pro, Amersham
Biosciences Co,, England)dlA &3 =5 435t ASEE st FHEE

3%] wkEste]l S8

2. 4wt

r-h:

1) pH 2 A9 54

712+ hand blender(HHM-620, Hanil, Seoul, Korea)® u}3jdle] Wi/ ZE o]
&3le] st AAAE AFe| ALE3EATY. pHE pH meter(545 pH meter,
Denver, Arvada, Co., USA)E AF&3sto] A2olA AR oM, A== AOAC
(Association of official analytical chemists) ¥ (2)o] 2olste] A< 10 mLE 0.1
N NaOH& o= pH 83°] & wji7bA] A Aste] &u¥[E 0.1 N NaOHEHE o
2ol ofsto] Shaketo] FARSER(%, w/w) o2 EAEH

FH(%) = a x f xF x 10

a: 0.1 NNaOH &9 AH mLF

f:0.1 N NaOH &9 factor (0.001)

F: 0.1 N NaOH &< 1 mLel &33t= 7]

24

A (FAYD F ¢ 0.009)

2 9% 2 BE

Ay

g

AAE wste] EdA=E o
SS-21A, Japan)& AFgdte] AAe dEE =43

Japan)& Ab&3ste] AX 9 G5 FAATL

o = A (Sekisui  Co.

4 &
A1, FEA(Atago Co., Ltd.



3. FlRETZF S5F

AAE vt ddAzm A3} AANS s ol &t AR &
Aoz sA4ste], MRS, CaCOs7F 2% $Hi-¥ MRS, LB, 18|31 YPD LA H] ]
of 100 pL =¥ste] 30Tl Al 48A17F vt & FAHH colonyE ZHEMN 2 &
o s #Eskh

4. A= 9 B4 =3

AAE wiHstel HFA=E o] §ste] g HANE MAA(CM-3500d,
Konica minolta, Tokyo, Japan)E ©°]&3lo] A3 F Hunter's scale L
(lightness), a (redness), b (yellowness) #2o2 XAISFITE T AXeo EA42
Texture Analyzer (TA-XT Plus, Stable Microsystems, Godalming, UK)Z A}-&
sttt v Fet o2 HEH 9 cm F9¢ FA 4~5mmel HAE 2x2 cm 2 A
& F FAHINAY FAHAZAL 222 cm 2 Adete] FHd 71X AlEE 36 mm
Dia Aluminium probe®Z A& F72] 60%74] #TFstHA T= H) JdJoz FA
3Tk o] wl pre-test speed= 5.0 mm/s, test speed= 1.0 mm/s, post—test
speed¥= 10.0 mm/s 3L, trigger typeS auto-5 g 7o & =Astgct 7z A+
T 5 ARE S SAA M =AY P EE S AL s 3

o] 2 e et
5. 54 BeA9 Bz

T Lactobacillus plantarum AF1, Lactobacillus sakei W]J1, Lactobacillus
sakei SC1, 18] 3L Lactobacillus sakei YY1 455 ZAA|o] A &3 &4 Eo-%| 4
Batel #5H 54 2 /BES 2AS] Askel 2atsE HEIFY} )
S04 159 Oes 44 Jzeit g6l dstel #ERstE AASA,
S A = blind test WS o] &3, ub WA, FZF 7 A4 9 AHuHbAEel I =

of tste] F-=akdtt.

>

7

_14_



A3F A9 L nF

A 1 A starter #5¢ &8 - T4 L EAFH

o
O BEHE ARG 37 A5 UAE vhyste] 74 ojuas AL
T duE 4z Fehaaed 100 mL A gokth EHlE FehaAe z -

1% (v/v) HE38taL 15Tl 24~48A13F wi <k 5, A 4o 3} shol] visto] o
sH7tE AAedn. HE 5ol wel AAg RS 4] vE &9 gs vEh
Ao (Table 1), Aldd & 29%°] AA Fad T /M 524 & FAeH
NS=7d TS TF 4TS fﬁ]%@ii A ¥ 5191 M Lactobacillus  plantarum AF1,
WIJ1, SC1, YY1). 4% #57F A48%" AXAE CaCOs7t 2% (w/v) A7+E MRS
A Al =gsto] 30T 48413 FQt Bauj st o] $-3HS st
olul FAHo] ¥o] Q= FF Lactobacillus plantarum AF1(65)& #|<]3F vw =] 3

T BEHEFE 437 dA7kA " WL, SC1, 181 YYleolg Wi skl

2 3}
g Bt AR rir 54 (Lactobacillus %) & 298 A o] wplo] 2 &
= O

h

o,

_15_



Table 1.
Lactobacillus spp.

Changes of pH and sensory evaluation on 29 selected

strain applied to kimchi juice at 30C for 48h

487 7+
TF IR ul & T2
¥ pH
BU1 Lactobacillus curvatus 39 ol gt 44 H7t
17 5] Al €] s vlol o) ul A] al
B2 AH Lactobacillus sp 3.9 #er A4 “;?; PSR A%
A4 Lactobacillus sp. 39 L R = R B b el o
AE] Lactobacillus sp. 39 Alubs} dubo] ZFH W
NJ1 Lactobacillus sakei 38 5f9 oS Ay
SI3 Lactobacillus sakei 39 ko] oF7F Q)&
AFL Lactobacillus 35 AL ‘31’01_"_]'“] 25l 21
plantarum daFH B
Lactobacillus o] Fom z12 uko] Uyt Aluk
HD1 35 -
plantarum 7k
A2 Lactobacillus sp 39 At doto] & o] FAGH
Lactobacillus 2lgro] oFZF X qk @i 712 o
NO1 35
plantarum ]
. g1 ZFeH TR &
SC1 Lactobacillus sp 4.1 287 22 AR
VI1El 4 ars 3 oL oks) o) x| ul =
SC4 Lactobacillus sp. 41 ELAG :‘;;}; & AR X
=1 Lactobacillus sp 4.0 T o dist FAAA H
4216 Lactobacillus sp 4.1 ZEsta g o =AH
WJ1 Lactobacillus sp 4.2 g3 gto] ZAFIH Fo] FH
GR4 Lactobacillus sp. 4.0 2o Y= 5old o] &
) Lactobacillus sp. 4.0 gro] S5l o] £
2C4-1 Lactobacillus sp 4.1 Al st ghel] k7 =k
MS1 Lactobacillus buchneri 4.0 722 mho] =AY o] H 7}
ES® Lactobacillus sakei 4.1 ol okt &
EC1 Lactobacillus sakei 39 oFst Toks A
= PN Lactobacillus sp 39 Zrgsh e gk
F41 Lactobacillus sp. 39 chglo] ok7F Q)&
F493 Lactobacillus sp 39 oFZF Alal Ak ok
HA1 Lactobacillus sp 39 wute] @3 & gko] FHE
HA2 Lactobacillus sp. 39 2o gulo] Q&
YY1 Lactobacillus sp 39 @to] glom A|Ysty ZHFE gt
HEC1 Lactobacillus sp 39 2ol oFst Fuu
tC3 Lactobacillus sakei 39 e we

