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ABSTRACT

Cholesterol-lowering effect of lactic acid bacteria

isolated from Kimchi

Choi, Eun A
Advisor : Prof. Chang, Hae Choon, Ph. D.
Department of Food and Nutrition,

Graduate School of Chosun University

Probiotics potential properties of lactic acid bacteria isolated from kimchi. The
1solated four strains were identified by examing their morphological and metabolic
properties and 16S rRNA gene sequences. They were identified as Lactobacillus
plantarum EM, Lactobacillus plantarum HDI1, Lactobacillus plantarum NO1, and
Leuconostoc kimchii GJ2. Growth of the isolated strains was measured at 30C and
37C for 48 h. The probiotic potential properties of lactic acid bacteria investigated
include antibiotic resistance, acid and bile tolerance, enzymatic activities and
cholesterol assimilation ability. Antibiotic susceptibility tests indicated that four
isolates were sensitive to ampicillin, vancomycin, gentamycin, kanamycin,
streptomycin, erythromycin, clindamycin, tetracycline and chloramphenichol, which
were Included in the European Food Safety Authority. To obtain antibiotic
susceptibilities of lactic acid bacteria, minimum inhibitory concentration (MIC) of 8
antibiotics for 4 LAB isolates from Kimchi were determined. Four strains were
highly resistant to acid, simulated gastric juice, and bile salt. The enzyme profiling
is an important factor for selection of strains. When examined by API-ZYM kit, (3
—glucuronidase was not produced by Lb. plantarum EM, HD1, Leu. kimchii GJ2.
The ability of cholesterol-binding appeared to be growth and strain specific. The

isolated LAB strains were able to assimilate cholesterol at varying levels ranging

- Vil -



from 762 to 96.4% at 30C and from 724 to 95.1% at 37C in MRS medium
supplemented with oxgall. Additionally, the isolated LAB showed the cholesterol
assimilation capability from 50.3 to 98.4% at 30C and from 23.8 to 97.9% at 37T in
MRS medium supplemented with taurodeoxycholic acid. The four strains showed
still high cholesterol assimilation ability with dead cell stage. cholesterol assimilation
ability with the growing cell and dead cell were confirmed by scanning electron
microscopy observation. SEM showed that cholesterol was adhered to the cellular
surface of the lactic acid bacteria cells. In conclusion, these results suggest that the

Lactobacillus plantarum EM potentially probiotic functional strain.
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Table 1. List of lactic acid bacteria (LAB) used in the experiment

No. Strains Medium Incubation Reference
temp. (C)

1 Lb. plantarum EM MRS 30T This lab
2 Lb. plantarum HD1 MRS 30T This lab
3 Lb. plantarum NO1 MRS 30C (30)
4 Lb. sakei DC1 MRS 30T This lab
5 Leu. kimchii GJ2 MRS 30C (22)
6 Lb. acidophillus ATCC 43121 MRS 37C (15)
7 Lb. rhamnosus GG ATCC 53103 MRS 30T (55)
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AA=5E F2d 459 At A A S8 AA uwiA Q**‘j*(Broth
microdilution method)< ©]-&3ste] SA8stAtH12). Ao AHEE FAA= F 8F2
2 ampicillin (Sigma, Saint Louis, USA), gentamicin (Sigma, Saint Louis, USA),
kanamycin (Sigma, Saint Louis, USA), streptomycin (Sigma, Saint Louis, USA),
erythromycin (Sigma, Saint Louis, USA), clindamycin (Sigma, Saint Louis, USA),
tetracycline (Sigma, Saint Louis, USA), chloramphenicol (Sigma, Saint Louis, USA)
o, o5 FAAE= A & = F AR FA HFEE A F
sk B A= 05% dextroseS # 7}gF Muller-Hinton (MH, Becton Dickson, USA) <4
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(minimum inhibitory concentration, MIC)E Z743}7] ¢ 4F <2 F2HtS MRS A
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min)te] FAE 37 F 05% Dextrose’t ¥ Muller-Hinton (MH) brothol] &
g3kl ODgy = 04~057F H =5 g & dAgAS MH AAujx]e] 1 : 10 34 s}aL
FAAE dAEE st FH g v gelS goleE & drHd =4
stol 30CelA 12A1 &< wjdstaet. g o5+ g% 2 600 nm (Ultrospec
gt AE=EE

gt e 2 SR txgE2e FAAE HIbshA &> MH A b <] ol A]
e 459 wFE AREElth. 42 el tid @A 142 European Food
safety Authority (EFSA, 2008)(11)& Ftarste] zbzhe] aAA7F H7bg wiA| oA
F7F FAsA 2 HA BER HA ASAWN B E(minimum  inhibitory

concentration, MIC)S A A3l t}.

O

o

Jm

2100 pro, Amersham Biosciences, Uppsala, Sweden)o| 4 &3 ==
[e)

Olr
O
4



A3A &Y dF9 VI8 <
L AR 2 A& A 53

LT A A AP ow e A pHel tig WA 548S 1.0 N HCIE At
&3] pH 2502 %4
UT, USA)A Aldgstadrt. g9 Hell Aol AapdS A ﬂ?ﬂr 203 frAreE 3
Bl FAs7] flste] e dS FAst] ST e o] A= Santini
(53)¥} Lian(29)¢] WS A Wgste] 1.0 N HCIE AFg3te] pH 2502 A3
0.5% saline buffero] pepsin (Sigma, Co., USA)°| 3 mg/mL7} H =% H7}ste] Z=A|
skt

AANZHE a8 459 o5 2 EzdF2 229 Lb. rhamnosus GG ATCC 53103
S MRS dAuj =zl 1% (v/v) HE3Fe] 30ColA 24A13F vl dkst A ar, Lb. acidophilus
ATCC 431219 725 MRS A wj Ao 1%(v/v) &3t 37T A 2447w gk &
AARE (9,950 xg, 5 min)dte] A5 AE A AL 82~9.6 log CFU/mLe #AZ 3

3 v pH 250% A3 1 mLY phosphate-buffered saline &3 <139 oS
A7rsle] 37Co A 1A w8tk 1A17F vieF § phosphate-buffered saline & <1
3 olgsd oz AelE Fakite MRS Alwl Ao A e Azl & A2 1084
sAH o2 843ta, MRS aLAl vzl 100 pL =3sle] 30Tl A 4841 wl ¥ &4
t}. Lb. acidophilus ATCC 431219 7 ¢+ 37ColA 48A17F ®jek 3k 2
colony® & FAsIAL, WA g el dg AIAHS AdTE AFste] A

3l phosphate-buffered saline (PBS, pH 2.5; Hyclone, Logan,

.I

d

F82 ZASRYY ARSE 38 U8 A @ F IS ASHGh WA D <
A A & VTS PETE WA AFANS AL B AoE HY
o,



olgdE APgA AFLS Santini(53)3 Lian(31)9] #H S A wHEste] A&}
zo0 0. (

2 PBS (pH 8.0)° oxgall(Sigma, Co., USA)S 0.3%

AN ZRE By 4F9 w5 2L dExdFE 29 b rhamnosus GG ATCC
53103 MRS A 1%(v/v) FHFste] 30Tl 24A1%F wjgeAaL, Lb.
acidophilus ATCC 431219 79 MRS A vl 1% (v/v) FHE3sto] 37TCAA 244
ol 3 F QAR50 xg, 5 min)ste G5 ALS AAsAL 82~96 log
CFU/mLY #AZE 343 S pH 8022 ZA3 1 mLY 0.3% oxgall & H7}
sko] 37ColA 3A1%F wjFaksit. 3AF v 5 pH 809 0.3% oxgall & <ol =2
At S MRS AAu Al A @ A7 F didgR 1084 10'~1074K o
gAstar MRS Al ®fA|e] 100 pL Z="Z38ko] 30TColA 48A1F i<k kAt Lb.
acidophilus ATCC 431212] 9= 37Tl Al 48217 vt sk & PF A colony? &
et QlegaFel e AFdS &< A A 33 vkE A9 g

B S5
e AHEsdnh AFHF A @ ART BETE ATHFL A we

f

3

o
o
EY

po)

1%(v/v) HEste] 30TolA 2473 wigst 5 wjd

AC)ste] A Ae AAstL FAE 3t & "Hagd #& Fo dH9AS FHls
Ak degd 500 uLE 5

(BioMerieux, France)= ¥ X & Y321t} Incubation box& =H| 3}

ol FiEs FAGEE 3 & 2ERYS trayol 8 FH]stal 34
ZYM kite] 7} cupuled] 65 pulLA 253 H, HFd 2EHLS 2 o] =FA]7]A
eFal 37TColA 4A1F Bt vt xHEd FUkek &8s w571 9% ZYM-A

(BioMerieux)¢} ZYM-B (BioMerieux) Al %F2 7} Z+¢] cupuleo] 3§+ ¥4 dHojrmdl
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242

4 ]

& & 193

T - [e] A

oh el Wl HEo wel 0~ 57JP7<]-4 oz FAE 4 dom 0 (=0 namomoles)<
( o

zkz} 30, 20, 10, 5

NI\
ol

b9

13 4, 3
nMe| 3 ghe vhehle, 3 owolzﬂ_ FHo= B
4. B =HE S35 R SHTE
7ho @ R OAA

Fd2HE s3s 2 Fd2"HE A 242 2 25 AFE9 Scanning
Electron Microscopy (SEM, FAFHAAIAR] 7)o AF&¥ #]%]= De Man Rogosa
Sharpe (MRS; Difco, Laboratories, USA)¢} 0.5% (w/v) oxgall (Sigma, Germany)¥}
0.1 g/ water soluble cholesterol (Sigma, Steinheim, Germany)o] H7FEl u]x] <}
05% (w/v) sodium salt of taurodeoxycholic acid (TDCA, Sigma, Deisenhofen,
Germany)9} 0.1 g/L. water soluble cholesterol (Sigma, Steinheim, Germany)¢] %7}

g Aol 231 Ahufek sto] A F et
Y. ZY2HE WX ZAHAEYN & 2= ASE

iz o] A Eol WE 2 fFA T A FulzHE Adksel mAsE 9%
S ZAEH7l 98ke], MRS AAwf#] 5 mLol| 25 1% (v/v) HF3ke] 30T+
37CAA 2477 A wgst & 05% (w/v) oxgall (Sigma, Germany)¥} 0.1 g/L
water—soluble cholesterol (Sigma, Steinheim, Germany)®] J7Fg MRS <A uj %] o
e A A S 1% (vv)HT ] 24413F A o2 4841774 30T B3
7CoAA ARufFsta, 05% (w/v) sodium salt of taurodeoxycholic acid (TDCA,
Sigma Deisenhofen, Germany)®t 0.1 g/LL  water-soluble cholesterol (Sigma,
Steinheim, Germany)°] #7Fg MRS < Auf=]o] 2 vjFdS 1% (v/v)HEsFe] 244]
b ZFA SR ARAIM7EA] 30T H 37TCelA AAwgstHEA FF = (Ultrospec 2100

pro, Amersham Biosciences, Uppsala, Sweden) 600 nmoll A =74 &} it}
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ofr

