D

E
LICH.

!

=

S

ive

5
MZEXE HAIGHA OF

O N

o
[

2|

M

creat
commons

—

[—

t

[¢]

LICt:

O M
st

)

C
MNZERLEAlL A

ZHE Metor

—
=
=

R0 5 A

i 0 <4 15
o) B¢ 53 o0
) E[o} o
) = 7
&3 10 ol 00
< il R
jum] J—

ol 0~ =
il 3 o on
) X Rr
Rr S =

%_ =B s
r o m._ -
o o O
_ Rr RO
% R of
o © o il
—_ jum]

1] N ol =
R iS ol =
= T Uo gwo
) RE] S
1 ° s =
o) K —
= B < mrr
&= o

ol Kl <. KM
80 ol JIJ =
Ee) W = )
©

X ESLICH

I 2t

HOd

ot |

[¢]

H

=

[¢

o]
lection

=

=

Disclaimer
O

5

FAI LEEHLH O OF
E2FH 29

¢}
X

=

]

0l N2 0| =3 & 72 (Legal Code)

HEAH [E 0l8Ke als 219 ol o



http://creativecommons.org/licenses/by-nc-sa/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-sa/2.0/kr/

[UCI]1804: 24011- 200000256660

20124 2H
AEL =B G S

AA AR ] Lvito] 28]

54 24

h I

9 B K B R OK BB

£ 8 & 2R



Probiotic assessment of Kimchi lactic acid bacteria

20124 2H 24H

9 B K B R OK BB

£ 8 & 2R



AA AR ] Lvito] 28]

54 24}

R k W #

o S BUEMILEMI MG W e R RN
20114¢ 10H
g &K B R OK BB
o8B R

S



=

S S

I

)

XT

I

I

o

(z

lo
=
-
:
<r
%LPLL
<
tlo

ZAY stal ag o]y &
ZAd st wg =} 3l =
20114 114

RN KB BG



N £ 1 I £V A VI
1S3 R O) il X ] ) I
LIST OF FIGURE -seeeeersesssssssseeeessssssssssssseesssssssssssee '
T L 1
A 24 AR AT WP o 7
1 AFETF B MR s 7

2. A W AFHN A EFH e 7

3. Ul BZG HAE (in vitro) e 10

1) H]EHHOOT: ..................................................................................................................... 10

D) AU FZE AL T HFEH e 10

3) Scanning electron microscopy (SEM) weeerseemssesrsirmsssiserscisieiiesiensiisiesiis 11
R i B 13
T i 13
T 14

(O B O [ ———— 14



T T N R - 16

LUl 8 QAN AR FH 16
2. BUHH-F5(in DItro) et 20

1) Caco-2 A EFo| TdF F-Frs o 20

2) HT-29 M EFol] 3 F-ZE o 28

3. AT SA e 31

T D 35

5, BATA S e 40

6. FAA BAFA BA s 43

A A% R oo A7



LIST OF TABLE

Table 1 DeSirable DrODertieS Of DrObiOtiC bacteria ............................................................ 6

Table 2. List of lactic acid bacteria (LAB) used in the experiment -« --seeeesmeeees 9

Table 3. Adhesion of LAB to Caco-2 cell in vitro with 10° CFU/mL cell

inOCUlation .................................................................................................................. 22

Table 4. Adhesion of LAB to Caco-2 cell in vitro with 10®° CFU/mL cell

inOCUlation .................................................................................................................... 23

Table 5. Adhesion of LAB to Caco-2 cell in vitro with 10° CFU/mL cell

TIOCULALIQIL +-++-vsreseerrsrsrersersersssssemssmssssnsssssssssssssssssssesassssesses s s st et s s ssnssssaenaes 24
Table 6. Average adhesion rate of LAB to Caco-2 cell in vitro - 25
Table 7. Adhesion of LAB t0 HT=29 Cell i1 DIt --rsrrsresreeessrssessesserserasssesserssrasraees 29
Table 8. Cell surface hydrophobicity (CSH) of LAB by hexadecane method - 33
Table 9. Autoaggregation ability of LAB - 37
Table 10. Enzyme activities of LAB by API ZYM analysis «cerrmeeeererrmasesesemaseees 42

Table 11. Microbiological breakpoints (ug/mL) categorizing some LAB species as

resistant ....................................................................................................................... 45



Table 12. Minimum inhibitory concentrations (MIC) of LAB to antimicrobial agents

as determined by the bI'Oth microdilution method ........................................... 46

_|\/_



LIST OF FIGURE

Figure 1. Scanning electron microscopy (SEM) preparation protogol e« -s-s---w- 12
Figure 2. Acid tolerance of the LAB in 0.05 M sodium phosphate (pH 2.5) -eeeeeeeeeees

....................................................................................................................................... 18
Figure 3. Survival of the LAB in the artificial gastric juice (pH 2.5) -ereeeeereeness 19

Figure 4. Adhesion of LAB to Caco-2 cell observed using light microscopy after

Gram_ Stainig ............................................................................................................... 26

Figure 5. Scanned electron microscopic images of LAB on Caco-2 cell line - 27

Figure 6. Adhesion of LAB to HT-29 cell observed using light microscopy after

Gram_ Stainig ............................................................................................................... 30

Figure 7. Correlation of hydrophobicity and the adhesion ablity to Caco—-2 cells

Figure 9. The correlation of hydrophobicity and auto—aggregation of LAB showed

il’l UiIfT'O adherent abilities ....................................................................................... 39



ABSTRACT

Probiotic assessment of Kimchi lactic acid bacteria

Ryu, Eun Hye
Adviser : Prof. Chang, Hae Choon, Ph. D.
Department of Food and Nutrition,

