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Studies on the Potential Probiotic Effects of
Sporolactobacillusinulinus BCRC 14647
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enteritidis BCRC 10744 2_5c # » I FF¥E31:% E“]”f%% ARES G e 2 & 2
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The basic characteristics of the spore-forming lactic acid bacterium
(SFLAB), Sporolactobacillus inulinus BCRC 14647, associated with its
potential probiotic effects were evaluated in vitro. Assessments including acid
and bile salt tolerance, adhesiveness, and antagonistic effects on pathogenic
Salmonella enteritidis BCRC 10744, and an invasion assay were conducted
using lactic acid bacteria (LAB) Lactobacillus spp. (Lactobacillus acidophilus
BCRC 10695, L. bulgaricus BCRC 14009) and Bifidobacterium spp.
(Bifidobacterium bifidum BCRC 14615, B. longum BCRC 11847) as a reference.
For the acid and bile tolerance test, the samples were treated with pH 2~4 acid
solutions and 0.1~0.4% oxgall bile solutions, respectively. The adhesion test
was conducted using Caco-2 cells as the assay model. For the antagonistic
activity of LAB toward pathogen S enteritidis, the well diffusion assay method
was used, the inhibition effect of LAB cells or their spent culture supernatants
(SCS) on the binding of the pathogen to the Caco-2 cells was explored. In the
results, S. inulinus spores presented significant higher survival rates than the
vegetative cell form in acidic conditions as well as than the reference
Bifidobacterium spp. However, Lactobacillus spp. showed the highest viability
among all tested strains. Similar results were found in the bile tolerance test.
Compared to the reference strains, the vegetative cell form of S inulinus
possessed a proper adhesive characteristic (65.1% for S inulinus, 78.7% for L.
bulgaricus and 74.9% and 52.7% for B. bifidum and B. longum, respectively).

In the adhesion assay, the spore form of S inulinus displayed weak adhesive



traits (10.5%). On the other hand, L. acidophilus showed a strong adhesive
property (92.3%). The vegetative cells of S inulinus and its SCS both
dramatically reduced the adhesion of S. enteritidis to Caco-2 cells; meanwhile,
the SCS of S inulinus vegetative cells inhibited the growth of S enteritidis in
the inhibition zone test. From the results of the invasion assay, S inulinus
showed high safety properties. Based on the results of in vitro tests, S. inulinus
shows the potential probiotic effects via the adherence to simulated human
intestinal epithelial cells and the antagonistic activity against S, enteritidis. The
vegetative cells of S inulinus may be considered a candidate for the probiotic

usc.

Key words: Spore-forming lactic acid bacteria, Sporolactobacillus inulinus,

Acid tolerance, Bile tolerance, Adhesion, Antagonistic activity
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B F MG I+ 1% F(Sporolactobacillus inulinus) ¥ -4t 4 %8 %
EPOATRB TS P R B A E Y R R R RO L R
7 (Salmonella enteritidis)z_ ic # » F FFER3E 3% F iR $T X W53 fwie 2 & 2
M > # ¥ Latobacillus acidophilus, L. bulgaricus, Bifidobacterium bifidum, B.
longum %7 & 52 FA S ¥ Fh L SFEFRD ERBETEF R &R
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1-1 A 3% A2 % B
ARSI AR R S AR BRI R

(Macfarlane et al., 1998) = k] 2 2 chB S2% i P H @ B2 it - 212

|~

¢35 3~4 hr fjf‘ug FRAPERT TFEHEY 0 2 G SRR
(Lactobacillus) ~ 4&3f fF(Sreptococcus) ~ A F & - F(Clostridium) ~ = %
# F(Escherichiacoli)® 3% o 2 # Furf A2 B i2 > 12 {5 % 3 X Fu
F(Bifidobacterium)# 4p 11 I3 Hag ¢ > Al A {8 4~T X v AR R
AEBERE O FZUPFEHHE N DL L FAFE > 8L AE e ST HE
A F AH Ao B AF Ferdic g R ¢ 2B (Arunachalam, 1999) -
HU1S e 5T BN R AT A A g AR 0 0P R
B0 E 5~10% 0 F¥F¥F~ d kLB, infantis, B. breve # % % B. longum, B.
adolescentis (Edwards, 1993) o = A prdj % 3 Fipd s fE € > &~ £ &
s o d W EFEEFOS RS R i R 7 & & Bz 4 Clostridium
perfringens, Sreptococcus spp., Enterococcus spp. % = & H% 2 F4a (Mallet
and Rowland, 1987; Arunachalam, 1999; He et al., 2001b) » H #4471 & 4 iz

KA & 4 F R € Seid A B 1 (Mitsuoka, 1990) -



1-2 Mg FE s

FRATAGZEAE LIS AR DRARETI K B394 300~400 ?
f8(species) » #c® B i 10" CFU/ml chim B#rie & » @ ot FlicAg ) 4 1 HE @

B AL B2 5 2 R AN EF REREY 95 0 10~1000 & =
+ (Drasar and Hill, 1974; Tancrede, 1992; Tannock, 1995)

% (stomach)#7 A i chd feid & i pH & chsk 8 (9 pH2.5~3.5) @ + =

ip % (duodenum)» 773 e B AcdL gL it 0 R LA P F 5 3R 0 F
B3 2L R R g 9 100~10°CFU/MmI > & i 2 4 & Fp 5 Fps
7 (Lactobacilli) ~ &3} f(Streptococci) % fi¥* f](Yeasts) 5 %7 % (jejunum)s?
% (lleum) * B> FEE FARFE S R4 0 A& 3 AEAR S LIERE
S faln R 0 Aof fatE )~ 5 P S0 4 (Enterobacteriaceae) ~ 483k A 2 H @

% HHRE Fae B % F(Bifidobacteria) ~ #f 1% fF(Bacteroides) & (Nielsen et
al., 1994); @ ~ % 97 7 40 B & 48 f20 * 11 % % (colon)*T 7 2 7] 4 (genera)
ko HE#E 2 10°~10"7 CFU/mI > % $HRd A % 8 iR s

WS EACEERAF AERFAS 0 E s R LR Ao R
BN AL AR E - FER B F S T & ¥ (Holzapfel et al, 1998;

Simmering and Blaut, 2001) (5] 2.1) °
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Fig. 2.1. Distribution of microbes in the human gastro-intestinal tract

(Holzapfel et al., 1998)
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Structure of the intestinal Functions of the intestinal Effects on the host

microflora microflora
I o N I -~ ~ - e -~
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&
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E coli Consuipation
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1°~10° 9 Enterococcus . g
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. Produce toxins €patic coma
Depress
. immunity
o 1. perfringens Cancer
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2 Staphylococcus ypertens:
8] 0~ 10‘ b . c
£ Proteus =8
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physical), ageing, 'C & | brain abscesses, liver
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Antibiotics, = g
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cortizone, radiation,
elc.

Bl 22 S Fesrmi kb MG

Fig. 2.2. Relationship between intestinal bacteria and host health

(Arunachalam, 1999)
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FEMAZE O FELT AP S S Y KRR aA
Lo R G FFFenad s FRrugkitgmgd o ppraiiw P g
% PR~ AR QR A 2 Ac B A T £ 4 (probiotic)?) % o
2-2 FEANER
FURR i
Rl N

Fpacflr a5 ki TR FFE
PipmEs e - HoE

[ A
R e - B G T IR
(Axelsson, 1998) -
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(D5 % FABIE: Q&S0 QF %5 0% 57 P rehp
P a2t 2E S EEP T AL > B2 §ARTR ()BT i
fatett s mimred 2 0 0)F MF KRR ~kFy - LHRY & Lt R
FH- - BPNFIRBETALE RN AETFRETALERE (00 A% o

FRPEHEL AHREE RS AP ATFA O T RE S LR AR
(homofermentative) 2 £ 4|4 ¥ (heterofermentative) ' fk 7] » F &% i 7.9 7
2 % 90~100%5" fx > @ R 3|3 f% 7 " P A4 A5~50% 3 ph2 vt o W g Py

B EE o F AR RAY o M EE B4

A% % (homofermentative)

CH,Os — 3 2 CH;CHOHCOOH

glucose lactic acid

B A1 p%(heterofermentative)

CHOg — 3 CH;CHOHCOOH + C,Hs0H + CO,

glucose lactic acid alcohol carbon dioxide

2-3 FERFHA N
Zﬁg‘ﬁ“]}%liéa\lﬁ’f/‘ﬂ 3;%6 ’IZ:A’\‘k‘F %l!" ,’ﬁ;}ifﬁqﬁgﬁ:gigi&

’

G o YRR FOA ST 0 A KT ﬁ]ﬁ?p\ % T 7]+ - F(Axelsson, 1998) :
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(1)4a 3k 7 4 (Sreptococcus) ; (2) % 3% ] & (Enterococcus) 5 (3) 5 ik 7k 7 /6
(Lactococcus) ; (4) = %8 5% 7/ % (Tetragenococcus) ; (5) ¢ & ¥ F &
(Carnobacterium); (6) #:fv 3% ) (Vagococcus) ; (7) &% i (Pediococcus) ;
(8) P ¢z 4 (Leuconostocs) ; (9)F i 1% ] (Lactobacillus) ; (10) F st 4%
/B (Bifidobacterium) ; (11)7 # + 3 & 7/ (Sporolactobacillus)

BY SR REE G TR B A 5 R ) (Lactobacillaceae)
(Kitahara and Suzuki, 1963) » @ F &t % F B B L * 2% & 7 P
(Actinomycetales)2. < 4 74 (Actinomycetnceae) © 4 ik 5 ik F2 & i 42 ¢

"R NFEBBNE 2 TROFERIICBRABFIEA LT Z EHF

ASH

E PRI S AN S At RS U RS S FRE
TR BBk T FEFL A2 k35 fg pE(homofermentative lactic acid
fermentation) » * 7 & Ftk L 5 ¥ & 2 4w Bacillus cereus - B. subtilis % 2
72 ¥ 7] % (bacteriocin) % # 7 »z(Yanagiad et al.,1997) » gl @ #-H 3 »
R BRFAAR BB B T R FHBI TR R ES 0 H
A T3l (genotype) ™ w 2 @A L A2 FPRFALAEE S B EH AR
Al (phenotype) I & 3 (1)F A3t A §FH g » S A B E 2 & F 7FE 5 Q)7
22 3RS QRZLH i I BIEFFEL R kF

}F % % F* f& #)(Chaia and Oliver, 2003) -
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$=8 PEEL BT E 2 Fprobiotics)

/_J. ==

# 2 7 probiotic - F > i p F M Tforlive, 2 & « jifx% um o>

ﬁk]‘i%j& % f:?ﬁ PHREF 2 AR ST a0 & 1974 £ Parker #

Mo PRA RS REFLGEFRT oL A AP 0 WEHZ L E

BN

4 F(probiotics) (Parker, 1974) » e £_i4 % Fuller (1989)R]3% 5 #* # & ¥ i
/1?'\ :IFT"bi ,% 3‘: #;7 ’Fﬁ ’ _1:' * 1& * iF é probio’[ics E—ﬁt’i%'a , fﬂﬂ,b ﬁ%%%— pI’ObiOtiCS

2 v ’

Tk SR At g JEred A AR TR AR A hig

B (Fuller, 1989) @ ¥+ § < jtkdp 21 » probiotics iZ4p ¥ 22 7§ L M p 2 42
A ip T @3 FRHAPE - MAFEBKI SRR BB
A %F g #% 4~ (Huis in’t Veld and Havenaar, 1991) 7 }* T & B i 5 R F #75& %
Fe$x * (O’Sullivan et al., 1992) - i7# Naidu et al. (1999);% % probiotics & &
BV E HA S EART L R R R F 2k 2 vk i
(probiotic active substance) (Naidu et al., 1999) - @ Salminen et al. (1999) Z_%

probiotics & — fE7% — T AJEpA A B A FriTA 2 R FEBS R

&
oy
B
[
S
3\
She
BN
"
A4
,dm
(ﬂd\
=T
Tk
S
s
A
)
A
=l
4
ki
¥
.
|55
ﬁm
=
[
¥
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RBPA P 83O G Y E 2 fF(probiotics) shde vk o

32 BEFIARLE2ER
L@ pohE A FEE K T A EE S 2 RE()E AR ()

W SRR (G)E F YRS RN 4 (DR L
BTG E i 4ol B RS 0 i ] e E g R 2
HEBAARBELL 1 ()L T Wbl Bl A FEHY T HES
A5 de AR R R T F AR AR A g &4

<r

(OVRE e R M 11 2 (6) Tk 2% F 5 »c % » 4o & 2.1 #1757 (Sarrela et al.,

2002) -
3-3 ¥ 4 Fj2 B # 3z (health effects)
FARHAMERZ H A BA 2 A5 0 4o 23 97

(1) 4% o % % 3f H4p -

NSO SR E R LT R R TR S
3 I,% e, % (Clements et al., 1983; Biller et al., 1995; Spanhaak et al.,
1998) - p mi & R H-F 2 AT 42 #3531 S(antibiotic-associate
diarrhea; AAD) (Siitonen et al., 1990) ~ = {7 4 3| *L/G(travelers’ diarrhea) ~ 2

v2 %) "1 /&5 (infantile diarrhea) ~ £ % (& 2% { (relapsing C. difficle colitis) ! %
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Table 2.1. Properties of probiotics to be assessed in the screening of new
probiotic strains and development new probiotic foods

Property Target and method
Strain specificity Source or origin to be assessed.
Resistance to pH Model systems for gastric and bile effects.