(1) Standard curve graph

Fd2HE 585 55 5743571 98] Rudel and Morris (Figure 1)©

lo
=
i
filo
o,

[e] =
- W& 3 O-phthalaldehyde 4 Awhg-2 ©]§3}o] standard curve graphi 214 3kl
t}. SWIFT 1 Quantification program= ©]-&3}¢] Z~HE &3t AAuS Hd &

F 3¢ 550 nmE UVE A 05% oxgall (Sigma, Germany) 2 0.5% sodium
salt of taurodeoxycholic acid (TDCA, Sigma, Deisenhofen, Germany)$t ZF zF¢] 0.0,
0.1, 02, 03, 05 07, 09, 10 g/L water-soluble cholesterol (Sigma, Steinheim,
Germany)ol| si@slE FE= FH|SEY], Hd 5XHe F=E A3 T cholesterol
assimilation assayZS A3 5 sampleS A&AH o7 &34 %(Ultrospec 2100 pro,
Amersham Biosciences, Uppsala, Sweden) 550 nmolA ZA3}o] standard curve

graphE ZHA sttt
(2) Growing celld] Z¥H~HZE %3 %

A2 Rudel and Morris(51)2] W& 45 W sto] AHEsESd
ok Al v AR fAF 4F 2 iR F 23S 05% (w/v) oxgall (Sigma,
Germany)3} 0.1 g/L. water-soluble cholesterol (Sigma, Steinheim, Germany)¢] %7}
H MRS A A2+ 05% (w/v) sodium salt of taurodeoxycholic acid (TDCA,
Sigma Deisenhofen, Germany)®t 0.1 g/I. water soluble cholesterol (Sigma,
Steinheim, Germany)®] #7Fd MRS AMAE o]&3te] 30T, 37CAA 242 3F, 48
AIZE g 71wl (BD, Gas-pak, USA)SH & AAE2(9,950 xg, 5 min, 4T)ste] Ao
A 1 mlel 2 mLe 50% (w/v) KOH®F 3 mLe] 95% (v/v) ethanols #7}gh
T 1EgE Z £Fska 60TCe] FEFoA 1027F FAIgth o] As A7k 828 &
of ¥zkAzl & 5 mL9 hexanes F7betel & &dsta 1 mLe /TS5 3H7Fsto]
A A7 & 5 FEE A8l el 1033 A g 2l A9 hexane T 3

mLE 7458 Al el &3 § 60Ce 8% FolM Adartre w5A700. 552



acid 1 mL, Sigma-Aldrich)&
2 mLe A& S

Tl

pro, Amersham Biosciences, Uppsala, Sweden) 550 nmol A =

A7t
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sampling (anaerobic incubation)

l

cell remove, centrifugation
l
1 mL Aliquot + 2 mL 50% (w/v) KOH +3 mL 95% (v/v) absolute ethanol
| vortexing
heated 60C 10 min (water bath) — after cooling (cold running water)
l
5 mL hexane
| vortexing
1 mL distilled water
| vortexing
for phase separation
(room temperature, 10 min)

l

3 mL hexane layer to clean test tube

l

evaporated under nitrogen gas in 60C water bath
l
4 mlL freshly prepared O-phthalaldehyde regent to dissolve
(3% 0.5 mg O-phthalaldehyde per mL of glacial acetic acid)
(room temperature, 10 min)
| vortexing
2 mL concentrated sulfuric acid
(room temperature, 10 min)
| vortexing
SWIFT I quantification standard curve

l

reading absorbance at 550 nm

Figure 1. Cholesterol assimilation method of Rudel and Morris
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(3) Resting cell ¥ Dead cell®] ¢ 2HE %315

Resting cell ¥ Dead celle] Zd2HE s3ts A2 AA FA 45 2 gz
F 2FS MRSl 1% HEstd 2+ Zre] ASA2(Table Dol wlds 7 A&
(9,950 xg, 5 min, 4C)sle] Aol FAE HdF=E F WH AFee FH| s

Resting cell®] 4%, pH 682% ZA3 005 M phosphate buffere]l 05% (w/v)
oxgall (Sigma, Germany)¥ 0.1 g/L. water—soluble cholesterol (Sigma, Steinheim,
Germany)< #H7Fst &3 05% (w/v) sodium salt of taurodeoxycholic acid
(TDCA, Sigma Deisenhofen, Germany)¢t 0.1 g/L water-soluble cholesterol (Sigma,
Steinheim, Germany)o] H7l€ & 9o #AE A7l & 30T, 37Col A 2447k, 48
AZF &7] vl (BD, Gas—pak, USA)3%rt} Dead cell®] -5 W= F ¥ A #35Ho]
03 FAE A Ggel dEAIZ T 121 Tl 1587t autoclaver] 21t} 1ozl dead
cell’& YAEZ(9950 xg, 5 min, 4C)ste] TAE F&3 & 05% (w/v) oxgall
(Sigma, Germany)¥} 0.1 g/L water—soluble cholesterol (Sigma, Steinheim, Germany)
o] H7Fe MRS A AIe} 05% (w/v) sodium salt of taurodeoxycholic acid
(TDCA, Sigma Deisenhofen, Germany)¢t 0.1 g/L water-soluble cholesterol (Sigma,
Steinheim Germany) ©] A7Fd MRS A vfx|o] SEA 7]l & 30T, 37CollA] 244 7,
483A17F 7] Wil (BD, Gas—pak, USA)3t}. Resting cell ¥ dead celle] Zd2HE
%358 growing cell®] Rudel and Morris®yS A% WHEE3E  cholesterol

assimilation?} 43 AF WHo =z &1}
4) 2dz=HE s3F &4 Aty Axd 2

AT AEHS 2357 95te] De Man Rogosa Sharpe (MRS; Difco,
Laboratories)oll Alt) ®ide 71X FAbt Lb. plantarum EM 2 W ZH3F Lb.
acidophilus ATCC 431215 LA E2(9,950 xg, 20 min, 4TC)3te] dojzx #AHZS PBS
=2 29 Az3 & PBS 20 mLE 718}9] sonication(Amp 60, 10 min, Purse 2 sec,
Sonics VC 13D Newton, USA) & 23] wrE3it}h Adojx Axd 3} E(cell wall
fraction)S YAE21(9950 xg, 30 min, 4C)3Fo] 5% SDS(Sodium dodecyl sulfate,
Roche diagnostics, USA)S #7}sle] 30Tl A 18A17F wkS-A171 3 41 #2](9,950
xg, 20 min, 4C)3te] Ao FAE PBSE 2 A FsAE. 32 H S

_15_



ribonuclease A(Sigma, USA)Z 0.01 g/mLA|Z3te] PBSe} &4 37CoA 4x7F wk$
A7l & MEIHES PBSE AlZeta 10 mM Tris-HCl (pH 75) 2 10 mM MgCl.
of & & A7l deoxyribonuclease 1(Sigma, USA) 0.01 g/mL¢ 50 mM Tris-HCI (pH
50l e 7l trypsin(Sigma, USA) 0.01 g/mL& PBSe} st7| H7}sle] 37CoA 4
AlZE WS AIZIh PBSE AlxE I ES AFH $ PBS 20 mLE 7heke] 23k
sonication(Amp 60, 10 min, Purse 2 sec, Sonics VC 13D Newton, USA) & 23] #t
Bato] Alzd 22 AESFHES 2474 %(Freeze dry, Samwon engineering. co,
Korea)dt ot Al Zz% 23 AESRHES 05% (w/v) TDCA ¢ 0.1 g/l water—soluble
cholesterol®] #7}d MRS A= Eo] FU2HE T35 AP AL

Growing cell, resting cell @ dead celld] Z#H2~HE $3%5S oslo] Z92HE
£33 4o B FAS VEE A 129 gxdd 139 Axye 2
FrAbt S A xsto] dead celld] F#H~HE 53 &4 AERE 7lEst AEAAH
Dead cell& Y9AE (9950 xg, 5 min, 4C)ste] FAZS F33 F 05% (w/v)
sodium salt of taurodeoxycholic acid (TDCA, Sigma, Deisenhofen, Germany)%} 0.1
g/L. water—-soluble cholesterol (Sigma, steinheim, Germany)e] #7}F& MRS ol A 8l %]
of e 7l &3 %= (Ultrospec 2100 pro, Amersham Biosciences, Uppsala, Sweden)
600 nmollA =A3k Ftol 715k, A X E(cell wall fraction)S 05% (w/v)
sodium salt of taurodeoxycholic acid (TDCA, Sigma Deisenhofen, Germany)<} 0.1
g/L. water- soluble cholesterol (Sigma, Steinheim, Germany) ©] X 7Fe MRS < A uj
Aol HAEA|7) 2L, HEFNS 37Tl A 2447, 4841%F & 7] vl (BD, Gas—pak, USA)
sto), A7t Alxdel FHAHE §3F52 growing cell® Rudel and Morris W

F
WS X W33 cholesterol assimilation? U3k A3 vy o2 9%k},

_16_



cultivation (MRS)
J

centrifugation (9,950 xg, 20 min, 4C)

l

cell washing with PBS x 2

l

sonication(Amp 60, 10 min, Purse 2 sec) x 2

l

centrifuge tube®l] 7 centrifuge(9,950 xg, 30 min, 4C)

l
add 5% SDS (30T, 18 h)

l

centrifugation (9,950 xg, 20 min, 4C)

l

cell washing with PBS x 2

l
add ribonuclease A 250 uL+PBS 9,750 pL (37C, 4 h)

l

cell washing with PBS

l
add deoxyribonuclease I 250 pL + trypsin 250 pL + PBS 9,500 pL (37C, 4 h)

l

cell washing with PBS

l

sonication(Amp 60, 10 min, Purse 2 sec) x 2
l

freeze dry

Figure 2. Isolation of lactic acid bacteria cell wall fraction
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t}. Scanning Electron Microscopy (SEM)