Graduate School of Chosun University

A total of 10 strains of lactic acid bacteria (LAB) was isolated from Kimchi
were characterized for probiotic properties. Acid and artificial gastric juice
tolerance of these 10 strains of LAB were investigated. The result of viability
test in acid and artificial gastric juice, strains Lactobacillus plantarum AF1 and
Lactobacillus plantarum NO1 showed high viability (maintain initial viable cell, 10®
~10° CFU/mL) for 2 hours in 0.05 M sodium phosphate buffer (pH 2.5), and
artificial gastric juice. The ashesion of 10 strains of LAB was studied using
Caco—2 cell lines as an in vitro model for intestinal epithelium. The two most
adhesive strains were Leuconostoc kimchii GJ2 and Pediococcus pentosaceus MPI.
Adhesion of all the strains was dependent of the number of bacteria used. This
study was also carried out to investigate the cell surface hydrophobicity (CSH) and
cell autoaggregation ability of 10 strains of LAB. Among the tested strains, Lb.
plantarum AF1 and Lb. plantarum NO1 were highly observed hydrophobicity and
cell autoaggregation, compared to Lactobacillus rhmanosus GG as control. However,
no correlation could be observed cell surface hydrophobicity and autoaggregation
between adhesion abilities of the tested strains of LAB. The enzyme profiling is an
important factor for selection of strains as starter cultures. The enzymatic potential

of the strains was evaluated using the API ZYM kit. Leucine arylamidase activity

_\/l_



was strong for P. pentosaceus MP1, the mean value being > 40 nmole of
substrate. Strong B-galactosidase activities were observed by Lb. buchneri MS, Lb.
plantarum AF1 and Lb. plantarum NO1. To obtain antibiotic susceptibilities of
LAB, minimum inhibitory concentration (MIC) of 8 antibiotics for 10 LAB isolates
from Kimchi were determined. All strains tested were sensitive to ampicillin,
gentamacin, kanamycin, streptomycin, erythromycin, clindamycin, tetracyclline and
chloramphenicol. Taken together these results, Lb. plantarum NO1 isolated Kimchi

may be used as probiotic strains.
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st A7 T3 V)se] BHa Ha 9k

Ak S ApAAle de] et @rdEs @408 olgote HARES Ao
v BERA FAE, SR, ok 5o thFs WE UhEo] SR AR HO A jle
w, AEe BEA LR ol #eA 54 B dYF AR T)odstal Ytk
A FolAl fAbT el g ibEEE A 39 ks W Alstar volr &, f7)4L &
W g A RE oot 55F 3} FrAEoRE ASAMA AFY A A
A S HE-E b FrHB4). YubH o ®E fFATE Gram 93, FolXE, W #E5H L
B2A T BE e EEE 71 DNA based G+CEALS 50 mol% wwho]m
A A WMSEEA, HHESR 99 874, WY SA-E Ukt AR
cytochrome® & porphyrin 3&E& 48 X8 A A A4k #h&o] ofd

=3 5 R FAE, A e 7 H asd, A4, silage, TERAFE SO
A FE EAETG6). Aw7hA WE A A2 300~40001 Fell @et L5 oF 20
TH AEe fabto]l F2 waHf B TE At ol&¥a ItHTD.

Akt 2 Orla-Jensen(1919)¢] 93] HH, 2axd4, AS5Ed & &3
Lactobacillus, Leuconostoc, Pediococcus, Streptococcus 47 0.2 EF FHAr})
Schleifer®t Ludwig(1995)e] 93]  Aerococcus, Carnobacterium, Enterococcus,
Lactobacillus, Leuconostoc, Pediococcus, Streptococcus, Tetragenococcus,
Vagococcus, Weissella 4202 AEFEHATHGR). FAkre 713 & EAHL 48 A
Abslz Zlolm ol o uwhel o 7bA o] wrE wHAlE A Xtk Homo-lactic &
Embden-Meyerhof-Parnas pathway g #* #HE AHEE lactic acidg wHEoiUl™ o]
o} 24 HEAEE  ethanol, acetate, CO:22F ¥ lactic acid® WEUE
6-phosphogluconate/phosphoketolase pathway ¥4]-& A X+ hetero-lacticg o] it}
Homo type rAtetol+= Lactococcus, Enterococcus, Streptococcus, Pediococcus <73}
HEo] group 13 I lactobacilli7} &3t} 18y Lactobacillus casei A9 <2 group
O lactobacilli®t Pediococcus 472 obligate homo & ¢l ¥k AHF2A W3yl A
71¥ facultative hetero TEd42 YEFATE Hetero type Aol = Leuconostoc,
Oenococcus, Weissella 3 group 19 lactobacilli7} 33 ¥ th(13).
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2 o] 2 ¥ (Probiotics) o] &k 8ol &AM &4 (antibiotics)e] ] ¥ o] AL&=&= &
2X“Pro"2t "bios"e] ZE]sole] FAolm S flstel(for life)' ¥ o EmHEH A
AEATFCD. 2 o] % oy HeatEo] ojs) B Ao A4S AA F7t F7lE A
A= AT 1989 Fuller= Z2Hpoleg 9] Holg “FUnAe #FS SUAPLEN
=g o aRE F= Aok e HAE AATE AFHEEAa, 19924
Havenaar(26) &< “=9 Fd 7359 %ﬁ% MANHemA w50 A7 el <
F 29E FE 9d 52 5ZEY dot = nAdw AA'R Ao sk

A ZZnfo|eEloF o|8¥ I YE H /‘3%—8— Lactobacillus<:(L. acidophilus, L.
rhamnosus, L. gasseri, L. reuteri, L. bulgaricus, L. plantarum, L. johnsonii, L.
paracasei, L. casei, L. salivarius, L. lactis), Bifidobacterium=:(B. bifidum, B.
longum, B. breve, B. infantis, B. lactis, B. adolescentis), Strepotococcus

[us, Jococc c ci SR cocc call
thermophilus, Pediococcus pentosaceus, Bacillus 9%, Enterococcus faecalis,