Several model systems to be used for adhesion

Adhesion and colonization (e.g. cell culture, mucus, intestinal segments).

c . usi Adhesion and competitive exclusion of pathogens
ompetitive exclusipy in vitro and in vivo model systems.

Immune regulation In vitro and human studies.

Pre-market clearance and post-market

Safety surveillance.

Technological , Various systems for stability and activity
echnological properties throughout the processes.
Sensory assessment Sensory testing of model and final products.

Consumer acceptance Consumer studies on product formulations.

Human clinical intervention studies with final
product formulations; at least two independent
studies to show efficacy in target populations and
safety in all consumer groups.

Efficacy assessment

(Sarrela et al., 2002)
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Suppression of Control of Control of

endogenous Irritable Bowel Inflammatory

pathogens. Syndrome Bowel Diseases :

eg. antibiotic- T :\Ile:jwate

associated diarrhoea e
+ el

immune Gt
response in infants

LA Normalised f

Colonisation intestinal Strengthened

resistance microbiota ; innate

Immunomodulation ; :
composition —» immunity

v

Suppression of \ /

exogenous

pathoger:ls. Lower serum

eg. travellers’ _——

di%rrhoea Probiotics cholesterol

Bile salt
deconjugation

Supply of SCFA a

and vitamins Metabolic effects / and secretion

(eg folate) to the

colonic epithelium

l

Reduction in risk
factors for colon
cancer

Bl 23~ 52 FeniE B

/

Lower level of
toxigenic/mutagenic
reactions in the gut

<

ﬁ\

S

Lactose
hydrolysis

Improved lactose
tolerance

Fig. 2.3. Proposed health effects of probiotics

(Sarrela et al., 2002)



pal

a»

R
_3‘_\

B B 75 A2 i1 i (foodborne pathogenic diarrhea) & £ 5 2 4% ch=

\
H
=t

Ry
|

A

1B BT EARBRAEEA D G LA > RRFRET 2
£ 3 AR 0 @ 453 R~ % & B 1% ¥ (irritable bowel syndrome;
IBS) ~ 4 X 2% if 7 s (inflammatory bowel disease; IBD) (Shanahan, 2004)
d da P AR % g5l A2a% K (Helicobacter pylori gastroenteritis) (Wang et
al., 2004) 12 2 & R ig ke % (urinary tract infections) (Hoesl and Altwein, 2005)

Fo4225 0w Ed Akt 2Pt & (Fooks and Gibson, 2002) -

Q) fAD &I

FARRAEY B EEwe (IR ks AP RE L LG
# 4 (innate immunity) o 7 it s # T we > @ IgA Gk R R 4 0 T A 4 y-
+ 3 % (v-interferon) » I #* jFeid dL & & 3L RFrFRR ) 2 o 3F § EATIA
/ﬁaq—\d »> Thl (T helper 1 cell)#2 Th2 .5 F & 7# T 7 © B0k 0k Rk
e Th2 endl & & 975142 o Th2 #] 4 & IL-4 (interleukin-4)~1L-5 % IL-13
M %5l V%‘ M4 4 5 3f (eosinophils) ~ V%’ % |4 w2 (basophils) £ ## « ‘m ¥z (mast
celD# & #F L ik » S wmie v E e IgE £ R (7% @ 514240k B ¥
‘b5 IL-4 4o IL-13 ¥ g B ‘P2 i& {7 48 chisotype switch » ¢ ) IgE 4=
B > T3 4e o % A% 7 IgE o9& (Schultz-Larsen and Hanifin, 1992) = & T ‘w

¥ L fL g Hp oo ;ﬁd e g F A FV 4l Th2 chd £ & & > [FN-y
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Table 2.2. Application of probiotics in the prevention of microbial infection

Disorder Subject Probiotics Effect
Infantile diarrhoea Human Lactobacillus GG Reduced duration of diarrhoea
Human Lactobacillus reuteri Reduced duration of diarrhoea
Human B. bifidum + S. thermophilus  Prevented rotavirus diarrhoea
Human B. breve Prevented diarrhoea
Antibiotic-associated Human B. longum Decreased course of erythromycin-
diarrhoea induced diarrhoea
Human Lactobacillus GG Decreased course of erythromycin-
induced diarrhoea, and other
side-effects of erythromycin
Human Streptococcus faecium Decreased diarrhoea associated with
antitubercular drugs administered for
pulmonary TB
Human S. boulardii Reduced incidence of diarrhoea
Relapsing Human Lactobacillus GG Improves/terminates colitis
C. difficile colitis
Human Lactobacillus GG Eradicated associated diarrhoea
Travellers’ diarrhoea Human L. acidophilus + B. bifidum Decreased frequency, not duration of
diarrhoea
Human Lactobacillus GG Decreased incidence of diarrhoea
Foodborne pathogen  Male BALB/c L. casei Shirota Increased resistance to lethal infection
exclusion mice with Salmonella, E. coli and
L. monocytogenes
Male rat Yoghurt bacteria Increased resistance to salmonellosis
infection
In vitro L. acidophilus + Inhibited growth of Salmonella
Lactobacillus GG
Human Lactobacillus GG Decreased shigellosis-associated

diarrhoea

18
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(Interferon-y)¥ j& > IL-4 ch# & > T Frd] B w2 & {7 7188 0 isotype
switch ; IFN-a ¥ 3§ 4¢ IFN-y e92 # > 838 Thl chd & &~ Ji > "% B IgE (04
40 mE4 ﬁﬂ‘l?i‘g‘t IFN-o &2 IFN-y sn& 3% > # % Thl i £ &7 &>
MU B ATEnE i 0 4o B) 2.4 #757 (Cross et al., 2001) o gt ¢k > F 24 FHe £ 5
K f% 8 i 47 0y 4 (Bertrand-Hard et al., 2003) » 12 "% M E a7 R
Joo F T E R FE 2 Fe R R TENEA T IR 27 57 17 (Perdigon et al.,

1995; Majamaa and Isolauri, 1997 ; He et al., 2001a) °

(3) # P

FAFNHREAY € & 2 1E4dP 5 E (short chain fatty acid) ~ gt B
2AREA REES S 0 P LT Mok
() " M5 R A %

FARTFOEMRE QY RFFEE kA (4 B-glucuronidase -
azoreductase ~ nitroreductase ~ glycocholic acid reductase * urease % ) (Goldin
and Gorbach, 1977; McConnell and Tannock, 1991; Fujisawa and Mori,
1997) ~ 4] 23R ECR T 4 5 3rflil A FGE B9 Fis on2 &
Fl@ 0 fe BB 5018 ¢ (Bogdanov et al., 1975; Rowland and Grasso, 1975;

Mizutani and Mitsuoka, 1980; Bodana and Rao, 1990; Ebina et al., 1995; Lo et

al, 2002) o b 7h > F 2 F{HETA 2 dumbny L > T E L L e e
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LAB-derived bioactive
molecules (e.g. LTA, PG)

Pro-CMI/
Anti-allergy

‘e W IFNYy
v
#

ThO cell Lymphocytes X

: \X v

~ L ] /-"".\
\‘\\ ... ) \ V4 N Pro-
S IL-12/1L-18 / \

Pattern-recognition
receptor

&

qa

Accessory cell
(macrophage/DC)

~. 'I
S '\ Th2 cell ; allergy
Low amounts "0 e \ //
of IL-10 Pt o = JLA
o IL-5

Bl 24~ 54 508 8 48 F b2 Fulacs§)
Fig. 2.4. Theoretical anti-allergy mechanism for immunoregulation of

probiotics
(Cross et al., 2001)
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£ % kh(Sakata, 1987; Ichikawa et al., 1999) » 5. 2% F & ‘e s zis » Bi
- NS R 4 F(Youetal., 2004) -
(i) *% 5 F

4

i w
il
-
N

RO E A A R v B3 " MPE AR x5 (Ahn et al.,

St

2003) - Tahri et al. (1996)4p 41 A 28 73 2. ™ - oL 4E B %’F,—.E} A i

PERR R LR E e 1 TER o A RPRRIMAGE R AY L 0F o PR R SR R
fRaa s iterdd > §- @RGPz jmay 0 2P "Rk (bile acid) 7 €
& 050% > d chenodeoxycholic acid ~ cholic acid # deoxy cholic acid *7
B A IRIERL € 2 2 gy B (taurine) 2+ PRfd (glycine).B & ) = 5 & AP
7 (conjugated bile salts) (Hofmann and Mysels, 1992) » @ X ¥ 2 g s 2 4 =
i ﬁ RIFE 5 2 % & 3| "2 % (deconjugated bile salts) » 2 & & 3| "2 % pH
55175 2R € T " (Hofmann and Mysels, 1992; Klaver and Van der Meer,
1993; Tannock, 1995) » & & FAE £ Ajicm £ 41 > 7 W5 2430 "B FAR 4L A%

i 7

Bofr o { F FPPERKCD @ Aeid PEEFRA) SRR i 0 i@ " M

“'H

it 7 £ (Reynier et al., 1981; De Smet et al., 1994; De Rodas et al., 1996) -
(iil) FEArs 47 mtp
CARE A SR A ) 0 G 90~95% B ¥t R hit b

= (lactase)is # # X973k » ¥ M F & # £ X E AR FUERRE S T
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oo FUHET A { AP B F 77 AECKFROFREL o d R R it
LIRS FUAE 0 AR KRB R T SN 0 R E A N s P
PEFI? M JRAL G F o F PR PR R R e R E o 2 (K
i ow R SHAR G RGP PREREF  E A KPFEIFE R
n;y»’ong~\ s F] M g.ﬁzg»ﬁ N HE%’ N }?’;j;‘%]\ ”Eﬁilﬁ}iﬁké_i o
FAME L A

FES 0 A TR R TR AR R

2 sl * > @ F 4 FRRAr ¢ o0 B-galactosidase T % § d At

b‘!ﬂ
__,\_\
T

{;ﬁd PR e TRl A W A o SRSV R X FT R NI s e A R
(Pathmakanthan et al., 2000) » #zi¢ 43 2 £ & 7 L % 2% 3% B-galactosidase
WL EUTIAENFRE TR A AN TS T LR S A A ERAIUERE
e ! i"ﬁ ¥5t 5418 * 4 (Kilara and Shahani, 1976a; Mustapha et al.,

1997) -

34 ° P HAESLELH

pwe gt A SGE L EE g0 i it R R S AR
Flxc 4 230 @ F ¢ #¥ & * ahpR k) Lactobacillus ¢2 Bifidobacterium = /g
E % » B4 L. acidophilus ~ L. casal ~ L.reuteri ~ L. rhamnosus ~ B. bifidum ~

B. longum-~B. lactis % > :# 5 - & H s 5t iz {4 S inulinuss Enterococcus
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Table 2.3. Probiotics 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 Leuc. mesenteroides Saccharomyces cerevisiae (boular dii)
L. gasseri B. infantis Ped. acidilactici

L. johnsonii B. lactis Sporolactobacillus inulinus

L. paracasel B. longum Strep. thermophilus

L. reuteri

L. rhamnosus

(Holzapfel et al., 1998)
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faecalis & (Holzapfel et al., 1998) o g *b » ' 5 — & 251 AL 5758 (non-lactics)

PR <L

17 th4- Bacillus cereus ~ Saccharomyces & » e 2551 A% R bR > # 30 5

G5 0@ < S AR PRES G o gl R 2 AY

et
L

@ (% % 5 2004)

3-5 &3 |25 ik 7 (spore-forming lactic acid bacteria; SFLAB)

ARPIBRAL- FLFAEEE 2 HEHLE Lactobacillus § sk
Wi R A 4 Fpt 0 2 Bacillus A 3F f£ 2 # & 4 (motile)
(Kitahara and Suzuki, 1963; Doores, 1983; Kandler and Weiss, 1984; Suzuki
and Yamasato, 1994; Murinda et al., 1995)% |+ " -

FIMGALRAER LI FTL E 2 F* (Hyronimus et al., 2000) »
¢ 35 F ¥+ 5% 7 b 1 Sporolactobacillus inulinus (4B 2.5 #tr) -~ S
laevus ~ S racemicus % 7 3¢ & *pz"]fg% e11 Bacillus coagulans ~ B. laevolacticus -
B. racemilacticus (Hammer, 1915; Nakayama and Yanoshi, 1967a,b; Holzapfel
and Botha, 1988) -

AR AR EA-SInUinusSA | 5 &% Bkt Fo 4 F % 2 E %
Bl pae ERREARESSEY R A MBI IRAKRE Y (X F
2004) > £ A e 4Fz Soinulnus &7 132 & IR T AT AR F S

RIS s RS SR SR IR S R
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' A

15KU 10.00KYX 1 00N 8435

Bl 2.5~S inulinus 2 4 ;* % + B BI(A)Y & P2 A8k (B)#e + A5 (3%
+ & & 10,000%)

Fig. 2.5. Scanning electron micrograph of S inulinus (A) vegetative cell form;
(B) spore form (magnification 10,000x)
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3-6 "ﬁ & 3 e % ) (Lactobacillus acidophilus)