(1) Growing cell®] Scanning Electron Microscopy #Z

238 5 Lb. plantarum EM, Lb. acidophilus ATCC 43121, Lb. sakei DC12] A3
Hol| ZF g Eo] §2H 245S Scanning Electron Microscopy (SEM)S Z
let7] 918l Giorgio(16)¢] WH& WEHt] dxeg AAS AldstA tHFigure 3).
05%(w/v) sodium salt of taurodeoxycholic acid (TDCA, Sigma, Deisenhofen,
Germany)9} 0.1 g/ water-soluble cholesterol (Sigma, Steinheim, Germany)¢] %7}
# MRS A Ao, MRSel #igFd A wikd 1% (v/v)E HEste] 2442 F71)
%3sle] growing celle H| st growing celle] ZETF 2= MRS A )Xo = wuj
FH 1% FEsto] 24N A7 A S A& ST o] $ 7} ZF A1 2](9,950
xg, 5 min, 4C)3te] oz #AS PBSE 2 AF3 ¥ 0.1 M sodium cacodylate
buffer (pH 7.4)°l 3|2 ¥ 25% (v/v) glutaraldehyde (pH 7.4, Sigma)® 4T Al 24|
A A AATE A A" AEE 0.1 M sodium cacodylate buffer (pH 7.4)% 15
EX 3 AFsa2 0.1 M sodium cacodylate buffer (pH 7.4)°] =29 1% (w/v)
osmium teroxide (OsQ, Sigma, Saint Louis, USA)E Yo 4TCol|A 1~2A7F ot &
2AZAZl 3 0.1 M sodium cacodylate buffer (pH 7.4)% 15% % 3W A& gt} 50%,
60%, 70%, 80%, 90%, 95% 100% (v/v)e] ethanol® 7z} 7} 2%4 A& st @514
S AR 3 FHZ tert-butanol (Sigma, Saint Louis, USA)E 2¥ X $tslo] o] FH
7] (E-1030 Ion sputter, Hitachi, Tokyo, Japan)S ©]&3le] AR5 Wgog FH
- Field emission scanning electron microscope (FE-SEM; S-4700, Hitachi)® %
skt

(2) Dead cell®] Scanning Electron Microscopy &2

Dead cell®] SEM #92 MRSe| wjdd A wjdds 94219950 xg, 5 min,
4C)3te] Ao TAE HarE T oW A3, Adgd dEAIZl T 121ToA
15 min?t autoclaveAl A Ao]A  dead cellE 05% (w/v) sodium salt of

taurodeoxycholic acid (TDCA, Sigma, Deisenhofen, Germany)}t 0.1 g/L

_18_



water—soluble cholesterol (Sigma, Steinheim, Germany)e] Z7}¥ MRS A vl %] o
Fegrsle] 24N 7 718 o2 FXA 71, dead celle] HET2ZE A A ¥ dead cell

2 MRS A Aeste] A7 P12 FRAZ AL gkl
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sampling

(MRS+TDCA +water—-soluble cholesterol)

l
washed with PBS x 2
l
pre—fixation with 2.5% glutaraldehyde (2 h)

l

washed with 0.1 M sodium cacodylate buffer x 3
l

post-fixation with 1% OsO4 :(1~2 h)

l

washed with 0.1 M sodium cacodylate buffer x 3
l

dehydaration with ethanol
Ethanol 50% x 1 (2 min)

Ethanol 60% x 1 (2 min)
Ethanol 70% x 1 (2 min)
Ethanol 80% x 1 (2 min)
Ethanol 90% x 1 (2 min)

)

Ethanol 95% x 1 (2 min
Ethanol 100% x 1 (2 min)
J

intermediate with butanol
tert-Butanol x 2

l

platinum coating
l

Field emission scanning electron microscope(FE-SEM)

Figure 3. Scanning electron microscopy (SEM) preparation protocol
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AHE AR bt 455 MRS Aol HFFato] 24413 §7] wiYstal, gram
stainingS 8t F3t dAnAeom #HES Ad(Figure 4) & FF 3F (Lb
plantarum EM, HD1, NO1) 139 1kto]l™, colony+ 3E EF &

b dAgh vk BS YEtlaL, Lew kimchii GJ2% 18¢AEY FH 22 colonyE &
AL, BEFEE ofolr g ¥lS yEb Sl

il

API 50 CHL-> biochemical 542 ©
HiF 713F & 49714 ¢ 'hEstE o] WE f el whel 4be] Ao Ao WstE o
oA A, A4S BEsts WRolth & tAbs e AR (o] w43 2 23 (Table
v F AIZE 48X %E

%
&
oift
ol
i)
o
fru
S
vk
Jo
>
=t
N
il
=
(7
ol
s

o
) Wl 24A17F F Lactobacillus plantarum 83.0% 2 % YEES
o] 4RHAS W Lb plantarum®-Z 99.9%9] 4F4 S eI TE Biolog data:
T C-8F=9 tAlss golRes a2 Ak

2

(3) 165 rRNA 714 & 54

FAE FAF Lb plantarum HD1, NO1(30), Leuw. kimchii GJ2(22)5 A &l3 15
T2 16S rRNA 97144 #4& 33 5 4 sty 28 o5
EMe 23¥ chromosomal DNAZ FZ3l1 518F¢} 800R primerE ©|&3F 16S
rRNAE PCRO 938 FHstath. 1 A# (Figure 5ol A ¢k o] EM2 % 1,881bp9]
ZZ dHS A9l 16S rRNA sequence 418 Blast programS AF&3dte] A5AS
M3t A3} Lactobacillus plantarum WCFS19] complete genome® 99%9] o Ak
S YeElRAT. B4t F EMO 16S rRNA d7IMES EX3 Axs
GeneBankdl 5% o& w5 GUIAES vlust Ay Lactobacillus plantarum
16S ribosomal RNA, JCM 1149 (1,519 bp) Type strain® W] 3dlo] 99.9% 2] A5 S
e, & diAbs s X3 dwbAd 545 F38l Lactobacillus plantarum EMO.&
B3k, 16S rRNA 97|14 42 GenBankell 553} thHKC422389.1). g 2 H

o= ]
’ =
2 Asse 24 2o SAURTFE AST e FATFE 165 RNA 97149

1o
rlr
e

o,
>

off
>
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BAS B3 #4F 5AHES Y5l 28 oF DCIeZXE chromosomal DNAS F3
3ta2 518F¢F 800R primerE ©]&£3}e] 16S rRNAE PCRe 93 FE3¥ch. 1 A3
(Figure 6)olAle} o] DCl2 % 1471 bpe % WHS dJow gzl 16S
rRNA  sequence #4418 Blast program= Ab&3le] AsAHS A3 Ay
Lactobacillus sakei DSM 200172 99% 9 &< AsA4S Yetl Y. Figure 79 16S
rRNA 97| 9& 7|22 3 U2 bacteria®te] A% HAEA #AAES Yepylch

U 250 & dvt A=

AR By At 4% Lb. plantarum EM, Lb. plantarum HD1, Lb plantarum NO1,
Leu. kimchii GJ2 2 SANWZETF  Lb  acidophillus ATCC 43121(15), Lb.
rhamnosus GG ATCC 53103(55) & 6&<¢ <%0 & AW ASEE 33 wHEAY
sto] Hyrgts YER ok (Figure 8, 9). Lb. plantarum EM< 37CHU 30Tl =&
FHE FAE YEA oW, wiF 4x 7kl tigTlel HolEo] AS 24A1te] Ho A
SEE YERNA AL, 2 o]F AMET]e HolEWHA FHE FA = AAD sk
Lb. plantarum HD19] #5292 2%, 30T 37C 2% S Ao & geor
vebstom wj ek 28412t A K EE e AT Lb plantarum NO1- 37C H.th
0CAAA I =2 AF5S Uetllon, yuA 55 5o vluste] Ad w2 A
SEE YetNA . Lew kimchii GJ29] 7% 30ColA 8id 8~12A 3t =719 H
AENT W AHAA7|H HEH wg 48A17t] FHES FA7F FASAT WA
Leu. kimchii GJ2+= 37Cell A v FA|zto] Aol FR=e F27F Q24| &= o=
Kol Ao F2o] 37TolA o] Folx#] il ko wek Aow yetwth Lb.
rhamnosus GG ATCC 531039] 7 9= 37Tl A wlF 2041 7tel]l ol A5S YEHS
W, 30C A= vl 28X 74A] A3 FA=Ee 271 mokA+= A& &A= 3l
At} Lb. acidophillus ATCC 431219 w53+ 37ColA] vjk 4x 7t A 8A 74 &
AFo] o]Fojom 12417k o] T2 wket RME 1
glatqrt. oo wka] 30ColA = A Kol Bdst7|7hA] 2@l AZte] A
o= FAHATH

1

52

b3
o

po
tlo

A

rr
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Table 2. Gram

staining and pre-screening on 50 selected Lactic acid bacteria

Pre- Pre-
Gram- screening Gram- screening

Lt . . T ..

staining Abs. staining Abs.
(600 nm) (600 nm)

C12 rod 1.986 5C3 short rod 2.065
Cl14 rod 1.876 M1 coccus 2.106
DC1 rod 2.142 =31 short rod 1.837
DJ1 coccus 1.927 =C-Al short rod 2.004
EM rod 0.425 WEC-31 short rod 2.007
GJ2 coccus 1.025 WEC-Al short rod 2.017
GJ6 short rod 1.925 Wl QFALM-Al rod 2.035
GJ7 rod 1.827 =Cl1 coccus 2.088
HA1 short rod 2.025 2C2 coccus 2.135
HD1 rod 0.497 FM1 rod 1.974
MP1 coccus 2.069 A A2 rod 2.005
NG1 coccus 1.880 +TAH rod 1.988
NJ1 short rod 2.111 +C2 short rod 2.136
NO1 rod 0.486 M1 short rod 2.001
PH2 rod 1.954 FA1 short rod 1.955
R1 coccus 2.012 AE] rod 1.960
W1 coccus 2.036 HEAN coceus 1.980
1M1 rod 2.063 41 short rod 1.979
=41 short rod 2.056 =%l short rod 2.022
B &AH coccus 1.988 SAAR coccus 2.011
=2 rod 1.854 A=C1 short rod 1.996
U6 short rod 1.928 FC1 rod 2.035
M1 short rod 1.868 M1 short rod 2.022
F6 coccus 1.912 M3 short rod 1.470
g A rod 1.982 3141 short rod 1.982
5C1 rod 2.104 sIC1 coccus 1.986
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Figure 4. Gram staining of the isolated strain
1. Isolated strain Lb. plantarum EM