_16_
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=2 Foldtk #FF AF19 colony A& %
J1e EEw ek 183 SC1¥ YYILS &
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[
F colony ¥ &7]7F 2231 v
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[-40
o
i
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32
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MR dn o&
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S
o
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)
rullg L
T
ul
=
38
v
N
ofN
EY
N

g ks

Aststz EA o7 Biologel 93 4kt (Lactobacillus sp.)5 A kitell & @&}
API 50 CHLE &% w8+ @ tAtss AES Z3= Table 201 YERASL
. F diAbee Aoz kol E A A¥, Lactobacillus sakei™ ©}# APl &
Exo] QA ol Lactobacillus sakei’} ©Fd Lactobacillus=<2] tYWE F$ 03 LE
ot wekA 2 Biolog datav 2] C-318 =94 Al e S dolie AE=E A
o, dubkH o2 [actobacillus sakei7t UARSHE @ 832 2% L-Arabinose,
Galactose, Maltose, Melibiose, Sucroses o]l i E& 75 35 EF 9 & IJTE

of tate] A S Qo= e selsdrh
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(3) 16s TDNA 9714 Y A

oln] FA4o]l ® 5 Lactobacillus plantarum AF1(67)& A<t yw=] Et
9] 16s tDNA 7|4 E A4S S 754 S fste &8 o5 3FTo=Z5EH
chromosomal DNAZ &3t th Figure 3~594 ¢ Zo] WIS & 1503bpE,
SClE % 1507bp, 18]31 YY1& % 1492bps AA T F ¢lojzl 16s tDNA A&
w42 Blast program—% Abgste] AEdS A e WI, SC1, 21
3l YY1 E5 Lactobacillus sakei DSM 200173 99%9] %<& %4 S YelUd
o Figure 6°] 16s tDNA 47| LE S 7|22 3 & bacteria®te] A% WY&
A #AE YeEd

B Akt WJL, SC1, 2813 YY1 B uiilsS £33 Ak el EX3} 16s
rDNA d7149E& BEA3 Ay 3% 25  Lactobacillus sakei® Zaxd52

DSM200173 w] sl 99.9% 9] ASAS zt= A2 A, Lactobacillus sakei W]1,
Lactobacillus sakei SC1, ~12] 3L Lactobacillus sakei YY1 2. 2 ™™ s} 3it}.

_18_



Table 2. Morphological and cultural characteristics of the isolated
strains Lb. plantarum AF1, Lb. sakei WJ1, Lb. sakei SC1 and Lb.

sakei YY1
Characteristics AFl1 WIJ1 SC1 YY1
Gram-stain + + + +
Morphology rod rod rod rod
Colony circular circular circular circular
Colony surface smooth smooth smooth smooth
Colony color yvellow white ivory ivory
Colony opacity opaque opaque opaque opaque

_19_



; \d. %Q M

Figure 2. Gram staining of the isolated strain
1. Isolated strain Lb. plantarum AF1, 2. Isolated strain W]J1
3. Isolated strain SCI1, 4. Isolated strain YY1

_20_



Table 3. Sugar utilization characteristics of the isolated strains Lb.
plantarum AF1, W]J1, SC1, and YY1

Characteristics AF1 WJ1 sCl YY1l | Characteristics AF1 WJl1 SCl1 YVl
Glycerol - - - - Salicine + + + -
Erythritol - - - - Cellobiose + - + +

D-Arabinose - - - - Maltose + - + -
L-Arabinose + - - - Lactose + - + -
Ribose + + + + Melibiose + - - -
D—Xylose - + + + Sucrose + + + +
L-Xylose - - - - Trehalose + + + +
Adonitol - - - - Inuline + - + +
B-Methyl-xyloside - - - - Melezitose + - - -
Galactose + - - - D-Raffinose + - - -
D-Glucose + + + + Amidon - - - -
D-Fructose + + + + Glycodene - - - -
D-Mannose + + + + Xylitol - - - -
L-Sorbose - + + + B-Gentiobiose + - - -
Rhamnose - - - - D-Turanose - - - -
Dulcitol - - - - D-Lyxose - - - -
Inositol - - - - D-Tagatose - - - -
Manitol + - - - D-Fucose - - - -
Sorbitol + - - - L-Fucose - - - -
a~Methyl-D-mannoside + - - - D-Arabitol - - - -
a~Methyl-D-Glucoside - - - - L-Arabitol - - - -
N-Acetylglucosamine + - + + Gluconate + + - +
Amygdaline + + + + 2-ceto—gluconate - - - -
Arbutine - - - - 5-ceto—gluconate - - - -
Esculine + - - -
Icubation at 30°C for 48 hours
+ ! positive reaction, — : negative reaction

_21_



61

121

181

241

301

361

421

481

541

601

661

721

781

841

901

961

1021

1081

1141

1201

1261

1321

1381

1441

1501

AGGACGAACG

AAGGAGCTTG

GGGTAACCTG

CCTAGCACCG

GCGGTGCATT

TGAGAGGGTA

AGTAGGGAAT

GGTTTTCGGA

GTAGTGACGG

CGTAGGTGGC

AGTCTGATGT

GTGCAGAAGA

ACACCAGTGG

TAGCAAACAG

GAGGGTTTCC

ACCGCAAGGT

TTTAATTCGA

TCCCTTCGGG

TCGTGAGATG

TAAGTTGGGC

AAATCATCAT

TTGCGAGACC

GCAACTCGCC

TACGTTCCCG

CCGGTGAGGT

GTC

CTGGCGGCGT

CTCCTGATTG

CCCTAAAGTG

CATGGTGCAG

AGTTAGTTGG

ATCGGCCACA

CTTCCACAAT

TCGTAAAACT

TATCCAACCA

AAGCGTTGTC

GAAAGCCTTC

GGACAGTGGA

CGAAGGCGGC

GATTAGATAC

GCCCTTCAGT

TGAAACTCAA

AGCAACGCGA

TCCCTTCGGG

TTGGGTTAAG

ACTCTAGTGA

GCCCCTTATG

GCGAGGTTTA

TACATGAAGC

GGCCTTGTAC

AACCCTTCGG

1503

GCCTAATACA

ATAAACATTT

GGGGATAACA

GGTTGAAAGA

TGAGGTAAAG

CTGGGACTGA

GGACGAAAGT

CTGTTGTTGG

GAAAGCCACG

CGGATTTATT

GGCTCAACCG

ACTCCATGTG

TGTCTGGTCT

CCTGGTAGTC

GCCGCAGCTA

AGGAATTGAC

AGAACCTTAC

GACAAAGTGA

TCCCGCAACG

GACTGCCGGT

ACCTGGGCTA

GCTAATCTCT

CGGAATCGCT

ACACCGCCCG

GGAGCCAGCC

TGCAAGTCGA

GAGTGAGTGG

TTTGGAAACA

TGGTTTCGGC

GCTCACCAAG

GACACGGCCC

CTGATGGAGC

AGAAGAATGT

GCTAACTACG

GGGCGTAAAG

AAGAAGTGCA

TAGCGGTGAA

GTAACTGACG

CATGCCGTAA

ACGCATTAAG

GGGGGCCCGC

CAGGTCTTGA

CAGGTGGTGC

AGCGCAACCC

GACAAACCGG

CACACGTGCT

TAAAACCATT

AGTAATCGCG

TCACACCATG

GTCTAAGGTG

ACGCACTCTC

CGGACGGGTG

GATGCTAATA

TATCACTTTA

ACCGTGATGC

AGACTCCTAC

AACGCCGCGT

ATCTGATAGT

TGCCAGCAGC

CGAGCGCAGG

TCGGAAACTG

ATGCGTAGAT

CTGAGGCTCG

ACGATGAGTG

CACTCCGCCT

ACAAGCGGTG

CATCCTTTGA

ATGGTTGTCG

TTATTACTAG

AGGAAGGTGG

ACAATGGATG

CTCAGTTCGG

GATCAGCATG

AGAGTTTGTA

GGACAGATGA

GTTTAGATTG

AGTAACACGT

CCGCATAAAA

GGATGGACCC

ATAGCCGACC

GGGAGGCAGC

GAGTGAAGAA

AACTGATCAG

CGCGGTAATA

CGGTTTCTTA

GGAAACTTGA

ATATGGAAGA

AAAGCATGGG

CTAGGTGTTG

GGGGAGTACG

GAGCATGTGG

CCACTCTAGA

TCAGCTCGTG

TTGCCAGCAT

GGACGACGTC

GTACAACGAG

ATTGTAGGCT

CCGCGGTGAA

ACACCCAAAG

TTAGGGTGAA
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Figure 3. DNA sequence of the 16s rDNA from the isolated strain Lb. sakei

