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Basic Probiotic Properties of Lactic Acid Bacteria after
Being Treated with Simulate Gastrointestinal
Conditions of Acid and Bile Salt
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BeRE

This study investigated the changes in probiotic properties of lactic acid
bacteria (LAB) after being treated with simulate gastrointestinal condition of
acid and bile salts. Lactobacillus acidophilus BCRC 10695, Bifidobacterium
bifidum BCRC 14615, L. paracasei BCRC 14023 were used as probiotics,
and Clostridium perfringens BCRC 13019 was studied in the antagonistic
activity for the selected LAB. Tested items included acid and bile tolerance,
adherence, antagonistic activity, -galactosidase activity, and safety aspect of
the LAB after acid and bile treatment. For the acid and bile tolerance tests,
the LAB were treated with pH 2, 3, 4 acid solution and 0.1, 0.2, 0.3% oxgall
bile solution, respectively or continually. The adhesion assay determined the
adherence rate of LAB adhered to the simulate intestinal Caco-2 cell as the
tested model. Both adherence inhibition and displacement test were used for

the study of LAB antagonistic activity against C. perfringens. Results

showed that L. acidophilus exhibited the best acid tolerance (p<<0.05), and L.

paracasel had better bile resistance than the other two tested probiotics (p<

0.05). All tested LAB had better viable count and survival rate after being
treated with pH 4 acid solution and then 0.1% bile soluion. Adhesive ability

of LAB after exposure to acid (pH 4) and bile (0.1%), shown in adherence

rate in descending order, were L. paracasei (80.6%)> L. acidophilus (9.71%)

> B. bifidum (5.20%). LAB pretreated with pH 4 acid solution and 0.1% bile
solution retained the ability of diminishing the adhesion of C. perfringens (p
<0.05). After exposure to the same pH acid solution, the injury of LAB cell

membrane raised with the increased bile salt content, leading to higher

III



B-galactosidase values. The result of invasion test for safety aspect revealed
that LAB possessed a safety property. Some of the tested LAB after the
treatments of acid solution with low pH value plus bile solution of high
concentration would lead to death. The tested LAB surviving the treatment
of pH 4 acid and 0.1% bile solution still remained the characteristics of

adhesiveness and antagonistic activity toward the pathogen.
Key words: lactic acid bacteria, simulate gastrointestinal conditions,

probiotic property, acid tolerance, bile tolerance, adhesion,

antagonistic activity, safety property, C. perfringens
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(10%-10° CFU/m)
Lactobacilli

Streptococci

Yeasts

Jejunum and lleum
(10*-10® CFU/m)

Lactobacilli Bacteroides
Enterobacteriaceae Bifidobacteria
Streptococci Fusobacteria
Colon

(10%°-10" CFU/g)

Bacteroides Clostridia Peseudomonas
Bifidobacteria Veillonella Yeasts
Streptococci Lactobacilli = Protozoa
Fusobacteria Proteus

Enterobacteriaceae Staphylococci

Bl 2.0~ A 8% 5 i FAA G

Fig. 2.1. Microbial colonization of the human gastrointestinal tract

(Holzapfel et al., 1998)
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YR CEFE 4ok 2157 -
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LEEBEMA P EGLDRE AR RT R ARG SEY LY D
FjHE $ 3 & % A kB het it (Arunachalam, 1999) > 4o 2.2 #75% » § %
FNFPL R A MREEAL AT SN wEH AT F o
RERI(DARRLGFSA QT £ FLEEF  dond F BH
BAFK-BEFC 25 FE QB FLLE LR @E
FEREAMIEEE QRGN S AP B il R E R
oo (6)"F M iE Rk E 0 P RERS B 2 = & (Holzapfel et al., 1998;

Collins and Gibson, 1999; Isolauri et al., 2002) -
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Table 2.1. Factors affecting the microflora of the gastro-intestinal tract
1. Host mediated factors
pH, secretions such as immunoglobulins, bile, salts, enzymes
Motility, e.g. speed, peristalsis
Physiology, e.g. compartmentalization
Exfoliated cells, mucins, tissue exudates

2. Microbial factors
Adhesion
Motility
Nutritional flexibility
Spores, capsules, enzymes, antimicrobial components
Generation time

3. Microbial interactions

Synergy
Metabolic cooperation
Growth factors and vitamin excretion
Changes to Ep,, pH, O, tension

Antagonism/stimulation
Short-chain fatty acids, amines
Changes to Ey,, pH, O, tension
Antimicrobial components, siderophores
Nutritional requirements, etc.

4. Diet
Composition, non-digestible fibers, drugs, etc.

(Holzapfel et al., 1998)
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= . ..
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Fig. 2.2. Relationship between intestinal bacteria and host health

(A

runachalam, 1999)




1998) : (1) & & fF < I |2 #(Gram positive) ; ()% F 3k F > 3)* A%
(nonsporing) ; (4)#& i& & 4 (nonmobile) ; (5)F & 7 FA4F e - 7 7 Ak
Er ~RARMSPRTAY M2 FEFIRIEFERGAVLE T
TERHAL SR (0)F ME RERE M - E R - JLIBRSE
Bo-vn3 §REAELE L gd ks Bt (NiEF 4 pre
B ihs e d & o
i R EFE B B R AR o VRE S L AR

(homofermentative) 2 £ 3] 3¢ fi¥ (heterofermentative) 5 it f) - o 2|3 ¥ 7.5
iR BRORICEF AR E ) B A E E 90-100% > {7 ¢t fE5

73 Sreptococcus - Pediococcus s = — % i ¢2 Lactobadillus % 5/ »

D]
L..ii

{4

‘-Nt

¥ PEFF T AL 45-50%3 e vt > 7 F g Phosphoketolase 1E*

AAPEF -3 PARFE W A% @ Leuconostoc ~ Bifidobacterium

2 3R/ Lactobacillus % F/B R Al # s o E L HFF 40T

A.F A% p%(homofermentative)

C6H1206 . 2 CH3CHOHCOOH
glucose lactic acid

B. 2 A% f%(heterofermentative)

C6H1206 — CH3CHOHCOOH + C2H5OH + C02
glucose lactic acid alcohol carbon dioxide



FREARELA A RL? >0 SAFEHEP L EDRBEL— > S
RV ETT?F\ & T 7+ ~ B (Axelsson, 1998; %,2000) : (1)4azk 7%
(Sreptococcus) ; (2)% 3k ) (Enterococcus) ; (3)5 fé 7k 7
(Lactococcus) ; (4) #:-fw 3% 7 4 (Vagococcus) ; (5)5* &+ #/b
(Lactobacillus) ; (6)# &1 ]/ (Carnobacterium) ; (7)3F # + & F/B
(Sporolactobacillus) : (8)F ¢ 3% i (Leuconostocs) ; (9) 3% 7 /&
(Pediococcus) ; (10)= %8 3% ) & (Tetragenococcus) 5 (11) B 4% #/6
(Bifidobacterium) ; (12)+# £ /& (Atopobium) ; (13)Weissella ; (14)
Abiotrophia ; (15) Lactosphaera ; (16) Oenococcus ; (17) Granulicatella ;
(18) Paralactobacillus -

d 3t e e 27 DNA SRt S B > @i « 4 @l

AA 27

BOEL MRS e A o BRI TR R R G

4y

¥ 7B B 5 e % F#* (Lactobacillaceae) » 7 3¢ + F fet% Fh € A&

ARG ERBEE PR IARE T A 2 EBRE 288 R
S N I SRS Y R AU 8 5L R VI ol
A% fF 0 7 L FBRE 7 #5472 Bacillus cereus ~ Bacillus subtilis % 7 3 #«
# 2 #rz(Yanagiad et al., 1997) 5w 0 » S B A F B2 — - Weissdlla

BRIT BT Ik FE ) o Flt DNA Skt s L5
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AL FAcf A2 ¥ o fak T2 R fEd 0 VR S5 EARR

ko MU o e BB BT CF ~ - § AL B e Fi(diacetyl) «
(bacteriocin) % & F #rF(F* > F4e 3 drF e Z S RANF A S BT
# 7| %% & 4 2 P o(Hose and Sozzi, 1991; ¥ > 1998) - ' s 72 F 48 <
BSEFAN CRIBRFA S EF SR L Y FEF A T E R

LREME ek

5 & 4

3 =
—_— —

hg

wp

A

3-1 2 ek

% 2 F(probiotics)— @ 4 d # * < " forlife "2 & @ % » & % 4 Lilly
and Stillwell (1965)# 41> 2 7d - A dHra 2 v R ¥ - R4 #
AR THE E A - Parker (19740152 5 ~Ed ¥ 5
A Tgrm R GLAL FRE TGS > 2R FME ST BET

2o e F PR E A E o R A AR #h#E % - Fuller (1989)#-4

FooBowd i R% L iR e & 5 Huisin’t Veld and Havenaar (1991)

2 O’Sullivan etal. (1992)#74% 91 : ~fp ¥ ** A fFA 1 @ § 4 chB - &8
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h
3
By
gl

£ HEY SCE HAN AR AT e B E R L)

2 f# > Naidu et al. (1999)R 3% % probiotics i & 45+ 2 g4 *

iR
i

1)1’(

iR
B4R T fr2 i ehficd 47 2 55 ¢ 834 > @ Salminen et al. (1999)7) %%

P AE R A P HRAREF EFTVHELELE

3252 ARE 2 iEE

ST ES I N ER AT HOFRE S HANS SR
7% 2 (generally recognized as safe, GRAS) 7tk (3) & 4 cifik 2 *2 3 it
LR @WHE? F AE B Taat OHFLEER LT &
ﬁﬁ,%%ﬂﬁi@\ﬁjﬁﬂ%jWM%&ﬁi%\jﬁéi&ﬁJ
2R LG R (O R T (L RR L

% (Saarela et al., 2002) -

3-3 52 Fj st

FARAHAMA LA 2 hoB] 2.3 H7on
(D)ads o % % Fie

FARARSEY L3 TEHERESN Y FLARERRALY
Ly AR gl > P HAHEART A4 iEF & (hydrogen

peroxide) ~ #r 7] % (bacteriocin) ~ F% ¢ fis(diacetyl) ~ § % pe (4o ' pk ~ iF &
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Suppression of
endogenous
pathogens.

eg. antibiotic-
associated diarrhoea

Colonisation
resistance

l

Suppression of
exogenous
pathogens.

eg. travellers’
diarrhoea

Supply of SCFA
and vitamins

(eg folate) to the
colonic epithelium

l

Reduction in risk
factors for colon
cancer

Control of Control of
Irritable Bowel Inflammatory
Syndrome Bowel Diseases _
Alleviate
Balanced allergy
immune symptoms
response in infants
Normalised f
intestinal Strengthened
microbiota I o !nnate.
composilion mmunomodulatio —»| immunity
Lower serum
Probiotics cholesterol
Bile salt
deconjugation

Metabolic effects

/V

and secretion

.