Enterococcus faecium 2 BX Saccharomyces boulardii, Saccharomyces cerevisiae”}
UTH27, 64). ©] & 7Fd @ol A7 olfd = Fatde W EFe 49 A,
al Mol S oA, AU AH AE ®BE 54 BFe F¢ A, dAF oY, &
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AAEH T v ZEnjol el Zles dEA ItR5, 39, 48,
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N HA, 7154 FW
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El

10, [e] y
Ate]l AAE), 7lEd SFH(EHTH 54, oF4 A, bacteriophage A3, A2 BA &
o] WEA), 1932 GRAS(Generally Recognized As Safe) Rl AAEZ XA Aoa] AF
Hol Aotgtth= A T& B F AU, 9, 43, 69).
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(AEA, A, A4, FuEA A5, WY S5, antigenotoxic &7, M YA
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Table 1. Desirable properties of probiotic bacteria

Health and clinical properties

- Human origin

- Resistance to acid and bile

- Adherence to human intestinal cells

- Colonization of the human gut

- Production of antimicrobial substances

- Antagonism against cariogenic and pathogenic bacteria
- Safe for human consumption

- Clinically validated health effects

Stability and technical properties

- Ability to maintain verified viability

- Maintenance of good flavor and aroma profile after fermentation

- Maintenance of mild acidity throughout storage: good

- Maintenace of colonizing properties throughout processing acidity profile
and storage

- Development of good storage stability in fermented products

- Stability after freeze drying and other drying methods

- Accurate strain identification

- Dose-response data for required effects

The table has been adapted from the Jung, H. K.(2001)(29)
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1. AbgatF 2 WA

Ago] AREE dFES E AFAdAA Jid"E 10F9 79 American Type
Culture Collections(ATCC, Rockville, MD, USA)Z5-8 38t 1522 Table 29 #
t}. ¥ #53 De Man Rogosa Sharpe (MRS; Difco Laboratories) 8| #] %o Hj) 9F
P gigr]el = wlgEeddl glycerole]l 25%(v/v)7d H A H7bstel -70TCAA] B
oo, A 288 745 10%94 7% 5 mL MRS A uj=]el 1%(v/v) 5 F st
o 30TColAl 24117F wiFst &= Aldste] A&stal, Lb. buchneri MS+ 5 mL MRS
B ) <ol HFoked 30T A 48R ZF v} gk & Alvhste] AF&oF3A T

akd g olgelel Aabgdal ARt o] AREE exopolysaccharides (EPS)E
st e EPS A4S fl8lA o FE 5 mL MRS AR 1%(v/v) &35t
o 30CoIA 241 7F B3 & sucrose A Bl A (tryptone 10 g, veast extract 5 g,

ot

{0

Ol

dipotassium phosphate 5 g, diammonium citrate 5 g, sucrose 50 g/L, pH 7.0)¢l 22}
Altiste] 30Tl A 48A17F wlFste] Ab-&-stH T

2. A4 2 ABAN AGY 27

el A A Algez 94 g A pHO did Jdel SAHLS 10 N
HClE AF&ste] pH 2502 A3 0.05 M sodium phosphated] A A 38t 5 tH51). ¢l
T st A o] AL A AzhE 2d1FH fARe A FSAsH] HE EF S
A8 ZAste] AAIFATE dFH AL FA|+= Kobayashi 59(41) e dF Hy
3o 1.0 N HCIZ Abg&3sle] pH 252 A3 MRS dA|u) A o] pepsin (Sigma Co.,
USA)E 1,000 unit/mL %% H7}sl% ).

AAZREH  E2d 9% fAatm ZEelo]lQE  wFEE olfFHI e



Lactobacillus rhanmnosus GG ATCC 531032 MRS 9 A|u)A]o] 1%(v/v) FE3ste] 3
0T A 24A17F W) FeFH AL, Lb. buchneri MST MRS dAw| A 1%(v/v) F &35t
30CoN A 48X 7F HlFEE & A2 (9950xg, 5 min)dle] AA AL A At AAS
3% 2 pH 259 005 M sodium phosphate &3} <l-g¢joe ZhzF Aoz}
FHFoz Hrlste 30TAA 2A1ZF wFsieth. 2412 HlF = 0.06 M sodium
phOSphate SAT FyAor Ay SAFS FEFE 1098 10'~1071A 54
= MRS A8 A]o] 100 pl. ='2ake] wjdFatsiet. 30T 48A1ZF B <F 5
| COlOHY—4 T8 FAst UAbdR JdEde dig AgAHE st g
EPSAA 59 EPSAY of Fo wE ibd R Qe A3 wasE F2lstr]
A sucrose BAA Al 1%(v/v) &3] 30T A 48A17F WlFs & EPSE A4
st e A EE9,950%g, 5 min, 4T)3te] A Ne AASIE dAE S5 &
719 WU R Ad skarh Ade dxade 1039 A 8 AT d L
rhamnosus GGE 0.05 M sodium phosphate (pH 2.5) &3} ¢l-F¢ o il MRS ¢
A A & AREShe] 30Tl Al 241 7F v ks & S 3 WA st th

1



Table 2. List of lactic acid bacteria (LAB) used in the experiment

No. Strains Medium Incubatuion Reference
temp.(C)

1 Lb. buchneri MS MRS" 30C (10)
2 Lb. plantarum AF1 MRS 30C (70)
3 Lb. plantarum NO1 MRS 30C (45)
4 Leuc citreum GJ7 MRS 30C (6)

5 Leuc citreum GR1 MRS 30C (7)

6 Leuc citreum C2 MRS 30T this lab
7  Leuc. mesenteroides PH12 MRS 30T this lab
8  Leuc. mesenteroides DM1 MRS 30T this lab
9  Leuc kimchii GJ2 MRS 30T (35)
10 P. pentosaceus MP1 MRS 30C this lab
11 Lb. rhamnosus GG ATCC 53103 MRS 30T (63)