WJ1
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1501

GGCTCAGGAC

GATTGAAGGA

CACGTGGGTA

TAAAACCTAA

GACCCGCGGT

CGACCTGAGA

GCAGCAGTAG

AAGAAGGTTT

ATCAGGTAGT

TAATACGTAG

TCTTAAGTCT

CTTGAGTGCA

GAAGAACACC

ATGGGTAGCA

TGTTGGAGGG

GTACGACCGC

TGTGGTTTAA

CTAGAGATAG

TCGTGTCGTG

AGCATTTAGT

ACGTCAAATC

ACGAGTTGCG

AGGCTGCAAC

GTGAATACGT

CAAAGCCGGT

GTGAAGT

GAACGCTGGC

GCTTGCTCCT

ACCTGCCCTA

CACCGCATGG

GCATTAGTTA

GGGTAATCGG

GGAATCTTCC

TCGGATCGTA

GACGGTATCC

GTGGCAAGCG

GATGTGAAAG

GAAGAGGACA

AGTGGCGAAG

AACAGGATTA

TTTCCGCCCT

AAGGTTGAAA

TTCGAAGCAA

AGCTTTCCCT

AGATGTTGGG

TGGGCACTCT

ATCATGCCCC

AGACCGCGAG

TCGCCTACAT

TCCCGGGCCT

GAGGTAACCC

1507

GGCGTGCCTA

GATTGATAAA

AAGTGGGGGA

TGTAGGGTTG

GTTGGTGAGG

CCACACTGGG

ACAATGGACG

AAACTCTGTT

AACCAGAAAG

TTGTCCGGAT

CCTTCGGCTC

GTGGAACTCC

GCGGCTGTCT

GATACCCTGG

TCAGTGCCGC

CTCAAAGGAA

CGCGAAGAAC

TCGGGGACAA

TTAAGTCCCG

AGTGAGACTG

TTATGACCTG

GTTTAGCTAA

GAAGCCGGAA

TGTACACACC

TTCGGGGAGC

ATACATGCAA

CATTTGAGTG

TAACATTTGG

AAAGATGGTT

TAAAGGCTCA

ACTGAGACAC

AAAGTCTGAT

GTTGGAGAAG

CCACGGCTAA

TTATTGGGCG

AACCGAAGAA

ATGTGTAGCG

GGTCTGTAAC

TAGTCCATGC

AGCTAACGCA

TTGACGGGGG

CTTACCAGGT

AGTGACAGGT

CAACGAGCGC

CCGGTGACAA

GGCTACACAC

TCTCTTAAAA

TCGCTAGTAA

GCCCGTCACA

CAGCCGTCTA

GTCGAACGCA

AGTGGCGGAC

AAACAGATGC

TCGGCTATCA

CCAAGACCGT

GGCCCAGACT

GGAGCAACGC

AATGTATCTG

CTACGTGCCA

TAAAGCGAGC

GTGCATCGGA

GTGAAATGCG

TGACGCTGAG

CGTAAACGAT

TTAAGCACTC

CCCGCACAAG

CTTGACATCC

GGTGCATGGT

AACCCTTATT

ACCGGAGGAA

GTGCTACAAT

CCATTCTCAG

TCGCGGATCA

CCATGAGAGT

AGGTGGGACA

CTCTCGTTTA

GGGTGAGTAA

TAATACCGCA

CTTTAGGATG

GATGCATAGC

CCTACGGGAG

CGCGTGAGTG

ATAGTAACTG

GCAGCCGCGG

GCAGGCGGTT

AACTGGGAAA

TAGATATATG

GCTCGAAAGC

GAGTGCTAGG

CGCCTGGGGA

CGGTGGAGCA

TTTGACCACT

TGTCGTCAGC

ACTAGTTGCC

GGTGGGGACG

GGATGGTACA

TTCGGATTGT

GCATGCCGCG

TTGTAACACC

GATGATTAGG
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Figure 4. DNA sequence of the 16s rDNA from the isolated strain Lb. sakei

SC1
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CGCACTCTCG

GGACGGGTGA

ATGCTAATAC

ATCACTTTAG

CCGTGATGCA

GACTCCTACG

ACGCCGCGTG

TCTGATAGTA

GCCAGCAGCC

GAGCGCAGGC

CGGAAACTGG

TGCGTAGATA

TGAGGCTCGA

CGATGAGTGC

ACTCCGCCTG

CAAGCGGTGG

ATCCTTTGAC

TGGTTGTCGT

TATTACTAGT

GGAAGGTGGG

CAATGGATGG

TCAGTTCGGA

ATCAGCATGC

GAGTTTGTAA

GACAGATGAT

TTTAGATTGA
GTAACACGTG
CGCATAAAAC
GATGGACCCG
TAGCCGACCT
GGAGGCAGCA
AGTGAAGAAG
ACTGATCAGG
GCGGTAATAC
GGTTTCTTAA
GAAACTTGAG
TATGGAAGAA
AAGCATGGGT
TAGGTGTTGG
GGGAGTACGA
AGCATGTGGT
CACTCTAGAG
CAGCTCGTGT
TGCCAGCATT
GACGACGTCA
TACAACGAGT
TTGTAGGCTG
CGCGGTGAAT
CACCCAAAGC

TAGGGTGAAG

AGGAGCTTGC

GGTAACCTGC

CTAACACCGC

CGGTGCATTA

GAGAGGGTAA

GTAGGGAATC

GTTTTCGGAT

TAGTGACGGT

GTAGGTGGCA

GTCTGATGTG

TGCAGAAGAG

CACCAGTGGC

AGCAAACAGG

AGGGTTTCCG

CCGCAAGGTT

TTAATTCGAA

ATAGAGCTTT

CGTGAGATGT

TAGTTGGGCA

AATCATCATG

TGCGAGACCG

CAACTCGCCT

ACGTTCCCGG

CGGTGAGGTA

TCGTAACAAG

TCCTGATTGA

CCTAAAGTGG

ATGGTGTAGG

GTTAGTTGGT

TCGGCCACAC

TTCCACAATG

CGTAAAACTC

ATCCAACCAG

AGCGTTGTCC

AAAGCCTTCG

GACAGTGGAA

GAAGGCGGCT

ATTAGATACC

CCCTTCAGTG

GAAACTCAAA

GCAACGCGAA

CCCTTCGGGG

TGGGTTAAGT

CTCTAGTGAG

CCCCTTATGA

CGAGGTTTAG

ACATGAAGCC

GCCTTGTACA

ACCCTTCGGG

GTAACCA

TAAACATTTG

GGGATAACAT

GTTGAAAGAT

GAGGTAAAGG

TGGGACTGAG

GACGAAAGTC

TGTTGTTGGA

AAAGCCACGG

GGATTTATTG

GCTCAACCGA

CTCCATGTGT

GTCTGGTCTG

CTGGTAGTCC

CCGCAGCTAA

GGAATTGACG

GAACCTTACC

ACAAAGTGAC

CCCGCAACGA

ACTGCCGGTG

CCTGGGCTAC

CTAATCTCTT

GGAATCGCTA

CACCGCCCGT

GAGCCAGCCG

1477

AGTGAGTGGC

TTGGAAACAG

GGTTTCGGCT

CTCACCAAGA

ACACGGCCCA

TGATGGAGCA

GAAGAATGTA

CTAACTACGT

GGCGTAAAGC

AGAAGTGCAT

AGCGGTGAAA

TAACTGACGC

ATGCCGTAAA

CGCATTAAGC

GGGGCCCGCA

AGGTCTTGAC

AGGTGGTGCA

GCGCAACCCT

ACAAACCGGA

ACACGTGCTA

AAAACCATTC

GTAATCGCGG

CACACCATGA

TCTAAGGTGG

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

Figure 5. DNA sequence of the 16s rDNA from the isolated strain Lb. sakei

YY1
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Lactobacillus sakei YY1
4" Lactobacillus sakefiDSM 20017
Lactobacillus sakei SC1