Lower level of
toxigenic/mutagenic
reactions in the gut

"

Bl 2.3~ F 4 Feni B oo ok

N

Lactose
hydrolysis

Improved lactose
tolerance

Fig. 2.3 Proposed health effects of probioitcs

(Saarela et al., 2002)



P Opk)E i Frdlm B 0 E T G705 i B $oh3t »2(Bearson et al., 1997,
Ziemer and Gibson, 1998; Steer et al., 2000) - ¢ F ¥ 5 @A~ T HEF * IR
FEXAREIANE IR ARE A EB T A (de
Vrese and Schrezenmeir, 2002; Olivares et al., 2006; Yamano €t al.,

2006) 0 ¥ ¢k g E-HAE * 2N § B B 2 s (Biller et al., 1995; Majamaa
etal., 1995; Isolauri et al., 2002) - P 70 & FF ¥ 3 »ci& * B 224G
(infantile diarrhea) ~ #t2 % 3% % 7| "L /& (antibiotic-associate diarrhea) ~ *=
{7 4 21 "L /A (travelers’ diarrhea) ~ C. difficle 5[4z 2 £ 3 2 )2 %5 { (relapsing
C. difficlecolitis) 2 d & 3 4L/ 4| T R 7 #7514 5978 /5 (foodborne
pathogenic diarrhea) % (Fooks and Gibson, 2002) o ¥ ¢k & 4 ¥y * 57 %
15 F #7504 % X (Helicobacter pylori gastroenteritis) (Felley and Michetti,
2003) ~ ~ % & Bk i ¥ (irritable bowel syndrome, IBS) ~ 5 ¢ 127 i 7
(inflammatory bowel disease, IBD) (Marteau €t al., 2001) ~ & 3k Ik Ff£ g X
(Candida vaginitis) (Reid, 2001) % j& 53 g % (urinary tract infections)
(Reid and Bruce, 2000) % & 3 7# 45 c3f [# 3% o

(2)f £ & iE %

RN ER

-n\q.

LS IR PE e RO T e o & IgA R R A 4 o

11\
"lh

)

T A 24 y-7 3 Z& (v-interferon) > R Rk SR e LR 607 =

(Ziemer and Gibson, 1998; Steer et al., 2000) - 17 & X i} & M4 iF 575 I 3 3
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vz ABF > R E LA F BB rdEe Th2 £ £ F & > Th2 F]4 & IL-4
(interleukin-4) ~ IL-5 % IL-13 & w3l Vﬁ’ # 14 %= i Ik (eosinophils) ~ ‘”’ i [

w *2 (basophils)¥? 57 + ‘m*z (mast cell)# I % L =% > it wme ¥ H fhes
IgE £ 2% @ 51 423ack & o ¥ ¢h > [L-44e IL-13 ¥ 838 B fmre it {7
Flll chle f8. %) 7 3% (isotype switch) » #i$ 1) IgE #2488 » 3 3 4o i % Pi 7R
¥ IgE & (Schultz-Larsen and Hanifin, 1992) o #& T m#z & it e 5 Hp > %’ﬁ
d dmPe gk a1 ¥ Frd) Th2 end & & & 0 IFN-y (Interferon-y) ¥ & -©
IL-4 % L8 » ¥ 3rd] B ne i 7 Pkl chle 82 4% 5 TFN-a 7 3 4o
IFN-y ¢4 4 > #3& Thl s £ £ s> % M IgE shA 2 ;5 & ¥ 4 FAI7
B 4v IFN-0 &2 IFN-y ch& 3 & > A% Thl chd B F &> R B acak
& > 4rBB] 2.4 #75 (Cross et al., 2001) - Majamaa and Isolauri (1997) % 3R
¥t EiEaras 4 &% L.orhamnosus GG 8 » st 49 i 5 2 & H ¥ 5L 7.0
PR AL EF B RIS i A InE AT % o
(3)Hrie
LFrdl 4 3 1 & KR e 2 4 3

AMBE? e P i AMAY GESERELF P ROREEE S

At FHEP R AF AERASRRAFEH PR EY
B-glucuronidase ~ nitroreductase ~ azoreductase ~ urease ~ * glycocholic acid

reductase ¥ fi¥ % kR M 4o m BRI d h2 = 0 W e BB Y Rty
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LAB-denved higactive
mu:ﬂecnltfs {e.g. LTA, PG)

! Patlern-recognition PI"D:EMH
& / " receptor Anti-allergy
5 IFNy

Lymphocytes X

— v
- .
f *  Pro-

| Th2 cell | allergy

LY !
PRI |

IL-3

Bl 24 54 B F AR F s Fuilacis il

Fig. 2.4. Theoretical model for anti-allergy mechanisms for
immunoregulating of probiotics

(Cross et al., 2001)
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FoBBEAFNEY NG EMN ERBFEFLETY PR A
0 3R et € (Bodana and Rao, 1990; Ling et al., 1994; Spanhaak et al.,
1998; Wollowski et al., 2001) o ¥ *F pESg S & 24 F i #Hs P74 4 chimghry
AL o SRS P L lmreTis o VI A A lmre 2 it B KR o ¥ m4dTy
SREAT 'E A iE Y 2. pH B 0 F] @ F MBS R 4 S (Youetal,
2004) - T E KRFRIKAL T FERRRr 20 d > F I RERE
F 5 AT % Trp-p-1 ~ Trp-p-2 > MelQ ~ 1Q ~ PhIP % $ i & "% i1 H 4p
¥ R % 1 (Morotomi and Mutai, 1986; Zhang and Ohta, 1993) > # % & & #
BRAMER - RRXEPEE ~pH &2 £*% BFF 5 M (Sreckumar and
Hosono, 1998) -
2.7 1% M T Fg

FrHER  #MEI &Y 3 3 ¥ > 4o uric acid ~ orotic acid %
hydroxymethylglutaric acid € % <% p» pH & > % pH &/ * 6 F& » "2 5
5 ¢ &2 3 % & 4)°% % (deconjugated bile salts) £ Fr Uik 3 5 & i — A=
Ao b e ,{ﬁf d % 375 Ik (enterohepatic circulation)z. £ 4] * > i&m &
e e EAML 7o e B ER o ke RAM T
(Klaver and Van Der Meer, 1993; Jin et al., 1998) -
3.8 05 43w

F ¥ it (lactose intolerance) ¥ 4p 8 p 4% £ & 5 > & chft s
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(lactase) » 14 Ik & i A fRIUHE » AARS T SRR » < 18 g A P
A B A TR s Z F LR dF 2 CEAR AR BB AR R
FOMBERY c FARMIZPLIIBEFT RS AS LSRR
2OEE L R PRSI A R P s e S

7 @it e (Salminen et al., 1998; de Vrese et al., 2001) -

(DA = = ¥ 5PN FF

B FFES R EFERREACTP FAEAT A Z X FFQ)
PRI D SRR R T BT e 085 R RS FE S
EHFME G ER O RY  Ne sk R FLET (08 B
SR LEEFANT I RS Py R 4 H Rl

GIcER ERF T 3SRl LRI SR ER S SR

@

7 (Fuller and Brooker, 1974) -
AT i SR AR (I TR

Coconnier et al. (1997)4g &1 3% i 5 it it & i 4 o #H2  1
BASERFAT F Aok PRFTAL 23 AR T 4R R B
F i3 ~Bc [~ $rFE > reuterin ¥ o
)@t % a2 o T g 4

""K/w\,{y'L*”li-ﬁ/Xr}I% ‘;Ej__ M'r/}’;fﬁ/xl?]j\j/ E‘Fé-ﬁ?‘ﬁ,



e H 4 ETRE pH & a0 32445 F)pt 3 ¢ 2 i pH 8(2.0-3.2) 2.8
MH %5 & Fl& 2 - o Toitetal. (1998)7 12 % F i pH & 2. MRS broth
i 3 g 125 ik F R e Gilliland (1979)45 21 Lactobacillus 1% # 2_ 45 4%
- N R
(4) 8 5 AL v g s

Hed B BB HERSE L ARG S NN AR LK
H F 4 7% (Annika et al., 1983; Fuller, 1989) - 2F % # # ¢} 2 4 RPN R 5%

g%k TRAISC ALY E T A ez Sf(Bemet et al., 1993;
Berent-Camard et al., 1997; Tuomola and Salminen, 1998; Liévin et al.,

2000) -
(5) -3 5 7

Savage (1983) 45 i Lactobacillus spp. it 4 isfE% > A f2% i 4%
b endki% 39 (mucous glycoproteins) » & f* H T 5 it £ kik > &7

Pk B A -

352 A~k

ARk ERS T - BRI EARRERT B
Lactobacillus ¥ Bifidobacterium = & % o £ 4 {3 A ¥ 05 01 5
¢ Aol R s FUR AR ~ GofR o~ FUR ~ ki A 3 (Krasaekoopt et al,

2003) ) FF R AFMEES  FEEL CBEE CRE BB AT g
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P SRRk ¢ R ohic ik AR A A48 F A2 &(Mattila-Sandholm et al.,
2002) o pt by 3 2EFUEL AR 2 F 4 FBRde Bacillus cereus (toyoi)
(Homma and Shinohara, 2004) ~ Propionibacterium (Holzapfel et al., 1998)
oA SR NABWE S G o AR W2 E o £ 22

v

SE kT E 2 HA S Fk

3-6 F%,‘ fis 5 fe 1% F#)(Lactobacillus acidophilus)

p%fﬁgg'bprﬁ& FletAiriFBEE 2 28 FILBRE
Bl 5 A A2 g5k o F M H e 3 S A e s A(de
Bl 25%7) % 15CT 2 €2 & bl 4 LA S 3538C2 74
Evi4 pH @2 "2 @7k ¢ (Guptaetal., 1996) « » FthE § 5 48F & ¢
2 Foano FPLEF B F K43 4 L 5@ (Hekmat and McMahon,

1992; Prasad et al., 1998; Anderson and Gilliland, 1999; Ishida et al., 2005)-

3-7 v 3E4% gt & F(Bifidobacterium bifidum)

Eu s A5 i ¢ ¥ F/B(Holzapfel et al., 1998; Chung et al.,

1999) » (¥ & * *+F 2 A & ¢ (Prasad et al., 1998; Acharya and Shabh,

2002): 5 * A3 ~ H EFH

=

+2 ERFAHBRE 2 KRR 3743
B o v S B A AMAIRE R § A0 Sk ZRiER S e AR
AR LY FAEVFAET G-

F Sol A EAN TR Rfel s S o
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%22t E 2 AA &L FHR

Table 2.2. Microorganisms applied in probiotic products

Lactobacillus  Bifidobacterium  Other LAB Non-lactics

species species

L. acidophilus B. adolescentis  Ent. faecalis Bacillus cereus (toyoi)

L. casel B. animalis Ent. faecium Escherichia coli (Nissle 1917)

L. crispatus B. bifidum Lactoc. lactis Propionibacterium freudenreichii
L.gallinarum  B. breve L euc. mesenteroides Saccharomyces cerevisiae (boulardii)
L. gasseri B. infantis Ped. acidilactici

L. johnsonii B. lactis Sporolactobacillusinulinus

L. paracasel B. longum Strep. thermophilus

L. reuteri

L. rhamnosus

(Holzapfel et al., 1998)
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15KU B6.5K¥X 1.54M 4262
®] 2.5 ~ L. acidophilus z_ # 45 3% T + B ACE BI(Pc ~ & F 6500%)

Fig. 2.5. Scanning electron micrograph of L. acidophilus (magnification
6500x)
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F§ 1% s (Laroia and Martin, 1990) (4] 2.6 #7751 ) ©

3-8 &l 4t fe 3t a4+ (L actobacillus paracasei)