“‘%’ PRt F e - L3 E 2 Rk Bl 2.6 7 o ﬁ;%ﬁt«?j‘ Se i G AT
¢ (diet supplement) (Prasad et al., 1998; Vinderola and Reinheimer, 2003;
Kasimoglu et al., 2004)> £ 3 ¥ % 5 &% A §8 i & 2 7 »x(Tejada-Simon et al.,
1999; Michetti et al., 1999; Lin and Chen, 2000; Ogawa et al., 2001b) - 3% *1;5]%%
SAABE O FABRE VLA MM F e A B
SN BRI A RER M BN RE F R ISCUT 2§

AR BFARER MM 35~38C2F > 74 &M pH Ef* e ki

® (Gupta et al., 1996) o

3-7 %4 ]I 5+ & F(Lactobacillus bulgaricus)

w4 A & % ) A 3t Lactobacillus delbrueckii T o0 I f&
Lactobacillus delbrueckii subsp. bulgaricus: # # ~ 12 Lactobacillus bulgaricus
£ L.bulgaricus % & 77 o 4 JI L 545 A5 2 7B IEF 0 4oB 2.7 977 o
i 5 FA 2k FE e ek T AT s BER
Mo~ wmpidEss 0 A pH 5 & { MafFmT 3% 4 K (Delley and Germond,
2002) o A i fi(yogurt)Ft |l S8 AL o W #pt FRR T L5 5 ) fe(starter)

oo H A Rl ¥ x££ & 4 (Kitazawa et al., 2003; Ravin and
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)"—/_1' N ‘7 A
15KV 18 .886KX 1.068FM 8516

@] 2.6 ~ L. acidophilus z_ ## 45 ;% % + 8 s B (P~ & & 10,000%)

Fig. 2.6. Scanning electron micrograph of L. acidophilus (magnification
10,000x%)
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15KU 10.8K% 1.08M BFET

B 2.7 ~ L. bulgaricus z_ # $5 ;* & + B ACG B (Gx = 2 & 10,000%)

Fig. 2.7. Scanning electron micrograph of L. bulgaricus (magnification
10,000x%)
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Alatossava, 2003; Serror et al.,2003) > B m & F % j = [fk:lz— AR & F 2
7 ¢ * (Bezkorovainy et al., 1997; Naidu et al., 1999; Streekumar and Hosono,

2000; Vinderola and Reinheimer, 2003) °

3-8 v+ z=Ag, it % ) (Bifidobacterium bifidum)

R EHYE A LEY F5 F 4 [ (Prasad et al, 1998;
Bielecka et al., 2002; Vinderola and Reinheimer, 2003) > # 5 A #8% g ¢ 2
¥ 5B (He et al, 2001ab)» 3 237 « F LiEH 2 £ F B LE 0 b 2

ERR AN 3T~A3C L o S A L FMAE R 5 AL 3 R

Bk s SRER S A Y RS B S R R TR R o N E 4R
2 Y 3R E G A2 Bt T R P EAC L o R k(o] 2.8 47
) e

EUrEREE -SRI BIAFEIAEAZ L LR L ABRIEDT
> Hdx 2 aldolase % glucose-6-phosphate dehydrogenase > #c i & i *
fructose-6-phosphate phosphoketolase #-= & + § F BN #: - A F 1R 2

AR ?’ﬁﬁi(Scardovi and Trovatelli, 1965; Chick et al., 2001)

-9 #5495 7 (Bifidobacterium longum)

BAMAHZIERGFSEY 25 FH-WIRELE S & g
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153KV 18 . BKX 1 .88V 2834

Bl 2.8 ~ B. bifidum z 45 58 T 5 A B2+ £ % 10,000%)

Fig. 2.8. Scanning electron micrograph of B. bifidum (magnification 10,000x%)
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Bt Al B A FEY LA N D E LB
RRF ~FEERME AN B L G A P RR A K B
PR CHcE SR A g ARk (B 2.9 477 ) 0 HEE 2 REA

LL

» 36~38C - Futt Fh#Ed fructose-6-phosphate shunt 4 f#§ 5 4% +*
A 2 fructose-6-phosphate phosphoketolase » ¢ %

Bt o R ¢
bifidobacteria i #t= &2 pE ki 4% 2 > » H_#-%| bifidobacteria # E &7
/% (Scardovi and Trovatelli, 1965; Chick et al., 2001) ; ¥ ¢} p* & | * 4%
B iEvE- FRm AAORAR . T fldas Z BEUE AL F LT Y
Ed o bl AR A ¥ B BA RLR LA PR B @

% ¢ &4 - 3 i g (Arunachalam, 1999) -

Fr& PRAHT I EAIELPHAY

4-1 F A2 e 3

e

|

FURA A A Y 0 B P FETHE M pH B Rehad X [ ES o

Ttk 47887 0§ ez pH EEMET N S5~ PR fofisga B 1 -
B ERE A pH1S5~4582 B » @ ddiag Al PR T s 2~3
hro # ¢ Fap A2 ErFad A TL4R 0 BT i INOprF g iie

FOREFEL A dr i YRS ey ipy - - 4a 3 0 8

31



15KV 10.088KX 1.6886F 8518

Bl 2.9 ~ B. longum z_ ## 45 3% % + B ACE R (Gx =~ & 5 10,000x)

Fig. 2.9. Scanning electron micrograph of B. longum (magnification 10,000%)
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oo g BARE 0 IR F 3T F IR T AX K (Insel et al., 2001) - Berrada et
al. (19917 5 I > 2 MR T > HBaFEIAUT2 I L2 FESE
AR HES TR T RTEF AN 80%F FEZ SR TH TG
Omin> FPREFT EZH € FBAHE o

TR LT AR 0 TR R E AT R RIL S 1 B
i {7 pH (& ¢33 #(Prasad et al., 1998) » 4 Toit et al. (1998)12 B iz 23 £ 4 o
pH & 57 MRS broth :& {7 & ik & F 1k céf 3% > 2 B i 53 & :F 3] £ 5 wfpka 4
2_F' P& ) ) ¥R Berrada et al. (1991) R r4 1.25 N HCI #3825 2. 5 534 = pH 3
ML A AR (In Vitro)E s o om A M (in VIVO)RR SR R AR R pESY T £ S
[ERehiE b 4 Y F B8 FET S 5B 030~ 60 ~ 90 min 2 3
pEF o TRIE 5 E F e ® Holcomb et al. (1991)A1 £_r4 0.01 N HC1>37°C

¥ & JUpL ) 2 hr RIRH PRz mpL L o

42 f @ FL R g

)

BN G AIER Y - i R A A R e BT kA Foa
% & - fa¥r4] F1+ o Gilliland (1979)% 45 ) Lactobacillus spp. ¥+ 7% % 2 442
PER I E e AN EY R TR IR P

A F %K hBcdh(Gilliland, 1989) > B 459 A R B~ (851 i (7355 FT R
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o F R A R (oxgall) L fEE A 2 e 0 B b e 7 cholate,
deoxycholate, dehydrocholate, chenodeoxycholate, glycocholate, glycochenod-

eoxycholate, taurocholate, taurochenodeoxycholate, taurodeoxycholate, glycod-

eoxycholate & -

4-3 F Pk F AR e 2 B S

BB B R  AR A AN L PR i e ek 0 R
- TANFEER 0 FN R SAPMAT L SR e ik 2 2 S e R kR (TR
MR IR 0 Ao A B Hﬁ{f){%fim 2 & Caco-2 cell 2 % $g% + & ‘wmPe fk
Int-407 % (Pinto et al., 1983; Sarem et al., 1996; Briske-Anderson et al., 1997,
Tuomola and Salminen, 1997; Kirjavainen et al., 1998; Tuomola and Salminen,
1998; Jacobsen et al., 1999; Ouwehand et al., 1999a; Tsai et al., 2004)

Caco-2 cell line % /R p ** A FEE5 i 2. Hﬁbl“i%’(adenocarcinoma),&m L
o At A g R A Y Rk A o 0 Vi (TR T M (polarized) st & o
HAarggeb 4 £ A0 = (% 21 ®)eficst - 4o B 2.10 #1757 ( Briske-Anderson et
al.,, 1997) ; & 5 & 2 ptlmPe fRehd IR 5 B 5 74 gy (L enfi] R shopc s -
%% E b v fRfEE S S RO aE 2 2 44(Pinto et al., 1983; Hauri et al.,

1985; Neutra and Louvard, 1989; Rodriguez-Boulan et al., 1989; Laburthe and
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( Briske-Anderson et al., 1997)

B 2.10~Caco-2 cells 2 & & it 422 7 + B s Bl (A)~(C) 7 Caco-2 cells
4R A iEARY 2 5T F AR (A)FB): % 15 % 5 (O)
521 % 5 (D)% 21 2 2 #F 4 7 F FHAEE
Fig. 2.10. Electorn micrographs of the growth and Development of Caco-2 cells.
(A-C) Transmission electron microscopy (TEM) of the progression of

differentiation of Caco-2 cells on day 15 (A-B) and day 21 (C). (D) A
surface view of brush border on day 21 by scanning electron

microscopy (SEM)
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Amiranoff, 1990; Peterson and Mooseker, 1992; Costa de Beauregard et al.,
1995)cd W HEH (D) HEHE > 23¥HFF QB P2FBFEME S Y

2 (3)+ é’b",érfz‘;iﬁﬁ‘z—,ﬂ ek K Apln2 2 R EH S BB P e B

L A W RS BRI BEE F AR RFREE D 6 2R
5% =38 (Coconnier et al., 1992; Bernet et al., 1993; Coconnier et al., 1993a, b;
Bernet et al., 1994; Greene and Klaenhammer, 1994; Giannasca et al., 1996;
Lehto and Salminen, 1997; Gopal et al., 2001; Fernandez et al., 2003; Lee et al.,

2003; Resta-Lenert and Barrett, 2003; Matijasic et al., 2006) °

i=pe F 2 e % (World Health Organization; WHO) 4 4 » 7 I X 7]
A s fE o 4 %A S enterica 2 S bongori c @ 5 A FT B S
enterica = i Iy 78 7 S enterica subsp. enterica (Le Minor and Popoff, 1987,
Popoff and Le Minor, 1997; Popoff et al., 2000) » F]p* A~ 2 % L7 A F
72 ¢ & = Salmonella enterica subsp. enterica serovar enteritidis> & 8 =
Salmonella enteritidis ¢ S enteritidis -

SRR MR R E R F MR R 2



LHRE -2 g+ A JRULPpRE EE 85PN Fc Ecoli,
Citrobacter % s J4pif « 'z 7 S pullorum 2 S gallinarum *t > i % % 5 %
HL=L (peritrichous flagella) » £ & # |4 (Parker and Guard-Petter, 2001) > 4]
201 #9577 c AT 2 & L 5~47TC2 > 22 RERE3TC &2 &
2. pH & & ¥ 12(6.6~8.2) > pH = 3+ 9.0 2 3+ 4.0 325 MFIEH  HF =
FlHE R AR 0 BT B # 2 SR R (63~65T, 30 min) T TE ARE T o
BADPENAR 2 BERE OF) L T2 ) B Ak € F KT~ 3
W~ B~ R s Rk s B E(T0%04 s A 6 F )RR AL o 1R R B
S A g A B B B R o doRed R A Gk R T ¥ (Baird-Parker,

199()) ﬁ& T g R o Fru g - }gg_u*r EE 2% Y2 & E A K, NP P I

FA AR HE A FR PR A FRAE FANFE - H B TS5

52 7 " < 2 o 6
(1) 224 %

R F I &P P2 2MAREHES VP UET A A
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Bl 2.11 ~ S enteritidis 2 ## ; T F ¥ i B

Fig. 2.11. Scanning electron micrograph of S enteritidis

(#3. http://anka.livstek.Ith.se:2080/salmonella.htm)
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>t A& 4 % & % (enterotoxin) % w*s & % (cytotoxin)@ i& = X Ji 2 - Koo 2
Peterson (1983)%F iV X 2 F B~ ¢ Frild + B 2 L W22 2 Vero
e b WA A BAR RPN EL S ST G A 5

TEMOGR L VT E A4 2 mieF & 7R (Kooetal, 1984) -

(2) & » [ (invasion)

PR B IR R % F(yersinia) » B NV FE R < R RE G B
rRfrimre e TR o @ MET B A Ak OB A TG
B Frd ML A% 2 &% —cytochalasin B 0 R FRE &~ deve a4 €T
B V- ATV AFLIRL EFEIPNRTEE E e E 2L v

Beng (5 > 2004) -

A

L PR EL % 2EER

4
M|

AT G ipﬂﬁ»é‘-‘gmﬁl—q}{w/ﬁ——p“l“f‘fka ﬁ”;lﬁ‘m”?st

§
—\
o
>

v & F & » f(invasion) © 15 FHREF R T R ek PG 4P
¥ ALK s R g g 4 1 (Ford et al,, 1996; Urao et al., 1996) > & = 4

(invasiveness) sH< s ] i R AL 5 A AF 5 | BB TR g

ke
{ N
[N

)}
T
7

R I(F 2.12) Al wHLE LT v R 2 e R iR
aEA

= 2L = o+ L 55 Y 0 = gy X
f”iz":'\c'°;d-‘ iz X G F]”l‘3~’

“‘E"}\\—
A
%_K
Pt
i T
i
u“;\
I+

PR E-BKEFF o @
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B 212~ SopF RS ¢ 4 w5 842 (A)Rp FE TRy i b 4w

3=
=
v b oo oigkm R % e (B)

Fig. 2.12. 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

(#4. http://basic.shsmu.edu.cn/passw/micro2/jxnr/cn/6.ppt)
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FWEHF I o FURAKRE T BRI E e 0 2 (5] e
MIA F B R E e A b 2 R FR O B F e X3
fmPe p 2 F#(Tang et al., 1993) o ¥ ¢F FoRb P SN 2 AR
M AR R ARSI HE PR AR 2 SR E L R R R