2. Isolated strain Lb. plantarum HD1

3. Isolated strain Lb. plantarum NO1

4. Isolated strain Lb. sakei DCI1

5. Isolated strain Leu. kimchii GJ2
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Table 3. Sugar utilization characteristcs of the isolate EM

Test items Metabolism Test items Metabolism
Control - Esculine +
Glycerol - Salicine +
Erythritol - Cellobiose +
D-Arabinose - Maltose +
L-Arabinose + Lactose +
Ribose + Melibiose -
D-Xylose - Saccharose +
L-Xylose - Trehalose +
Adonitol - Inulin -
B-Methyl-D-Xyloside - Melezitose +
Galactose + D-Raffinose -
D-Glucose + Amidon -
D-Fructose + Glycogen -
D-Mannose + Xylitol -
L-Sorbose - B-Gentibiose +
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-Acetyl-Glucosamine + Gluconate +
Amygdaline + 2-Cetogluconate -
Arbutin + 5-Cetogluconate -

Identification : Lactobacillus plantarum (99.9%5)
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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
1561
1621
1681
1741
1801
1861

TTATGCTAGC
AACTTTTGCT
GGTGTTTAAA
GGTATTATAT
AAATTGATGT
CAGCTTGTTC
AGACCTTTGA
AATCAAGAGC
AAATGAGCTT
CTGGCGGCGT
CATGATTTAC
AGCGGGGGAT
CCGAGCTTGA
ATGGTGGGGT
CACATTGGGA
CAATGGACGA
AACTCTGTTG
ACCAGAAAGC
TGTCCGGATT
CTTCGGCTCA
TGGAACTCCA
CGGCTGTCTG
ATACCCTGGT
CAGTGCTGCA
TCAAAGGAAT
GCGAAGAACC
CGGGGACATG
TAAGTCCCGC
GTGAGACTGC
TATGACCTGG
GTAAGCTAAT
AAGTCGGAAT

GTTGGTTTAC
TGCTATCTTA
ACTTTTCTGA
TTCTTGTCGT
GAGCATTTAC
TGATGATGAT
AAACTGAACA
AAAACATTTG
TTTAGAACTC
GCCTAATACA
ATTTGAGTGA
AACACCTGGA
AAGATGGCTT
AACGGCTCAC
CTGAGACACG
AAGTCTGATG
TTAAAGAAGA
CACGGCTAAC
TATTGGGCGT
ACCGAAGAAG
TGTGTAGCGG
GTCTGTAACT
AGTCCATACC
GCTAACGCAT
TGACGGGGGC
TTACCAGGTC
GATACAGGTG
AACGAGCGCA
CGGTGACAAA
GCTACACACG
CTCTTAAAGC
CGCTAGTAAT

TTTGAAAAAC AGTCGTTGAA AATTAAAGGG

ATAAAAACCC
AATTAATTCA
TAAGAGCGAT
ATTGAATAGT
AAACTTTAAT
AAGTTTCGAC
CGAAGTCAAT
ATCATTAATT
TGCAAGTCGA
GTGGCGAACT
AACAGATGCT
CGGCTATCAC
CATGGCAATG
GCCCAAACTC
GAGCAACGCC
ACATATCTGA
TACGTGCCAG
AAAGCGAGCG
TGCATCGGAA
TGAAATGCGT
GACGCTGAGG
GTAAACGATG
TAAGCATTCC
CCGCACAAGC
TTGACATACT
GTGCATGGTT
ACCCTTATTA
CCGGAGGAAG
TGCTACAATG
CATTCTCAGT
C

CGTAAAATAT
TAAAAAGGGT
ATGCAACATT
TATTCAAAAT
AGTTGCGTTG
GAATCAAATG
TCGCTAGCAA
TGAGAGTTTG
ACGAACTCTG
GGTGAGTAAC
AATACCGCAT
TTTTGGATGG
ATACGTAGCC
CTACGGGAGG
GCGTGAGTGA
GAGTAACTGT
CAGCCGCGGT
CAGGCGGTTT
ACTGGGAAAC
AGATATATGG
CTCGAAAGTA
AATGCTAAGT
GCCTGGGGAG
GGTGGAGCAT
ATGCAAATCT
GTCGTCAGCT
TCAGTTGCCA
GTGGGGATGA
GATGGTACAA
TCGGATTGTA

Figure 5. 16S rRNA sequence from the isolated
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AGTCTATTGC
TGACCCGGGT
ACTCATTATT
AATTTATAAA
AGGTAATCAA
TGTAGGGTCT
ATAAATTTTA
ATCCTGGCTC
GTATTGATTG
ACGTGGGAAA
AACAACTTGG
TCCCGCGGCG
GACCTGAGAG
CAGCAGTAGG
AGAAGGGTTT
TCAGGTATTG
AATACGTAGG
TTTAAGTCTG
TTGAGTGCAG
AAGAACACCA
TGGGTAGCAA
GTTGGAGGGT
TACGGCCGCA
GTGGTTTAAT
AAGAGATTAG
CGTGTCGTGA
GCATTAAGTT
CGTCAAATCA
CGAGTTGCGA
GGCTGCAACT

strain Lb.

AGATTTATTG 60

GACATTAATC
CGTTATTCTT
ATGAATATTC
AAGATGTTGA
CGAACGATTT
CTTGATTTTG
GTACAACATT
AGGACGAACG
GTGCTTGCAT
CCTGCCCAGA
ACCGCATGGT
TATTAGCTAG
GGTAATCGGC
GAATCTTCCA
CGGCTCGTAA
ACGGTATTTA
TGGCAAGCGT
ATGTGAAAGC
AAGAGGACAG
GTGGCGAAGG
ACAGGATTAG
TTCCGCCCTT
AGGCTGAAAC
TCGAAGCTAC
ACGTTCCCTT
GATGTTGGGT
GGGCACTCTG
TCATGCCCCT
ACTCGCGAGA
CGCCTACATG
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181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441

CAGGACGAAC
GAAGGAGCTT
TGGGTAACCT
ACCTAACACC
CGCGGTGCAT
CTGAGAGGGT
CAGTAGGGAA
AGGTTTTCGG
GGTAGTGACG
ACGTAGGTGG
AAGTCTGATG
AGTGCAGAAG
AACACCAGTG
GTAGCAAACA
GGAGGGTTTC
GACCGCAAGG
GTTTAATTCG
AGATAGAGCT
GTCGTGAGAT
TTTAGTTGGG
CAAATCATCA
GTTGCGAGAC
TGCAACTCGC
ATACGTTCCC
GCCGGTGAGG

GCTGGCGGCG
GCTCCTGATT
GCCCTAAAGT
GCATGGTGTA
TAGTTAGTTG
AATCGGCCAC
TCTTCCACAA
ATCGTAAAAC
GTATCCAACC
CAAGCGTTGT
TGAAAGCCTT
AGGACAGTGG
GCGAAGGCGG
GGATTAGATA
CGCCCTTCAG
TTGAAACTCA
AAGCAACGCG
TTCCCTTCGG
GTTGGGTTAA
CACTCTAGTG
TGCCCCTTAT
CGCGAGGTTT
CTACATGAAG
GGGCCTTGTA
TAACCCTTCG

TGCCTAATAC ATGCAAGTCG AACGCACTCT

GATAAACATT TGAGTGAGTG
GGGGGATAAC ATTTGGAAAC
GGGTTGAAAG ATGGTTTCGG
GTGAGGTAAA GGCTCACCAA
ACTGGGACTG AGACACGGCC
TGGACGAAAG TCTGATGGAG
TCTGTTGTTG GAGAAGAATG
AGAAAGCCAC GGCTAACTAC
CCGGATTTAT TGGGCGTAAA
CGGCTCAACC GAAGAAGTGC
AACTCCATGT GTAGCGGTGA
CTGTCTGGTC TGTAACTGAC
CCCTGGTAGT CCATGCCGTA
TGCCGCAGCT AACGCATTAA
AAGGAATTGA CGGGGGCCCG
AAGAACCTTA CCAGGTCTTG
GGACAAAGTG ACAGGTGGTG
GTCCCGCAAC GAGCGCAACC
AGACTGCCGG TGACAAACCG
GACCTGGGCT ACACACGTGC
AGCTAATCTC TTAAAACCAT
CCGGAATCGC TAGTAATCGC
CACACCGCCC GTCACACCAT
GGGAGCCAGC C

Figure 6. 16S rRNA sequence from the isolated
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GCGGACGGGT
AGATGCTAAT
CTATCACTTT
GACCGTGATG
CAGACTCCTA
CAACGCCGCG
TATCTGATAG
GTGCCAGCAG
GCGAGCGCAG
ATCGGAAACT
AATGCGTAGA
GCTGAGGCTC
AACGATGAGT
GCACTCCGCC
CACAAGCGGT
ACATCCTTTG
CATGGTTGTC
CTTATTACTA
GAGGAAGGTG
TACAATGGAT
TCTCAGTTCG
GGATCAGCAT
GAGAGTTTGT

strain Lb.