BRI BERATEHEEIN 2P ALY > S2L3 2 LEH
B2 2 AR ARG, H’T\fil?]’ﬁft"*k t (4o @] 2.7 #777 ) o
VURe RIE R URPEAR ~ PRRAEARES SRR MRAEM O N ALE
fe ~ P2 - ¥ ”T;?i‘/?]‘?* T E 2 FA & ¢ (Juntunen et al., 2001;

Peng and Hsu, 2005; Marzotto, et al., 2006) -

Y& REREAYIEaEeg
4-1 3 [ F2 W 3

UL mEAMAT T B R 5 FE O H A pH B 2T 2 @t
MRk s A MR B(pH2) TR B IE 2 KBTI o Tk A
1i87 3 pepH B g€ » § ¢ 2 Sh et » P A e B
Bl- 4 pH1.5458 2 FF»d 6 gy ¢ 76582 i 2 7
Fafo - 2 g pERFT5% 2-3 ) pr(Insel etal., 2001) - 3 faz (- F
B FIM BRI B S AR & 2. o de Manetal. (1960)i *
Fit # MRS broth 33 # 2 pH 3 2.0-3.4 2 4534 % B Fth2 578 5
Berradaetal. (1991) 1 5t Sk EZ SR ez B 2 A G % B2 7
RS N F P2 S F %A Toitetal. (1998) ™ #ptsd B2 - pH &
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15KV 180.8KX 1.0808M 2834

(it > 2006)

Bl 2.6 ~ B. bifidum 2_ 745 3* & + B BI(A)EE 425 i (e = B
6500x); (B)Y F 353 is (3 = & & 10000x)

Fig. 2.6. Scanning electron micrograph of B. bifidum (A) rod shape
(magnification 6500x%); (B) Y shape (magnification 10000x%)
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15KV B86.5KX 1.54VM 4263

B 2.7 ~ L. paracasei 2_ 45 3% & + B ACAL B (3~ B & 6500%)

Fig. 2.7. Scanning electron micrograph of L. paracasei (magnification
6500x)
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¢ MRS broth 12 i 7 e 1 B Hk 2 i 1F o Btk & & 2 BpL 140 5 4o o7

Tr AR Er 25T LA ER PR A

BN R P B - A F] S 0 RO BRI N T R
P PFF LR &9 > Gilliland (1979)4p 1 Lactobacillus %% % 2_ 1544
SRS EL M AW EREERIER A2 FIE A A WY
groEAER Y A = B #cdp(Gilliland, 1989; Lankaputhra and Shabh,
1995) & g & P L s LR PHMGiE A L BT 1R
FIr AR TR T A D o i F 02 P (oxgall) o A 1R
(Klaver and Van Der Meer, 1993) » # = i» # 3 cholate, deoxycholate,

dehydrocholate, cheno- deoxycholate, glycocholate,

glycochenodeoxycholate, glycodeoxycholate, taurocholate,

taurochenodeoxycholate, taurodeoxycholate % - &% £ <2 Atk
iR GvERER T - 0 HIERFFY S 0.05% - 4% (Mayara-Makinen
et al., 1983; Suskovic et al., 1997; Garriga et al., 1998; Kimoto et al, 1999,
Noriegaetal.,2004) - 285 P 28 ER § % > RHTIHENE 0.3%
(Sjovall, 1959; Gilliland et al., 1984); F]pt p 5 #4735 12 0.3% 4% i ¥
e 5 ok B G2 (7 4P B 325 (Gilliland and Walker, 1990; Noh and Gilliland,

1993; Chateau et al., 1994; Hyronimus et al., 2000; Mainville et al., 2005) -
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4-3 5+ F5 S I e 23RBS
AR A e PR T S R R R 0 e A B
+ A e R Int-407 > A B E S HJTU% ‘m ¥z tk Caco-2, HT-29 (Tuomola and

Salminen, 1998; Bibiloni et al., 1999; Gopal et al., 2001; Fernandez et al .,

2003; Tsai et al., 2004) -

Caco-2 cell line A& A L& * ¥ A W wie hle Sfost i 7}
(Zweibaum et al., 1991) » & - $kd A Fg2 %5 ’9;]1}%“#/} AL N LER 7
HIBEAaw AR EE A st T ARSRYE
M > & F5H& i (polarization) ~ & ¥ ¢ (LR SR L 2 i P R ok
f2f% % % (Pinto et al., 1983; Hauri et al., 1985; Peterson and Mooseker,
1992) » F]+ Caco-2 cell # 3% 5 A_{% > i e e 5 » & £ 7 7 o
F ¥ e e o iR o~ 20 4 b i A2 dofk i 03" (Chauviere et al., 1992a;

1992b; Gopal et al., 2001; Lee et al., 2003; Matijasic et al., 2006) -

¥I& PREAMAF 20K F(Clostridium perfringens) 2. #4454
T
5.1 1:?_7‘? i—“g‘sﬁfxﬁ:la hx
A F & 2w A 5 85 F(Clostridiumwelchii) - 5 A2 32 ~ 3
Witz & FURE BEEE H AL AR 2.8 47 0 7 21 20-50C £
£ A

Bl

'5;

RtrF EVALL58AB-C-D-E)" BizrH
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B 2.8 ~ C. perfringens z_ 445 ;% & = & fic 4t 1B

Fig. 2.8. Scanning electron micrograph of C. perfringens

(Zhang et al., 2006)
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WRRRAIE R EFSEY B R LAY S hg Y
i F R T AR R S TR Y AR o FAER 3 ¢k 20%
et ardrd] > § pH B30 55-8.0 2 B ~ 2% NaCl prx 7 ¢ frq|H 4 £
% NaCl k& & 6.5%FF » P ¢ PP Bg$r4] 2 2 & (Krieg and Holt, 1989) °
AF XK F S oG Y ¥ L aURy 3 A (Pyrtek and

Bartus, 1962; Shimada etal., 1977) 2 &% ? A 8B 24 2 7 2
e A2 ey o RFpHEsey FE(3E 0 1990) 0 FFs 28§ 57

FDRFIFEZ— ViR BFFZ L[ LT A R aERY
X 6-24 [ PEo B IRPE € ok PG E PR VR sk o B FHE
AP BBl REAYTALZBLR 5 A ORFIEF AT T EE

FLt I I AN > A S BT RIS I E RE Y o

>

AFRWREFNTF FLHBNRE T T T B ER S B
1At R R B A G AR AR e ) G i
% Aied ARG F LB 3 B 100C g 1L S T

T FL s F Y 2 B A e Rop (B E 0 2004) o

(2) % » - (invasion)
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W R g A eRF S I%«‘If?']é‘.éﬁf’f # B BoKfRpE£ > A 2 a-toxin

h
A

ffrg' y
B a F AL FIREA R F B ¥ L 3 F(Brynestad and Granum,
2002) © a-toxin H_— fAF A fErf L # 40 o T F CPERYG S A ST e
(phospholipase C)» FI}! ¥ 3 3 F L 'w% ~ 2w 3R v 0 2 IR E o | > i@
SR P R F AT S 2 w0 T i e BE 2§ PR
FoOBLREE GRS

Fips ~ pLIRPaps &2 9 Bev R ¥ KRR

EH R (FF 0 2004)

53 5“7k 2 A pop e
TR D G AR B GRS R Y 0 & 9 FR(Beachey,
1981; Finlay and Falkow, 1997; Scaletsky et al., 2002) » ]+ #4155 72
ST AR E R A2 2 g (Tuomola etal,, 1999) 0 & 5 3% 5 4 1 ¢t
AR LR AL E T FrblgE R FE R R S w72 (Coconnier et al.,
1993; Bernet et al., 1994; Lee et al., 2000; Fujiwara et al., 2001; Gagnon €t
al., 2004) o 5 R 2 F] SV SRLS A A Pt E 4
%‘ﬁ o 21 ) S X B 2 % 3 B 4P s(steric hindrance) ke H
% ¥ (Coconnier et al., Tuomola et al., 1999; Fujiwara et al., 2001, Lee and

Puong, 2002) -
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Fo8 PEREAZPEBHRERL

B 5 4k 3 fir 7 #-5 4 (lactose) & 12 § § # (glucose) fr % 5 4§
(galactose) » 4-f] 2.9-A > F 4E% Hagiut v § F B-L by pecng &
1 » o-nitrophenyl-B-D-galactosidase (ONPG)E_f* #& s i ffig 4 » ¥ 4t
-2 F ¥ H fF 4 f# = L 5 f{c O-nitrophenol” 4] 2.9-B-ONPG 7 & ¢ >
e o-nitrophenol A& mT & F & o FpLplTF § A2 F > T4
BRI L ? - FUBEF AR (2 0 1999)  Taranto et al. (2006)11] *

BT P-L AW PRk 2T PR R 2 AR R R e R S

EI@%L%Z%K 0
= & 51;&';?—_—]“_9»_@“ TR

s

éiﬁ—ﬁiﬂ,ﬁtﬁﬁﬁ/rm/fy&‘i”’ nﬂiﬂ’ﬁ—"%“%—ﬁ;’— S

b

&
\

féﬂ”ﬁ X A K m;:lg mFr M E A E B A FE B AL
T BT R - R t2.2 g 41 (Urao et al,, 1996) - fmFik » ¥ 3 iS5 B
WA R LA E G 0 FRF 7 i & Preceptor 0 4 F R
SR dmie b 4eR] 2.10-A 0 FE L E ARSI N e poo < 5 FHE
A g i@ dn¥e i cytoskeletal 3 4 £ 0 R FMEiE » e ¢ (Tangetal,
1993) (B 2.10-B) » A5 #7502 i~ 2 B A7 )7 4 RE o3
B R A R Y 0 B3 L B ARrer R R A - K

B i m”p{f’]”ﬁ PR MG E T o dmfe o e F Ao Pt 2R E Y e oo
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(A)

CH,OH CH.OH H
HO B- galact0s1daseH O O O[—I HO
OH
0 OH

’O“

CH.OH CH.,OH
LACTOSE GALACTOSE GLUCOSE
(B)
CH. OH B- galactos1dase CH OH
: +
0 NO,
ONPG GALACTOSE O-NITROPHENOL

B 2.9 ~ B-galactosidase ¥ 5 #& 2 ONPG i®* {535 o (A)F #E-K f% »
(B) ONPG -k f%

Fig. 2.9. Lactose and ONPG hydrolysis by -galactosidase. (A) lactose
hydrolysis; (B) ONPG hydrolysis

(% 1999)
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B 210 Sp FRRHE L L e B2 (AR FL TR g L
oo iga BRI e (B)
Fig. 2.10. The invasion process of pathogens invading intestinal epithelial cells

composed of (A) adherence of pathogens to the intestinal epithelial
cell surface, and (B) invade the intestinal cells

(#1. http://basic.shsmu.edu.cn/passw/micro2/jxnr/cn/6.ppt)
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FIBRA Y B (s #-dm e L 3 ik~ v 2 Ffi(Tang et al.,
1993) o ¥ ’7[~J,' ?? ?l’ %477 Fé%}’l‘_l-— 4 éll]]\ ﬁrggi I/)%)‘ lI‘i ’ %—)ﬁ"’:r—r- 7