— Lactobacillus saker WJ1
Lactobacillus curvatus DSM 20019

Lactobacillus fuchuensis DSM 14340

Lactobacillus brevis ATCC 14869
| Lactobacillus plantarum AF1

l Lactobacillus plantarum ATCC 14917

I_ Lactobacillus alimentarius ATCC 29643

Lactobacillus kirmchii KCTC 8903P

Lactobacillus buchneri ATCC 4005

[ Lactobacillus salivarius ATCC 11741

Lactobacillus paracasei ATCC 25302

I: Lactobacillus caseif ATCC 393
Lactobacillus rhamnosus ATCC 7469

0.01

Figure 6. Phylogenetic relationship between Lb. plantarum AF1, Lb. sakei W]1, Lb. sakei SC1 and Lb.
sakei YY1 and other related bacteria based on 16s rDNA sequence
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3. AT Aty 54
(1) WA el mhe A5 =

2275 Lb. plantarum AF1, Lb. sakei W]1, Lb. sakei SC1, Lb. sakei YY1<
30Tl A 48A1F &<k AA MY stHA v 64T FREE S
of ME ASEE ZAEIT FEEE 3 g dFE A JTAR
ettt S84 3 Figure 7 3 Zo] R8T 4F EF 6AIHFH 124111744
FH o T F7Vet( L Lb. sakei W]L, Lb. sakei SC1, Lb. sakei YY1+ 18~24A4]
A ASEE7E A7k Hlom 1 o]Fo = FAVE Fous As #F2E
AAT. Lb. plantarum AF1:= 30~36A17 oA A8 =7 A7 9

A7 2 Bol7be Ae BN

o

1 o] %

=

=

(2) iR o] %7] pHel W& K=

pH 3.0, 35, 40, 50, 6.0, 7.0, 80, 9.0 13 10.00% WA MRS oA ol
30CAA 24A12r AX| wjFste] Lb. plantarum AF1, Lb. sakei W]J1, Lb. sakei
SC1, 1¥]3L Lb. sakei YY1 AKFEE ZASAT 35 394 st o5
& SA43t A2 YEYAT 2 pH 4.070A 9] o] AFEE dEeeE A
ol dwkd ol pH 3.0% 35+ A7|xF Add AWzl H249 pHHARA &
A W9 Frkete] AFEE #FSh A3 Figure 8 3 2| Lb. plantarum
AF1:= pH 50 oA #E pH 9.0 74#1¢] ®9felA & A5stsl et pH 50 °]sk 1
2]aL pH 10.0 o]l A A== 743, Lb. sakei W]1, Lb. sakei SC1, Lb.
sakei YY1+= pH 6.0 oA %E pH 10.0 7FA ¢ HYoA & A9 o pH 6.0
olgtall A AHFE= 234 wAihsAY. EHd9 4 pHe Lb. plantarum AFI,
Lb. sakei SC1, Lb. sakei YY1= pH 7.0 2 YElWal Lb sakei W12 pH 6.02
2 UEYTh pH 300lME 4 #F B A9 ASE A Eahdil pH 35904 Lb.
plantarum AF1 7% o= AX A& oy =2 pH HHdAd= &ds] Ao

A
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Figure 7. Growth Curves of Ib plantarum AF), Ib. sakei W]1, Ib sakei SCl, and b
sakei YY1
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Figure 8. Effects of NaCl of the growth media on the growth of Lb.
plantarum AF1, Lb. sakei W]1, Lb. sakei SC1, and Lb. sakei YY1
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(3) A 9] NaCl Feel e BF5%

NaClo] w59 A&l vA= &S HESH] skl MRS A uf Ao NaCl=
0, 1, 3, 5 & 7%W/WVHAA FH7kete] 30TolA 2412+ BA wiekste] Lo
plantarum AF1, Lb. sakei WJ1, Lb. sakei SC1, Z12]3l Lb. sakei YY1°] &%
£ AT FR=s 394 SA-ste AR YAt 443 Figure 9
S} Zo] 43tF E5F NaCl % 0~3%0°l4 vz tA#R] A5=E HAH Lb,
plantarum AF1< NaCl 5% 1%°lA o] ASEE B 5%A Ho A5
Lo oF Q%A EE et oH 7%NAE of 30%AH =] AFEE YERHATH
Lb. sakei WJ1<& NaCl 5% 0%4 Hd AFEE YEI 3 NaCl 5=7F =o}

A¢s ASE7 JAA #gaste A2 32 = Ad}AY. Lb. sakei SC1¢€} Lb.
sakei YY1 NaCl % 1%1A HWe ASEE HAI  Lb. sakei W19} 29|
1%0]79] oA es AAHoz AfEe AsE BT
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Figure 9. Effects of initial pH of the growth media on the growth of
Lb. plantarum AF1, Lb. sakei W]1, Lb. sakei SC1, and Lb. sakei YY1
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dnkA o g Pl fFA Uikd AP ZEulo]o o g HA%g Fa st
7] f1%k 712 54 o= A pH 3.0 olste] e gz f13ds Faste] =y

=

sto] A Esjoketn = 1o gk w4 pHel gk WA e0)d A Astd x=
A3 FArgE oA FAst7] & A stol Ao AEd(40)s AA g
gy & A FFe Wb ARE FeAek 22 WE pHAA #F9 AEE
= gkl f1te] AAlsksin

7o WS SAsH] flsted, #FE MRS dAmA| o 1%((v/v) &5t
30CAA 24A13F wjeFst = FAEE(9,950 xg, 5 min)ste] FA NS A AL o
AL 343 t3, pH 30, 40, 50, 6.0, 7022 =A% MRS ¥jA(HFFT5 7
MRS¢} 2& Tl H7tste] 30Tl 24413 wi kst & At
Lb. plantarum AF1, Lb. sakei WJ1, Lb. sakei SC1, ZL8]lil Lb. sakei YY19| A
e A A3 A 5 394 v S5t Hd AR YEylen, olF F
3ol pHY w39 AEES ARSI Lb. plantarum AF1= A8 A3 A8 &
o A4 vl A3 pH 3004 ¢F 10%e] AEES HAI, pH 4.004 1R
2 oF 11%E YEUAS. pH 5004+ ¢F 87%9 w2 AE&S HAth pH
6.00] o= A HArt o =& AFFE JerideEd, FAE 104 107
Hj o] &te] AwrE Uetgla o= AEI o 9o el o FAgNeS &<
ettt Lb. sakei WJ1€] 7%, pH 3.0°14 °F 1%, pH 4.07-3Fell A oF 7%9 A&
£S5 Holw [p. plantarum AF1H T+ v AESS YER T pH 50004 &
7%2] AEES YEFNA L, pH 6.0 F7HAM = Al 2 AdFE 74
A3l pH 70014 AejdRBo oF 28] o]4e] AdE Holw & AE&
o] o] ¢ AFSS AT, Lb. sakei SC19t Lb. sakei YY1 AEE
gl A3, pH 30?7P°1]’\1b ol Aol AEeA XIs sk ar, pH 4.0004
oF 1~2%9 ofF Y& AEE&S UEAT pH 5004 = gt Eobxl o 26~
36%° WEES Holw [b plantarum AF13} Lb. sakei W]lel| H]&dte] & A 3]
v AEES UE S Felstith 12y pH 6.0 F1Fell A= A g Hdol vl st
AA= 2ufell A WA= 7o) A= =2 AudTrE WAL, pH 7.0 1ol A=
g Anok 109 Welel =8 AuFE Jehie Fol o 43S gasan
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plantarum AF13} Lb. sakei WJ1= A9 s Y x| 59 A5, pH 4.00]3t2
M= dA3] v AEES UElSlen o= dFE A HE39S A
A7 71ko] Qe gol wEl vrold pHolA £ HES FAHA Eate fdel
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Figure 10. Acid tolerance of Lb. plantarum AF1, Lb. sakei W]1, Lb. sakei SC1, and Lb. sakei YY1