CGTTTAGATT 60

GAGTAACACG
ACCGCATAAA
AGGATGGACC
CATAGCCGAC
CGGGAGGCAG
TGAGTGAAGA
TAACTGATCA
CCGCGGTAAT
GCGGTTTCTT
GGGAAACTTG
TATATGGAAG
GAAAGCATGG
GCTAGGTGTT
TGGGGAGTAC
GGAGCATGTG
ACCACTCTAG
GTCAGCTCGT
GTTGCCAGCA
GGGACGACGT
GGTACAACGA
GATTGTAGGC
GCCGCGGTGA
AACACCCAAA

sakei DC1
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59| Leuconastoc lactis JTCM 6123(T)

8| L Leuconostoc gelidum DSM 5578(T)
2 |Lez;co:-zosroc kimchit KCTC 2386(T)

Lactobacillus acidophilus NRBC 13951(T)
26 Lactobacillus paracasei JCM8130(T)
Lactobacillus brevis ATCC 14869(T)

45 | Leuconostoc mesenteroides ATCC 8293(T)
g9l Leuconostoc pseudomesenteroides KCTC 3652(T)

Lactebacillus fructiverans JCM1117(T)
14 Pediococcus inopinatus DSM 20285(T)

| Lactobacillus sakei DC1
93l Lactobacillus sakei DSM 20017(T)

Lactobacillus pontis LTH 2587 (T)
Lactebacillus plantarum EM
Lactobacillus plantarum JCM 1149 (T)
Lactebacillus plantarum NO1

oL Lactobacillus plantarum HD1

Lactobacillus casei ATCC 323(T)

_— 4 99| Lactobacillus plantarum NRBC 15891(T)
| Lacrobacillus pentosus ATCC 8041(T)

3

Lactobacillus kimchii JTCM 10787(T)

_‘ Leuconostoc kimchii GJ2
n

Lactobacillus paraplantarum JCM 12333(T)

Figure 7. Phylogenic relationship between Leu, kimchii GJ2 and Lb. plantarum EM, HDI1, NO1 and Lb. sakei
DC1 and other related bacteria based on 16S rRNA sequence
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Figure 8. Growth curves of Lb. plantarum EM, Lb. plantarum HD1, Lb.
plantarum NO1, Leu. kimchii GJ2, Lb rhamnosus GG, and Lb. acidophilus
43121 at 37C
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Figure 9. Growth curves of Lb. plantarum EM, Lb. plantarum HD1, Lb.
plantarum NO1, Leu. kimchii GJ2, Lb rhamnosus GG, and Lb. acidophilus
43121 at 30C

_31_



A2d &Y dF9 ¢HAE <
1. 8 74

2 A= AAZHEEH EEE 4% 2kl Wdle] European Food Safety
Autority (EFSA, 2008)(11)e A A Alet Lactobacillus plantarum, Leuconostoc spp.©l
gt break pointE Falste], e A A ampicillin, gentamicin, kanamycin
streptomycin, erythromycin, clindamycin, tetracycline, chloramphenicolS ¥73+3+ 8 &
Fol dAA #FAH e UAHES HAAE2 S A3l FE=(minimum inhibitory
concentration, MIC)Z Z743ste] AAsI . 1 A3 AXZHE Feld 459 1A
A2 BE 8 T/ FAA st EFSA 2008 A Al 7+ 7ol A Al gk
break pointHth e HA A As FEE HolWA RF IFFAdS YEdt
(Table 4). Ampicillin®] 4% 4% AA A4 MIC7F 2 ng/mL sx=9 A=
He oW gentamicine 0.25~05 ug/mL 5% W oA Uelwtar, EFSA 20089 4 A
A3k break point¢l 16 pg/mLXE.th @& s oA MICE veEWth. Kanamycing 4~
16 yg/mL &% WA MICE e oM streptomycine 2~32 ng/mlL %22 7
FAS YERA Y. Erythromycinol g EM¥} HD19| 4H+F MICE 0.125 pg/mL
o] FEE YEeEPH O ZH EFSA 2008914 A|A g break pointE.t} 88 w+e HA A5
A R #FAS B Clindamycine EFSA 200894 A Al 8k break point”} 1
ng/mLe 2 4F° #F= AU olRyu W FRoA IFAS dedlew,
tetracycline®] 749 2~16 pg/mL W99l A4S YeERU T Chloramphenicol< Lb.
plantarum EM, HD1, NO1 5ol A 4 pg/mLe MICE YErW oW, Leu kimchii GJ2
+ 2 ug/mLe MIC A& YeHA H-AdS Bt
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Table 4. Minimum inhibitory concentrations (MIC) of antibiotics for LAB

MIC (ug/mL)"

strains

AMP VAN GEN KAN STR ERY CLI TET CHL
Break points for Lactobacillus plantarunt® 2 nr. 16 64 n.r 1 1 32 8
Lactobacillus plantarum EM 2 >512 0.5 16 4 0.125 1 16 4
Lactobacillus plantarum HD1 2 >512 0.5 16 4 0.125 1 16 4
Lactobacillus plantarum NO1 2 >512 0.25 4 2 0.06 1 8 4
Break points for Leuconostocs® n.r. 16 16 64 1 1 8 4
Leuconostoc kimchii GJ2 2 >512 0.5 8 32 0.03 0.015 2 2

# Breakpoints were according to the guidelines of the EFSA (EFSA 2008)

b Strains with MICs lower than or equal to the breakpoints are considered susceptible. AMP ampicillin; VAN vancomycin,;

GEN gentamycin, KAN kanamycin; STR streptomycin, ERY erythromycin; CLI clindamycin, TET tetracycline;

CHL chloramphenicol

C

n.r. Not required

_33_



o nAEEe] Ve THetAA w2 pH AYA Xe] wEo] ZR2njol
o A& dEr]Eor v pHoll dd AdAHdES Tasty, £ 23dE T
7] 1A = AR A Y] 1ol AkA] meete] AEste]of drh(2). AR
B 22l 45 w5l dete] de Wakd S38E 9@, 1.0 N HClE o] &3+
pH 2502 ZA43 PBSZAAA 1A A2 Al, Lb. plantarum EM2] 7% 82.7%2]
AEES YErWl ™, Lb. plantarum HD12 99.6%, Lb. plantarum NO1< 98.5%9]
< A3 UEAH. AFA Y A=E Blustr] flEd xR AREE Lb
rhamnosus GG ATCC 53103¢] 82.1%¢] AE=&RY Lb. plantarum® 3&° AE&S
b =& Adss A A el Leuw kimchii GJ29] 78-% 246% 0=
Ay Arrdkg o+l Lb. plantarum 3% ¥l& v+ AELS WY H(Figure 10).
AAe dist AggFdES SHs7] &, 1.0 N HCIS AF8-3te] pH 2502 A
3t 0.5% saline bufferol pepsin (3 mg/mL)S A 7}ste] 1AZF 28] A|, Lb. plantarum
EM< 87.1%, Lb. plantarum HD1< 62.4.%, Lb. plantarum NO1< 99.7%9] &S
Bt o)A AL F A Lew kimchii GJ2& @& AL Yol 165%9 X
E BAY webd 2 el AdolM Lb. plantarum NOL& A9 A A]o X &
H 3% T WExadT= A Lb rhamnosus GG ATCC 531032] 88.2%<] 1%
Ad ARG e FAE YU AT (Figure 11). Jamaly(20) 2.t ] 3stH
Lactobacillus plantarum®] Q&9 HS A7 #< o, 27] ¥4 10° CFU/mLoIA 1~
1.35 log cycleo] #43k 10'~10° CFU/mLS WeERH vl v AEgs B
gk Mishra(39) ol ¢at¥ pH 1.0914 5+ AJEHA] 0]'/\/\-—‘33] 1 h &9 pH
2914 Lactobacillus. casei 37§ ol 7t 50~7.3 log H S A= Ak tx
F2 A8 Lb. rhamnosus GG ATCC 531039 A=8< g 1,90 2 18027+ A
stol a9dS W, 036, 1.3 % 3 log cycleo] ZFAdte], B AHy 71& Hae}
3 AP E Zhe o FJAFHATAE). o)y AAES FeA HAZFEH Ee
Lb. plantarum 5 3&2 Gl Ao g =2 AEAS HERH O probiotics=
A A AR Yol mgete] g 7lsAS UEd 7 S sow AzEd.
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AAFabet 45l diate s AFAS Felstr] 913 PBS (pH 8.0)°] oxgall
= 03%(w/v)7F ¥ =5 FH7bste] 3A1% 5 x7] o vlaste] AEs ZQl
Al, Lb. plantarum EM9] 7% 56.5%2] AFHEFol thst A3dAdS vepigicl b
plantarum HD1<& 56.9%¢] A <E4&S Ho|W, Lb. plantarum NO12 749 85.0% = <l
saEFel gk Aol M =8 dFE UsWY Leuw kimchii GJ2= Z7|d 9]
64.1%° AdTE FALAL, oe ATHE AFAL AP dxwdF=E AEH Lb
rhamnosus GG ATCC 531039] 54.6% AE&HT =2 AFdS Yepd o= g9l
v wEbA, AX2RFEH E2H 459 APdFe dx2dTE 29 FFo] Hef <
THE AFdAo] & Ao g YE G (Figure 12). 71¥ B ¥ Wang((59)A g <3
W fol W L Holoku S A B3 Lactobacillus® 7% 0.3%°] oxgallS A7}
sto] QdFwFol Uit A gds] 2 Ay, 7]l gt 1.0~6.1 loge]l 7t
rdtel W W9e AYAHE Bt =g, Vinderola(B8)®R.atol  ojE W Lb
acidophilus®] 73 1% oxgallS H71sl9S wf 69% o]Ate] AEES Hdow Lb.
casei X Lb. rhamnosus® 785 3~73%° A&AE& HAth %3 Bifidobacteria®] 73
$, 3~43%9] WY ATAHE bt Aow FeAHAL oI A9E EgE 2E
probiotics 57} SlF¥HFA EL AIFAHS YEY= 7)\% ofyw, AdF HFM=
e AAde v, T+ 57% o] AFAde v
Bl o2 Hol Fulo AEste] vkt £ IS 713 F dES e E A7d
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Figure 10. Acid tolerance of the LAB in Phosphate-buffered saline (PBS, pH
2.5)
““Means with the same letters in the same row(different stains) are significantly

differents(p<0.05) by Tukey’s multiple range test
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Figure 11. Survival of the LAB in the simulated gastric juice (SGJ], pH 2.5)
““Means with the same letters in the same row(different stains) are significantly

differents(p<0.05) by Tukey’s multiple range test
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Figure 12. Survival of the LAB in the bile salt (0.3% oxgall, pH 8.0)

““Means with the same letters in the same row(different stains) are significantly

differents(p<0.05) by Tukey’s multiple range test
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FE 2dd fAbe 459 24 S Fdshy] skl API-ZYM kitE Ab
59} %ro] alkaline phosphatase:= Lb. plantarum HDI1o| A o} m] ek
st &S UeEugl e, esterase (C4H)S 749+ Lb. plantarum NO1#} Leu. kimchii
GJ2ol 4 5 nMe] &4& el Esterase lipase(C8)S 359 5ol A w okt &4
= YEtd e, lipase (C14)¢t trypsinol A= &40l {1l A o= Yyt Leucine
arylamidase®} valine arylamidase= W2 Ak 4% 25 tiste] 0~30 nM=Z
W@ Wele] 24e Hler, achymotrypsin® AAEe Fabet s 4F 0l st &
S HolA &%t Acid phosphatase= Lb. plantarum EM¥ HD1 % NO1 % 5
nM=z "okt FAS B oW Leuw kimchii GJ2 A+ 20 nMe A4S Btk
Naphtol-AS-BI-phosphohydrolase® “d-% Lb. plantarum NO19l A4 5 nMe] &4 S &
olgd 4 A}t a-Galactosidaser Leuw. kimchii GJ20lA A4S Holx &¥gton 3
T wFolA 5 nMe® oFgt FA S KBt} B-galactosidase?] - 3F oA 35~40