Fitkdk & 504 15 0 Bk ~ 9 8% R 5B #i(Seppa, 1989) ¢

LS

NG BT R
LA A AL B YL AT L WED S 2 SR I o
2GR R R EE L F 4 F2 5 F(Prasad et al., 1998; Chou

and Weimer, 1999; Fernandez et al., 2003) > £ & - # =i H § 7 & %t

v %?'J_E_if?]’ T2 paE g

G
a\\
o3
—4
\Fﬂ
)
e
@
x
B
A
L!.\..
@
PN
N
o
e
f

BT BB ER  RETE L e MY S g2 8
RRAGFE o PEFEE RN GG 2B A 0 LT 08
SN E L AR R SRR R Ay SR

e bkt R b RN @

1-\

@R 2 2

ETIRN

¥4 & B Ph

AFPTHS EF A AAST e 7 & L. acidophilus, B. bifidum,

L. paracasel * > #3152 FEE 2 ERG  r G A a2
VR R A AHE 2T BT TARIRCERS G i A Lk
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B F)G G S H AR L P E 0 2 FRE AW e % b

>

o BAGREERITY 2 AR T v R - FARE A

F2Bk -
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R T

2-1 # % FH

(1) Lactobacillus acidophilus BCRC 10695
(2) Bifidobacterium bifidum BCRC 14615
(3) Lactobacillus paracasel BCRC 14023
(4) Clostridium perfringens BCRC 13019

P ARTED 8 R EFEFL AT AN o

2-2 ]?:]’}’%/p L % i_!‘.
(1)de Man, Rogosa and Sharpe broth (MRS; Difco Laboratories, Detroit, MI,

USA) -
(2)MRS broth ¥ #* ”T 4v 0.05% (w/v) L-cysteine-HCI (MRSC; AppliChem,

Darmstadt, Germany) °
(3) GAM broth (Nissui Phamaceuttical CO., LTD, Japan)

AR A ALY bk 4c 1.5% agar (Difco Laboratories, Detroit, MI,

USA) » % B® H(121°C, 15 min) £ fris T8l & F iz % 4 -
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— R

——— AR

———— apa e R

g

it i ol e B 1S 2

A AR

> g Ho= | ':’LE‘-! —‘—"11T é’? ",i:@_g:—f/;:""‘
AR A PR A #

. B e 2 R

—  (prophylactic effect of

ip B A R adherence inhibition)
(F#4le) FUpe Eﬁp» RAF R ﬁ

E R LS

firt i et P B £S5 2
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2-3 it * fmiz ik
C2BBel BCRC 60182 (human colon adenocarcinoma, clone of Caco-2)
PR S R1EXEBEFT YT Arod o

2-4 wmretR2 2B AR
90% Dulbecco’s modified Eagle’s medium (DMEM, Biochrom AG,

Berlin, Deutschland, Germany) ~ 10%75 2 & 77 (fetal bovine serum; FBS,
Biological, Kibbutz Beit Haemek, Israel) ~ 1%3<4 %
(penicillin/streptomycin, BioSource, Camarillo, CA, USA) ~ 1% L-glutamine

(Biological) °

2-5 etk g2 A%

5

%2
80% DMEM ~ 20%%: % 5. 3% ~ 1%4224 % ~ 1% L-glutamine ~ 7%

3£ #| dimethyl sulfoxide (DMSO, Sigma, St. Louis, MO, USA) -

A2

£

1

5 9 o FHk2 B A
d & 51 ¥ B oreTELE 2 FBk 0 A %12 MRS broth
(Lactobacillus spp.3: % #) ~ MRS-C broth (B. bifidum 32 % )% GAM
broth (C. perfringens & % # )% i* = = - Lactobacillus % #c 5 & % >

B. bifidum 4= C. perfringens & * R 3 % 40K § #& & (gas-generating Kkit,
Oxoid)> #7F Btk & ¥t 37°C T /& 1 45 % o #-7% 1 2 i 4w (8000 xg, 4°C,

15min)fé » ERTRIFFHE A K ? 0 0 1] B g F2 20% glycerol 7%
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A ESEE Iml BIFRETEF-80C THE Y o Fkw AH B

MR B 1% BAEBBRGER ALY 20 37TCHE® 1624 hr -

Caco-2 2 > 37 C T R 2 » 4c »F3TH B R AL P R L5 {8
# »~ CO, 3 % $#(NUAIRE, NU-5500, USA) » 12 37°C, 5% CO, & % - I
PR3 & AR A DMSO 4k k] o £~ AT & o M

Fr37C,5%COr % » AIEd & { w2 % A o
4-2 e N A

Fwmed EZRRR(GNAB)E THE LA IR £ ALY o

HA 2L BERZRR “f » 12 PBS buffer (phosphate buffered saline)i i

fm* 22 0 4o~ 0.05% trypsin-EDTA i3 i (Biochrom AG)** 37°C i * #&

Qﬁ’iﬁﬂ%ﬁﬁﬁm%éﬁﬁjﬁg’%@%ﬁujﬁ%jﬁﬁ’
FlAer FEZFITERE S A PRt igme @ 0 R L3157

i bIfFR I AT AT 0 k- BB R FRERE L -

4-3 e R4 R RTE

fwie Rz 4 s s i 2 & ) (log phase) ~ ) 80-90% & %



BEFa@IRETRE g ARwe B33 423 Binie fricd

chimi o — 3 G B R R e R R 0 V- 2 G B

—_x

% 3o (1000 rpm, 10 min) » & & ¥ i > de xR dw i 0 3 & A (Ve
ek B30 % 10%cells/ml) > iR £ 385 (55 A 304 0 iR FEYEALK

[N E NI AR EIAN QL 2R HAS s %13 F £ 4°C, 10 min — -20°C, 30

N

4-4 e J & B3tk
#-20 pl o 7e 57k 22 20 pl trypan blue (Biochrom AG) ¥ #8 #% /2 &
P20 puli® & » o 3R w030 100 B 3] 2 5 AR g (Olympus,
[X71, Japan) ™ B2 fic o Bme A AL d > S me P 5 Ed o rikr &
S e ms e R e o A e B R 10° (S g
< R A 10" mm’) » L E ml ? e F Rk 2 de e ik o
(2 % 3 2 5mv Bl 4) x 2 x 100 = % #/ml

Bk e - (P e o+ e Bi) X 100% = T F

4-5 twre 8 kg2 2 %
~F % %+ Coconnier et al. (1992)#7if 2. = ;2 » #-%NE £2 o
o derdmiE A P > A B Er ¢ kR 5 3x10%-3x107/ml o 3t

37C,5% CO e % 447 B % » A 1EA X { #ITHEE R 3 1w,
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L

R

PZHEW BHARAE M ERERET AR -

S

FI& PRAWK - ®EREY
5-1 wfpediase
* 3R 5% %% Hyronimus et al. (2000)# 7 2. = j2 i (7 o ¥ it 3 75 v

AR 2 R 12 8000 xg At 15 min v € * & f PBS buffer #* i /18
P = o £ 3% > PBS buffer ¥ o #-0.1% peptone water 12 3.0 M HC1

> w3 L pH 2.0,3.0,4.0 2 @ik 40 A w4 ~ 1 ml (4 Nx10° CFU/ml)
RFFA®* 10mlpH2.0,3.0,40 2 fz? AR Bia@ 2dn 4
(LTAN SHEN, LUS-480, Taiwan)!Z 37°C, 150 rev/min & #F# % 0, 1.5, 3.0
hro ¥ #- 1 ml % i Fi% 4 » A3 B pH & 2 0.1% peptone water » **4p &
T A o T L4l (control) o TFF {82 R E 0 MR T r 2 ik

KB AR L B BRL B ARRE Y H L 58S 5 - fRef

5-2 e R

w7 s Y bR Fk 4 8000 xg At 15 min > # * & A PBS
buffer #* & FHAMKY = & » £ £ A7/ 5> PBS buffer ¥ o #-1ml (5
Nx10° CFU/ml)f& ;% Fik A A~ 0.1%, 0.2%, 0.3%2 oxgall bile (Sigma)

B it (PH7.5)¢ > 12 37°C, 150 rev/min R F 3 4 0,1.5,3.0 hr = ¥ #- 1 ml
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RFFR 4 ~ 3 7 "2 2 0.1% peptone water ¥ *T4p e iE 2 T 8RR 5 0¥

FITNS

P ElE e TER (S 2 g RE T AR ROGE L T B 2 3R

JE - REPERZ L R e

-~

o

2
N

i

BTt EH 3 E

.n
4

53 @ S alps - oo Rk
i 5 1 R Bk 2 8000 xg 3 15 min > i * & F PBS

buffer #* & FMAMKY = & » £ £ A7/ 5> PBS buffer ¢ o #- 1 ml & ¥
% A w4 » pH 2.0,3.0,4.0 22 f&ie ? 22 37°C, 150 rev/imin & 3 & 3.0
hrs 5 #- 1 ml & i ik 4e ~ A 33 5 pH i# 2 0.1% peptone water ¥ ¥ 2 47
Fhe s TE* {52 4k 53 8000 xg HEes 15 min o I E-F R £ ATR 3 PBS
buffer ¥ - 5 & piR 7% 2 2 RiFFRE # 94 > 0.1%,0.2%, 0.3%2
oxgall bile (Sigma);z ;& ® » 2 bikfple iE 2 27 % 3.0hr> ¥ %1 ml
RFFRAe » 3 7 P23 2 0.1% peptone water ¥ 1T L Fpdle o TEH 152
g NHRET g RE L T ER 2 3RS EH 3R

F - H e F hiEsk o

& (% P2 5 7% F#(CFU/ml)
4= 4 ] #<(CFU/ml)

|-

x 100%

T
da

A

= & 3}%;13*,:2,‘;]“‘:1!;:}@_15 i

6-1 HoERS G 3RS
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3% %% Matijasic et al. (2006) ~ Lee et al. (2003)% Gopal et al.
(2001)2. = % o #- Caco-2 cell monolayer 3¢ £ 12 0.25% (v/v) glutaraldehyde
(Sigma)# 7_15 min » 2_ {4 £ 2 PBS buffer ;&% cell monolayer = =t » £
Fipee? 742 52 DMEM 3 4 33 % L5 heo 1% 3 080 i i ihgs
Bt H o MLRE 2 FUELFFR 0 2 8000 xg &t 15 min {8 0 12 PBS buffer -
i o FEFTRIEN T FE 22 DMEM ¥ - A F B 3T
glutaraldehyde % Z_ 2 Caco-2 cell monolayer sowell ¥ e » 1 ml 2 5[k 7
(5 10° CFU/ml) > *t 37°C, 5% CO, ™ % 2hr> # 4 1 PBS buffer i
i# cell monolayer I =t » #-A B f$* monolayer + 2. Ff8iE L » £ 12 1%
Triton X-100 (Sigma);% /7% 4 f# Caco-2 cell monolayer: #-well ¥ 2_73 % 14
BRIk F- R %k PP B Awgg o d

5 O\ .
FE e

SO T e B Y #0EB(CFU/m)

Y xﬁ- 3‘ =

x 100%

74 2 fwve B W S #(CFU/mI)

¥ - = B Mt Bk {4 ¢ cell monolayer 0 2 95% methanol (TEDIA,
Fairfield, Ohio, USA)#- ¥} monolayer } 2 FHRH (¥ * 30 min)> 2
fs ¥ ",f methanol » £ 14 PBS buffer /i cell monolayer I ** & ] 1% -

PR Fr o RIS FRLE o B Sh 5515 1Lk B B (Olympus,
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CX41, Japan)@. % ”p{é’lﬁg A o