Values are means +SD from triplicate determinations.
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(5) 59 D/L-lactic acidd] »%=

Ay

3

e T 4F9 D/L-lactic acid®] =& =743 A3}, Table 39 e ATH
T L. plantarum AF13} Lb. sakei WJ1+ D(-)-lactic acid®} L(+)-lactic acidE
25 AAEe = D(-)/L(+)-lactic acidZ2 EQ1¥ o™ 5 Lb. sakei SC1¥ Lb.
sakei YY1+ L(+)-lactic acidE F= AAFste] L(+)-lactic acid= <1 = ATt

Okada(57)= Lactobacillus 4, Pediococcus <4 Leuconostoc <, Enterococcus
2, Sporolactobacillus % &9 bt o2HEH ALk = D(-)/L(+)-lactic acid&
dast  Ayto] it R st =4, Lactobacillus  plantarumS  RE
D(-)/L(+)-lactic acid EF AAst= dF=24 7571 99, Lb. sakei®l 7%
D/L-form¥} L-form< EF Adta Bistoh Egk Yoon(70)8 HilgE KW
AANZRE 283t #F Lactobacillus plantarum®l lactic acidE A %3t A3},
D(-)-lactic acid®t L(+)-lactic acid®] AAF=e] H|7} 58428 D/L-lactic acid=®
ElWl o 24 Lactobacillus plantarum®©] D(-)-lactic acid®} L(+)-lactic acid =
Aatsls dFYe FAsAa,  Leedh) HiudAME  HAARRE  Ed
Lactobacillus plantarum NR74+ 57} D(-)-lactic acid®} L(+)-lactic acid =F 4
bt FAS UEde]l 2 Ad Aot XS gl

Lee(46) ol ©3t¥, L(+)-lactic acidE AJAtstE Lb. sakei strain®] A3 Al F

EHa oy Hols IFEE S8 GI tractdll a4 &S v Rk E 7EX
&3 VeSS Rugo=ZN L(+)-lactic acid7} 2t ol do| dlad] HHstda
Lb. sakei strain® 4% i L(+) form= ‘E’%O] Uetdiths Bate] upel o
Lb. sakei SC13} Lb. sakei YY1°] L(+)form & YelWozA B A A}l X
ghS It 4 Atk =3 FAO/WHO7F 3% w#3d Food Addictives W& 5
E£3] fFolEolA o] L(+)-lactic acidez wleE T4 ZAPS dod|e=
D(-)-lactic acid®] HFHE At AL AstA=dl, 4F 72 D/L-lactic acid
S AE3 Ay, AgE o] - ok D(-)-lactic acidE AAtets FFE FolEA] 24k
t}.

W
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1~ il
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Table 4. Quantitative analysis of Lb. plantarum AF1, Lb. sakei W]1,
Lb. sakei SC1, and Lb. sakei YY1

Lactic acid | D(-)-lactic | L(+)-lactic Total
isomer acid acid lactic acid
L.plantarum AF1 D/L 10.75g/L 5.01g/L 15.76g/L
L.sakei W]1 D/L 5.702g/L 5.662g/L 11.364g/L
L.sakei SC1 L 0.026g/L 13.483g/L 13.509g/L
L.sakei YY1 L 0.705g/L 12.429¢/L 13.134g/L
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6) Zdl=HE Adts

Gilliland(15)°] 98l ®o FAFS ZZulo] 9 €l A (probiotics) A A3 &
5 v FHFIE AAsta, A o X5 &3 AW e oA, BlE
o A, @5 FuzHE Ast &, FY & AAY WY s T ol dE
thetst 7sAde] RaxEa ok B Aol EE T FU2HE A &

T <

o] AL = o-phthalaldehyde method(52)2 ZA3FAt). #F9] HZAH 229l
oF Q1A X1 37ColA s F7IviFatar 24413k, 4841F § 747 4 2|
= S5tk Table 4 oA ¢ o], Lb. plantarum AF12 30T ol A
24X % oF 70%9 FUl2HE At o WEHHAIL, BAIZF F °F 66% 4 =9
ZH~HE Ast 5& FAE Holn AUAIZF TR ¢ v F£AE B 37T
A= 24A1ZF F oF 85%, 48AIZF & oF 97% BEo] FXE Kol 30T ML
Al #R wE FUzdHE A 5 YEWAY. Lb. sakei W]1$F Lb. sakei SC1
o] g 30CoNA 2477 F oF 53~58%9] FH2HE A & YERNJIL 48
17k ORI ¥ =2 9F 583~61%°] FAE YERATE ey 37TCAA 24413
2= 30T HEte] vre oF 50~52% AEe] Al T HAI 48AF F
2 9F 50~51% HEeol FXE YEMWATE Lb. sakei YY1 30TolA 24
3 9F 60%, 48A17F F oF 59%°] A3t T WERUAIL, 37T 24417 $-
47%, 48X 7t T oF 44%9] A3 & Bl

AA ] ZFUzdHE Aol i ATELS Kim(30, 41, 48)%5l 2lste] B aE9]
ow AAe AR FYzHE TV Hoplte HoA BFE FEHS Holu
Atk Kim(30, 33)3 Lee(46) &2 HiioA A&¥ 5 Lactobacillus plantarum
o] FYxHE Al T Zh7F 5591%, 60%, 18]l 48%<°] ZH~HE A v
veb o, B AFo A AFR3 7F Lb. plantarum AF19 ¥ 4~HE A5
82~97%= 1R A =& FAE YEtl ATk T3 Lee(46)9] H Lol A ApE-gh
Lactobacillus sakei it 50~60% ©o]’de] Zel2HE Al & JeEldy dx
T wFel HvlEte A we FXE UEL, o= 2 A¥ dF Lb. sakei
WJ1, SC1, 1g]aL YY1¢] ZFdl2HE Asted vld A5 vedes 2S99

stogx B A% b sakeivt T T3 =L FYUAHE ASEso] A= AoR Fel
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= At
Ahn(1)2 Lactobacillus spp.< E3F H5Ait 238l G40 33y
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Table 5. Absorbance at 580 nm and cholesterol assimilation of Lb.
plantarum AF1, Lb. sakei W]1, Lb. sakei SC1, and Lb. sakei YY1 in
30T and 37T for 24hr and 48h

30T
Cholesterol Cholesterol
24h o 48h e e
assimilation(%) assimilation(%)
Lb. plantarum AF1 11.3 68.795£0.868 11.3 65.893+0.765
Lb. sakei W]1 6.62 53.375%0.702 6.90 61.244+0.388
Lb. sakei SC1 B.75 58.676£0.528 6.13 58.415+0.209
Lb. sakei YY1 5.36 60.575£0.314 552 59.763£0.110
37C
Cholesterol Cholesterol
24h e 48h e L.
assimilation (%) assimilation (%)
Lb. plantarum AF1 8.08 85.397+0.133 8.61 97.511+0.471
Lb. sakei W]1 5.21 50.392+0.599 5.76 50.412+0.793
Lb. sakei SC1 5.09 52.099+0.970 5.14 51.930+0.827
Lb. sakei YY1 3.90 47.370+0.899 3.44 43.867+0.406

Values are means +SD from triplicate determinations.
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Bacillus subtilis ATCC 6633 Bacillus subtilis ATCC 6633

Figure 11. Antibacterial activity of Lb. plantarum AF1, Lb. sakei W]1,
Lb. sakei SC1, and Lb. sakei YY1 against Bacillus subtilis ATCC
6633

A, Direct assay; B, Paper disk assay.
1, Lb. plantarum AF1; 2. Lb. sakei W]1; 3, Lb. sakei SC1;, 4. Lb. sakei YY1
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¥ //.