3 ¥cH & ~ F#(Seppa, 1989) -

AR FBR R R A S AR R i A R R R

FIHRIE (704 AR AL o Ak et 2 LR S AR R LT o gl

~

Zerki>E B8 Fa R EF s S 7 (Ratti, 2001) > o 304 i 5% 3B AR 4P
FANEPE PR AFTL AR > AR ERE TRV E 3T

SR TT AR Y S TEAE F IS L N R L

PR R NIRRT R B R R ADEESF LN B ERY I LT
T o A 20CF AL b - EaiE R E 22CTNE R
Bz B A dF = B 0 o5 f4(Speckman et al., 1973) o
P FrEE

AIMPIFEANAE L AN TS > R B JIRE T PR

(Doores and Westhoff, 1983)> p % % & + 7 % #ic? > 2 7 b & I MR D
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FAFFSELWL, 2) A 5% 54

Aianta T¥ 8 ,_”ﬁ z w8 Pk~ FPEE g 1Y BT LA 57 A
2. FeF kE P H R e Fpt 18 A 3¢ ‘p%]'{@ E‘E”ﬁ AT AT A B

BaE anre o BT B2 A S R e U HGRP o Fot A IE SR 2 A
1o AR ERE S H R R a2 b A S
e R R A B RE LSk A AR 2P BT 7

& e {rie F = JF,’! P LR R dmPe AL RE % VO R AR o

AP HFERHE IRy R 2 AR PR HEF ES
FE AR A NS Y 2 ARBFF LA A Y R

g
(w
A}
g

Fom R A% LD P SR ok BRI AR Y
2> I 22 L. acidophilus, L. bulgaricus, B. bifidum, B. longum % # & & # 4
R AL S ERAR T R R BRI
BF-aaiBSfpnl 2aE i et HarmEs nr B

HIF T o
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CEE I N

o

F R R AW 3.0 40T 0 FRIAL S ERT AL

CER R Y e

2-1 i * F

(1) Sporolactobacillus inulinus BCRC 14647

(2) Lactobacillus acidophilus BCRC 10695

(3) Lactobacillus delbrueckii subsp. bulgaricus BCRC 14009
(4) Bifidobacterium bifidum BCRC 14615

(5) Bifidobacterium longum BCRC 11847

(6) Salmonella enteritidis BCRC 10744

M RRERLR AR Sl EHE BT 6

2-2 ARFET 2 A A
(1) de Man, Rogosa and Sharpe broth (MRS; Difco Laboratories, Detroit, MI,

USA) -
(2) MRS broth ¥ ¢t /,"]‘ “r 0.05% (w/v) L-cysteine-HCI1 (AppliChem, Darmstadt,

Germany) (MRS-C) -
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T

B

o s R

— O TRFE A AL FIR2

_%ﬁ@&ﬁiawﬁﬁ

2 ¥ F R

— &:Lﬁ’;ﬁi%%&P/P R 2 pH B
X

FPRAEPS LOPNRERYE
‘¥z 232 % (prophylactic effect)

FRFEEBAAL TR L
PR FR i e 2 R R
(therapeutic effect)

- FRE 2L AR R — B PRR

T B -
SR

o A

Fig. 3.1. Design of the research
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(3) reinforced clostridial medium (RCM; Oxoid, Basingstoke, Hampshire,
England) -

(4) Nutrient broth (NB; Difco Laboratories) °
REEERY LA 4\2 1.5% agar (Difco Laboratories)’ 5 % &= #(121°C,

15min)/4 #ris v # L s % 4 o

2-3 # * 2wtk
C2BBel BCRC 60182 (human colon adenocarcinoma, clone of Caco-2)

PP ATHT 85 £ EEY O

2-4 wmethd R AR A A
90% Dulbecco’s modified Eagle’s medium (DMEM, Biochrom AG, Berlin,

Deutschland, Germany) ~ 10%"z # = 75 # (fetal bovine serum; FBS, Biological,
Kibbutz Beit Haemek, Israel) ~ 1%3$<# % (penicillin/streptomycin, BioSource,

Camarillo, CA, USA) ~ 1% L-glutamine (Biological) -

25 mre ik 32 AR ER
80% DMEM ~ 20%#: % i i ~ 1%424 % ~ 1% L-glutamine ~ 7%:4 i

£ A dimethyl sulfoxide (DMSO, Sigma, St. Louis, MO, USA ) -
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Bod @51 EF B AP FIREG Y S REE 2 Fik o A %2 MRS
broth (S inulinus 2 Lactobacillus spp.#: & #)~MRS-C broth (B. bifidum 3% %
#) ~ RCM broth (B. longum #¢ & # )& Nutrient broth (S enteritidis 3z & £)

itz A& ey Atk 3TCREIEEE A FME RiEE S indlinus fr
bifidoabcteria % B F ¥ % (gas-generating kit, Oxoid) - lactobacilli 3 #c¥+ § 32
% > Senteritidisp| 5§ B % °

Reg it 2 FR 3L (8000xg, 4C, 15 min)fe » ERTRIFF R A A 0 L
1]t g e R R 20% glycerol (AR R & 0 A K 1 ml RIFRET

FW80CT R Y c FHOAAABNIZL > B %2 BPBE > BERLER

&Y o 37CHE™ 48hr e

32 IS ARFLE I HERE

=t

e g it 2 Siindlinus Fik iE {7 3. (8000 xg, 15 min, 4C) » £ M & B

2L e 4 32 8 % -K (phosphate-buffered saline; PBS, Hyclone, Logan, UT,

o X - p,

USA)#* i% Fji ik 4 (pellet) = = » T 7 7 3|4 %

mr
oy

3 .»EE]— j&—ﬂ'b %,

Rlmie fFTAIRE A RN TR o A8 & L2 S 4T lyeast extract
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(Difco), 0.5%; peptone (Difco), 0.5%; methyl-a-D-glucopyranoside (Sigma),
1.0~2.0%; CaCO; (Wako, Tokyo, Japan), 3.0%; agar (Difco), 1.5%-° 12 37°C &k
FRAE24~21 % > EDAAE I (NI F RS FPEHTE) F % )L PBS

buffer #-42 % & + 32 3 ¥ T %2 {5 4w & 12 PBS buffer i i #4845

oo WV EDIEF A

[

52 R o

Y& wme i
4-1 4% fm¥e 2_ 3% i

Caco-2 m?e a3 37 C T s fRik » B FE 4o » AT miz 3 £ L P R 835
3 2.1 # » CO, % % #(NUAIRE, NU-5500, USA) 12 37°C, 5% CO, 32 % o =
Bﬁ%ﬁ%&a%uﬁ%@&%éw’ﬁfﬁ»%ﬁg%g’%@wgu

37C,5% COy 2 % > B lga X { HHlmez & 4L o

4-2 'mve Ml &

Fwed X1 8 RARF > TRLAIATDERLY - g AZERR
# > 12 PBS buffer Bitim? 1~2 = » & F 4 » 0.05% trypsin-EDTA 3 /%
(Biochrom AG) » >t 37°C ™ 1% #cA 480 2 (S 4E4p 38 & Fg ¢ P2 p SRR} 5

T B A B2 ATHER R AL 0 AR BBl A BB 0 R L

-~

B4 st BIAFES I AT AR > R AR EELRE
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dnve k2.4 R et £ 47 20 ¥ (log phase) ~ ¥ 80~90%% %

BEGESBAORETER - §FLEREBmEe SN E I o it

B
P
H\
b
-1
(ru\

|

i}
=1

D Rt R R ER > ¥ - g Bl
B i #a (1000 rpm, 10 min) » 4% iR o ¥ e~ B 2 mre ik ok

AARCREBIE L EN T R DL

Sy

R P (m kAL 5 100
cells/ml) » ¥ & {7 (IR 4 f iz o dm¥e MRS X s H 35 T A ML R iR
wF B 4°C, 10 min — -20°C, 30 min — -80°C, overnight —/% f& ¥ i &

EER

4-4 e F d P13

B~ 20 pl fm¥e R 5% 22 20 pl trypan blue (Biochrom AG) & W A2 & o B~
BRSO~ w 3R chamber b oz w2 100 8 F] 2 5N AR
& (Olympus, I1X71, Japan)gr 2 ¥ 3 #ic > 7Ehnfe d St ime i a7 € i %
I rme Rl g G SES o <O R i il RE 0 40

AR R (T 0 kM 20 1 trypan blue FREAFIR £) 0 E it 10*> 2~

IR

Ed

& ml P e R IER 2 e i o

'

(2 % = ¥ Bl 4) x 2 x 100 = w7 fic/ml
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S e B (Gt he e Bio - e Bi) < 100% = 3 R

45 e H k2 31 %

R

*F % %+ Coconnier et al. (1992)#7it 2. & j& o BN 32 % 2w > 4o
» mre 12 % e (cell culture dish)® > # & B well chm® kR 5 3x10°~
3x10%/ml » #X 1512 37°C, 5% CO 38 % » * % % {4372 %44 L1

R, A A (b r2 B R F i 2 N A R o

I8 PREAWE - #ER A E Y
5-1 mtpdd iz
P 3Esk 7 %% Fernandez et al. (2003) 571k 2. & & K38 {7 o B it 3 75 1
AR FiR (7 § & wre i) 3¢ F 3% 2 8000 xg 3 15 min> # * &
72 PBS buffer i & Ff L dik 4> = = - R i L £ AT 5> PBS buffer ¥ o
#-1ml () Nx10” CFU/ml)#* it 4 % 4c » 10 ml pH 2.0, 3.0, 4.0 2_ ki ¢ >
fei 5 0.1% peptone water 4 |12 3.0 MHCl # # % pH2.0,3.0,4.0 > #-3
FME 2 R A o~ dE SN 3R F 82 % 49 (LIAN SHEN, LUS-480, Taiwan)® 14
37°C 4R iF 32 % (150 rev/min) 0, 1.5, 3.0 hr 33 % (7% {52 & 5 » {8 T 45

A

Iy

R FE LB ER L F RS EE GES - REER

49



g e 2 73 % F#c(log CFU/ml)

e = _ % 100%
4= 4 F #ic(log CFU/ml)
5-2 e W RSk
;}5‘_1: ii“/‘é fL .»E:‘]-”fé(/z\ Sl ¥ FE E:]’Eﬁ) =\ %‘/_"r_/lg s 1 8000 Xg r_u;}ﬁ_lu 15
min > & * @& 2 PBS buffer /* & FR MKy - & 0 FF £ £ ATRF PBS

buffer ® o #-gt RiFiR A W4 > 73 0.1%, 0.2%2% 0.4% oxgall bile (Sigma)
2_ peptone water ¥ » 12 37C4= T 3 % (150 rev/min) 0, 1.5,3.0 hr o 33 & {7 %

B2 fEm s MBI R AR BRGNS

& e* pFR 2 5% % F#(log CFU/ml)
LR ) x 100%
4 %2 F#c(log CFU/ml)

5-3 HAR i LR

~3E % 7 %% MatijaSic et al. (2006) ~ Bibiloni et al. (1999)% Gopal et al.
(2001)2. = 2 72 » AiEBkE 75 1.5 hro 3¢ £ 12 0.25% (v/v) glutaraldehyde
(Sigma)#- Caco-2 cell monolayer 7 %_15 min> 2_ {& £ 12 PBS buffer /&% cell
monolayer = = » £ &4 F F 4 22 DMEM 8 & 3L > 1% 5 538875 1 &'

IR o BifB 2 FUEL Atk 0 12 8000 xg 3w 15 min {6 0 @ * PBS buffer
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/)3 e RO R RENTH Zit 22 DMEM P o B F A5 BATE(TERIGIER

2 well b 40~ 1 ml 2 s 385 F k(9 10° CFU/mI) > & 37°C, 5% CO, ™

% 2 hre 28 {5 12 @& A2 PBS buffer % well T = » #-& ¥ fp3+ cell monolayer

b2 AtkEHE o £ 0 1% Triton X-100 (Sigma)i3 % » f& Caco-2 cell
monolayer > 2_ {s #-well ¥ 9% /& 113 iﬁ;"ﬁ/f [E3R1 S A e ?ﬁ 4 £
BEAVEFRET g F - HRRFZ AR 0 2 (83 E Hang

;‘__?“’ ) ;!:i‘:‘—l- N ’4};\.'&\7’1' :

S E e Okt o (log CFU/mI)
74 1 dnse MR 91 S (log CFU/mI)

% 100%

¥ O#-% = ek N3k {8 ¢ cell monolayer » ™ 95% methanol (TEDIA,
Fairfield, Ohio, USA)#-5 \ 3t B2 b 2. Atk 4o 1 B 2 (17 % FFAF 30 min)» 2 72

£ “,ﬁ? methanol » £ 12 PBS buffer ji% cell monolayer ¥ & 4k i & ¢

L7 7‘ &v/ /_JJ
B L feEfT R

)—\

WA oL 2 N B A L% (Olympus, CX41, Japan) -

BB PRERSALFRFHY P CHL L LR

6-1 3 & A jFik pH B2 Rl T

B 1%2 %k ARBERETREREAY N3TCHAT XX D5
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B & 2 Fik 27 45 (8000 xg, 15 min) > e B H 32 & A+ F iR (spent

culture supernatant; SCS) » 2_ & & ¥ 14 pH meter (SUNTEX, sp-701, Taiwan)