U MRS: De Man Rogosa Sharpe



3. AU H&AS AH(in vitro)
1) A3 )<

Ago] AbgE QA AL AEF Caco-2 ¢+ HT-29 Al¥+E= Korean Cell Line
Bank (KCLB, Korea)Z 58 %ol A& TE Caco-2 Al X+ Dulbecco’s modified
Eagle’s medium (DMEM; Hyclone, Logan, Utah, USA)2. 2 wj¢Fslar, HT-29 Al¥+=
Roswell Park Memorial Institute medium (RPMI 1640; Hyclone, Logan, Utah, USA)
o2 AR ZH2Ee] HjA| Y= 10% fetal bovine serum (FBS; Hyclone), 1%
streptomycin/penicillin - (10,000 IU/ml, Hyclone), 1% non-essential amino acid
(Hyclone), 10 mM HEPES, 1 mM L-glutamine, 1 mM sodium pyruvate (Hyclone)2-
HA7VeFA . Caco-2, HT-29 A¥XF% 37T, 5% CO/95% air 0= H| Y3 th
A BERS A 24 well tissue culture platesd] 5x10° cells/well# seeding 3 3
Adz HiAE B FEALH cello] $HH8HA monolayers EA4E wi7bA 159 F<t
B-3A A Abgslg Tt AU HEE S AFE3 Caco-2 Al ¥E9] passages™ 24~36 °)A &
] HT-29 A ¥ 9] passages 48~557FA S t}.

AUl FEe Ags 98] 169 EoF weFste] 24 well tissue culture platesol] 4]
monolayerE #4138k Caco-2 Al¥XE HF#24E 147t #Ae| phosphate buffered saline
(PBS, pH74) 2.2 23] M=%t 3 XA FBS7F E0] AA &2 DMEM H| A& Z+
wellell 0.5 mLA# Yo FAt. AAZHFH F2jd 9T ikt MRS A 8j =]

1%(v/v) AEste] 30TCoAA 24412F wiFst ¥ al, Lb. buchneri MS+ MRS O”iﬂHHX] o
19%(v/v) &3kl 30TelA 484X v ket & At sle] o 343 § PBS®

3 A HE T 7)ol AT o] wE R waE
~10° CFU/mL®] W2 FHlste] A9 FBS7F £013l4 &2 DMEM Hj Ao &
g3t 3 7 wellol WolFEATh o2 37T, 5% CO, /95% air 718k 1417 &<t
Wl okt & Fabslx] Bk g Al ASH] 98] PBSE 33 AlFHEAT GramE A AR

24 well tissue culture platesel] cover slipg ¥l 5x10° cells/well2 seeding 3t

a7 $lske] 10

L o _ll}lt M

4
r
o

rir
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Ful F-2 A4S cover slipe]l £+ 77 welle] WEE 1 mLy ¥i 5 & Al
¥ 7} cover slipell ZAHFEE sl Gram @4 $, #st dulg oz AT
plate counting2 13, 2 wellvlt} 0.05% triton X-100 1 mLE ¥ 108 ¢t &=
o} FUh olE A% 109 A5t MRS agard] dslal 30T Al 24~48ZF )
Fsle] F-2&-2 A4S tE Positive control® Lb. rhamnosus GG ATCC 531032 5
mL MRS A Aol 1%(v/v) FFste] 30Tl 24X 7F wj g 5 9ok &2 vy
o2 At Caco-2 celldl W fFAbete] F2b&& v Zo] AXletditt.

B28(%) = (viable cell count + initial cell count) x 100

3) Scanning electron microscopy (SEM)

SEM-% %’4?‘* AAe BAHL cover slip¥l e Caco-2 Alxe] ¥zt FAabite PBS=E
33 AlEg ¥ 25%(v/v) glutaraldehyde (pH 7.4) %2 4A417F FoF AuA A|ZHh 01 M
sodium cacodylate buffer (pH 7.4)Z 1552 33 A& 5L 1%(v/v) 0sOs (Sigma)E
Yol 2A17HEer 1A 3 th thA] 0.1 M sodium cacodylate buffer (pH 7.4)% 15%
2 33] MlFslal 50, 60, 70, 80, 90, 95%7tA| dEE wEE TAHLE o gAY
S 77 1684 A o, HE 100% o ghsol dlg] 3He] grage Ao vpR e
Z tert-butanolS- 2084 3¥l [3sl= BAHE AR FE-SEM (field emission scanning
electron microscope S-4700, Hitachi, Tokyo, Japan) 2.2 #2385 thHFig 1).
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Bacterial adhesion assay

l
Washed with PBS

l
Fix tissue with 2.5% glutaraldehyde (4 h)

l

Wash tissue with 0.1 M sodium cacodylate buffer x 3 (15 min)

l
Fix tissue with 196 0sO4 (2 h)

l

Wash tissue with 0.1 M sodium cacodylate buffer x 3 (15 min)

l

Dehydrate tissue with ethanol

50% ethanol x 1 (15 min)
60% ethanol x 1 (15 min)
70% ethanol x 1 (15 min)
80% ethanol x 1 (15 min)
90% ethanol x 1 (15 min)
95% ethanol x 1 (15 min)
100% ethanol x 3 (15 min)
l
tert-butanol x 3 (15 min)
l
FE-SEM

Figure 1. Scanning electron microscopy (SEM) preparation protocol

_12_



A
o
el

A ZA(Cell Surface Hydrophobicity, CSH)