6-2 @ Faph ~ wt PR R 1S WO SRR

ho bt 5-3 22 MR ARG LR IEY (5 M7 R
P2 F Ip kR 2 R iR 12 8000 xg # 15 min > & R 0 147
514 %2 DMEM € 37R G FH 0 % 6-1 = j2 & 7 10 i R
S 3 ¥ P~ DMEM 2 RF iR - g i 2 e Rl o 157 122 %08 Ak

AR FORFTZEREK e A E O 4T

ML ERG A Eh ST
‘wee 5 K W4 e B(CFU/ml)
B v o = x 100%

I TR F ¥ S TS

w¥e ¥ R Wb i 78 [ #(CEU/mL)

Py

¥ 8 PPRERBIRRFL R
7-1-1 F*p I C. perfringens R #0355 i Jof7 2 385 (prophylactic

effect of adherence inhibition) — ##| %

Wi

1
-~

B3R5 2 4 Wadstrom % (1997)2 = 2 K 7 o B35 5L ik AR
A i3t Caco-2 cell » 325 H 72k C. perfringens =% % wmfz 2_4c 4 o &4
#- Caco-2 cell 12 0.25% (v/v) glutaraldehyde % _15 min> £ 2 PBS buffer
& % cell monolayer = =% ’#%—‘?i,"]t A Z4d 22 DMEME & 212 % 1.5

hr o #3858 54 fe AR 3L 18 > 12 PBS buffer i i Ff ik = = » £ 143
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7z #12 % 2 DMEM #-FA# & 37/ % - ¥ ¢t % C. perfringens Fix &
fluorescein isothiocyanate (FITC, Sigma) % % % #/(2 mg/ml) # #f# R & >
¥ 8% 20 min > 4% ¥ e 12 2§ E FITC > £ 14 PBS buffer i 48
AR 3 wH EATRIEN A $42 22 DMEM ¢ o % 1ml (4 10°
CFU/ml)¥* p& /% v » % 7 Caco-2 cell monolayer 2. well ¥ » 2 37°C, 5%
CO,3¥: % 2hr» = ",/TT ¥ & % ¥ 2 PBS buffer B % well T = » 114 K,/TT A R
"+ cell monolayer + 2 F%E > 28 {54 » 1 mlI FITC % ¢ 2 C. perfringens
Bt (49 10° CFU/mI) > % 37°C, 5% CO» 32 % 2hr » % 32 % it 11 PBS
buffer % well T = » A E AT FL M o Kie R " FLHRE
(Bio-Tek, FLX-800, USA) 1 i & £ 485 nm frdgs i & 528 nm i B4k
&2 ¥ & 3 & (fluorescence density) @ I 12 3§ b B ki dp R % > ¥ oM #]
B AFEAS IR F 0 24 > FITC % ¢ 2 C. perfringens 7k &
(LAB-free) » e PFip| e H F kR o FRp R B2 3283V F w55
P Atk s kR A7 R Az FLFRBAE £ R 100 0 TR
SRMEREL S LHA BT S 100%  FH LM AL B BlA A
g L st Caco-2 cell b 2 FUpL Ftkae 7 22" # C. perfringens $t

Caco-2 cell 2. 2% -

7-1-2 3+ E FFE I C.perfringens &8 #5378 % i w2 3% (C.

perfringens fg L U e 2 2 g F AJR) — HE ke
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AEE 2 %% Leeetal. (2003)#rif 2. > j2 ki {7 o ARok R p
BN BRIEFAC T LE NG e b kA 2
B~ R P 0 BT Y T e @2 s Fpatpl el
EEk L RER UL R 2 BT R (4 10° CFU/MmI)* 37°C, 5% CO, 1
% 2hre ¥ - = & B £ % C. perfringens (4 10° CFU/ml)** pH 4 fa % ¥
€% 3hr» 4%% > 0.1% bile solution » &% 3 hr» iT% 5 .z f FH
FBR 0 TR F A 2 DMEM £ 3TR 0 R F S T-1-1 Arit 2 2 K
C. perfringens & £ % ¢ » I 4e > © FF L3 5L FFR 2 Caco-2 cell
monolayer 2. well # 3> 37°C, 5% CO, 35 & 2 hr» 124 Sk 1 jp) B jp|H
FRBR T UFREMBPRES ¥V MG AL G RE
4v » FITC % ¢ 2z C. perfringens e 5 > o PR 2.8 & kg B o ¥ k3
BRVEFE P ELIIEARSLFERREE AT FLH R
BoEFr01000 #k 5 SREAESLF R R 5 100% 0 FH kR
LERE K B R A SR E ML G I S pHA R Z 0.1% R

T * 15 2_ C. perfringens = ¥4+ Caco-2 cell °

7-2-1 F e FB~ 1+ C. perfringens & 3 #L8 % i Jo e 2 38 %
(therapeutic effect of displacement test) — 34 &
AEB Sy i 7-1-1 227 % > #-FITC 4 ¢ 2 C. perfringens g £

#% ¥4+ Caco-2 cell monolayer + » > 37°C ¥ % 2 hr {4 » &% > well ¥ ¢

46



*ERER TR R BOEER (4 10° CFU/MmI) » %t 37°C, 5% CO, 35 4 2
hro 2 F RS B R » XU F RGN BES . T AR FIEL
B FITC % ¢ 2. Coperfringens » e & A4 » 2% PR A2 & B

RITHEF R R - FRBRVE2FE N FIEARS L F LB R

2

J—K ~
I_EL,%J

5 100% » 24 %58 R B0 K IR A SR FFM A G R C

)\4_

FHELERWA  EFI000 MR FIEARSLF LE A

perfringens = *i >+ Caco-2 cell °

7-2-2 F & AP C. perfringens s *t o %5 if oo 2 3% (B FTE

L ERGAIL) - B

AiEE S ok 7-2-1 2.3 0% 0 AEE B3k Coperfringens ¢ &# %
Flhote > gORF T WP S FUET FEY T RREER (T
# > F]pt L -FITC % 4 2 C. perfringens & i 7% (4 10° CFU/ml)** 37°C,
5% CO,#2 % 2 hr i 2 '3t Caco-2cell b » ¥ — = G Pl#-2 3R L ik
FjHA(% 10° CFU/ml) g £t pH4 faie @ 5% 3hro 2% 0.1%" 8 ¢
£% 3hro (T% (S4e e FMARK > £ 17§ 3t % 2 DMEM £ 37
R x> 30 37°C, 5% COy 35 % 2hr o WRIH F K55 & > 30 ¥ kB A
B . ¥ b % 5 L5 S FITC 4 ¢ 2 C.perfringens » fe & % 4c »
PRI EAZ A PRRATHEYERRE - FERBRVEFE 25 E

PREARSLFLBRE AT FZ ¥ RRA £ R 1000 HR G
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FREEE S ¥ LR TS 100% ¥ L5 B % K Bl & A g pH
4R E 0.1% " i vr 155 ﬁ;ﬁﬁﬁg w3 2cB~ it C. perfringens =

¢+ Caco-2 cell °

?\_
T
i
B
N
o
Z,
o
=
o
=
o,
o
S,
&
=
o
~
[E—
\O
Ne)
(O8]
~

W
=
=
aQ
o
=
o
w2
oo
=~
o
z.
o

=

oo
~

[—
\O
\O
|
~

it 2. 3 E KRBT o BRI 2 LR FBR Y 8000 xg A 15min i * &
7 PBS buffer i* % F#fiLkk s = & o £ £ 7R 5> PBS buffer # - #-%
Atk ik 5-3 @i G Atk o AfE @ 2 g% 2 A b pH B2 iR 2
Pk R ZPERITY 1S By BIA RS B E R o R R TR
% #7R ;5> 1 ml phosphate buffer » T 4r » 4 ml 0.005 M
o-nitrophenyl-B-D-galactopyranoside (ONPG; Sigma) > >+ 37°C-kig * & 10
min > #% 75 4c » 2ml 0.1 M Na,CO; (Wako, Japan)% i+ # 5 & » >> 1°C T
12 8000 xg &t~ 10 min » B~ b % v2 Ak & & 3+ (Hitachi, U-2000, Japan)
420nm A & TRIH R E o ¥ ¢Hip] 2 7 I kR O-nitrophenol (ONP;
Sigma)z_ # sk (@ 1% ) 325 2 16 £ S4cH] 3.2 #77 » B-Z U H v iE 1t
A F PR 10min poo & 1 ml &7k ® 4 ONPG f24t2. ONP umol

k47 2H =% umol/10 min'ml -

CRRE LY S PR
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2
12 | y=0.1916x + 0.0018
{4 R*=0.9979
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A 1

S 08 -
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B13.2 B-L U e id e R0 M

Fig. 3.2. The standard curve of B - galactosidase activity.
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E sk Atk % 2 295 Tangetal. (1993)2 = 2 kit >
W o AF Ao @] 3.3 A1 e £ 12 0.25% (v/v) glutaraldehyde #] #_Caco-2 cell
monolayer 15 min » £ 12 PBS buffer %= =% » & /] KA F I E 2
DMEM £ % 1.5hr» 12 Btk i » Bidsh @ % o & 2% FHoT R s %
FE s > #-d g 3o PBS buffer o ik AR Tk - = BH £ ATRE
¥ g4l FDMEM ¥ o R F 4 Il @ el 2% Fik(107-107
CFU/ml)*t z 3 Caco-2 cell monolayer 2. well ® 32 % 2hr £ > = ‘% well
¥ 23 %% > 12 PBSbuffer i 7 X1 2 "’T‘#\ " ¥ >+ monolayer 2
FR o R 1S 4~ 7 P £ (100 pg/ml tetracycline, MDBio, Frederick, MD,
USA)z. DMEM > % 37°C, 5% CO, 7 €% 2 hr 257 5 '3t Caco-2 cell
monolayer % & 2 5\ & ¥k 2 PBS buffer it 2 T =t ik AT} tetracycline
2= 2 FM o B F 4~ 1% Triton X-100 /% % 4 f& Caco-2 cell
monolayer > $# 1 ¥ i & > iz ) 2 Ftk o K-well ¢ OB R R E T 4R
Bz 3R B A o F ORI TCE A pH 4.0 2 R 1F
3.0 hr » #-H Zroo f8 € 375> PBS buffer 1645 8 0.1% 283 /% @ iT#
3.0hry #-1F% %2 AR EATRIFAM? 742 52 DMEM ¢
B EHBEFTE 2PFR PR FPFEH BT A BB e

T -
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1. Infect Caco-2 cells with bacteria treated with or without acid and
then bile solution (10° to 10° CFU/ml).