62 AR FR2iBmAERT
PSml P RFRAARL R U EARKTED 100mly £ 38 T F 1
2. 25 ml % > 4 » 0.5 ml fi= ficdp 77 Al > 2 0.1 N NaOH %23 %% (Aldrich,
St. Louis, MO, USA )i .2 # & & Bficic & > F BIF 304/ * & > T 53¢
T BL(pH 7.0) o e 24T % I NaOH 2 iR R F > 707 7 2 2035 5 (#
P B E AT 2)(F 28 1992) -

0.1 NNaOH /4% 1 ml #p % > 0.009 g 5* fi&

F 4 (%) = 0.1 N NaOH jf < & (ml) x0.009x (100/25) x(1/5) x100

R

S FREFBE A AL FRLIFERER

* 2% %4 well diffusion assay — ;* (Schilinger and Lucke, 1989;
Fernandez et al., 2003) k& {7 o #-2 F it 2. ¢ 7 Sinulinus e p 2 & 325 f
B R kAR R T R 2 5 4 (8000 xg, 15min) i e b b Fi o b
VLIE T PR F RS A T o #32 % 24 hr 0 S enteritidis Fik 4w 0 1 PBS ik

o RBRFREITREY PBSbuffer ¢ 0 1T A vPﬁ;ﬁ%Lﬁﬁfﬁ' ] ° #-200 pl
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S enteritidis f#];% % 4t ** Nutrient agar + > % & F# 7 2 ¢ b ¢ 30 min > £
VUE F P B - SR T PR Y Omm B LI F o R F TR B It
dFeoa Bl 100 pl &R FARLIB AR T i # 3 30min {8 - & 37C
TERREEAr RBRAA L FREY Br ko RRLERRABRLIELA

P/"FL/: @"ﬁ #"”F]rg] » T pE H A B 2 :IF’PB:]%]~._ Cs e

-8 FPRABEA FRIFFAS PHEM
T RRSEEAR AR TR PRSP R

(organic acid).? % 37 7% (bacteriocins) - ¥ i& (73§ & A+ jFig 2 ¢ o e
e A
-1 &AL iR otk

* 2% % Jin et al. (2000) ~ Mante et al. (2003) 4 de Carvalho et al.
(2006) 73k 2 % i3 o § Afc B £ 5 X SR ER 0 54T > 8000 xg d
15 min {& » ¥ 2 3EPF F AR AFMIR A AL 5% - 2 1 M NaOH
Ptk A b 2 R X pH A1 ¢ BH 9 5 7.0)0 £
12022 pm 2 g M g b FiR 0 1% well diffusion assay e % R 2 H pr

E‘:]"b 4 5 ¥ ¢ & & NaOH * feaagt ﬁé‘;ﬁi‘“ S S i i AK R o

7-2 2 H L4 7 TR 2P E RIE

53



B3 & 5 A hf R EAB A AL FRA Y e~ proteinase K -
a-chymotrypsin ~ trypsin ~ pepsin > * i %% % % Sigma fW 0 @ 2 3%k
B 5 1lmg/ml> 2 37°C-kizpi®* 2hrom {812 100°C 4c# Smin % oF 2 & -
£ i {7 well diffusion assay 2 #r {2 T H A L E P IR RFAR S A

& Bk vt di(Gopal etal,, 2001 5 £ 5 2005) ©

7-3

R

ALY FRLBB LS

BB BRRER AR RV IS PR SRE R w5
g & A FiR A s 70°C, 15 min~70°C, 30 min~ 100°C, 15 min~100°C,
30 min 2 121°C, 15 min v # 32 2 {5 > 12 well diffusion assay ] T 2 #r 7

o4 o TR G BRI S R AR A A R G HR(E > 2005) -

T4 BRRYFRLFES PIFFR

FRERIL G ¥p R F S enteritidis e » (1) Sinulinus 233 & A&+ i
e (F-peik & 5 0.192 mmole/ml > pH £ 5 3.69) 1 (2)if *r D-(-)& L-(H)7* i
2. MRS broth (& & % 0.192 mmole/ml » pH % 5 3.69) ; 12 % (3)12 HCI 3 fi&
2_ MRS broth (pH 3.69)® - I 12 MRS broth (pH 6.8) i% % 44 % » 113534 S
inulinus _t ;g—;{% S enteritidis chdr Frck AFE 5 pH EtE Mot A AR

*p;"]/,,\ w2 FeBam dldzeno
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BARRE A S x 2 Sindlinus * ik 0 12 0.1 N NaOH %3873 ik jf <@
frrpled @2 28 £d NaOHHRERFZEHEBZ AL Fir Y
725 E 7 £ 5 0.192 mmole/ml (pH 3.69) » F]t & MRS broth ¥ 7 e
0.192 mmole/ml (pH 3.69)* i » & 2 &2 Siinulinus # & A& + i @ #7 7 chft
ez 2Rl o F %22 L % Bt & 2 S enteritidis 7 3% (8000 xg, 15
min, 4°C) > ¥ 12 PBS buffer 7% At Ak $ = = » £ £ 7% 5> PBS buffer
B2 fsB Lml EiR A Wt~ Oml Tz Esia i d ()3 S inulinus 3 %
A FiR pH3.69; (2)‘}71% 4r 0.192 mmol/ml D-(-)&¢ L-(+)5* & 2. MRS broth -
pH 3.69;(3):2 3.0 M HCI 2 % pH & % 3.69 2 MRS broth % (4)# 4] 2 MRS
broth > pH 6.8 = 12 37°C ¥ ¥ +2 % (150 rev/min) O~4 hr > % & I§ 1 hr > #
77 ML AR R EA s > U PBS buffer R MK - 0 £ E
#7865 PBS buffer ¥ > 2 {88 4§ ﬁrﬁ ™2 Nutrient agar ] = T 4% » >+ 37C

¥ % 48 hr v ¥k S enteritidis 2 73 % Fj¥c -

AR DBRRARORER AL 2R
81 F*REAEF Y LW A FHERY Y v 2 335 (prophylactic effect)
PR 2 4% Wadstrom % (1997)2 = 2 R i& 7 o BBk 2 F | FBRIE

L3 i3t Caco-2 cells @ 8 FEF S enteritidis &% g % % 4F"2 i 4 o
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2 #- Caco-2 cell monolayer 2 0.25% (v/v) glutaraldehyde % Z_15 min 2_ { »
£ 12 PBS buffer % = = > #%—ff;‘ﬁj& bed A O DMEM & 1. 5hr &2 %
o IF L BBt o BBk FURL FR HLes 18 0 12 PBS buffer i+ ik F Y
o=z REFARBIENF 42 2 HDMEM P o ¥ b S enteritidis #i
M & F ¥ 4% 5 fluorescein isothiocyanate (FITC, Sigma) ¥ £ % #|(2 mg/ml) -
S EJR T IE® 20 min 0 ARG HE 2 ﬁ?ﬁ 1 FITC » FA#8ABR S £ 12 PBS
buffer i# 2= =t » ¥ £ 3TRFIF 44 2 A DMEM ¥ o #-1ml 0% 5L
ik (9 10° CFU/ml)4r » § 7 Caco-2 cell monolayer 2. well # > 12 37C, 5%
CO, % 2 hrté » =& “,ﬁ% DMEM £ % i% ©* ™ PBS buffer % well T & » 1
4 # B4t cell monolayer 2 F#R > #% % 4v > 1 ml FITC-labeled S
enteritidis (10 CFU/ml) » % 37°C, 5% CO, T 32 % 2 hr & » FEE FE Y
PBS buffer jFi&37 =x » 124 i AN F 2 Ao ARTS R K4k R] B (Bio-Tek,
FLX-800, USA) )4 485 nm jcaF i & o528 nm 48 A & R H 4k S kg
& (fluorescence density) » ¥ ¥ 12§ kB ficdidn BRELZ o IF PP A TR L #* 3§
P ARAIL R ST e R RR e il sy kg p
B RPN s RREL FERAES il FERAE £ RN
100 > 42 F #drdllez F R R ET 5 100% 0 5 FKp RV ERE - Z

75 T Rk LR FBRS "  Caco-2 cells b > T 5 2% E 4 S enteritidis $F
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Caco-2 cells iz % o

Fooby B2 R AEFRE T FITC ¥ £ % 4 »2 {5 5 ' Caco-2 cells
dogFtwell ¢ 4 2B R 5 10° CFU/mI £0'S enteritidis Fi 1 ml> 2 37°C,
5% CO, 3 % 2hr> #% S enteritidis v » # {4 Caco-2 cells * & 5% k¥
kg B2 il o FHFERRIF > MNETELRERITERAKRT € X5 S
enteritidis %2 5 m *% 4 Caco-2 cells (v '8 58 > 717 % % &2 H 4]

2 (A 11 S enteritidis AL ¥ f )iE T i o

82 MHAZ B AR FRIHT XD L FHR Y o 2 B
(therapeutic effect)

A #5114 Caco-2 cells B % i F & AR m®e o S pw i 8-1 2 2 /% >
#-FITC-labeled S enteritidis = 4>+ Caco-2 cells [+ > # %>t well ® 4r » 1 ml
kR 5 10°CFUml 2 & RS it itk 2 % &+ F % > 1 37C, 5% CO,
BA2hr2 {8 @RS F LB R T E LB REE o b FILA S
rRBRFARS AR R A FRIBRSEF LIS e PR RREE ED
g%@&w@’%E*ﬁé%%@z%%ﬁ&@%uﬁﬂazg%ﬁﬁ
oA 100 BEFRP ez FEBRE TS 100% > E¥ LB &
B PR AT RAAMSE LAY RN G 4] S enteritidis $F

Caco-2 cells 2 & ¥ o
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$16 o sk

LRSI FRE A e 2 % R EIER 2 A R 2 i
» 5% 5 2 (Tang et al., 1993) > 325 4240 R 3.2 #771 o £ 14 0.25% (V/V)
glutaraldehyde %] % Caco-2 cell monolayer 2 {¢ » £ 12 PBS buffer i€ = =t >
FFF4P g2 ZHDMEM B % LS5hre &% FIAR] L0 R 53
%35 11 37 C# & 48 hr> 2 {4 gt & 11 PBS buffer i i€ A K = =< >
P #-E ERTRIE A § it 2 DMEM ¢ e % e o ek @5k FR(0°
~10° CFU/ml)*t § % Caco-2 cell monolayer 2. well ® > 32 % 2 hr > & F v
“f well ¥ 2 3 % % » 11 PBS buffer el = o0 3 % R E L FRR O RS
well ¥ 4e > 2 3 #22 % (100 ng/ml tetracycline, MDBio, Frederick, MD, USA)
9 DMEM > *t 37°C » 5% CO, ™ 8% 2 hr» 12 5 e '3t Caco-2 cells % &
2 3B Ftk 2 & 1 PBS buffer i% "f tetracycline % 3% ¥ 7 = FAM - 4%

&~

Fi@* 1% Triton X-100 ;3 ;% 4 f# Caco-2 cell monolayer > $ 3} ¥ it

Caco-2 cells P #82 # 5 Fjth o #-well ¥ 273 7% 108 F A2 2 (TR T4

21 21l F = - )L 2L 5 N\ .
‘a&"a_,a_fl)&)\ﬂlub ’—,‘F‘!‘:_,_,E_ré‘;(\"&f'.r.

Sl IR G E 2 Rk
BErE A (%) = x 100%

‘7]‘ Set g e HOR 2 well ¢ ;’1’1*,;?—]”@;
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1. Infect Caco-2 cells with bacteria (10° to 10° CFU/ml).

4. Wash and add 1% Triton X-100 to release internalized bacteria.

- =T l»}
—\.) rd \@

# bacteria surviving tetracycline treatment
% INVASION = x 100%
# bacteria added to cell monolayer

Bl 3.2~ PR A2 &~ Rk AR

Fig. 3.2. Flow chart of LAB invasion assay
(Tang et al., 1993)
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AL ARIG 0 A R RBRZ TR EJHRE Y 0N A MR D RARE - %

H2EE P RFREIF2REYE 2 €7 BRAMYF mr2 b

¥z 3 A AR FRZ F2F R 4 8000 xg AL 15 min 2 18 0 2

-

"&£+ ik 3 r PBS buffer i ik AR Y = X 0 £ EATRIE R FH 1%
¥ #5 2 54 (Anchor, Wellington, New Zealand) ® » #-F 3f 5 7 4 g & K 1 04
AFCEFLY o FHELA K S mlo £ 4 s E 13 (EYELA, FDU-2000, Japan)
FEW 2 o 2 A F2R 1S enfE 54 & f5 8 458 %5 (YOUNG CHENN, HG-40,
Taiwan) ¥ & {7 vt dsk @ PFaciE 2 5 25+2°C 2 60 £5% RH & %|2-Hi4

HECEE R L RS RTE Y 0,4, 8, 12, 16, 20 iF w3 5 R AR SRS

7 #c( log CFU/ml 4 71 ) -

FL- & %Ko

~ 7 % F1* Microsoft Excel #t %8 (Microsoft Excel 2003, Microsoft
Corporation, 2003, USA)3* & :#% = & 4 #icdp 2 T 3518 &2 L % X (standard
deviation) » - 12 SigmaPlot % ] #ic # (SigmaPlot 2000 for Windows, ver 6.00,

USA)%g "tk Bl o @5 *he 3% SAS #t #8 (Statistical Analysis System,
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Version 6.12, 1996) » §1* GLM #% % 2. Duncan’s new multiple range test %

Dunnett’s test i& {7 e 2 F 4 B A F [0t i o
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-8 FRIFEIIPERALEIRERS

By w2 Sinulinus HE AR A A > HAREBA LY
* % 1.0 ~2.0% methyl-a-D-glucopyranoside; 0.5% yeast extract; 0.5%
peptone; 3.0% CaCOs; 1.5% agar » 12 37 CRRE ¥ % 14~21 % » g HA52 32
+ A58 2. Siinulinus e d ** Siinulinus 3 % LAg ek i T 2 5 A5 32 3
w A 7235 % AP 7 4o methyl-a-D-glucopyranoside B~ % glucose % & Ftk
4 E 2R %ﬁ B o5 m%ﬁie <+ 775 = (Doores and Westhoff, 1981; 1983) -

B 4.1 3 Sinulinus sy % wmie(A)%2 H3z+ 2, (B) ¢ BR7 BRI #ES

-]
L)

2850 S inulinus # 45k EFR ek R G 24 FghR o § ¢ v 55 ¥

F LR E R TR .