)
3

W 4TS Rosenberg 5 9(66) WS AF Wiste SHA. HA=ZH
g 9% FabtE MRS A} Ao 126(v/v) FFdte] 30Tl 2443 B
a1, Lb. buchneri MS+ MRS A u] Ao 1%(v/v) &3t 30T 4 484 7F #
T oH g AAEE(9950xg, 4 min)ste] A AL AASIL dAE I Fenh
PBS (pH7.4)% 23] M3 & PBSE °|&3le ODgpol 057F Husd A ikt
e 12 mLel 02 mL hexadecane (Sigma)2- H7}sFe] 23%-%<¢F vortexdtith. 15%
EQ A2 BAT H FE&A FL ODewol X FEEE AT & thE 2ol 95t

skl

T,
Mz
L=

ofr
_H
ﬁ

M

ot

2
i

CSH (%) = (Ag = A) x 100 / Ao

A= 27 BHE A= HF FB=

Eed Akt ¥ $342 Del Re 52(16) Wis o
1

AAZHY " 9F FAbTS MRS A Ao 1%(v/v) o] 30CelA 244
Z¢ vj Sk a1, Lb. buchneri MS+E MRS oA ) %o 1%(v/v) FE3le] 30Tl A 484]
ZF w kst & m e AR (9,950xg, 4 min)dte] AL AASIE TAE I

3]

stE T PBS (pH7.4)Z 23] FAg & PBSE °]&35te] ODgp=05%2 =4 Fikid &
gl 2 mLE 942(9,950xg, 4 min)3 § PBSol|l A& & stk 37C

e 5 4 1 mLE #Aste] ODecl M FHEE AT 5 tha Ao ofste] A
=kt

Aggregation= 1-(O.D. upper suspension/ O.D. total bacterial suspension) x 100
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l"ﬁ:wﬂ T &4 84S A5 YA APL ZYM kit (BioMerieux, France)S A}

Aok AHe fd WA AAZHE EF2E 9T fAbTS MRS HA |4
1%(v/v) AE3sked 30CA A 24212F vl st HaL, Lb. buchneri MS+ MRS A vl <] 4]
1%(v/v) &3] 30TolA 48411 A E2](9950%g, 4 min,
AC)std AR NS AAstL dAE AT 5 S Fo] dedE FHl5HA
. &Eel 500 ulE 5 ml suspension mediumd] #ojF & 5~6 Mcfarland
(BioMerieux.) & ‘%Ei gEAT. 2EHE FHlete] AT fAEE ZYM kitd] 2
cupuled] 65 uL® #FF3tk F 37CelA 4A 7kt vikstiut. 28 @8 71
of &&= H7] 9% ZYM-A (BioMerieux)9t ZYM-B (BloMerieuX)/\] oF&
cupuled] ¢ W& Hojrmmy & e oA oF HEZF HESAIZ & Ao W3}
HEsly ZAgAHE SASgnh Ao W3l Ak wet 0~57bH 9 Foew
nanomoles)< /353 5 (=40 nanomoles)T HU Fx9]

0
& Z}7F 30, 20, 10, 5 nanomoles®] &7t 7k vER, 3 o] Atol oF

o~
=)
= O
%
rok
i) M
=)
—
%
_1%

o ol N
oo > N
o @ g lo

o,

HAAZFH Ee2ld 1059 Fabd F8A 258 AA A 349 (Broth
microdilution method)& ©]-&3te] SAsltt. APl AHgd A= F 8FLe=w
ampicillin (Sigma), gentamicin (Sigma), kanamycin (Sigma), streptomycin (Sigma),
erythromycin (Sigma), clindamycin (Sigma), tetracycline (Sigma), chloramphenicol
(Sigma)el™, o]& A= #AHE &riel 5 F AREsidth A gFdes =
Astr] 913 w A= 05% DextroseE #7Fgt Muller-Hinton (MH) brothel &A1&
7y wedE xdste] Hrbskrh dAAe]l Ha ASAE FX(Minimum inhibitory
concentration, MIC)E ZA3sl7] €13 9& Akt MRS AA M| =] 1%(v/v) HE
ko] 30Tl A 24A13F A3t AL, Lb. buchneri MS+ MRS A|H] Aol 1%(v/v) F
Foted 30Tl A 48AIZF B ks & wjdFols AR 2](9,950xg, dmin)ste] FAE 3
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57 H%E & & @etel MI brothol 110 8455, FYAE wAu= 545
Fulg Wio] #Fe Aele HEF F Wy 2hs A 30TAA 12475
MrsATh A5 of 2 gri

Fo8 B 600 nmollA FEEE S5kl FElsalen, 7t
“i

zro] #Fof gt 7+EA d142 European Food Safety Authority (EFSA, 2008)(19)
2 zaste] Zhzke] FAA7E Hrkd WA oA T 5l AR ¥ HA TRE F
2 AEA8 F%=(Minimum inhibitory concentration, MIC)E 2% 3} ¢4t}
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A3 g as g az

LWy 2 Az AgY =4

farito] mmuloled o A8 Faey] FaAT pH 30 oldhe] 2E 44
A9 §4%e el B meele] Aok Gk AFAA fAEe YAy
Age gojol te AEslel 2 PBS 59 buffer® ol &3 in virodel A W
. o
H

rot

& =2
3}, in vivodol Al AF AFEEL FstE Wl ol&x o] gk} m1Ey 9o
v E APEREE datel 93 v pHYF 8 Wddddel B A e, in vitrod
A gl

A} in vivod o] fAteltiar Ragol]| wel wAEe MEL

o
(i)

o] vt pHell Wigh A atdol] wE Aoz Xl JTHE0). WA 2 AF oA
HAZREY 28 1059 AAfFabded dete] w4 pHoﬂ gt Wde 54
7] $18ke] pH 252 FA3%H 0.056 M sodium

rir

otolr 7] $15ke] pepsin (1,000 unit/mL)e] g 2159 RV w 2

ANSAT U B QTG AR Bele AFSFE SAG vad Ao, A

#5424 38 W Ase 24 AL WRAR Ptk Telm 1 43
)

GG ATCC 53103& dlxao= A&} .