=
nM o]Ate] =& S mon WeolgAaAr 4 A B-glucuronidaser™ benzopyrene

—

Sh

3 7o ZAE Ao oA EojgkS w, 7t A gluculonic acid®t AgEO] 1 HA
o] T3l7F HA|uk o] AgH EHo] AFelA HE A Fuld wid %hﬂf‘ﬂ:i

°] B-glucuronidasedll °la 22w thr] Aol A 5 Avh(43, 46). webA £

AT 4 T2 0 nMZ 8448 HolX| o) probiotic = 918 wFQFf
FAA dAgdel gtk AS Y53 Th a-Glucosidase= 5~20 nM2] &4 &
Hd o B-glucosidase®t N-acetyl-B-glucosiminidase= Leu. kimchii GJ2°914 &
S HolA @&kl 3F 9 FFA 10~20 nMe] &S E AT a-mannosidaset a

—fucosidase £ BT #F7F Ao e Aow Yy

2
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Table 5. API ZYM analysis of the enzyme activities of the LAB

LAB strain
Enzyme Lb. Lb. Lb. Leu. Lb. Lb
plantarum plantarum plantarum kimchii rhamnosus  .acidophillus
EM HD1 NO1 GJ2 GG 43121
Alkaline phosphatase 0 5 0 0 5 0
Esterase (C4) 0 0 10 0 10 5
Esterase lipase (C8) 5 0 5 0 5 5
Lipase (C14) 0 0 0 0 0 5
Leucine arylamidase 25 25 30 0 25 25
Valine arylamidase 25 25 10 0 20 5
Cystine arylamidase 0 0 5 0 5 5
Trypsin 0 0 0 0 0 0
a-Chymotrypsin 0 0 0 0 0 0
Acid phosphatase 5 5 5 20 10 0
Naphtol-AS-BI-phophohydrolase 5 5 5 0 5 10
a—-Galactosidase 5 5 5 0 5 5
B-Galactosidase >40 35 >40 0 10 0
B-Glucuronidase 0 0 0 0 0 0
a-Glucosidase 5 10 5 20 0 0
B-Glucosidase 20 20 10 0 15 0
N-Acetyl-B-glucosaminidase 15 20 20 0 0 0
a-Mannosidase 0 0 0 0 0 5
a-Fucosidase 0 0 0 0 5 0

All values were mean = S.D.(n=3)

0, No enzyme activity; 5, 10, 20, 30, >40 indicates nM of hydrolyzed substrate after 4 h of incubation at 37 °C



4, 249 2H & T3l € S4TH
b, 29 2EHE WX ZAEYN E 22 ASE

Hjz o] A EO mE 2%

< A7l fEke], @59y FEIQl 05%  oxgalldt 0.5%  sodium  salt  of
taurodeoxycholic acid (TDCA)E 7} 7} #7kgk 0.1 g/L water-soluble cholesterol@
MRS ZA & 24A13F (PA 22 A8AM7HA] v & e mE Ao S-S g9l
st 05% oxgall?}t 0.1 g/I. water-soluble cholesterol @ MRS7F Z7F 8 %] ol A]
= A Aol 30T 37Tl & Ao]& Holm 30Tl v d53s] TA A
o] oS Fole = Atk (Figure 13, 14). A9 2o 714 & ad7 d&
ZY2HE K ZAES 05% TDCAS 0.1 g/ water-soluble cholesterol 2 MRS
7} A7 Wi K9l e, Lb. acidophillus ATCC 431215 A3 5F9] #F+= 37CHRY
30T TA] BFel dFS 7A= Ao yeEbsth(Figure 15, 16). Fd2HE
WA 2AHAE 9 2% wg HHFHo=Z 05% TDCABOT) » 05% TDCAB7TC) »
0.5% oxgall(30C) » 0.5% oxgall(37C) =o 2 749 ASHEI} o] Fojxom o]
wep FY2HE A 24E 2 2R we 7dAY AFo] dFgS MAts ARE
AS 4 gt Shin(c3)e] Hare] ostd HAHoz [E FY

of ZFY=HE F3s(%)e AHASNeH dFe FHES  TAERE H,
Pediococcus pentosaceus BCNU 90709 = 24A 7R o 645%2 7H =2 Z=4
2HE F3ees yHetdon o FA% I s3tex= SES g =%
Kumar(26)ell ¢abd H5 SAstel 37ColA 6417 3HA o2 2443+ A
39S W, Lactobacillus casei LA-17+F7F %43 wet 942U 7+
gkt oleldt AR 55 Fotod, HEAY Tl we o
on, F3sole FFS vAH Ao Hr

W RAREe g FAsAE Asksel WAL 4
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Figure 13. Growth of Lb. plantarum EM, Lb. plantarum HD1, Lb. plantarum
NO1, Leu. kimchii GJ2, Lb rhamnosus GG, and Lb. acidophilus 43121 at 37C

in cholesterol and oxgall media
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Figure 14. Growth of Lb. plantarum EM, Lb. plantarum HD1, Lb. plantarum
NO1, Leu. kimchii GJ2, Lb rhamnosus GG, and Lb. acidophilus 43121 at 30C

in cholesterol and oxgall media
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Figure 15. Growth of Lb. plantarum EM, Lb. plantarum HD1, Lb. plantarum
NO1, Leu. kimchii GJ2, Lb rhamnosus GG, and Lb. acidophilus 43121 at 37C

in cholesterol and taurodeoxycholic acid media
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Figure 16. Growth of Lb. plantarum EM, Lb. plantarum HD1, Lb. plantarum
NO1, Leu. kimchii GJ2, Lb rhamnosus GG, and Lb. acidophilus 43121 at 30C

in cholesterol and taurodeoxycholic acid media
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U, 29249 53

ofr

(1) Standard curve graph

=9 vlaste] AAZFEE E2d Fibd 459 FH2HE 35 dEE 54
3l7] 93to] standard curve graph(Figure 17)2 ZA&sith Ao 5AHY v =
assayS 2133l wavelength 550 nmollA] dA&EH o2 SWIFT I Quantification
program= ©]&3slo] AU 248 ZI} line quality’} 100%= A2 Aol ez
UEb o) standard curved] BEEE ST G UATE o] AFHE Foék vE &
Aol FYAHE 535S WPl standard curve o sampled] FF =S =A 3}

ol ZFYAHE T2 pEg™¥ oz s 4 S Aoz AzZLET),
(2) Growing celld] Z¥~HZE %3 %

AR Feld 459 w5 diste ZdzHE F3tes st 8 0.5%
(w/v) oxgall®} 0.1 g/L water-soluble cholesterole] 37} RS A x] 2 0.5%
(w/v) TDCA ¢} 0.1 g/ water-soluble cholesterole] %7} RS AA|ufA & o] &3}
o] FATS Z1zF 30C E 37ColA 24417, 48A17F & 7] vl § O-phthalaldehyde
Ao W FH2HE F35s FelsAth(Figure 18, 19).

05% (w/v) oxgall®} 0.1 g/L water-soluble cholesterole] #7}® MRS < A 8 <]
A g g HAHREQ 30T A 24412 F7] vl st9S dwll, Lb. plantarum EM2]
A9 9464%, Lb. plantarum HD12 93.88%, Lb. plantarum NO1<2 95.32%, Leu.
kimchii GJ2+ 7V4 W2 &3t5& Ho 76.19%9 & YetdY. Zd2HE 53}
s AxE Husr] Y dxzdFE AREE Lb. rhamnosus GG ATCC 53103+
76.70%°] 9, Lb. acidophillus ATCC 431218 57.656% S 2 XAk 2F 0] ZF
of Hlaj O 2 s3les HEtle Aoz SQlHgla, 4847 A7) wjdF & =4
2~HE 53 AHAEE Lb plantarum EM©] 94.39%, Lb. plantarum HD1S 9558%, Lb.
plantarum NO12 96.43%, Leu. kimchii GJ2+= 76.96% 2. % YEFETH W2t 259
3l = Lb. rhamnosus GG ATCC 531032 88.44%°]l™, Lb. acidophillus ATCC
431212 88.44%¢] w3t (Th 2 AR A Aol Al wek FE2HE F

g
g

H M
M

=
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stbs FA= HHE S7HE BHol AW, WAl 30% BE9 T7HE Hole Ao®E 9l
HATH w3 AW FAEE SN FHAEE $3sS St A8 AA=E=Q
J7CoAAM 6F Fabits 2443 7] wigete] FEl2HE T3S Hastds ),
Lb. plantarum EMe] 83.59%, Lb. plantarum HD1< 80.10%, Lb. plantarum NO1-<
9252%, Leu. kimchii G]J2= 72.36%, Lb. rhamnosus GG ATCC 53103%= 88.01%°] ™,
Lb. acidophillus ATCC 431212 79.25%°] XS YEerWth 48417 & 7|vid & &3}
S FAE e g A3 Lb. plantarum EM©] 95.07%, Lb. plantarum HD1< 94.30%,
Lb. plantarum NO12 94.39%, Leu kimchii GJ2% 74.15%, Lb. rhamnosus GG
ATCC 531032 91.50%°]™, Lb. acidophillus 431212 91.67% 2> 2 }EFSETE
AdEdEd e 05% (w/v) TDCA® 0.1 g/L water-soluble cholesterolo] %7}
H MRS AA Al 6F°] FAbitS 30TolA 24A%F F7] v &¥s W, Lb.
plantarum EM2] % 72.81%, Lb. plantarum HD1< 62.78%, Lb. plantarum NO1-&
66.86%, Leu. kimchii~ 50.31%¢] Fd2HE 35S BAom dixdT 2% s
= Lb. rhamnosus GG ATCC 53103¢] 55.00% 35S XA, Lb. acidophillus
ATCC 43121 25.07%%] X5 YeRAth B3k 30TColA 48A1%F wi st Ze 2~
HE 3t A=E wvus 2 Ay Lb plantarum EM® 72 97.77%, Lb.
plantarum HD12 98.26%, Lb. plantarum NO12 98.43%, Leu. kimchii GJ2+= 54.26%
of FHl~HE ssles HAow dxdF 2F Lb rhamnosus GG ATCC 531032
Lb. acidophillus ATCC 431212 4% 717} 57.82%, 41.88%° %3lsS H AT AW
o FARgE Bl 37TTCAA AA AT 45 B xdF 2T 2T 659 Zu2H
E 535S 24T B8AZF T FIALEE WA Lb. plantarum EMS] 3%
24N ZF ¥ 61.16%E YERW AL, 48A1%F § F83% A 97.93%9] F3sol A
oh 2o AA BA @ il Lb, plantarum HD19} Lb. plantarum NO1-& Z}7ZF 244
F % 60.34%, 59.29%¢] F3teS WERW AL, 48A1%F vl Fell = ZbZb 88.34%, 97.35%
o] FAE HAC Leu kimchii GJ2%© 24A13F § 23.78%, 48A|13F & 28.24% = 7}
2o Y AHE 535S Bow WERF 2% Lb. rhamnosus GG ATCC 53103
2 Lb. acidophillus ATCC 43121 tiafr = 24A%F & 247} 59.07%, 98.1% 48*]%F
T 6857%, 101.16%9 %3t HEIY. Kimoto(24)ol W=  Lactococcus lactis
subsp. lactis N79 5 37ColA 24A17F 0.2% sodium taurocholic acid %
cholesterol & 7tk v A et st FdU2HE AASES &A% 49 97.3%