Bacillus subtilis ATCC 6633

Figure 12. Effect of pH 4.0 treatment on the antibacterial activity of
Lb. plantarum AF1, Lb. sakei W]J1, Lb. sakei SC1, and Lb. sakei YY1
against Bacillus subtilis ATCC 6633

1. MRS (Ref); 2, Lb. plantarum AF1; 3. Lb. sakei W]1;, 4, Lb. sakei SC1;, 5.
Lb. sakei YY1
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Lb. plantarum AF1 » Lb. sake/ WJ1

=1 3
2 s =
<< <
3
a
3 2
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1
1
0 o
12hr 24hr 36hr ashr 60hr 12hr 24hr 36hr a8hr 60hr
Time Time
# 7
Lb. sakei SC1 Lb. sakeiYY1
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4 g 4
g 2
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Time Time

Figure 13. Growth of Lb. plantarum AF1, Lb. sakei W]J1, Lb. sakei SC1, and Lb. sakei YY1 on 10, 12, 15,

18, and 20C for setting the fermentation temperature on kimchi
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Figure 14. Total pH and acidity changes of AF1 starter

Storage time (days)

during fermentation at 15C and storage at -1TC.
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Figure 15. Total pH and acidity changes of W]J1 starter

Storage time (days)

during fermentation at 15C and storage at -1TC.
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Figure 16. Total pH and acidity changes of SC1 starter

during fermentation at 15C and storage at -1TC.
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Figure 17. Total pH and acidity changes of YY1 starter kimchi

during fermentation at 15C and storage at -1TC.
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Table 6. Changes of pH, acidity(%), salinity, sweetness and microflora in the AF1 starter kimchi during

fermentation at 15C and storage at -1C

Fermentation time (days)

Storage time (days)

AF1 0 3 5 0 60 120 180 210 240
pH 5.812 5.219 3.992 3.992 3.975 3.917 3.836 3.837 3.826
Acidity (%) 0.218 0.332 0.724 0.724 0.789 0.81 0.931 1.009 1.073
Salinity (%) 2.8 2.69 2.67 2.67 291 2.72 2.96 2.0 3.0
Sweetness(brix %) 105 10.6 104 104 105 104 105 10.3 10.8
Total
. ot 8.18+0.13 | 9.23+0.11 | 9.28+0.06 | 9.28+0.06 | 893+0.01 | 7.92+0.03 | 7.41£0.03 | 6.97+0.02 | 6.83+0.07
viable cell
Lactic
Microbial acid 8.18%0.10 | 9.20£0.12 | 9.26+0.07 | 9.26+£0.07 | 892+0.01 | 7.91+0.03 | 7.40£0.03 | 6.92+0.03 | 6.75+0.05
population | bacteria
(log Gram (+)
. 6.00£0.01 | 5.56+£0.01 | 5.18+0.13 | 5.18+0.13 | 4.43+0.09 | 5.70+0.08 | 4.66+0.29 | 4.73+0.05 | 5.3+0.06
CFU/mL) bacteria
Yeast 2.00£0.01 - 2.60+0.01 | 2.60£0.01 | 3.84£0.01 | 2.84+0.01 | 3.00+0.01 | 3.30+0.01 | 3.23+0.01
Dominance
(%) 99.3 94.12 94.74 94.74 97.67 97.62 96.15 89.36 83.58
(o)

All values were mean =SD. (n=3)
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Table 7. Changes of pH, acidity(%), salinity, sweetness and microflora in the WJ1 starter kimchi during

fermentation at 15C and storage at -1C

Wil Fermentation time (days) Storage time (days)
0 3 5 0 60 120 180 210 240
pH 5.873 4.654 4222 4.222 4.25 4186 4156 4018 3.994
Acidity (%) 0.211 0.450 0.616 0.616 0.695 0.72 0.867 0.89 0.91
Salinity (%) 2.52 3.1 3.06 3.06 2.95 2.95 2.00 2.02 2.07
Sweetness(brix %) 10.8 11.0 104 104 11.1 11.2 10.1 105 10.1
Total
. ora 7.84+£0.05 | 9.04+0.07 | 9.20£0.01 | 9.20+0.01 | 8.48+0.13 | 7.71+0.02 | 7.14+0.01 | 7.04+0.02 | 6.40+0.06
viable cell
Lactic
Microbial acid 7.82+£0.06 | 9.04+0.07 | 9.18+0.01 | 9.18+0.01 | 8.46+0.13 | 7.70+0.03 | 7.11+0.02 | 7.00+0.02 | 6.32+0.08
population | bacteria
(log Gram (+)
. 5.60+0.18 | 5.40+0.08 | 5.18+0.13 | 5.18+0.13 | 5.18+0.13 | 5.32+0.02 | 5.46+0.02 | 4.66+0.29 | 5.04+0.04
CFU/mL) bacteria
Yeast - - 2.70£0.01 | 2.70£0.01 | 4.53+0.01 | 3.00£0.01 | 3.11£0.01 | 3.30+0.01 | 3.30+0.01
Dominance
(%) 95.65 99.98 93.75 93.75 96.67 96.08 92.86 90.91 84
(o)

All values were mean =SD. (n=3)
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Table 8. Changes of pH, acidity(%), salinity, sweetness and microflora in the SC1 starter kimchi during

fermentation at 15C and storage at -1C

sCl Fermentation time (days) Storage time (days)
0 3 5 0 60 120 180 210 240
pH 5.748 4.244 4.019 4.019 4.064 4.049 3.903 3.887 3.867
Acidity (%) 0.237 0.533 0.703 0.703 0.741 0.770 0.835 0.886 0914
Salinity (%) 2.57 2.47 2.68 2.68 2.39 2.54 2.02 2.04 2.15
Sweetness(brix %) 11.3 10.2 10.3 10.3 104 10.2 10.8 10.2 11.0
Total
. ora 7.66£0.29 | 9.00£0.05 | 9.64+0.01 | 9.64+£0.01 | 8.60+0.12 | 7.89+0.03 | 6.11£0.03 | 5.30£0.08 | 4.56=0.01
viable cell
Lactic
Microbial acid 7.63£0.31 | 9.00£0.05 | 9.63+0.01 | 9.63£0.01 | 8.59+0.13 | 7.88+0.04 | 6.04+0.04 | 5.08+0.09 | 4.30+0.02
population | bacteria
(log Gram (+)
. 5.30+0.18 | 5.00£0.10 | 5.04+0.04 | 5.04£0.04 | 5.40£0.08 | 5.28+0.08 | 4.54+0.06 | 4.51+0.07 | 4.49+0.04
CFU/mL) bacteria
Yeast 2.30+£0.01 | 2.30£0.01 - - 3.60+0.01 | 3.70+£0.01 | 3.30+£0.01 | 3.00+£0.01 | 3.18+0.01
Dominance
(%) 93.48 99.9 97.73 97.73 975 97.4 84.62 63.16 55.56
(o)

All values were mean =SD. (n=3)
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Table 9. Changes of pH, acidity(%), salinity, sweetness and microflora in the YY1 starter kimchi during

fermentation at 15C and storage at -1C

YY1 Fermentation time (days) Storage time (days)
0 3 5 0 60 120 180 210 240
pH 5.882 4234 4101 4101 4.028 4.025 3.967 3.948 3.884
Acidity (%) 0.211 0.535 0.664 0.664 0.649 0.750 0.745 0.843 0.927
Salinity (%) 2.28 2.66 2.75 2.75 2.29 2.72 2.43 2.09 2.3
Sweetness(brix %) 10.1 104 11.1 11.1 10.8 11.3 105 10.8 11.2
Total
. ora 7.45+£0.11 | 9.36£0.02 | 9.23+0.09 | 9.23£0.09 | 8.87£0.02 | 7.94+0.02 | 6.43+0.10 | 6.34+0.06 | 5.40+0.08
viable cell
Lactic
Microbial acid 7.43+0.11 | 9.36£0.02 | 9.20+0.10 | 9.20+0.10 | 8.85+0.03 | 7.93+£0.03 | 6.36+0.09 | 6.20+0.07 | 5.20+0.05
population | bacteria
(log Gram (+)
. 554+0.06 | 5.32£0.14 | 5.30+0.01 | 5.30£0.01 | 5.59+£0.01 | 5.46+0.10 | 5.64+0.04 | 5.26+0.14 | 5.20+0.10
CFU/mL) bacteria
Yeast - - - - 3.30+0.01 | 2.00+0.01 | 2.48+0.01 | 3.15+0.01 | 3.30+0.01
Dominance
(%) 96.43 99.99 94.12 94.12 94.59 96.59 85.19 72.73 64
(o)