HA WAabd AdA43= Fige 201 verd vbey 2ol Lb. plantarum AF13 Lb.
plantarum NO1-& 0.05 M sodium phosphate &< A] 2A17Fo] Xt Zo] = APE 614
A x27-2 AFES Lb rhamnosus GGEUY & AEES YElWlow E3S| Lb.
plantarum NO19] 7 $-ol&= Z7|75(10° CFU/mL)9 80% o] 49 TS 54 s
2 AFAEE e

ol F 9 o] et AL Fig. 3004 Hi= nvlet Zo] Lb rhamnosus GG A&
EHT}E o ke JehA R e Lb. plantarum NO1# Lb. plantarum AF10] Z7)+F
9] 70% ol e WEES YelWla, E3] Lk plantarum NO19 7% 96%<] A
E&Z 27] #5(10° CFU/mL)2 90% °1 49 =2 AaAde Jelyozn oA

off

¥
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O initial

M treatment

10

Log Mo. of viable celk
{CFU/ml)

MS AFl NO1 GJ7 GEl C2 PH1Z DM1 G.}El) Gizz) MP1 GG

Figure 2. Acid tolerance of the LAB in 0.05 M sodium phosphate (pH 2.5)
All values were mean + S.D. (n=3)
Y Preculture in MRS medium at 30C for 24 hours

2 Preculture in sucrose medium at 30C for 48 hours
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a0 | | . | ey EENE R0 e P i

MS AFL NO1 GJ7 GRL €2 PH12 pMi GJ2Y G122 MPL GG

Figure 3. Survival of the LAB in the artificial gastric juice (pH 2.5)
All values were mean + S.D.(n=3)
Y Preculture in MRS medium at 30C for 24 hours

2 Preculture in sucrose medium at 30C for 48 hours
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Table 3. Adhesion of LAB to Caco-2 cell in vitro with 10° CFU/mL cell

inoculation
—— Initial counts Adhered counts  Adhesion

(CFU/mL) (CFU/mL) (%)"
Lb. buchneri MS (2.19£0.13)x10” (1.01+0.45)=10" 0.05
Lb. plantarum AF1 (2.07£0.23)x10" (1.59+0.93)x10° 0.77
Lb. plantarum NO1 (2.23+0.18)x 10" (3.75£1.50)x10° 1.68
Leuc. citreum GJ7 (1.51+0.31)x10" (3.56+0.84)x10* 0.24
Leuc. citreum GR1 (4.3240.16)x10" (2.77+0.60)x10° 0.64
Leuc citreum C2 (2.08+0.15)x10" (6.98+1.87)x10* 0.34
Leuc. mesenteroides PH12 (1.53+0.37)x107 (1.19+4.16)x10° 0.77
Leuc. mesenteroides DM1 (3.00+0.38)x10" (5.94£1.12)x10* 0.20
Leuc. kimchii GJ2” (1.57+0.22)x10" (2.34+1.50)x10" 0.15
Leuc. kimchii GJ2” (1.70£0.33)x10” (4.68+1.74)x10° 2.75
P. pentosaceus MP1 (2.80+0.48)x10" (8.16£1.77)x10° 291
L. rhanmnosus GG (1.51+0.01)x107 (2.05+0.11)x10° 1.36

Wells with Coac-2 cells were inoculated with 1.51x10°~4.32x10" viable cells of each
bacterial cell suspension.

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

V" Adhesion to Caco-2 cells was done in triplicate

? Preculture in MRS medium at 30°C for 24 hours

¥ Preculture in sucrose medium at 30C for 48 hours
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Table 4. Adhesion of LAB to Caco-2 cell in vitro with 10® CFU/mL cell

inoculation
St Initial counts Adhered counts  Adhesion

(CFU/mL) (CFU/mL) (%)"
Lb. buchneri MS (1.72+0.51)x10° (1.58+0.50)x10° 0.09
Lb. plantarum AF1 (1.41£0.15)x10°® (7.81+3.43)x10° 0.55
Lb. plantarum NOI1 (3.16+0.63)x10° (2.67£1.15)x10° 0.84
Leuc. citreum GJ7 (1.47+0.25)x10® (2.82+0.72)x10° 0.19
Leuc. citreum GR1 (1.21+0.02)x10° (9.06+0.58)x10° 0.75
Leuc. citreum C2 (2.69+1.32)x10° (1.81+0.75)x10° 0.67
Leuc. mesenteroides PH12 (2.00+0.55)x10° (5.50+1.56)x10° 0.28
Leuc. mesenteroides DM1 (2.99+0.78)x10° (5.29+2.01)x10° 0.18
Leuc. kimchii GJ2” (1.44+0.19)x10° (3.68+3.23)x10° 0.26
Leuc. kimchii GJ2” (1.46+0.23)x10° (2.76£1.05)%10° 1.89
P. pentosaceus MP1 (2.99+0.63)x10° (5.84+1.60)x10° 1.95
Lb. rhanmnosus GG (3.56+0.85)x10° (3.63+0.96)x10° 1.02

Wells with Coac—2 cells were inoculated with 1.21x10®~3.56x10® viable cells of each

bacterial cell suspension.

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

V" Adhesion to Caco-2 cells was done in triplicate
2 Preculture in MRS medium at 30C for 24 hours

¥ Preculture in sucrose medium at 30C for 48 hours
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Table 5. Adhesion of LAB to Caco-2 cell in vitro with 10° CFU/mL cell

inoculation
Sz Initial counts Adhered counts  Adhesion

(CFU/mL) (CFU/mL) (%)"
Lb. buchneri MS (2.04+0.01)x10° (7.40+0.08)x10° 0.04
Lb. plantarum AF1 (2.81+0.65)x10° (2.15+0.79)x10" 0.77
Lb. plantarum NOI1 (4.20+0.85)x10°? (6.30+1.93)x10" 1.50
Leuc. citreum GJ7 (2.89+0.58)x10°? (7.1842.42)x10° 0.25
Leuc. citreum GR1 (2.95+0.23)x10° (5.10£2.60)%10° 0.17
Leuc. citreum C2 (2.13+0.26)x10° (1.54+0.96)x10" 0.72
Leuc. mesenteroides PH12 (2.7241.27)x10° (9.16+3.21)x10° 0.34
Leuc. mesenteroides DM1 (4.24+0.61)x10° (7.28+2.88)%10° 0.17
Leuc. kimchii GJ2” (1.06+0.22)x10° (1.84£1.02)x10° 0.17
Leuc. kimchii GJ2” (1.56+0.32)x10° (2.71£0.63)x107 1.74
P. pentosaceus MP1 (2.84+0.30)x10°? (6.09+2.14)x10" 214
Lb. rhanmnosus GG (3.19+1.35)x10° (1.23+0.73)x107 0.39

Wells with Coac—2 cells were inoculated with 1.06x10°~4.24x10° viable cells of each

bacterial cell suspension.