o] =2 #E YER Y E3E Liong(32)9 98t L. acidophilus®t L. casei®] 5

o]
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= 20413t 0.3% oxgall ¥ water-soluble cholesterolg& 7}k v =|o| A v s} S S
o, 12.03~32.25 pg/mL Heel FH2HES #AAHASM, 0.3% taurocholic acid’}
A7bE WA el A 376~2080 pg/mLel AAE HATh oldF AWNSe EaA
2 Ao AMEe HEAe FRel wet FHlsHE T35S AolE HAew, 4%
GZFad FE el sodium taurocholic acidE #H7bst Fd 2~®HE wix R} oxgallS 7}

¢ U 2HE AN HE w2 SEl2HE $3es Hols AoR FAHUAT

of

(3) Resting cell ¥ Dead cell®] ¢ 2HE 5315

AR FAt 4% 2 25 2% Y] resting cell ¥ dead cell®] | 2~HE
535S =A3 A= Figure 20, 21, 22 2 233 2t} 05% (w/v) oxgall¥® 0.1
g/L water-soluble cholesterol= 37} A Aol A resting celle] F#2HE 535
< TFvith @Ag zolE vEHlem 30TelA 24A13F A" s 9E w, Lb.
plantarum NO1°¢| 83.82% = FH2HE s3so] 7MY =2 W Leuw kimchii GJ2%
64.87% 0% 7V @& FH2EHE T3t TXE UYERNAT T3 48413 A H o=
A RS A, ik 659 FHUlZHE F3e 2 2447t Hlaste] (0.32~4.46%)
o mug FUHES HAAL, 244303 mpRbA R Feie §o42 s3te @e o
Efiglct. 37CAA FH2HE s3so S8 & A3, 63.73~8449% = Fujrt
“5421& zZhol & Holw 30T mpzt7hA 2 dFol whet B3 S 2HE 3t

ATt Dead cell®] 49, ikt 6& SollA Fel2HE s3ts0] 7H & s
et #5F= 30C A Lb. plantarum EMO & 7691%°9 3 HoFdon 713
9o F3ls S YEH T F5 Leuw kimchii GJ22 60.88%2] #hs EAth 37CAA A
g2lgt 6& 9 W 59.52~7874%2 HLY ZFH2HE 3% Atk Aol =4
2HE T3S AgAgte]l A we HAHo=m Z7}°P“ BHES Hol v,
dead cell®] &35 S AgAHd 2ol 7k vpEhuA] okt
05% (w/v) TDCAS} 0.1g/L water-soluble cholesterols& Z7Fst wj=] Aol A
resting cell®] ZFd2HE 35S zHzF 30T 37ColA 2487 Ag o] 659 &
steS vl Ay 4891 ~66.33% 9 49.06~66.83% = YEFSLTE S 48A17F A E] &)
A= Al, Lb. plantarum® 745 30Ce} 37C EFA 63% °©]de F3lso] &2 H
gom, 7hg wHe E35S He #FE 30CoANA AEd Lb. acidophilus ATCC
43121 0.2 4891% #tS YEFWTE Dead cell®] 45, 30CoA =2 FH2HE $3%F

(
>~

olr

oL

u

o

_48_



S 7WA+= o5 Lb. plantarum EM 3 7F¢ @& F3leS MR o5 Lb
acidophilus ATCC 431212 Al 179%<] ztolE& BAomw 37TAA = 10.62%9 =k
o] 5 7MA= Aoz Yetuktl Liong(32)o] 2o3HH, resting cell 2 dead cell®] ZFH# 2
HE 74 58L& growing celle] Blasle] z2He 7ZAAE Holy R ES #F+=
dead celloll Htslo] resting celld o, U5 =& ZFH2HES] #A2E EA I, resting
cell & dead cell #F9 FH2HE AH 92 FUzvHE] Axdd ZAdds E3l
AA =2 5 A RuEdeh. =3 Kimoto(24)5-S L. lactis subsp. lactis7} ¥ A o]
A ZY2HES 533=1d dead celle] A9 25% A% A AsF AL, resting cell A+
B wol = dead cell¥ #2 AI}E AL BHuslon, o] AdE Fi HF
ZH2HE AT ES AEHd Sy zdE A% A4 #-dol AdS Aol Altet
Atrt. Lye35)9 dTo] ¢4 resting cell @ dead celle] ZH2HE AASHS
growing cell®] A% F# 31.17~9461 pg/gel wvdle] 515~38.44 ug/g MY Ax
THOR A FEsHE FAE UEHT mebA, 2 AFe 7]Ed BalE resting
cell?} dead cell AEle] Zd~vlE ZAasdo] growing celld W B =& H 9
s BottE Ayl dAsE Aow wolY, I A 2RE Rl f

RE AEE W ooy} Aso] HA AU APEE FHAAE FYH2EHE A

=
HE HolE o e T8% 2949 Aer dddn

olr

K

Zhstol

Growing cell, resting cell ¥ dead cell®] ZFH2HE T35S &gesle] v
T3 o] =& FAE YElE AAFAN 1F Lactobacillus plantarum EM3}
I+ 1% Lactobacillus acidophilus ATCC 431219 Al¥¥ 2a {4 o ~H

535S =H3E A, Figure 249 Zv. 05% (w/v) sodium salt of
taurodeoxycholic acid®} 0.1 g/L water-soluble cholesterole] Z7Fg MRS ol A vl ]|
ol A 37TColA 24412 A71H o2 Aest& W, Lactobacillus plantarum EM®] Al
EZEe] A5 30.90%= =T Lactobacillus acidophilus ATCC 43121 H] alsk
o] 1626% =& TAE YHEHAT E3E LA FU]H o2 AY e Al AEMY
2 fabt 238 ZF 7F 31.04%, 14.16% 0.2 wkg-Al ko] Aol wiel ZYAHE F
st Fhol S7kste Ege HolA &v Ao® Hol Azt ¥ zo|7F YEhubA o
= AoE UER
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Figure 17. Standard curve graph for cholesterol determination using
O-phthalaldehyde.
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Figure 18. Cholesterol assimilation of the growing cell in the cholesterol and
oxgall at 37 C(A) and 30TC(B) All values were mean * S.D. (n=3)

ADMeans with the same letters in the same row(different stains) are significantly
differents(p<0.05) by Tukey’s multiple range test (24 h)

““Means with the same letters in the same row(different stains) are significantly

differents(p<0.05) by Tukey’s multiple range test (48 h)
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Figure 19. Cholesterol assimilation of the growing cell in the cholesterol and
taurodeoxycholic acid at 37 C(A) and 30C (B)All values were mean + S.D. (n=3)

APMeans with the same letters in the same row(different stains) are significantly
differents(p<0.05) by Tukey’s multiple range test (24 h)

““Means with the same letters in the same row(different stains) are significantly

differents(p<0.05) by Tukey’s multiple range test (48 h)
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Figure 20. Cholesterol assimilation of the resting cell in the cholesterol and
oxgall at 37 C(A) and 30TC(B) All values were mean * S.D. (n=3)

ADMeans with the same letters in the same row(different stains) are significantly
differents(p<0.05) by Tukey’s multiple range test (24 h)

““Means with the same letters in the same row(different stains) are significantly

differents(p<0.05) by Tukey’s multiple range test (48 h)
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Figure 21. Cholesterol assimilation of the resting cell in the cholesterol and
taurodeoxycholic acid at 37 C(A) and 30C (B)All values were mean + S.D. (n=3)
ACMeans with the same letters in the same row(different stains) are significantly
differents(p<0.05) by Tukey’s multiple range test (24 h)

““Means with the same letters in the same row(different stains) are significantly

differents(p<0.05) by Tukey’s multiple range test (48 h)
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Figure 22. Cholesterol assimilation of the dead cell in the cholesterol and
oxgall at 37 C(A) and 30TC(B) All values were mean * S.D. (n=3)

ADMeans with the same letters in the same row(different stains) are significantly
differents(p<0.05) by Tukey’s multiple range test (24 h)

““Means with the same letters in the same row(different stains) are significantly

differents(p<0.05) by Tukey’s multiple range test (48 h)
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Figure 23. Cholesterol assimilation of the dead cell in the cholesterol and
taurodeoxycholic acid at 37 C(A) and 30C (B)All values were mean + S.D. (n=3)
ABMeans with the same letters in the same row(different stains) are significantly
differents(p<0.05) by Tukey’s multiple range test (24 h)

“PMeans with the same letters in the same row(different stains) are significantly

differents(p<0.05) by Tukey’s multiple range test (48 h)
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Figure 24. Cholesterol assimilation of the cell wall fraction in the cholesterol
and taurodeoxycholic acid at 37C

All values were mean + S.D. (n=3)
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t}. Scanning Electron Microscopy (SEM)