5. Perform plate count of intracellular bacteria.

# bacteria surviving tetracycline treatment

Invasion rate (%)= x 100%
# bacteria added to cell monolayer

B33~ 5 2 &~ s AT

Fig. 3.3. Flow chart of LAB invasion assay
(Tang et al., 1993)
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EAA F LS 3 2 F#(CFU/m)
Jde 3 e B O b chF#i(CFU/m)

x 100%

RNIARTE

¥L& ftsds

~F 3 @ % Microsoft Excel #t#%8(Microsoft Excel 2003, Microsoft
Corporation, 2003, USA) 5 #5%k = &€ hficdhp2 THBEEREL > 72
SigmaPlot ‘g ] #i 2 (SigmaPlot 2000 for Windows, ver 6.00, USA). % & 41
A B o I 1 SAS #i 88 (Statistical Analysis System, Version 8.2, 2001)14
Student’s t-test 2 GLM #% 5% 2. Duncan’s new multiple range test %

Dunnett’s test i& (7 8y B 2. % B B F 0t i o
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NS

B 2HE

el

$ -8 FRFER - e
1-1 e 1 35 5 3 &

HETh FUER BRI pH 2, 3,4 IR A B IR 1.5 4 3.0 hr 2 75 7% Fik
2 g E S ek 4.1 2T o Ap e AJZiE 2T 5 L. acidophilus & #i i #dd
}#(5.72-8.26 log CFU ml ™, 0.26-91.17%) - L. paracasei =t 2_(4.18-8.10 log
CFU ml™”, 0.00933-77.59%) » B. bifidum # #ff& {+ B #& % (0-6.07 log CFU
ml”, 0-0.787%) o trlr — pH @ (£ % fE 27 ¥ (£ pFRFH £ 2 E5%
R3S F AP T % (p<0.05)

5= g&gﬁ? L. acidophilus £ 2 4% @t = 14 (Gupta et al., 1996;
Jin et al., 1998; Chou and Weimer, 1999) ; @ Bifidobacteria ¥} f& et < |4
P &g % L. acidophilus # (Charteris €t al., 1998; Takahashi et al., 2004 ) -
Wang et al. (1999) % Favaro-Trindade and Grosso (2002) % 4p 1 & 2 B &
A pH ERE T2 3 FF¥k ¥ pH &7 " & P el o i JRF
NGy T A R e R E AR S B
AR BT LI RMITBEABRRYTER E BT RALIHIERZ
pH &3 M (Suskovic et al., 1997; Holzapfel et al., 1998) - Conway et al.

=

g

(ANVDAp NS EE I pP 2 mFF gl s n ks > 28R

S AR AL G R v
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Z 41~ BB FAR Y pH2,3, 4 fiie ~ B2 1.5 2 3.0 hr 15 2. % 7 Fik
(log CFUmI™") %2 % & & (%)

Table 4.1. Viable count (log CFU ml™") and survival rate (%) of the tested LAB strains
treated with acid in pH 2, 3, and 4 for 1.5 and 3.0 hr respectively

pH value

Strain initial  control’ pH 2 pH 3 pH 4
1.5 hr 3.0 hr 1.5 hr 3.0 hr 1.5 hr 3.0 hr

8.30° 8.29+0.03" 7.52+0.07™ 5.7240.07% 8.24+0.03™ 7.93+0.06% 8.26:0.04% 8.07:0.04%
(100)™  (96.8)  (16.88)  (0.26) (87.81)  (42.39)  (91.17)  (58.53)

L. acidophilus

8.17° 8.15£0.06% 3.79+0.08™ 0%  5.4940.07% 0¥  6.07+£0.05% 4.73:0.04%
(100)  (95.6)  (0.0042) (0) 0.213) (0) 0.787)  (0.0363)

B. bifidum

8.23% 8.23+0.04% 6.03+0.09°*4.18+0.02% 8.08+0.05° 7.63+0.15% 8.10+0.04%* 7.98+0.06%

L. paracasei
(100) (100) (0.687)  (0.00933)  (74.88) (28.37) (77.59) (57.78)

¢ Different letters in the same column significantly differ at the 5% level, n=3.
*¥ Different letters within a row of the same pH value significantly differ at the 5% level, n=3.
"All of the viable counts of control do not significantly differ from the initial.

“Survival rate (%).
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1-2 w e Wk 5 %

LRI BEAH FERERG L B G FE 5SS oA 42
#7770 d £ ¢ ¥ 4v L. paracasel £ 7 1 378 F(p<0.05)% E B X 4
L. acidophilus=x 2. > @ B.bifidumz "2 @ < f2 8 £ o AAplF "2k R
TP T PRRVA A 0 B RS PR S FOA F 1 (p<0.05) -

B e :

Lt a A _Lactobacillus 375 & 2 L3045 ¢ ch- B E & 4F

P

-

F(inetal., 1998) > * *£ % ¥ Bifidobacterium 7% 7% 5 & i~ £ 58
(Marteau et al., 1997) - lactobacilli - bifidobacteria 2. £ % @t <X |4 € F| 7
a2 % @ 3 974 & (Charteris et al., 1998b; Xanthopoulos et al., 2000;
Zarate et al., 2000) - ¥ % < L;Je ¥ 24 L.acidophilus 2 L. paracasei ‘¢ &
3 4 s g a2 (4 (Walker and Gilliland, 1993; Gupta et al., 1996;
Prasad et al., 1998; Vinderola and Reinheimer, 2003) » Chung €t al. (1999)
A REch B Y F IR W € ¢ = Bifidobacterium 35 F B BT ME 0 @

AR BPERRRE RS T L RGP

1-3 ol ot . B8 b2k 5 %
e L ﬁ’; “p&:}"]‘z pH?2, 3,4 ﬁ’;,,"é %2 0.1,0.2, 0.3%5%;% @ 2

A AEE G Ak 43977 o A pHAFR FY (5003 kR
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F 42~ FHIFEFAR 0.1,02,03% 2 F kR A B ST 1.5 2 3.0hr 52 5 Fiik
(log CFUmMI™ 2 3 & % (%)

Table 4.2. Viable count (log CFU ml™") and survival rate (%) of the tested LAB strains treated
with oxgall bile salt in 0.1, 0.2, and 0.3% of concentration for 1.5 and 3.0 hr respectively

Oxgall bile salt concentration
Strain  initial  control’ 0.1% 0.2% 0.3%
1.5 hr 3.0 hr 1.5 hr 3.0 hr 1.5 hr 3.0 hr

8.27° 8.26+0.04* 5.86+0.13% 3.56£0.1%Y 4.23+0.07°3.23+0.04% 4.00+0.06° 2.79+0.1%

L. acidophilus -
(100) (98.7) (0.403)  (0.00202)  (0.00932) (0.000931) (0.00548) (0.000347)

8.28* 8.27+0.02° 4.9+0.07™ 2.57+0.18" 2.57+0.17% 0 1.65+0.06 0

B. bifidum
(100)  (97.6)  (0.0415) (0.000211) (0.000203)  (0)  (0.0000237)  (0)

8.21" 8.20+0.06" 7.11£0.03™ 6.06+0.07% 6.84+0.12" 6.12+0.04™ 6.59+0.11* 5.94+0.06"

L. paracasei
(100)  (99.2) (7.99) (0.708) (4.42) (0.817) (2.56) (0.537)

¢ Different letters in the same column significantly differ at the 5% level, n=3.
*¥ Different letters within a row of the same bile concentration value significantly differ at the 5% level, n=3.
* All of the viable counts of control do not significantly differ from the initial.

** Survival rate (%).
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F0 43~ FEH PR pH2,3,4 A B AJE 3 hr 5 £ 3@ 402 01,02, 0.3%E 8 A B EIL 3 hr 1 2 % & F#i(log CFU
ml™") 2 % & % (%)

Table 4.3. Viable count (log CFU ml™") and survival rate (%) of the tested LAB strains treated with acid of pH 2, 3, 4 for 3
hr and then bile salt with 0.1, 0.2, 0.3% concentration for 3 hr respectively

. pH 2 pH 3 pH 4
Strain initial control
0.1% 0.2% 0.3% 0.1% 0.2% 0.3% 0.1% 0.2% 0.3%
) . 8.25%  8.23+0.07% () 0™ () 2.67+0.12% (1d (1)d 4.33+0.08"  4.23+0.12* 2.24+0.04%
L. acidophilus -
(100) (97.5) (0) (0) (0) (0.000281)  (0) (0) (0.0125)  (0.00966)  (0.0001)
L 8.28"  8.26+0.05% (0 0 (0 0 (0 (0 3.724+0.06%* 0 0%
B. bifidum
(100) (96.8) (0) (0) (0) (0) 0) 0) (0.00288) (0) (0)
| varacas 8.10*  8.10+0.04° 0™ 0™ 0™ 2.2640.14% oY 0 4.20+0.04™  3.61+0.17% 2.21+0.12%
N (100) (100) (0) (0) (0) (0.000151)  (0) (0) (0.0126) (0.0032)  (0.00013)

¢ Different letters in the same column significantly differ at the 5% level, n=3.
*¥ Different letters within a row of the same pH value significantly differ at the 5% level, n=3.
"All of the viable counts of control do not significantly differ from the initial.

™ Survival rate (%).
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2 MR ASY S LT AR B AR SRS RA S 1L
acidophilus (2.24-4.33 log CFU ml™, 0.0001-0.0125%) > L. paracasei
(2.21-4.20 log CFU ml™, 0.00013-0.0126%) > B. bifidum (0-3.72 log CFU
ml™, 0-0.00288%)  ** pH 3 ik (€% 15 » & 117 Ip )k B "% i AT
¥ 3 L.acidophilus(2.67 log CFU ml™, 0.000281%) % L. paracasei (2.26
log CFU ml™, 0.000151%) % ** pH 3 i 2 0.1%% % i@ F Aa2 (4 5 7% -
HARRse E 2 FIRIDE 55 o ¥ oo TR A pH2 faiR (T (SR A w2
PRk ATERAIL 4 BT B T o LR A kiR 2 0k

BASL S H s F (4 48T M B g (4 4R R (% 42)

Hipler B2 3 d BT R eREPER - H “ri8 7 2 HRT gy i
REHEEE O FARNE L 5T 0 E - At S e R g% K o B, bifidum

S RE ] AP BB RPR KW UG A SRR

0.1% peptone water ¥ 5 F= 4] » 2 3¢+ B. bifidum >t 2 F 332 % i 423 7

K B
W E AP AR TR FEET G Ll R AL

BB ERY LIRS FRAERARE S MFHHE LR
W % 2 B % -Marteau et al. (1997)41 * #+ 4 #-3% (dynamic model)2_ 2 #§ *}
IR A A TR RO R M R

> # %% & 0 L acidophilus - B. bifidum % /& % - A+k(2001)

&
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Fpv B F» pH32 2 03%" 283 %2 g fiv* > %3 RB.
adolescentis 2 B. bifidum 2. 3% & &% » 2 =t 2 L. acidophilus ~ L.
bulgaricus 2 L.rhamnosus- & ## 3 ¢ % % R|#_L. acidophilus # L.
paracasei z- i /% & $& B. bifidum & -
ERZEERURIE & SN a3 Lok R ed-_ o N R e e d
B 2. & (Charteris et al., 1998; Huang and Adams, 2004; Noriega et al.,
2004) E FUEEEY A RPN M BARL F A T ph2 (FY L TR S 2
i 3 ?f‘ & (Bouhnik et al., 1992; Pouchart €t al., 1992; Mainville et al.,
2005) > Flpt A MRS A G LR ERE%RESHMPM T ST
R ot T S RB E L FRE GO E Y 2R
2 % (McLauchlan et al., 1989; Morelli, 2000) > @F48:id E% 5 F ¢ @38 7
F pH &5 fi% 7 F kR 22 % (Berradaetal., 1991; Mainville et al.,
2005) « A3 H L pHA Pt & 0.1% 2T 3 i il 4 (7 sk ik i
T AT BB FRT T RE 5T o Goldinetal. (1992)4 1 F A FE i