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

V" Adhesion to Caco-2 cells was done in triplicate
2 Preculture in MRS medium at 30C for 24 hours

¥ Preculture in sucrose medium at 30C for 48 hours
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Table 6. Average adhesion rate of LAB to Caco—2 cell in vitro

Strains Adhesion (%)"
Lb. buchneri MS 0.06+0.02
Lb. plantarum AF1 0.70£0.32
Lb. plantarum NO1 1.34+£0.51
Leuc citreum GJ7 0.23£0.12
Leuc. citreum GR1 0.52+0.24
Leuc. citreum C2 0.58+0.36
Leuc. mesenteroides PH12 0.46+0.09
Leuc. mesenteroides DM1 0.18+0.06
Leuc. kimchii GJ2” 0.19+0.12
Leuc. kimchii GJ2” 2.13+0.74
P. pentosaceus MP1 2.33+0.81
Lb. rhanmnosus GG 0.92+0.14

All value were mean * S.D.(n=3)

Y The adherent rate of lactic acid bacteria was meant as the average number of the
adherent LAB per the Caco-2 cell lines.

? Preculture in MRS medium at 30C for 24 hours

¥ Preculture in sucrose medium at 30C for 48 hours
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Lb. plantarum AF1 Lb. plantarum NO1

>
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Leuc. citreum GJ7

[
Leuc. mesenteroides PH12

Leuc. mesenteroides DM1 P. pentosaceus MP1

Figure 4. Adhesion of LAB to Caco-2 cell observed using light

microscopy after Gram-stainig (magnification x1,000)
Y Preculture in MRS medium at 30C for 24 hours

? Preculture in sucrose medium at 30C for 48 hours
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Lb. rhamnosus GG P. pentosaceus MP1

—~ i

GG(9) 15.0kV 11.7mm x15.0k

GJ2(8) 15.0kV 11.0mm x15.0k GJ2(9) 15.0kV 11.6mm x15.0k

Figure 5. Scanned electron microscopic images of LAB on Caco—2 cell
line (x15,000)
Y Preculture in MRS medium at 30C for 24 hours

? Preculture in sucrose medium at 30°C for 48 hours
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2) HT-29 A X5 dgd HFA5

YHzs& F2 Caco-2 MEE AMESIstEd H 5o A &%
frabto]l wmEH e Foe A5 ey ns B3R e AAe
Hol {H|E = HT-29 A|EE o] &3te] Caco-2 AEolA FW FFs

Wy P pentosaceus MP13} Leuc. kimchii GJ29 U
(Table 7). 71 A3} HT-29 AXEF]14 10°~10° CFU/mLe] 3l
Fol g 2 A Caco-2 AFAAET o Yo FAE yehsllal, HT-29 A%
Foll g FEREL i3 A Lb rhamnosus GG 73-9- Caco-2 Ao gk
BEREHT 16~360 AR #ashs 2oz veylon 714
MP1# Leuc. kimchii GJ2= Caco-2 Ao th3dk F-2gHc}t 1
Lb. rhamnosus GGHU} ¥ 288 BAT. EPS AATFQ Leuc kimchii GJ22
EPS A4 ofFo] mE HT-29 MxEe Fa55 g0st 243 sucrose WA oA d ¥l
¥FEo] EPSE A4S wl7F MRS Hjx|el A 2 wjf= o] EPSE A kA &gk u
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Table 7. Adhesion of LAB to HT-29 cell in vitro

S Initial counts Adhered counts Adhesion
rains
(CFU/mL) (CFU/mL) (%)Y
(2.10£0.21) %107 (1.91+0.13)x10° 0.91+0.10
P. pentosaceus MP1 (2.44+0.08)x10° (1.33£0.44)x10° 0.85+0.15
(2.02+0.35)x10°? (2.38+0.19)x 10" 1.18+0.13
(1.43+0.09)x10" (1.03+0.28)x10* 0.07+0.30
Leuc. kimchii GJ22> (2.15+0.22)x10° (1.59+0.78)x10° 0.09+0.03
(1.53+0.38)x10°? (1.06£0.14)x10° 0.07+0.02
(3.17£0.39) 10" (2.42+0.54)x10° 0.76+0.14
Leuc kimchii GJ23> (2.97+0.44)x10° (2.15+0.77)x10° 0.72+0.19
(1.99+0.29)x10°? (1.86+0.24)x10" 0.95+0.22
(1.34+0.08) 10" (5.17+1.20)x10* 0.38+0.07
Lb. rhanmnosus GG (2.35+0.53)x10° (8.31+0.63)x10° 0.36+£0.05
(2.18+0.26)x10°? (5.16£1.59)x10° 0.24+0.06

Wells with HT-29 cells were inoculated with 1.34x107~2.18x10° viable cells of

each bacterial cell suspension.