22 5 Lb. plantarum EM, Lb. acidophilus ATCC 43121, Lb. sakei DC12] A3

o} Alxdo] ZHxHEo F&HE EHFES Scanning Electron Microscopy (SEM)S. &
gttt T2 959y FE2HES HUbskA &2 wiA YelA LRk 9
AEe g, Fefade BEds 2d2a8S Agste] Ave FAdsich

[ex]
Growing cell®] JHooA = Zd2HE 35 7HA = 8+ Lb. plantarum EM
o vt FFAEe HEdEH FHHES A viA WoelA e FUYAEE HluLst
Re W, FHzHE] FRE RS 9dF 5 dden, dxrdFE AEE Lb
acidophilus ATCC 431219 A %= Lb. plantarum EM3} 28 A2 AL FHo] =
d2eEo] F2d mgs god 4 o a8y B8 Lb. plantarum EME)
4% (Figure 25, “A”, “B”") EFolA celle] A7y Fele] ®ghe] fsiov, Lb.
acidophilus ATCC 43121 (Figure 26, “A”, “B”")9] cell®] =7] % FHHZS v w3 IS
W cello] AGE Aoz Hol FHzHE o AZEH FFa= 71 oo e FF
S VA= Ao Z 73 B F Ads Aotk ST FE AFEH Lb. sakei DC19]
B, BEAME BT ool FHAHES A AP ‘BUA R FHlAH =
FAE BEH5S FAT F gder, celld AU FHWAAE ®Wge] gl o=
shol 7 A vk (Figure 27). Dead cell G4 A% A= G459y FY2HZS A3
AL el A 2 2EEe] F&E BEES 9 @ 5 AT AlEY FH= growing
celle] wlaste] @ W37 veb. Cello] 2185 AY, Fo] A7l dde] vE
wom dead cell& Z7] WA= growing celld] H& & W37F gl= Aoz YE
W tH(Figure 28, 29, 30).

2
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] 1 I I 1 1 | 1 1 1 1
EM 5.0kV 12.4mm x15.0k 3.00um EM+CHOL 5.0kV 12.0mm x15.0k 3.00um

Figure 25. SEM micrograph of Lb. plantarum EM growing cell stage in (A)
broth containing no cholesterol and (B) broth containing cholesterol

fermented for 24h
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U < ;
43121 5.0kV 12.2mm x15.0k i 3.00um

Figure 26. SEM micrograph of Lb. acidophilus ATCC 43121 growing cell
stage in (A) broth containing no cholesterol and (B) broth containing

cholesterol fermented for 24h
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DC1 5.0kV 12.2mm x15.0k 3.00um

Figure 27. SEM micrograph of Lb. sakei DC1 growing cell stage in (A)
broth containing no cholesterol and (B) broth containing cholesterol

fermented for 24h
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Figure 28. SEM micrograph of Lb. plantarum EM dead cell stage in (A)
broth containing no cholesterol and (B) broth containing cholesterol

fermented for 24h
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Figure 29. SEM micrograph of Lb. acidophilus ATCC 43121 dead cell stage
in (A) broth containing no cholesterol and (B) broth containing cholesterol

fermented for 24h
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Figure 30. SEM micrograph of Lb. sakei DC1 dead cell stage in (A) broth
containing no cholesterol and (B) broth containing cholesterol fermented for
24h
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A4 EE

AX = o] gl dedaAFor g dojsts fFAkre 4§
g4 T, vEtY A4, EF cholesterol A3, Al wFo ¥y FA, AL <
Hu) g AALe] TR, g9 - dddEr] a3 T udE visAdel HalxE i Jrh29).
1%, 2 ATE S AXEFY FEg A cholesterols HE = 715 A<l W
7} probiotics 7]l st Az WA 2 J1Fd A, WS
e G AEA ofF, FAlEAR G4 BA o, kA s A A A
o EAE At AT A% E EQRE dF FHsdHE AsI S fF5h

=
WA Ags A FHsHE 24 3d Ve 2 9 4E, 2AES HAAE 4

Q
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N
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N
N
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wn
R
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Jo
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w
ofN
tlo
ol
ofo
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dot il

olsl A} 4F 9] o FAkel A
Aoz 3 EFwe 3s 7k Aoz ey 23k "*bﬂo} o Ad¥E fArS
gram stainingS ©]83 dw]d 23 API 50 CHL system® 2 T & 5S

e Lo
o
o
-

2
o

of ety 543 AststA 54& ek, 16s tRNA dA71A449S &3

g5 EAS A Ay oln FAHA Lactobacillus plantarum HDI1
Lactobacillus plantarum NO1, Leuconostoc kimchii GJ29] AR % A &<
Lactobacillus plantarum % Lactobacillus sakei® FAEUoH o=

Lactobacillus plantarum EM, Lactobacillus sakei DC1o]2} = ™3}t

EY
N
I

tlo
)
)

AuE #Fe] exel M2 Uw ASEE AW A3, 009 FCE LS U4
sae W A%l WAL Fusk AN @Low 2E 30TAN HARYHE e 2
om #2 Hgom, ARFH Ave exol gE Aelzt 2 vEhibA gt

Lb. plantarum EM-2 16~20A1%Y, Lb. plantarum HD1 % Lb. plantarum NO1& 24~
2843t Leu. kimchii G]J2& 8~1241%tell 7)o Hol=x Aeo=m gl ¢+
A "o g IR fAkTe A AEAHS 8FF9 A ampicillin, gentamicin,
kanamycin, streptomycin, erythromycin, clindamycin, tetracycline % chloramphenicol
of date] H2AFANFEE=MIC) WHoz A3tk EFSA2008)o4 Al A&
break point®t} w& MICE Ko|WA #Fde vetdllt ol FAAE H&st= g



ALl Al Akt Aol e RS Agste] WA Ao Ego] 2 Ao
2 Rk 4% HAFAT Y A AEA oAF gdS 9o pH 259 PBSE
ZA% WAEE 2 pH 259 05% saline buffer 2 pepsing A 71k Q13 ¢ Aol A A g
s A3 Lb. plantarum EM¥} Lb. plantarum NO1°] 10°~10%CFU/mL)& %3}
82~99% = =2 AEANS BT E3k pH 8082 A3 PBSO 0.3% oxgalls #

7hatel QIFgFEel g WS 3 A¥ 4F9 #FE 100~101(CFU/mL) o2 %
7]atell et 56~85%¢°l s 0‘8}{— #42 Jelydt. API-ZYM kitE A}83)o]
24 245 gs A9 g EaE 4elX B-glucuronidase= A E HA fakt 4

TolA As &S vERA Zker, uiEAsA] @& ZaAE 4EFd a
—chymotrypsin® ZA$o% 0 nM=E A4S Holx &gkt N-acetyl-B
—glucosiminidase:= 0~20 nMol| | Fst= FAHLS UeAn} o= Add %é‘li‘ol
=

a el disto] 2 2ol fiAY, vk Ao

I TDCA (taurodeoxycholic acid)olA ©l< =& A}
= o} w3 ERdF=2 AFEE Lb. acidophilus ATCC
431215 A9t BE T 30ToA & g Aoz Ry, 25 duk Al

FEe} vluste], 24X o] Fo k= A wFEA] 3l Al&EA AS[E
oz gRlyArt ol& ntgoz FH 2HE assimilationg Rudel and Morris(51)%
He Wdste] F T/ 47 vE F5s FeaHES eaeal 30T ek 37 CellA
24X %k, 48AIZE ¥ et O-

phthalaldehyde RS Ao WE FFEE 3¢50
A A3 Lb. plantarum EMQ 745 61~98%, Lb.
plantarum HD1& 60~98%, Lb. plantarum NO1& 59~98%, Leu. kimchii GJ2+ 24~
771%°l sdete FH2HE T3 FAE BAY dHE2dFE ARES Lactobacillus
rhamnosus GG ATCC 531039 7% 55~92%, Lactobacillus acidophilus ATCC 43121
< 25~101%9] E3ls= EAut 2 HAPS T FUzHE w3ess SAS 29
<= B AR wFe e wel Esteed dFS VA= AR fF I B

. T3 growing cell Bk ofy gt BSA X719 resting cell ¥ 71923 dead cell
S in vitro Aol growing cell¥ Z& A dto] FUAHEZ 535S Feld Ay
z} z} Lb. plantarum EME 7% 64~84%, 55~79% Lb. plantarum HD1<S 64~85%,
54~80% Lb. plantarum NO1<& 66~86%, 52~79% Leu. kimchii G]J2+= 50~69%, 51

o
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~61%o 2 Yelgow tExuFE AME3 Lb rhamnosus GG ATCC 531039 7%
53~175%, 54~65% Lb. acidophilus ATCC 43121 49~76% 37~75%% &35S H
o] 719 growing cell ¥1F ofye}, resting cell ¥ dead cell ©l /\1E g3 Zy 2y
=5 Ast ot Aom FAEAT. AlEY g fAte] FHzHE 3t 37T
AN 24A7F HA71H o2 AYstdS wl, Lactobacillus plantarum EM2 7% 30.90%,
%3 Lactobacillus acidophilus ATCC 431219 79 14.65%< YRS a1, 48417+
Ar1Hom A s A, AEY e fabt 2% 72 7 31.04%, 14.16%°] A
E Bt} o] wrE Ao Hi FHO R growing cell ¥ resting cell, dead cell®
ZH2HE S8R Y e FAE Koy AEH R EolMe FH2HES Adtet
Ao FFd B 4 AuhEI Lb. plantarum EM 2 FAHZAFZ AFEH Lb.
acidophilus ATCC 431213 Z@¥2HE S35l A3 YehA g2 Aoz gld
SN F Lactobacillus sakei DC1o| thallA] FEAE D FEAMxe] Fd2H
S Agstd, dFMxEd FHzHEo] F2H growing cell ¥ dead cell®] EF

SEM(FAPA A @AW )& ol gsto] a&sl. =, of ARE & W&siA e A~

rr

z
a¥E skl Lb. plantarum EM2 A bt o] H A wjf 2 =@vt opyet 4l

oA o] & olFojAmE AtAlAl B 7T A3

A= AFEOR o] &7bs d
Aoleh AZbAE, G @ QlEglel MPEAdel Be wFE AAEe] Holt 2
ow FAHAY. EF Falas S HEtlA Fow A WS HERA

[e3]

AA
%= obE3 TR in vitrool A Bl oy Lb plantarum EMo] At A o7 o] &
7] A= in vivodel Aol FHl2HE 24 Vs HUHE 1% dRiAE
o

2 s=AY, A"l FUrE saEojor & Aow AzE
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