M E R BV R FE Y > BFEE F 4 Hoko

Fo 8 PRENRT S
2-1 wve B KRR

Caco-2 cell *r N R {5 > NHZ N ERER R WEE Fx ¢ Wi
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4 £ /=% Caco-2 cell monolayer 2. = B4 o S % FRITHARBERES 0
X (4eBl 4.1-A) > fwve R EERIEAGKR > 0 AR I me s g b o
I% e (B 41-B)FEERD X e Bt me s A B 0 &
I RE e B 501 % S A (Bl 4-O)Fmie e R AT T F 4
A 3% LT X (e 41-D)ismre A b A > AFT Y SRR TR

2_ cell monolayer % % Caco-2cell i3 % L7 X 2 & -

2-2 B IR %
F 4.4 5 LRSI F R Caco-2 cell 2 it 0 77 W L iR
P e g 4 oehdg itk o B tiga 4 2 A 5 L. acidophilus (8.28% ]
4.2-A)>B. bifidum (0.97% > B 4.2-B) > L. paracasei (0.012% > @] 4.2-C) -
L. acidophilus 7t 3#5% ¢ & B iE e " 14(p<0.05) - Lactobacillus %
Bifidobacterium v i >+ 55 35 fmfe 2 a0 4 FIF AR 2Z £ & @ 5 977 F
(Bernet et al., 1993; Coconnier et al., 1992; Gopal et al., 2001) -
FAFRRANGE L FIFRGGIGE 0 F A L F L AR A
L F BT e 2w 4 0 T AH 5 F A Bt & 2 7 s (Havenaar et
al., 1992; Morelli et al., 1997; Ouwehand et al., 1999c) > ¥ *t » 2% % < }EJ&;}]},
MEwg2 F4 AR EARANSE FIFLPFRF LT L
Bt FARART AL QP REELAR BRI BFRLIYP F

2 AFRBETE b o Ft el 2 R el A ¢ (Saxelin,
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B 4.1~Caco-2cells # % 82 4
5435005 7% ;D% 153 (34 &% 100x)

EABA)EAERLEF 0% (B)

Fig. 4.1. Changes in shape of Caco-2 cells at after subculture (A) 0 day; (B) 4
days; (C) 7 days; (D) 15 days (magnification 100x)
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% 44~ & EERTCPL E B Caco-2 cells 2 & ff 5(%)
Table 4.4. Adherence rate (%) of the tested LAB to Caco-2

cells
Strain
L. acidophilus  B. bifidum L. paracasei
Adherence (%) 8.28" 0.97° 0.012°

¢ Values with different superscript letters significantly differ at the 5% level, n=3.
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Bl 4.2 ~ & 3k 5 ik F e >t Caco-2 cells 2. sk & B fie st /R 1R
(A) L. acidophilus; (B) B. bifidum; (C) L. paracasai (*x = 2, 000x)

Fig. 4.2. Photograph of the tested LAB adhered to Caco-2 cells in a light
microscope (A) L. acidophilus; (B) B. bifidum; (C) L. paracasel
(magnification 2, 000x)



1997; Spanhaak et al., 1998) -
L. acidophilus % - #8431 5 2 7> L atpk ~ aPE 8 2 7 St g i
g 0 P E G A7 F3T ARt E 2 # sg(Tuomola and Salminen,

1998; Tejada-Simon et al., 1999; Lin and Chen, 2000; Gopal et al., 2001,

Hiitt et al., 2006) > Coconnier et al. (1992)4% 3¢ L. acidophilus BG2FO4 z_ %
A e Aw b B9 TR RARIZG 0 4o Wl 4.3 #77 L. acidophilus
%‘gﬁ prfEe b Fed BB R A MY i e X i DSORE TR Gk
% - Bifidobacteria » 5 p A8 FEL F A F o ¢ FF I e pER A S
7% & 24 »2% (Tejada-Simon et al., 1999, Lec et al., 2004) - & 7 & 4 11 =4
# & % (peanut agglutinin; PNA) &5 #7 7 % # X 4£3¢ B. bifidumEB102 2.
SR ] R E I FR A bt £ 6 2 v A
(proteinaceous components).% & T #-#t % i fm %2 & Caco-2 cell 2 pE*5 &

(glycolipid)=-3p# #8 4 (carbohydrate moieties) (Mukai et al., 2004) o

2-3 bk )l A A e B 1S 2. B e i

LRI ARG PH2,3,4 2 0.1,0.2,03%: F iTF (52 3E8
% ¥t Fj#kc(log CFUml™) % s 5 5 (%o)dr 4 4.5 #77 o 4% % 87 © F 5 pH 4
Atz 0.1% 2R F e B2 P REEFHRM LG a4 o BergF kA

%= : L.paracase (80.68% > @] 4.4-C) > L. acidophilus (9.71% - ] 4.4-A)
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HUMAN LACTOBACILLUS

Q\\\\\\\\\\\\\:%\\\\\\D

Extracellular
Bridging Protein

Adherence Receptor
for Bacteria

HUMAN ENTEROCYTE

@] 4.3 ~ L. acidophilus BG2FO4 ¥ % 4 % i ‘%2 2_ v Vi3
Fig. 4.3. The model of adherence of L. acidophilus BG2FO4 to human intestinal cell

(Coconnier et al., 1992)
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24 s -~
2

3 A5 iRk SRR pH 2,3, 4 A B AT 3hr {5 2 a2 0.1,02,0.3% *E® A wEIE 3 hr {5 2 % & F#i(log CFU

ml™) ~ #x 4t F#c(log CFU ml™) 2 e v 5 (%)
Table 4.5. The viable count of survival (log CFU ml"), adherence (log CFU ml") and adherence rate (%) of the tested LAB
treated with pH 2, pH 3, and pH 4 acid solutions for 3 hr and then 0.1, 0.2, 0.3% oxgall bile salt solutions for 3 hr

respectively
pH?2 pH3 pH4
Strain 0.1% 0.2% 0.3% 0.1% 0.2% 0.3% 0.1% 0.2% 0.3%
survival  adherence survival  adherence

survival adherence  survival adherence  survival adherence survival adherence survival adherence survival adherence survival  adherence

, : 0* 0 0 0 0 0 264 0 0 0 0 0 427 319 421 0 229 0
L. acidophilus b
©’ © © © (© (© (100) © (© (© (© (0 (100) (9.71)" (100) (0) (100) (0)
0 0 0 0 0 0 0 0 0 0 0 0 369 234 0 0 0 0

B. bifid
T 0 @ @ @ 100) 0 © (0 (0 (0 (100) (5200 (©) (0 (0) (0)
) 0 0 0 0 0 0 2.16 0 0 0 0 0 408 398 3.64 0 2.40 0
L. paracasel X
© © (0 © (0 (0 (100 () (0 (0 (0 (0) (100)(80.68° (100) (0) (100) (0)

*¥ Different letters in the same column significantly differ at the 5% level, n=3

“Viable counts after the treatment of acid and continued action by bile salt; the initial inoculum is Nx10* CFU ml

® Adherence rate (%)
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Bl 4.4~ 2 BB AR S pH4 ik 2 0.1%2 B8 5§ 2 {2 553t Caco-2
cells + 2 -k & 3 pees B % B (A) L. acidophilus; (B) B. hifidum; (C) L.
paracasel (*x ~ 2, 000x)

Fig. 4.4. Photograph of the tested LAB after being treated with pH 4 acid
solution and 0.1% bile continually adhered to Caco-2 cells in a light
microscope (A) L. acidophilus; (B) B. bifidum; (C) L. paracasei
(magnification 2, 000x)
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> B. bifidum (5.20% > @] 4.4-B) » # ¢ L. paracasel & & & =" 5 (p<
0.05)°#7F F5% 5 L FIx >t pH 2 & pH 3 feize 17 % 13 £ 4 %12 0.1,0.2,
03% M EJR 5 > wde 2 Bosgan 4 o ¥ o B RO Z R el
FiEw w2 g (R 44 o S pHA R E 0.1% 3% R i iF
P HELNEELRRE RS (R 45) 5 pH3 R E 0.1%%
BopHARRE A1 02,03% 2R Fic* 8 5R2f BREAY &

ABS a4 B EET R FIREA G B0 TS A 2 B F]S

®
o
W
g
ey
8
=
%
o
bl
)
A
=
ke
T,
L1
R!

P2 E R ERR R ER L E S

3-1 g FFE 7 C.operfringens &8 538 7% i o 2 w2 e #4 3%
(adherence inhibition effect)

FUEL F)IE L Caco-2 cell F oo oA W4~ (1)3 SR E TR
iT% 2 ¥ kA4 C operfringens: 112 )55 pHAFRE 0.1%"2 82 5
% 5% kg ¢ 2 C perfringens > #1718 2 5 ik g7 7f 17 C. perfringens
A2 5 % e B 4.5 #1770 C.perfringens & (G pk % PEE (F % w0 ex gt
Caco-2 cell + 2 F#ics 5.94log CFUmI" » 5g L 2 pH4 feir 2 0.1%
e A R IEY 15 H gt Caco-2 cell F 2 A#ic: 4.87 log CFU
ml” > 302 By (TS B 4.5 ¢ Aot e (LAB-free) 100%2-

B o R BT ARSI IR VB F P C. perfringens =
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Adherence rate (%)

I [ AB-free

120 Bz A
BN B

B A

100 F 2
[=—=]p)

« OIImm As

80 [ a EEEH B3

0 HH
LAB-free L. acidophilus B. bifidum L. paracasei

pre-adhered LAB

B 4.5~ 9F L2t Caco-2 cell F 2 FL R 3t # k4 ¢ 2 C.

perfringens (& A2 % i 1 pH AR 2 0.1% 8 7 ik fddl)
SR | 2 ik ik o § LB F] e LAB-free (& 7F
AR R A BEEE L R (p<0.05); 74P
FipEpethrLF* ar AT RO R EHFLLE (P>
0.05) c A, Ap, Ast AU E e R R B2 ¥ K4 F C,
perfringens (341 4) ;s By, By, By 1 FE L LR 2 RT3 % By
™z F kL4 C. perfringens GE% e

Fig. 4.5. Adherence inhibition effect of the tested LAB pre-adhered to

Caco-2 cells upon the adhesion of FITC-labeled C. perfringens

(with and without pretreatment of acid (pH 4) and bile (0.1%)).

*Signiﬁcantly different from the LAB-free group (p<<0.05).