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

V" Adhesion to HT-29 cells was done in triplicate
2 Preculture in MRS medium at 30C for 24 hours

¥ Preculture in sucrose medium at 30C for 48 hours
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Lb. rhamnosus GG P. pentosaceus MP1

Figure 6. Adhesion of LAB to HT-29 cell observed wusing light
microscopy after Gram-stainig (magnification x1,000)
Y Preculture in MRS medium at 30C for 24 hours

2 Preculture in sucrose medium at 30C for 48 hours
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Table 8. Cell surface hydrophobicity (CSH) of LAB by hexadecane
method

Strains Hydrophobicity (%)
Lb. buchneri MS 0
Lb. plantarum AF1 52.42£0.75
Lb. plantarum NO1 28.76£1.95
Leuc. citreum GJ7 0
Leuc. citreum GR1 0
Leuc. citreum C2 88.53%0.40
Leuc. mesenteroides PH12 5.52%0.29
Leuc. mesenteroides DM1 0
Leuc. kimchii GJ2 0
P. pentosaceus MP1 6.88+0.30
Lb. rhanmnosus GG 9.74+0.06

All values were mean = S.D.(n=3)
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Figure 7. Correlation of hydrophobicity and the adhesion ablity to Caco—2
cells

The adherent rate of lactic acid bacteria was meant as the average number of the

adherent LAB per the Caco-2 cell lines.
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Table 9. Autoaggregation ability of LAB

Strains Autoaggregation (%)
Lb. buchneri MS 42.4520.84
Lb. plantarum AF1 73.61£0.92
Lb. plantarum NO1 55.12£1.80
Leuc. citreum GJ7 30.80+0.99
Leuc. citreum GR1 22.80+1.39
Leuc. citreum C2 41.56+1.11
Leuc. mesenteroides PH12 52.67%0.08
Leuc. mesenteroides DM1 25.77+1.93
Leuc. kimchii GJ2 41.53+0.88
P. pentosaceus MP1 42.26+1.45
Lb. rhanmnosus GG 54.08+0.96

All values were mean = S.D.(n=3)
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Figure 8. Correlation of auto—aggregation and the adhesion ability to

Caco-2 cells

The adherent rate of lactic acid bacteria was meant as the average number of the

adherent LAB per the Caco-2 cell lines.
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Figure 9. The correlation of hydrophobicity and auto—aggregation of LAB

showed in vitro adherent abilities
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Table 10. Enzyme activities of LAB by API ZYM analysis

LAB strains

Enzyme MS AFlL__NOl __GJ7 _GRL ___C2 PHIZ DML _GJ2 MPl
Alkaline phosphatase oY 0 0 0 0 0 0 0 0 0
Esterase(C4) 0 0 10 5 0 0 0 0 0 0
Esterase lipase(C8) 5 5 5 0 0 0 0 0 0 0
Lipase(C14) 0 5 0 5 0 0 0 0 0 0
Leucine arylamidase 10 5 30 5 0 0 0 0 0 =40
Valine arylamidase 10 5 20 5 0 0 0 0 0 10
Cystine arylamidase 0 0 5 5 0 0 0 0 0 0
Trypsin 5 0 0 0 0 0 0 0 0 0
a-Chymotrypsin 5 0 0 0 0 0 0 0 0 0
Acid phosphatase 10 5 10 20 5 0 0 0 20 0
Naphtol-AS-BI-phosphohydrolase 20 30 10 5 10 5 0 5 0 0
a-galactosidase 10 0 10 0 0 0 0 0 0 0
B-galactosidase =40 =40 =40 0 0 0 0 0 0 0
B-glucuronidase 0 10 10 0 0 0 0 0 0 0
a-glucosidase 0 20 20 10 10 10 10 10 20 0
B-glucosidase 10 30 20 5 0 0 10 20 0 10
N-acetyl-B-glucosaminidase 0 10 30 5 0 0 0 0 0 10
a-mannosidase 5 0 0 5 0 0 0 0 0 0
a-fucosidase 0 0 0 0 0 0 0 0 0 0

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

b 0, no enzyme activity: 5,10,20,30,=>40 indicates nanomoles of hydrolysed substrate after 4 h of incubation at 30C
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+Z microdilution WH-2 o]&35te] 16572 A sl MICE A3 A

o Lo

_43_



gentamicin® MICew(mg/L)7} Pc pentosaceus®t Lb. plantarum® 7% 2 mg/LeE
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Table 11. Microbiological breakpoints (ug/mL) categorizing some LAB species as resistant

Species
. . Lactobacillus
Antibiotic ) Lactobacillus )
facultative Pediococcus spp. Leuconostoc spp.
. plantarum
heterofermentative

Ampicillin 4 2 4 2

Gentamicin 16 16 16 16

Kanamycin 64 64 64 16
Streptomycin 64 nr. 64 64
Erythromycin 1 1 1 1
Clindamycin 1 1 1 1
Tetracycline 8 32 8 8
Chloramphenicol 4 3 4 4

The table has been adapted from the EFSA2008(19). Strains with MICs higher than the breakpoints are considered as
resistant.

Y hrt not required.
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Table 12. Minimum inhibitory concentrations (MIC) of LAB to antimicrobial agents as determined by the

broth microdilution method

MIC (ug/mlL)

Strains AMP" GEN KAN STR ERY CLI TET CHL
Lb. buchneri MS 17 0.25 4 4 0.06 0.125 8 2
Lb. plantarum AF1 1 0.03 1 0.5 0.03 0.06 4 2
Lb. plantarum NO1 2 0.25 4 2 0.06 1 3 4
Leuc. citreum GJ7 0.5 2 4 16 0.125 0.06 2 4
Leuc. citreum GR1 0.5 2 16 32 0.06 0.015 1 4
Leuc. citreum C2 0.5 1 16 16 0.06 0.015 1 4
Leuc. esenteroides PHI12 2 0.5 16 16 0.125 0.06 2 4
Leuc. mesenteroides DM1 1 0.125 4 4 0.125 0.06 2 2
Leuc. kimchii GJ2 2 0.5 8 32 0.03 0.015 2 2
P. pentosaceus MP1 1 0.5 16 3 0.03 1 4 2

V' AMP: ampicillin, GEN: gentamicin, KAN: kanamycin, STR: streptomycin, ERY: erythromycin, CLI: clindamycin, TET:
tetracycline, CHL: chloramphenicol.

? R resistant, S: sensitive, according to the proposed breakpoints mentioned in Table 11.
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