Fo8 PREAWK > #ERE RS E S
2-1 wpedtR g %

R E AR pH 2,3, 4 faik ~ B2 1.5 40 3.0 hr 2 Fth 5 7 5 40
24197 d £ 419 7 F T AR RJRIE 22 T o323 A58 2 Sinulinus

v % fmre A R ¢h S inulinus ~ B. bifidum 2 B. longum £ &% 7 E 5 (p
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B 4.1~ %¢ Sinulinus 2 £ 5 240 B o (A)F & wre A58 5 (B)se
3250 (4 B % 2,000%)

Fig. 4.1. Vegetative cells (A) and spores (B) of S inulinus. The former (A) were
Gram stained and the spores (B) were stained by spore-staining. Both
were observed under a light microscope (magnification 2,000x)
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Fo41 - P REAKRY pH2, 3,4 fai A AL 1540 3.0 hr 152 157 &

Table 4.1. Survival rates (%) of tested strains treated with acid in different incubation
times (1.5, 3.0 hr) at the same pH values of pH 2, pH 3 and pH 4,

respectively
pH 2 pH 3 pH 4
Strain
15hr 3.0hr 15hr 3.0hr 15hr 3.0hr

S.inulinus(S)* 645+ 20%* 448+0.2Y 883+1.0™ 789+08Y 942+06™ 91.7+13Y
S.inulinus(V) 154+ 1.0 0.0+0.0% 276+03% 195+16Y 712+13% 550+139
L.acidophilus ~ 90.3+15%  688+10% 981+ 1.0™ 956+0.9% 98.2+13™  97.0+0.3%
L. bulgaricus 783+34%  521+14Y 887+23™ 839+11Y 952+ 29% 90.0+1.4™
B. bifidum 425+ 4.9% 0.0+0.0% 659+ 15%  0.0+0.0% 745+16% 581+13%
B. longum 497+19%  290+26Y 62.6+17% 325+0.8% 94.6 +39%  742+32%

S: Spore form, V: Vegetative cell form.
#* “TDjifferent letters within a column significantly differ at 5% level, n= 3.
** XY Different letters within a row of the same pH value significantly differ at 5% level, n= 3.
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<0.05) > & @ w75 @B Ftk? > 2 L. acidophilus {- L. bulgaricus & 3. %
B ihitpadt o e - pH B2 7T > & hiT* pFRF(3.0 hr)3o € @ L 3%
Yhehig oS W B M (p<0.05)> @ o pH4 ehpgie® @345 E% 1.5 & 3.0 hr
L. acidophilus (98.2% vs 97.0%)4= L. bulgaricus (95.2% vs 90.0%) 715 7% & I
EMER D T IR 478 * 2. Lactobacillus spp. s e vt H s R
= FR i

= Hyronimus et al. (2000)s9#= 1 & £ 31 % f&4 32 {25 ik /) — S inulinus
CIP103279, NCFB1839, DSM30348 & ¥ f& ik chat =2 2 > H 2 % &2 A7 7 7
#* oy X wre A2 S oinulinus enml i iRsk R kAR o § B 2 g&gﬁé?
L. acidophilus #+ & & 3 A +</:(Gupta et al., 1996; Prasad et al., 1998;
Fernandez et al., 2003) » % Laroia and Martin (1991)&%= 3 ¢ & 3540 L.
acidophilus 7z 7 # £ g K eapH & (3.9~4.6) @ B. bifidum ) & = &
M pH &%k E ¢ 3375  Dunne et al. (1999)~ # 3R bifidobacteria )tk ¥t i i
it (P &g ve Loacidophilus £ @ @ e 2FT 3 ¢ i ph i iE R S 8 At T
iﬁiéé%%%;}g 0o = 3w o3 v‘/gJe:};] 4t L. bulgaricus st fa 47 iz
(Lindwall and Fondén, 1984; Conway et al., 1987) » it & A8 F ¢ rif 3%
thEF HRiE s ot > # 3¢ bifidobacteria FikenFiE S % 0 7 @

HREFZFOLBUTREFRIA TN AR ERAREE PR
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e3¢ % S % (Charteris et al., 1998; Xanthopoulos et al., 2000; Zarate et al.,

2000) -

22 WHER RS

LRI EAREERA R P RS Rk 42 oy o d AP
FeF R A AR 0 AR RS 0 32+ A5 f 0 S inulinus vt & e
A5 f& 1 S inulinus ~ B. bifidum ~ B. longum # L. bulgaricus & § # % 775 /&
F(P<0.05)> @ 75 7% Fe T o L. acidophilus & 3 24+ P& 3 af X |4 o
Bt BARRFERER Z T o Rk iET BERF(3.0 hr) 0 B R Atk
5 NP R EntE (P < 0.05) e

% Hyronimus et al. (2000):#7 7 § #& I A3z L5 i 7 — S inulinus
CIP103279, NCFB1839, DSM30348 7% @ e X |4 4 4 » H & % 77 22 A 3=
3 ATR O ey & e A5 Rk 20 Soinulinus enmt T B iR Sk S S AR 17 o B PE T At
=% w # #_L. acidophilus - 58 & & 4 5 (Walker and Gilliland, 1993) » &3%

2 /’?c PR ZRARE G G LR 4 (Walker and Gilliland, 1993;

Gupta et al., 1996; Jin et al., 1998; Fernandez et al., 2003) » A#* 7 & % 7 % R
L. acidophilus 72 ¢ £ 7 245 P& @@t it 4 5 & % Krasaekoopt et al. (2003)
T 3 B IR L. bulgaricus 7% % LA o T WL FREE TS

SAEREY  AETRES 2R
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F 42 B E AR 0.1,02,04% 28k & A~ B I 1.5 {0 3.0 hr 8 2 57 5

Table 4.2. Survival rates (%) of tested strains treated with oxgall bile salt in different
incubation times (1.5, 3.0 hr) at the same bile salt concentrations of 0.1%,
0.2%, and 0.4%, respectively

oxgall bile salt
Strain 0.1% 0.2% 0.4%
15hr 3.0hr 1.5 hr 3.0hr 15hr 3.0hr

S.inulinus(S)*  61.1+0.6"** 36.8+2.3Y 574+17%  335+0.8Y 365+16™ 140+21Y
S.inulinus (V) 431+0.7% 19.3+1.0% 30.0+1.0% 0.0+ 0.0¥ 0.0+ 0.0% 0.0+ 0.0%
L. acidophilus 712+£20%  421+21%  487+20™  388+04% 476+30% 326+37%
L. bulgaricus 429+21%  241+23% 0.0+0.0% 0.0+0.0% 0.0+0.0% 0.0+0.0%
B. bifidum 53.6 + 6.3% 13.8+3.29¥ 18.0+ 1.4% 0.0+0.0% 0.0+ 0.0% 0.0+ 0.0%
B. longum 69.2+09%  359+27Y 28.1+14% 0.0+ 0.0% 0.0+ 0.0% 0.0+ 0.0%

S: Spore form, V: Vegetative cell form.

** ¢ Different letters within a column significantly differ at 5% level, n= 3.

** XY Different letters within a row at the same oxgall concentration significantly differ at 5% level, n= 3.
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FAFRAR REN IR AL S IEY o S R ARE L AEEA

it & 7 »z2(Gilliland, 1989; Prasad et al., 1998)> @ £ 3¢ F R 5 pe 2 "2 3 o
T R R3E F A FRALTE A S T i 5§ % i (Prasad et al., 1998;
Hyronimus et al., 2000; Park et al., 2002; Michida et al., 2006) - %% ¢ 7z 3

’ 2 N v

pH Eh5 oo 8 F 5 #rAh i Y 7 5 8 kA& 08 ik #7k (Holzapfel et

=F

al., 1998) > m 4oyt K pH & % i3 =~ 5 Hehjie 4 $ 7 = (Kimoto et al,,

5=

2000); A G EB o R R AEER §PE R R AL 00 e T

P A a3 R - 4 £ Prd]F]3 (Keele and Neil, 1965; Floch et al.,
1972; Le Vay, 1988) > gx i R eB R -2 L AE 2 Ay i ¥ 388 T
78 erff 414 82 & % (Walker and Gilliland,1993; Jin et al., 1998; Succi et al.,

2005) -

2-3 i H R B2 B

% 7 A% Caco-2 cell monolayer 1% &4 » j&_Caco-2 cells #1532 % B
oo WL N EAER R e R AL Y D BRI SR FRAR
0 % (4r 4.2-A)b| M 32 & {8 N 5 MR R85k » LR ARE
it g e b B0 B 2 (AR 42-B)FR T URES] X § fihim e

ﬁa%f%mwﬁ‘mmgi,&ﬁmﬁim%iﬁgjﬁiﬁm@,

3
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B 42~ Caco-2cells it £ 82 4 L HRA)BAREZE5 0% ;B)* 4
T50O)% 8% (D)% 15 (Px+ & F 100x)

Fig.4.2. Changes in shape of Caco-2 cells (A) 0 day; (B) 4 days; (C) 8 days; (D)
15 days at after subculture (magnification 100x)
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AEAXHrB42-O)Fmiee EREBweR A ¥ Bioa it 31 5L
T X 2 (s hme A iR (4] 42-D) > Fpt A RFT ] ¢ I IRER TR * o

cell monolayer » % % Caco-2 cells % {432 % -+ 7 % 2_ cell monolayer °

2-4 MRS %

Bl 4.3 Bpom & F BT AR Caco-2 cells s fifay 4 @ s Wit d 5
2332 # K 5 L. acidophilus (92.3% > ] 4.4-B) > L. bulgaricus (78.7% > Bl
4.4-C) > B. bifidum (74.9% ] 4.4-D) > S.inulinus (4 % 0% >65.1% §] 4.4-A)
> B. longum (52.7% » B 4.4-E) > S inulinus (32 % A5 i > 10.5%) - 2 # L.
acidophilus & 3.3 # &3 %14 (strong adhesion) » & F ¥ i f%(adhesion)rr &

& P2 A58 2. S inulinus~ L. bulgaricus ~ B. bifidum %2 B. longum>

Al
I
b
wz
Bk

oy

F + A5 e Sinulinus B &_% 3R 1< & ek ' 4 (weak adhesion) o

* Ak (intestinal mucus) E_F AR 2 T B O E & 38 i+ (Mikelsaar et al.,
1998) s Tyt A2 R bR ¥ # * Caco-2 cell 175 W3R w2 IFH 5 4
B2 moitii 4 o m (RER R AR > FRIAL F N g
22 i 4 (Beachey, 1981)» #trigi= 5 £ 2 > 7 & iF & T 5 AR E S AL
"o it (Ouwehand et al, 1999¢) » Mt £ F 24 A#EFF BT % E P » #iT
2 E Akl 2 o sx(Morellietal, 1997) » 5@ § < grdp 3> £ 2 Fin-s

EEEARENFLGEN > e S FRY LT FAHET 6L
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100

B a
b
80 SIITLS b
e\c’/ 60 2
p X
.o = 5
D 5
S 40 L SR
< e
20
O - l“j"!! KRR
s, '\\’\U\"“US(\I)S.'\nu\'\nUS(S)L_ac\doph\\USL'bu\gay\cuS g, Dfidu™ o ongum
Tested LAB strains
Bl 43 - 7P F R Caco-2 cells 2 s i o S inulinus (V) @ % % o

5 &= a-¢ v

fi 3 Sinulinus(S) : 32 F A5 5 & Bt BAp I g ot
Jf, hF A AR AT BEFRALR(Pp<0.05)

Fig. 4.3. Adhesion of the tested LAB to Caco-2 cells. S. inulinus (V): vegetative
cell form; (S): spore form. *° Groups with different letters differ
significantly (p < 0.05)
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Bl 4.4 ~ & 32k 5 ik F e '3t Caco-2 cells 2 =k & X fic R 49 B1(A) S inulinus ;
(B) L. acidophilus ; (C) L. bulgaricus ; (D) B. bifidum ; (E) B. longum (3x <
% 3 2,000x)

Fig. 4.4. Schemes of the tested LAB adhesion to Caco-2 cells in a light microscope (A)
S inulinus ; (B) L. acidophilus ; (C) L. bulgaricus ; (D) B. bifidum; (E) B.
longum (magnification 2, 000%)