“Values of the identical LAB do not differ significantly (p>
0.05). Ay, A,, A;: FITC-labeled C. perfringens without the
treatment of acid and bile. B, B,, B3: FITC-labeled C.
perfringens pretreated with acid and bile
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fit*+ Caco-2 cell (p<<0.05) ¢t *t » o — FU R FIRIEIF 7 S Z 2R 1F
* 2_ C.perfringens 2 & pH4 &z %2 0.1%"2 8 § 7% {42 C.
perfringens » 822X & S B FHRIEF S pHA iR 2 0.1% 2R § v+
62 C.perfringens i % it » w3 § & & AE D EFLE(P>0.05)-
d P ¥ Ao %% Coperfringens £.F (G2 8 (5% > FUBL AR

»aip 7 C.perfringens 437 if w#e 2 =% - B 4.6 B ]~ Sk~ 7%

=

RIEH)E R ATORRFLGHE S ERITY )L H F R AkPRAIR 0 o

Bl P ¥ 4r3f L 5L R 2 &0 C.perfringens # € 55 & & i 53
IR e o

BRI G AEE RARRE AR B w2 R
(Beachey, 1981; Finlay and Falkow, 1997) » ] {5 & 72 B AR
b xsE 2 4% g (Tuomolaetal, 1999) ¢ 5 3F 5 & 7 R I A
5 J FrRlE R FR R R~ SE fmie 2 7 s (Bernet et al., 1993;
Coconnier €t al., 1993; Hudault et al., 1997; Lee €t al., 2000; Fernandez
etal., 2003; Asaharaetal.,2004) » P wi» & BZRgR* A RE H 400
B % i 7 5 (Rolfe, 2000) -

SR i) R R i * 2 3B (Coconnier et al., 1993; Lee et
al., 2003; Gagnon et al., 2004) 8 5 i 7tk & I R FRT A GRZ LT

BFEFE > L REAREHR AL B REL A RER L
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Bl 4.6 ~ Ff L X g3t Caco-2 cell F 2 S R FTEIF & £ 2 ¢ C. perfringens v *if 2
# 6 M ACELR AP B o (A)LAB-free ' > X 3p Lo fi UL ) 5 (B)R L% it
L. acidophilus ; (C)3f £ = ¥4 B. bifidum ; (D)¥g + = %t L. paracasel

Fig. 4.6. Fluorescent microscopic photographs representing the preventive effects of
the tested LAB pre-adhered to Caco-2 cells upon the adhesion of
FITC-labeled C. perfringens. (A) LAB-free group (not treated with LAB),
and LAB pre-adhered to Caco-2 cells with (B) L. acidophilus;(C) B.

bifidum; (D) L. paracasel, respectively



W 4.7 ~

Fig. 4.7.

TR B st Caco-2cell P 2 PR FFEF L1 pH4 ER 2 0.1%
A R 2 W k4 ¢ C.operfringens s fit 2o Sk Ag A PR AR
Bl - (A)LAB-free % » A Ff L35 ik 7 5 (B)Ff L =it L.

acidophilus ; (C)¥g 4 = *q B. bifidum ; (D)+f L = *¢ L. paracasei

Fluorescent microscopic photographs representing the preventive effects
of the tested LAB pre-adhered to Caco-2 cells upon the FITC-labeled C.
perfringens (pretreated with pH 4 acid solution and 0.1% bile solution)
adhesion (A) LAB-free group (not treated with LAB), and LAB
pre-adhered to Caco-2 cells with (B) L. acidophilus; (C) B. bifidum; (D) L

paracasel, respectively
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F2 T S PASBRARKL S BEFRIABAVREFELC
perfringens z_ s * > ¥ scdk i id » BERE KGR Z "W iv* 2. C
perfrlngensié_:' TURL 4 L ﬁ&i %1§ ﬁuj& %fgr_ﬂ LM Z ]‘ﬁ/;""‘ﬁ“l Iﬁ/xﬁ Fvl’t

BITH B2 i 2 8% Y BR R4 S pHA MR E 0.1% R

=

LIEH FELE T EF a4 (R 4.5) Flet L pHA FR 2 0.1%%

T 5 g g 2 C.perfringens #7% s ~ "8 2 iv* 5% o

3-2 L E F B C. perfringens s 3 #5037 % 3 Jm¥e 2 74 3%
(displacement effect)

B-¥ kA d 2. C. perfringens g £ &% %43+ Caco-2 cell + » & 4c »
AT R RR Y 2 SR EIRE T pH AR 2 0.1% 5 A e

PR FH L A A7 R R T SO E$ C. perfringens = vt

g

o B AR hoB 48 st o d BT AR MRS LE LO®R

W
2
LS
ST}
&4
~mi
=

L fE w5 % B F % K C. perfringens #F Caco-2 cell s it o

¥oobo e - LR RO KGR 2 MEBAE A TE R {2 H ] C. perfringens



Adherence rate (%)

120 - I [ AB-free

B A

BSN B
%

100 | b 8 Ay

a* T L ==:5

i I A3

80 - HH B B3
0 |
w0l
20 |
0 2 imm

LAB-free L. acidophilus B. bifidum L. paracasei

Tested LAB

Bl 4.8~ SR F(ARIZE @ F 02 pHA FR 2 0.1% B3 i RJL)P~
gk s 2 C. perfringens ¥+ Caco-2 cell ¥ ¥t 2. 385 %
% o % Uk Fe s LAB-free (R R R E) Y RS E
PoOREFELIEE<005); ARSI RAEERTER TR
¥ AT RS EEFRLE(P<0.05) AL Ay, Ayt RIURE
R RRIG R RILZ SR (A ) 5 By, By, Byt AR
A PERR R I TR FGRR )

Fig. 4.8. Displacement effect of the tested LAB with and without the
pretreatment of acid (pH 4) and bile (0.1%) on the adhesion of
pre-adhered FITC-labeled C. perfringens. ~ Significantly
different from LAB-free group (p<0.05). *° Values of the
identical LAB with different letters differ significantly (p<<0.05).
Aj, A, As: the three LAB without the pretreatment of acid and
bile. By, B,, Bs: the three LAB with the pretreatment of acid and
bile
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Sk (TR TR = Y X 12 L. acidophilus 2o B~ R f g 4 i
BRIINEFLEP<0.05) FlpvimIRAKRIERE "ERIPL
e ¢ 18 33 = i T 827X B bifidum 2 L. paracasei » %7 40 I 2 %
Yo X AZRFLE(P>005) B 4G EFA LR ERITY )
2R AL A SR  PERIEY )5 LRI B FKREE C
perfringens = ¥4z & 2. ¥ LB HcRAP R > S F B T ¥ k4 C
perfringens z_ % sk 33 B % 53 o

WO kg MRS G ardbp RS BRI e 2 G
4 (Bernet et al., 1994; Tuomola et al., 1999; Tsai et al., 2004) - *#= 7 *
RN BRARERLIIEANpHAERE 01% R T - ¥ ¥ 3}
»eP- it C. perfringens s s>t % if dm#e o d LaizF 5 F 5 2 Apmy v
L.f@‘;k%?:rmar;t&-;—'}'bﬁ;pﬂ;@w««q;,?;,,; PR X ;%gﬁ)fpvﬁgﬁm;
PR RL IR EEfE

AF 3 ¢ o L.acidophilus A Gpe 2 " @ % w45 Bk
SR AL 4 0 G dRFUR R F)F& ¢ & B bifidum - L. paracasel v i
o R ERNEEFEIL 4 - Tuomola et al. (1999)4p 44 &t 7]
BAfZa At B E A FAL R T AR B 4 g 4
F1% R FREE A b 2 4 R F]F 2 3% F (Lee and Puong,

2002) » % S FLFS R AL B SR £ § M (Reidetal., 1988;
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Bl 4.9 L p AP~ F k% 4 C. perfringens = 'tz § & K e e 4B
®l - (A)LAB-free 2 » ¥ £ 3% ¢ C. perfringens ; (B)i *« L.
acidophilus ; (C);‘;‘j& 4v B. bifidum; (D)i;’]: 4v L. paracasel

Fig. 4.9. Fluorescent microscopic photographs representing the displacement
effect of the tested LAB on the adhesion of pre-adhered
FITC-labeled C. perfringens. (A) FITC-labeled C. perfringens
(LAB-free group), FITC-labeled C. perfringens treated with (B)

L. acidophilus; (C) B. bifidum; (D) L. paracasel, respectively



B 4.10 ~ 02 pHA feiR 2 0.1% 283 % iR 2 S RPN ¥ &
A ¢ C. perfringens v ¥t 2. ¥ & g fcdi e 4P B) © (A)LAB-free
& ¥k d C perfringens; ek g a2 2 (B) L.
acidophilus ; (C);‘,’F 4v B. bifidum; (D);‘;‘]: 4v L. paracasel

Fig. 4.10. Fluorescent microscopic photographs representing the
displacement effect of the tested LAB (pretreated with pH 4 acid
solution and then 0.1% bile) on the adhesion of pre-adhered
FITC-labeled C. perfringens. (A) FITC-labeled C. perfringens
(LAB-free group), FITC-labeled C. perfringens treated with (B)
L. acidophilus; (C) B. bifidum; (D) L. paracasai, respectively
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Gueimonde et al., 2006) - Lee etal. (2003)7 3 ¢ # R > & 4 FB~ 5
J Fth2 8% (displacement effect) 2 # & £ 3 2 3 |5 v ¥

(adherence inhibition)2_ it 4 &5 £ & e 2 i@ ¥ &2 R FEE 0%
W PR R R R R F T 2ok ki &

F A B I AP i k(B 4.5 0 B 4.8) -

Fr & p-E gy aeAE

LRI AKRA RS pH2,3,4 ik 2 0.1,0.2,03% " g
T f82 B-X I BB EAcE 46 97T o d BE FlfREpii
ol pH E ¥ ixi2™ » 8 B- LU A B g FPER R R K Sor 3
b o

Fh ;;:4;, PR ¢ UL R e i R T TR ® e i
% 1% T (Adamowicz et al., 1991; Flahaut et al., 1996) » & = ‘m ¥z 553L
% 143 4 (Noh and Gilliland, 1993; de Valdez et al., 1997) » 3k i& ip|#¥ 2
B-= A B H e Aty WAoo BNV A RIRP-E SR LR N
fm e WX gk 2 42 B o Taranto et al. (2006)4F 34 # F Jk B P25 4 L,
reuteri CRL 1098 me Wi 512 B4 %% 5 M H B-L f b3 iz
BPEFEBmER2 BE a4 a AP FRENLEE o

Brh SR TE g pH B K P SR EIA LS T Rl ®
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% 4.6 LEHmIS AR PH2,3,4 4 W ed® 3 hr {5 @207 0.1,0.2,0.3%% 5 & 5] 2
3hr s 2 B-X 5% 3 ¥ i 12 (umol/ml)
Table 4.6. B- galactosidase activity (umol/ml) of the tested strains after the treatment of acid (pH
2, pH 3, pH 4) and then bile salt (0.1, 0.2, 0.3%), respectively.

pH 2 pH 3 pH 4
0.1% 02% 0.3% 0.1% 02%  0.3% 0.1% 0.2% 0.3%

Strain control”

L. acidophilus 0.085* 0.142™ 0.319% 0.346™ 0.366™ 0.685% 0.763"  0.680™  0.941% 1.024"
B.bifidum  0.074™ 0.272% 0.293" 0.424% 0.325" 0.403% 0.533%  0.398™ 0.810% 1.066“

L. paracasei  0.058™ 0.095™ 0.236% 0.319 0.116™ 0.335™ 0.450®  0.178"™  0.429% 0.439"

“Control: B- galactosidase activity without the action of acid and then bile salt.
P Different letters within a column significantly differ at the 5% level, n=3.
" Different letters within a row are significantly different from the control at the same pH value (p<0.05).
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Table 4.7. Invasion rate of the tested LAB

Strain Invasion rate (%)
L. acidophilus N.D.
B. bifidum N.D.
L. paracasei N.D.

"N.D.: not detected.
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Table 4.8. Invasion rate of the tested LAB after being treated with pH 4
acid solution for 3 hr and then 0.1% bile for 3 hr continually

Strain Invasion rate (%)
L. acidophilus N.D."
B. bifidum N.D.
L. paracasei N.D.

"N.D.: not detected.
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