All values were mean =SD. (n=3)
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Figure 18. Total pH and acidity changes of 3% of salinity SC1 kimchi

during fermentation at 15C and storage at -1TC
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Figure 19. Total pH and acidity changes of 3% of salinity YY1 kimchi

during fermentation at 15C and storage at -1TC
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Figure 20. Total pH and acidity changes of 3% of salinity Control

kimchi during fermentation at 15C and storage at -1TC
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Table 10. Changes of pH, acidity(%), salinity, sweetness and microflora in the 3% of salinity SC1 kimchi

during fermentation at 15C and storage at -1TC

SC1

Fermentation time (days)

Storage time (days)

0 5 10 0 60 120 180 210 240
pH 5.654 4971 4.189 4.189 3.957 3.933 3.825 3.732 3.704
Acidity (%) 0.213 0.344 0.672 0.672 0.813 0.935 0.884 0.982 0.904
Salinity (%) 2.92 2.85 2.88 2.88 291 2.97 2.8 2.73 3.1
Sweetness(brix %) 11.0 105 11.1 11.1 9.84 11.2 10.6 10.9 12.8
Total
. ora 6.74+0.11 | 8.93+£0.03 | 9.23£0.03 | 9.23+0.03 | 8.61+0.01 | 7.54+0.15 | 5.48+0.03 | 5.32+0.08 | 5.38+0.05
viable cell
Lactic acid
. . . 6.69+0.14 | 8.88+0.01 | 9.20£0.03 | 9.20+0.03 | 859+0.01 | 7.51+0.18 | 5.36+0.02 | 5.04+0.07 | 5.08+0.11
Microbial bacteria
population | Gram (+)
) 5481022 | 4.1840.12 | 4.85£0.11 | 4.85+0.11 | 4.43+0.10 | 4.74+0.11 | 4.54£0.06 | 4.54£0.06 | 4.54+0.07
(CFU/mL) bacteria
Yeast - - 2.60£0.01 | 2.60+0.01 | 2.85£0.01 | 3.48+0.01 | 3.00+£0.01 - -
Dominance
(%) 89.09 91.57 94.12 94.12 95.12 91.43 76.67 52.38 50
(o)

All values were mean =SD. (n=3)
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Table 11. Changes of pH, acidity(%), salinity, sweetness and microflora in the 3% of salinity YY1 kimchi during

fermentation at 15C and storage at -1TC

¥yl Fermentation time (days) Storage time (days)
0 5 10 0 60 120 180 210 240
pH 5.591 5.067 4.294 4.294 3.960 3.941 3.933 3.822 3.686
Acidity (%) 0.227 0.328 0.649 0.649 0.966 0.923 0915 0.95 0.912
Salinity (%) 2.98 291 2.92 2.92 3.52 2.59 2.77 2.57 2.68
Sweetness(brix %) 12.1 10.5 11.3 11.3 11.48 10.2 10.9 11.1 10.6
Total
. ota 6.74£0.04 | 7.54+0.01 | 8.82+0.03 | 8.82+0.03 | 842+0.15 | 7.47+0.13 | 5.54+0.06 | 5.15+0.08 | 5.18+0.13
viable cell
Lactic acid
. . . 6.72£0.03 | 7.52+0.03 | 8.81+0.03 | 8.81+0.03 | 838+0.16 | 7.47+0.11 | 5.45+0.07 | 4.85+0.01 | 4.82+0.13
Microbial bacteria
population | Gram (+)
. 5.18+0.13 | 4.30£0.01 | 4.90£0.05 | 4.90+0.05 | 4.57+0.03 | 4.04+0.04 | 4.81+0.03 | 4.00+0.01 | 4.18+0.13
(CFU/mL) bacteria
Yeast - - 4.04+0.01 | 4.04£0.01 | 2.95+0.01 | 2.00+£0.01 | 3.30+0.01 - -
Dominance
(%) 96.36 94.29 98.48 98.48 96.15 93.33 84.85 50.71 4417
(o)

All values were mean *+SD. (n=3)
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Table 12. Changes of pH, acidity(%), salinity, sweetness and microflora in the 3% of salinity control kimchi

during fermentation at 15C and storage at -1C

Control

Fermentation time (days)

Storage time (days)

0 5 10 0 60 120 180 210 240
pH 5.624 5.114 4.181 4.181 4.092 4.021 3.936 3.887 3.847
Acidity (%) 0.218 0.272 0.686 0.686 0.953 1.089 1.091 1.100 1.106
Salinity (%) 2.81 2.82 2.81 2.81 2.64 2.29 3.4 2.17 2.53
Sweetness(brix %) 10.6 10.0 10.2 10.2 11.04 9.7 10.0 9.1 11.3
Total
. ora 5.81+0.03 | 8.71£0.25 | 8.79+£0.11 | 879+0.11 | 8.40+0.08 | 7.79+0.01 | 6.32+0.06 | 6.11+£0.03 | 5.89+0.01
viable cell
Microbial | Lactic acid
. . 5.67+0.01 | 8.95+0.05 | 8.78+0.11 | 878+0.11 | 8.38+0.08 | 7.76+0.01 | 6.26+£0.07 | 6.04+£0.04 | 5.60+£0.01
population bacteria
(CFU/mL) | Gram (+)
. 4.65+0.13 | 4.11+£0.06 | 4.40£0.08 | 4.40+0.08 | 4.60£0.18 | 4.32+0.16 | 4.88+0.03 | 4.54+0.06 | 4.48+0.05
bacteria
Yeast - - 3.04£0.01 | 3.04+0.01 | 2.00£0.01 | 2.90+£0.01 | 3.48+0.01 - -

All values were mean =SD. (n=3)
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Table 13. Changes of Hunter’s color values of starter kimchi during fermentation at 15C and storage at -

1C
Hunter’s Fermentation time (days) Storage time (days)
1 Samples
Value 0 3 5 60 120 180 210 240
AF1 35.94+0.02 35.84+0.01 35.74+0.01 3556+0.04 35.45+0.08 35.11+0.03 34.45+0.03 34.27+0.04
L WJ1 35.37+0.04 35.24+0.03 35.22+0.01 35.12+0.02 34.85+0.01 34.16+0.01 34.11£0.02 33.62+0.05
SC1 36.08+0.01 35.89+0.07 35.74£0.01 35.25+0.08 34.91+0.05 34.82+0.01 34.74+0.02 34.65+0.15
YY1 34.97+0.05 34.88+0.01 34.56+0.01 34.51+0.03 34.50+0.05 34.40+0.02 33.70£0.02 32.96+0.28
AF1 34.50+0.07 35.34+0.10 3543+0.10 36.10+0.04 36.25+0.06 36.29+0.12 36.32+0.08 36.48+0.06
a WJ1 33.00+£0.11 33.11+0.18 34.75+0.18 35.01+0.12 35.21+0.15 35.45+0.11 35.68+0.07 35.78+0.09
SC1 33.29+0.10 34.60+0.12 3544+0.21 3556+0.10 35.78+0.21 35.86+0.09 35.90+£0.10 35.96+0.08
YY1 31.29+0.08 32.57x0.16 33.68+0.22 34.68+0.11 35.21+0.14 35.45+0.06 35.86x0.12 35.89+0.10
AF1 49.00+0.32 49.25+0.28 49.32+0.14 49.35+0.39 50.21+0.26 50.41+0.51 50.61+0.42 50.82+0.54
b WJ1 45.49+0.25 45.66+0.22 45.76+0.23 45.89+0.25 46.98+0.74 48.00+0.87 48.79£0.33 49.70+0.23
SC1 48.55+0.28 4991+0.32 50.09+0.89 52.02+0.12 52.02+0.35 52.32+0.21 52.48+0.66 52.80+0.36
YY1 46.78+0.83 47.29+0.54 48.44+0.21 48.85+0.14 4892+055 49.17+0.22 50.40+0.32 50.60+0.71