PRIFHE 2 Al - LR AR HE Y PEETE B 0 T
i E 2 AR S E Y R A e e e ¢ (Johansson et al., 1993;
Link-Amster et al., 1994; Saxelin, 1997; Spanhaak et al., 1998) -

ek A T Y RT] 0 PRATYESHE T B2 % - ((host
specificity) » 7# T A g kR pL ) A € SNt X 35 i e ve b (Walker and

Duffy, 1998; Ouwehand et al., 1999a; Ouwehand et al., 1999¢) > @ * #-H iF %

EHE 2 FTRIp iR 2 - o & §_Rinkinen et al. (2003b) e B IR0 K
PR - B mii?} ) #?ggvﬁ B o V}Ll‘ﬁﬂ‘s‘:‘;&i‘fé %‘;‘Li"‘%i‘ﬁ%\!«’?‘i—" Mol

et 8 L E AN F A HALSFREE > A LE B 27 L4
BRRzZE2 R

TR

W

L. acidophilus % — fa & AlchgE 2 F > & 5 7 fan fget 5 4
i 7 »z(Tejada-Simon et al., 1999; Michetti et al., 1999; Lin and Chen, 2000;
Ogawa et al., 2001b) » 2% % 5 #2 3 45 41 > L. acidophilus & 7 @t 3 & ~ @2
IV BRI Y s w7 2 5¢ 4 (Tuomola and Salminen, 1998; Gopal et
al., 2001; Fernandez et al., 2003) - Kos et al. (2003)~ % 3 L. acidophilus £ 7
B L L e 10 2 IR R R KR 2 & 5B (coaggregation) it 4 e

Coconnier et al. (1992) % #5 31 L. acidophilus BG2FO4 =% g v ¥t i 3¢ o

a P AT ehe o B R AR LG 0 4ol 4.5 #7770 L. acidophilus 7 %
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HUMAN LACTOBACILLUS

(*\\\\\\\\\\\\\:_\\E\\\\\\\D

Extracellular
Bridging Protein

Adherence Receptor
for Bacteria

HUMAN ENTEROCYTE

B 4.5 ~ L. acidophilus BG2FO4 ¥} % #f %% if ‘w?& 2_ v ¥t i 5%

Fig. 4.5. The model of adherence of L. acidophilus BG2FO4 to human intestinal
cell

(Coconnier et al., 1992)
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d ptfdre o o gD ARSI i X AR 0 PSS T Ak o b
¢t > bifidobacteria 7 Z i p A SEHE Y - FE 2 FBEWAMDE S

h o TG SR [gkz’ﬁ?% Z_iz#%(Tejada-Simon et al., 1999; Asahara et al.,

2004; Lee etal., 2004) o &2 S 2 32 6 0 § 3 g.ﬁ A RE S

(peanut agglutinin; PNA) &L % # 7 % 1 > #5311 B. bifidum EB102 2_ % ¢ ¥ ¢

WAl BEF R ARE N £ 5 2 39 F & > (proteinaceous

components).ss & I -4t % 3p Jm ¥z $& Caco-2 cells 2 f# #q F (glycolipid) c9pE 37

7 (carbohydrate moieties) (Mukai et al., 2004) °

Jacobsen et al. (1999)7%= % 45 &1 L. bulgaricus CHCC759, CHCC2164 %
B it > @ Gopal et al. (2001)s7%= 7 » #- L. bulgaricus LB1 & i &=

MRSk e f gl ARa A 3 P Fra R L. bulgaricus BCRC 14009 £

VG E R (78.7%) 0 R k& LT 2 T

Ouwehand et al. (1999b)sF#= 3 » 4 41 » ¥ A0 5 R 229 i T Fiaeh L

ity £ 8 0 &

bulgaricus # 2 4 ermws F >t 25 g AW > FI PRI S R B E A A%

Btk L B AR -

P8 PEARFAIGRIHIFLOIP AL L LBHREE
31 A AL L Gz pH ER

ERBRIABAKRT R A T2 pH E% L 4B 4.6 “T1 o LBl 4.6 o7
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—e— S.inulinus

—O— L. acidophilus
—w— L. bulgaricus
6L —v— B. bifidum
B. longum
T st
4 -
* Ed
3 | | | | | | |
0 1 2 3 4 5 6 7

Time (days)

B 4.6 ~ ;é?f:iﬁé%%'“ﬁ—‘rﬁ*ﬁ?ﬁ%i% % A ')%";‘T?zi pH Bt & 2B - *52 L:F% <
Bz pHE2 5 0% 2 pH gt P+ 2 MEBLB(p<
0.05)

Fig. 4.6. pH change curves of the tested LAB-SCS during one weeks’
cultivation. * Significantly different from day 0 (p < 0.05)
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)

Bk £os 1 x> 2 pH EFEF T (P <005 & ¢ 12 L
bulgaricus ~ L. acidophlius ~ B. bifidum ™ "% g f&-> @ |7 % 3 % {5 » % 5 5%
Atk pH B8 = > TP ARNAE T o VT F R A S inulinus -~ L.

bulgaricus 2 L. acidophilus #2 & 32 &% A #rp|#F e pH EE & Ky ¥ S

inulinus # £ 32 % A B {F «hpH &2 Lactobacillusspp.® 3 317 o

32 FPRFALZELTKRAERD

FPRFAZAFEAIRG PR AEIPUIRDZIEER S BT BR A
B2 PR A ALY R 1 0.1 N NaOH 32 % F 20 @3 B rif2 5
Fag (%) Mt 2> Hg5AoB 4.7 1o o d B 4.7 ¥ Aok IR ez
AR AL S 2~3 R HIHKRAETELF L > 2 AR @
L. acidophilus P| 2 a3 %% 4 X H5mE 12k F - ¥ ohy I S

inulinus ~ L. bulgaricus {- L. acidophilus 3 # % st A2 € » ¥ S inulinus

H L A

¥ #7 Lactobacillus spp. & #:i7 - L. bulgaricus 733 % {4 %
BEDFEAE 2 T I &EL EPREY L R * (Kitazawa et al,,

2003; Ravin and Alatossava, 2003; Serror et al., 2003) °

33 NEARA R FRLICABRERS S

e L RHFIBRARTAER B P T AR H AL FR 0 2 25 well
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w
o
1

—— S inulinus
—O— L. acidophilus
- —v— L. bulgaricus
' —v— B. bifidum
- —&— B.longum
§
= 20+
5
c
o
© 15
=)
&
Q
3 10
-
05
0.0~
Bl 4.7 ~ ;;‘#%%Lﬁﬁiﬁﬁf‘ R A R AR o *L LR 2
BRAREH 0= 4nt ;;;1 PIE P2 BEFM AL R (p<0.05)

b

Fig. 4.7. Changes in lactic acid production of the tested LAB during one weeks
cultivation. * Significantly different from day 0 (p < 0.05)

78



diffusion assay » L% H #r4| S enteritidis 2 £ #72 = chfr 7B ~ | (mm)
%ot 43 rH] 4.8-4.9 #77 od % ¥ 5 7| L. acidophilus~ L. bulgaricus
z Bifidum &2 £ 15 % 1 2 “Hjc g eht Fi 5 A B A2 > Sinulinus{r
B.longum B H_& % 2 % “Tic el i 4 Bded dr Bl S A
FTRERNT BRLIEARB A S 4~5 2t g o B oapar s
e F B TR A A T E S B A BT R R RY 0 TR B R
SRSk FiR s ¥ b AEk. R Sinulinus: L. bulgaricus~ L. acidophilus

TR R A R E G R i Ak o

34 FRARAEAL Fik 2 I E S I

ETINS

TR R RS AR A FR 2 EY S LR

UL eni® o g JF," 74 4 % (bacteriocing) s 2 55 g o WA (7 R

Pioidsk iR (T 2 Ao B AgLEgk o

341 3% A FRig NaOH @ fris 2 e B < ]
Hfo e & A R 0 1 NaOH ¥ {r2 16 > H $r 7Bl «h~ /| (mm)
Bm e 4dod % T EIMLAL NaOH # feid e £ & 1 i ¢ % 4 4rdl

S enteritidis 2 £ sk > Ft AR FR B A L FiRdr ek i F 0 7

FEARARARY TR T ONES LH pH B0t K Aig S e
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143 LRI AR AP F LK AL kol S enteritidis 4 £

Sr A% = e ) B )

Table 4.3. Diameter of inhibition zone of tested LAB-SCS revealing the
inhibition activity toward the growth of S enteritidis during 7 days’

cultivation
Time (day)

Strain

0 1 2 3 4 5 6 7
S inulinus 9.0% 9.0 144° 161" 164°* 16.5* 164° 164°
L. acidophilus  9.0* 13.4° 143" 151° 15.1° 151" 15.0° 15.0°
L. bulgaricus  9.0* 15.2° 164% 164" 164" 164* 164" 163*
B. bifidum 9.0% 12.9° 13.0° 12.9° 129° 129° 12.8° 129°¢
B. longum 9.0° 9.0% 12.8% 12.8° 12.8° 13.0° 12.8° 13.0°

* Inhibition zone (mm) (9 mm: the diameter of the punctured hole).

“d Different letters within a column significantly differ at 5% level, n= 3.
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Bl 4.8 LRE I B F TR 0~3 % 2 15 % A+ Firdrd] S enteritidis ¢ & 2
7] i ‘
BAFOX  B)F 12 5(O)% 22 (D)% 32 28H41FiR-
P R LR A 2 FrE B

Fig. 4.8. Inhibition zones (clear areas) of the tested LAB-SCS revealing the
inhibition activity toward the growth of S enteritidis during 3 days’
cultivation. A-D indicates the SCS obtained at (A) day 0; (B) day 1;

(C) day 2; (D) day 3
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4.9 &R S Mk 4~7 2 233 & & 1 R4l S enteritidis 2 £ 2
BA)F 42 B)FESAOF 62 (D)F T2 8% A Fik e
P R LR A 2 FrE B

Fig. 4.9. Inhibition zones (clear areas) of the tested LAB-SCS revealing the
inhibition activity toward the growth of S enteritidis during 3 days’
cultivation. A-D indicates the SCS obtained at (A) day 4; (B) day 5;
(C) day 6; (D) day 7
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%44 LR TEF R B & AL iR 5 NaOH @ fris 2 #ri] S enteritidis
4 £ 4035 & end Bl A )

Table 4.4. Diameter of inhibition zone of the 5 days’ cultivated LAB-SCS
revealing the inhibition activity toward the growth of S enteritidis
before and after neutralized by the NaOH solution

Inhibition zone (mm)

Strain
SCS before neutralization Neutralized SCS
S inulinus 16.5 9 *
L. acidophilus 15.1 9
L. bulgaricus 16.4 9
B. bifidum 12.9 9
B. longum 13.0 9

* 9 mm: the diameter of the punctured hole. No clear area of inhibition zone
was found.

83



342 AR FREFY PFIET 22 FrFEL )
W410 5 2 B% I EEAROEE AL FREE BT pFiEY 52 34

S enteritidis # & codr BBl A ] > B E B L E AL FiRGREE FY L4

4
4’%"?
o4
H \
Ak
SH
o
i
o
i
i‘—;‘_
ud
35
B

Pk B glie (A Fd JRARSL ) B B P

A FR e R ¥ G A2 KR ende 7 & (bacteriocing) 2 _H 5 #ha

343 BEAA L FRGHMAILE L I FE L )

LRI EL R A AL RSB R g S enteritidis 2 &

]
:31\
IR
&
=l
s

{ﬂ
bk
B
ﬂ'"
)~

g R A LB AR 4114120 d B
FREEBIPRERFEESBMILE » B L R arEck AT A 8
BAGSFRIL Al eipi > BrFB ) T REFELE A F
Rl AR FRY TE DRSPS AL TP F (heat-stable

substance) °

344 BEAALFRLIES PIrFFERE S
d % 3-4-1,3-4-2,3-4-3 F ot L & AL FR 5 NaOH ¥ feis 8

;Jc,’p%‘:]"-,_:\g;% I /}J % o om F M F-u fi= g « 4 %l“/f@/@i fe » H % b s /3;3“/175 S EE N

84



I control

NS*

w722 chymotrypsin

BB trypsin

NS

i
AN\

NS

XY proteinase K
BN pepsin

v iz
ANMNNNnaa.S,.

NS

[
A Y

i,
AN\

(7
A R Y

18

I
9V
—

16 |
4
10

(wwy) suoz uonigiyu |

B. longum

S.inulinus L.acidophilus L. bulgaricus B. bifidum

SCSof various strains

N K\l

‘B E
—7

%0l v fiE
p

[IRE S
/F/
o * NS ;

= 74
enteritidis # & e 7 B~ -]

5

7
-~

X5k 5L B K 2

%
voF

B 4.10 ~

Fig. 4.10. Diameter of inhibition zone of the LAB-SCS after the protease

treatment. * NS: not significantly different from the control
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Fig. 4.11. Diameter of inhibition zone of the LAB-SCS after the heat treatment.