All values were mean =SD. (n=3)

DL: lightness(+white~ -black), a: redness(+red~-green), b: yellowness(+yellow ~ -blue).
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Table 14. Changes of Hunter’s color values of 3% salinity kimchi during fermentation at 15C and storage

at -1TC
Hunter’s Fermentation period (days) Storage time (days)
1 Samples

Value 0 5 10 60 120 180 210 240
SC1 37.05+0.02 37.11+0.05 36.98+0.02 36.67+£0.02 36.29+0.02 35.64+0.02 35.40+0.01 35.04+0.01
L YY1 37.12+0.05 37.20+0.02 36.61£0.01 36.37£0.05 35.22+0.03 35.04+0.02 35.01+0.01 34.89+0.01
Control  37.16+£0.01 37.03£0.10 36.99+0.21 36.57+0.08 36.27x0.02 35.30+£0.03 34.70+0.03 34.57+0.01
SC1 33.81£0.01 34.13+0.01 34.00+0.07 34.27+0.11 34.58+0.05 35.21+0.07 35.77+0.12 36.14+0.11
a YY1 33.79+0.12 34.28+0.10 34.60£0.05 34.75+0.20 34.85+0.02 35.05+0.10 35.57+0.14 37.43+0.04
Control  33.08+0.09 33.07£0.12 33.14+0.12 34.53+0.11 34.73£0.01 35.29+0.15 35.48+0.08 36.26+0.08
SC1 48.03+0.03 48.77+0.23 49.02£0.15 51.55+0.15 51.63+0.25 51.70£0.25 51.83+0.24 51.99+0.35
b YY1 48.14+0.29 48.45+0.42 49.65+0.23 50.78+0.25 50.82+0.37 51.00+0.12 51.39+0.32 51.63+0.41
Control  48.12£0.01 48.27+£0.21 49.73£0.30 50.35£0.33 50.80+£0.22 51.29+0.34 52.65+0.36 54.65+0.52

All values were mean =SD. (n=3)

DL: lightness(+white~ -black), a: redness(+red~-green), b: yellowness(+yellow ~ -blue).
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Figure 21. Changes in texture properties of AF1l, W]J1, SCI1, and YY1

starter kimchi during fermentation at 15C and storage at -1TC
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Figure 22. changes of compression force of 3% of salinity kimchi

during fermentation at 15C and storage at -1TC
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and L sakei YY1

SCl,

W]1, L sakei

L sakei

Table 15. Sensory evaluation on L. plantarum AF1,
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Table 16. Sensory evaluation on 3% salinity L. sakei SC1, L. sakei YY1 starter kimchi and control kimchi
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starter2 A&, A xste] Ao dut BN vty dYS AFela 54 7|7

2 WeR7h Aok =4 WItE Foto] T A 524 starterzA 9] 7}

o
A E FAE S Gram stainings H 53 FEISHA 543 Asietd 54 H
16S TRNA 9714 ES F3sle A3 A3 olul =AY Lactobacillus plantarum
AF19] Yw™=A 3% X% Lactobacillus sakei = SA4Eom ol Z+zt
Lactobacillus sakei W]J1, Lactobacillus sakei SC1, 18]l Lactobacillus sakei
YYlelet WHatqrt AHE d5o WAzl wE 7o A5 Es #Ed A
Lb. plantarum AF1& 36A17F Al A= 7)o HolEdar 1 ¢ UM A [b sakei
WIJ1, Lb. sakei SC1, 123l Lb. sakei YY1 24A17bo] HolEo] AR 7o =es}
At A w5 7] ¥iA9 pH (pH 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0) ¢ NaCl
0, 1, 3,5, %) ¥=ol W& AFEE #Fs 43 4 #F EF pH 70004 A
AS5EE Yebilom pH 6.0 o] ®eldA Ho AF=9 90%°]/d<, pH 5.0
ot A AHFE7 HH Hadhes Aoz FEEJT NaCl X0 e AS
el A3 497 25 NaCle] &aFo] motd
Rom NaCl % 3% NAFH A5 dAg HaE

AdE 5o ZE2HE Asted #AS e 759 D/L-lactic acid =& =
Aty 1 A3, Lb. plantarum AF1S D(-)-lactic acid, Lb. sakei WJ1&
D/L-lactic acid, Lb. sakei SC1¢} Lb. sakei YY1 L(+)-lactic acidE AAt3t=
T2 ¥l

T+ 7]5Ae EAS ZAMEY] 998t O-phthalaldehyde WS © 3
0Ce} 37Coll A & vjFstar 24417k, 48417 & FH2HE Astss 54 4
W} Lb. plantarum AF1& 30Col A ¢F 62~69%, 37Tl A oF 82~97%¢] =& =
d2HE AstsS YeEMNIY. 2 9|, Lb. sakei W]1, Lb. sakei SC19} Lb. sakei
YY1& 300011%1 oF 52~59%, 37CellA oF 42~55%¢<] FH~HE AdsS B3
th L-form®| fabete] Sdl2~EHE Astseo| =t KHale] wet Lb. sakei SC1¢}
Lb. sakei YY1 R 2t 2%oA 50%0¢]7de] ZH2HE Astss UHeElle 22
2 AL o} B Ao = D-formQl Lb. plantarum AFle] 713 =& 24
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of A AA S BEHEE paper ditt methodE Hdste] A&ttt Direct

methodE Ab&3slo] &S SH3 A3 Lb plantarum AFl1o] 714 2 A&

AR S e 1 9 3T dFE A9 H=d AV AXEES YERA

t}. Paper disk methodE o|&3t g &4 FHS X A<l Bacillus subtilis

ATCC 66339l tjste] w72 5 F5% FANES o]gste Ay, =7
A2 UetdidT ey, o] &t 24 € = J

g % 5 AUk
99} 7

Azt dyt Fdvlo] #FE5 A& A 4F 2T AT 120874 % 90%°]
S YeiSdet. 53, Lb. plantarum AF1 3} Lb. sakei W]12|
starter #AX &= A 210L7HA = 0% A= =2 FHES JEA oY, Lb.
sakei SC19} Lb. sakei YY19] srater AX+= S8 E] A4 1804FH =54 7
ko] A 24090 oF 50%A =] ¢HES eI 1Y =

ak & gla wiEe] 22 gho| kel Lb. sakei SCI1 starter
7F 7HE mkew A% 60d ol FHE HEA ¢ Blszd utat s UEr] AlE
stRom A 7|zke] eMjErE 1 5AS U FREAY dE 3% FdHE
ARS8 A X = Lb. sakei SC19F Lb. sakei YY1E H&39 1 =1

9
Ash WA, #F A
1

i

Al B2 dEzT AAE Az #5374 A=A 2
T 5 A% 15047bA 90% o] =2 $RES YEWAeY o] FHH
dEol Aoz "dojx AF 2404 7kA °F 50%2] - ES HERdT ¥
7be] EAORE =8 duoy B4 1 A 2 “AXR kil o]& 9l
ato] 22 bl Mjsto]l 1 Almto]l ASHAl mAXA etk EI w2 A== <
gto] wras A YA wiF 2o ddgto]l oY fFAH ol AF
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