* NS: not significantly different from the control
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Bl 412~ L%V EBFAHRZBAAL FRET FIERER LS I4] S enteritidis 2 &
Z2_H§35(A) S indlinus; (B) L. acidophilus; (C) L. bulgaricus; (D) B. bifidum; (E)
B.longum

Fig. 4.12. Inhibition zones (clear areas) of the tested LAB-SCS reavaling the inhibition

activity toward S enteritidis (A) S inulinus; (B) L. acidophilus; (C) L.
bulgaricus; (D) B. bifidum; (E) B. longum
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Fock drd X wmd ) DR RERE T LRERI T BRAKRLE R AL
Fir o enpr S VA AN £ pH EehtE MATR o 51 - IR
Frcd At pr & 8 pH B(H)ehie* » ot (1) % 4+ F%(pH 3.69)
BZQEpH S E g A G R A AL R DR

zE pH3.69)22 (3)#* HCI#Af: pH3.69 ez % AA(p % * 8 2 A4
Gk ? ehpH ) 25 2 Frd] S enteritidis # & % > 12 pH 6.8 57 MRS
broth 1% 3 454k » H 2% 4@ 4.13 #7571 o

d B 4.13 % w2 4] 2 (MRS broth, pH 6.8) % 2 & ;2 #r4] S enteritidis

45 m A HhERE AL 7% (SCS, 0.192 mmole lactate/ml, pH 3.69) 2
Wiy be 5t e g % 7£(0.192 mmole L(+)#* D (-)-lactate/ml, pH 3.69) 3% ¥ 1 &
B & lhrz {8 2 >Fr4] S enteritidisen? £ > @ 12 HCL 33 f& 032 % A (pH 3.69)
B ARy ¥ drd] S enteritidis 4 £ o e H Frd|re %k 34 dois A AL e &

H b e A R @ T RRIE PR AR FiRadr Y 52

gl

H %2 £ pH s MH iE* )@ ¢ o @ ¥ i 3% FIROTA R R 4
HIr@Esask o ¥ b AR%B NG WHRECT RSP E B S R
e k@4 o

PEALSIEC T T AP A LSF Y A HUH P A 2

2145 7)) 02 & (Huges and Hoover, 1991; Lim et al., 1993; Hudault et al., 1997
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Time (hr)

Bl 413~ 3 % & 1 e F > # S enteritidis 2 #- 5<% - @ : MRS broth
(control, pH 6.8) ; © : MRS broth (pH 3.69) ; w : MRS broth [ 0.192
mmole L (+)-lactate/ml, pH 3.69 ] ; v : MRS broth [ 0.192 mmole D
(-)-lactate/ml, pH 3.69 J;m: S inulinus 2_ 3 % A& * F%(SCS) (0.192
mmole/ml lactate, pH 3.69) - *% S enteritidis 2 % & [F#c22 ¥4 (0
hr) At e i F 1 4 2 (p<0.01)

Fig. 4.13. LAB-SCS factors affecting the growth of S enteritidis. @: MRS broth
(control, pH 6.8); O: MRS broth (pH 3.69); w: MRS broth [ 0.192
mmole L (+)-lactate/ml, pH 3.69 ] ; v: MRS broth [ 0.192 mmole D
(-)-lactate/ml, pH 3.69 J; m: S. inulinus-SCS) (0.192 mmole lactate/ml,

pH 3.69). * Differ significantly compared with the initial (0 hr) viable
count (p<0.01)
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; Tsai et al., 2005; de Carvalho et al., 2006) » }* 7 3z % Eﬁ? FI3 F R ST A
4 «hfg(Midolo et al., 1995; Ressland et al., 2005) ~ #r 7 % (bacteriocins) (Tagg
et al., 1976; Cleveland et al., 2001; Forestier et al., 2001) 2 £_5* i &2 I R 7

4 4 £ (Gurr, 1987; Chauviere et al., 1992)% 3 5 75 2 & & # (Fuller, 1992)

X it o

FRLEARAAE L SR FERE R e g R RS
7 L % P FA 4 (Asaharaetal, 2004) H R F] L ipk G MR OEHR € ER
pH ™ % » 4ot ¥ "% <55 3 fied F 075 4 (Rasic and Kurmann, 1983;
Gilliland, 1989; Vandenbergh et al., 1993)> e 5_pH & e *% I 2bdr e &
Fl & > HE i BdrFl4lr £ F 5 B pad SRS G MR Al
Flomie b2 AR FIA Y T W T T E B e » e Y s o i
> pH E# g hlmre B e Wik FREE e > {4 <  (F 3+ (proton) 0 i
Flam e FAL Y o i@ i Bl F T * (Ogawa et al, 2001b; Asahara et al,
2004) o ¥ F % pkdp U RALEE § SIS AT (anion) s A T AL $ RS
41 WG T Mcd B Russell, 1991) > @ & fRaend 7k 4 Ec

LfRAET B 10~600 B > Fl- A JRHPT I~ IR § B R iR

4 (Eklund, 1983; Brocklehurst and Lund, 1990; Helander et al., 1997) -
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o FPRERLERFALRIHERES
A1l FERAFPF LOPARERY I e 2 Bar ik

#-FUpL TR L3t Caco-2 cells b0 | 4o » ¥ KR4 2 S enteritidis
“TEEFEP S enteritidis B B % A4rB] 4.14 tom o d B EEA S
inulinus % # % 8% Atk ¥ 3517 S enteritidis #f Caco-2 cells %
i Flet ¥ dawm S inulinus fr & iR iR A 3 2T 7 S enteritidis $155
wmiez R R4S S AR KRS 2 BER .V g R ANIEKE ‘,5-%—"
H S enteritidis ¥ &% B ¥R 33 o

BLoh o F O R 2 3Rk SR PR (7 rg 3T Caco-2 cells b oo 2 18
£ e~ o5 R R S enteritidis - 1 FR34 S oenteritidis #4354 Bk FpeR i 2 B
HF54oR 4.16 #r7 o d Bl? ¥ 5 3] 43 Caco-2 cells 5785 5 L 7]
#& > S'inulinus ~ L. acidophilus 2 B. bifidum - 7 ¢ F] 5 S enteritidis 34c »

B EHsom > @ L bulgaricus~ B. longum B F]4r » S enteritidis @ & #
SR (A 4o~ S enteritidis H )4p R B M ents i1 AT Bk
FUE Atk ? * 2 L. bulgaricus s it tE KA L B F 0 d B F & S
inulinus-~ L. acidophilus 2 B. bifidum % ¢ < 2|5 & 7] S enteritidis 32 5
FMH RS we e o ¥ b BB 4.17 ¥ %3] S inulinus ~ L.

acidophilus 2 B. bifidum %_4c » S enteritidis # f& 2. % k3 & ¥ & %1 o
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control S.inulinus L. acidophilusL. bulgaricus B. bifidum B. longum

Pre-adhered LAB

Bl 4.14 ~ 7p L %743t Caco-2 cells F Z PR FFE ¥ £ 4 ¢ 2 S enteritidis
¥ Caco-2 cells ¥ 2  RBR 5 o * 5 % éf‘s’é? ey gl (RTELe
R EE R AT L LB (p<005); & s
T 2 —}4 ar T2 B EREFELE (p>0.05)

Fig. 4.14. Preventive effects of the tested LAB pre-adhered to Caco-2 cells
upon the FITC-labeled S enteritidis adhesion. * Significantly
different from the control (not pretreated with LAB) (p < 0.05). All
tested LAB do not differ significantly with each other and are all
marked with the letter of “a” (p> 0.05)
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Bl 4.15 ~ 3f L w43t Caco-2 cells + e (R F TR I & £ % ¢ S enteritidis & ' 2. ¥ K B )
(A) % ol AR AR R (B)FE £ 02 S inulinus &2 5 (C)3F 4 1 L. acidophilus
EJZ 5 (D)FE £ 12 L. bulgaricus &2 ; (E)3g <L 14 B. bifidum £&J2 ; (F)3g - 14 B. longum v
Bl

Fig. 4.15. Fluorescent microscopic schemes representing the preventive effects of the tested LAB
pre-adhered to Caco-2 cells upon the S. enteritidis adhesion. (A) control, not pretreated with
LAB; and LAB pre-adhered to Caco-2 cells with (B) S inulinus; (C) L. acidophilus; (D) L.

bulgaricus; (E) B. bifidum; (E) B. longum, respectively
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control S.inulinus L. acidophilus L. bulgaricus B. bifidum  B.longum
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F 4.16 ~ S enteritidis $ % £ % ¢ FR FR SRR o 55 L RB R

Fliefp it S E P P2 FH LB (p<0.05); #FH etk 32
PlE AT RS FEELE(p<0.05)

Fig. 4.16. Influence of S enteritidis on the adhesion of FITC-labeled LAB.
Tested LAB not marked with the same letter differ significantly with
each other (p < 0.05). * Significantly different from the control (not
treatred with S. enteritidis) (p < 0.05)
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B14.17 ~ S enteritidis¥t g L = '3t Caco-2 cells 2. ¥ £ 4 & 5L e A B 82 F L B fR A4p
Bl > (Al), (A2) : FITC-labeled S inulinus ; (B1), (B2) : FITC-labeled L. acidophilus ; (C1),
(C2) : FITC-labeled L. bulgaricus; = B : (A1)~(C1) & & 4c » S enteritidisz_ 424 %2 » + B
(A2)~(C2) 5 %v » S enteritidisp g 2_ 5% &

Fig. 4.17. Fluorescent microscopic schemes representing the influence of S. enteritidis on the adhesion
of the pre-adhered LAB to Caco-2 cells. (A1), (A2): FITC-labeled S inulinus; (B1), (B2):
FITC-labeled L. acidophilus; (C1), (C2): FITC-labeled L. bulgaricus. Schemes on the left

side of (A1)~(C1): the control (not added in S enteritidis); schemes on the right side of
(A2)~(C2): the treatment group (added in S. enteritidis)




F B4.17 - S enteritidisi g £ 3 i3t Caco-2 cells b 2. ¥ %4 & FUfL A " B2 B2 ¥ R BB
40 B - (D1), (D2) : FITC-labeled B. bifidum ; (E1), (E2) : FITC-labeled B. longum; =

B : (D1), (E1) 5 &4 » S enteritidisz_ #7422 > + BI(D2), (E2) 5 4 » S enteritidisa®
@R

Continued Fig. 4.17. Fluorescent microscopic schemes representing the influence of S. enteritidis
on the adhesion of the pre-adhered LAB to Caco-2 cells. (D1), (D2) :
FITC-labeled B. bifidum; (E1), (E2) : FITC-labeled B. longum. Schemes on

the left side of (D1), (E1): the control (not added in S enteritidis); schemes
on the right side of (D2), (E2): the treatment group (added in S enteritidis)
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i BOE) N R § R A & O~ %5 af % (Finlay and Falkow, 1990;
Gahring et al., 1990; Giannasca et al., 1996) > @ 3% Ftx i R % g fofe 2
o g ARG e P L~ B Y i@ g 8 KR 2 (Beachey, 1981
Finlay and Falkow, 1997) » %]yt & 2 i Fr4]7) F* < Feis i > § a0 § 2237

L F& % (Lehto and Salminen, 1997) c &2 ## 3 ? FRELZTHE S
inulinus 2 H is #7385 2 5 ik 7> Caco-2 cells + % i 5 »x3f 17 S enteritidis
RS we 2 mH o

FPRFFIV I S SRR FE L 0 PR R T AR E
P Lin g 8% S Ahg R (Rolfe, 2000) o %2 8 b 2#% > Coconnier et al.
(1992) . % 3| lactobacilli ¢ # % % & % 3] =~ % % F (enterotoxigenic
Escherichia coli)+ Caco-2 cells =77 ¥ ; Fernandez et al. (2003)4- Matijasic et
al. (2000)=7%= 3 » g L #- L. gasseri & %13t Caco-2 cells F » » i ~ tgen's
% E. coli %t Caco-2 cells & %t; @ 72 §8 N 2% > & > Asahara et al. (2005)
LSS R4 EH R FD) R IR B. breve strain Yakult (1x10°~3x10°
CFU/day) » 2. {5 & 2% % % 4] E. coli O157: H7 EJL » & % % B35 £ 11 B,
breve Fth x| B> H 55 2@ r g4 24 82 A4 2 B breve

oL ehfpdlledpt 2 SR B FR N SR ER Y o SR AT A

TV R0 f}%}%' F]m,ft\.' Ae HBHLHEEFHFEZHN o
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42 FRFAZFERRAL FRIFHF LD P ARG S E w2 B 5%

hH-F kR 2 R F) S enteritidis 7F L et 3t Caco-2 cells 0 £ 4
»ERERIEFER A AL Gl B FM o R FH S enteritidis
SRR B R Ae 418419 4T o B 418 5 U R A FiR gL
o B 4.19 Rl R PSR 0 B R T E R AL BRIV
BAALFREEFAMAIL 0 ¥ 7 R FF LS enteritidis $ Caco-2 cells ¢
Bt e Bl 4.19 L F RIS inulinus vt H i g5 FURL R L A G ok Fed
S enteritidis = 4%+ Caco-2 cells F » @ L. acidophilus- B. bifidum~ B. longum
FRFR. 38 A spandedetigac 4 0 B9 L bulgaricus 822k x i G pRd
S enteritidis s ¥ o fe H 2k R del B B AR KELE 0 J B 4.18~4.19
74 R L. bulgaricus 2 3 % & + f-ig #r4] S enteritidis = *4 >+ Caco-2 cells
2 i 4t B R onk L (D < 0.05) o Bl 4.20~4.24 Bl B_% EEk ik
e & A iR & 2 AT 4R S enteritidis o g % 2 ¥ K BT PR A
Bl & Bl %087 3 h A pmEs £ AL FirB)S FH AL 2 (C)
75&? % kA h S enteritidis(A)F &5 B33 e

BRAVPENFR O EEE A EA 8 & Hig wmre ¢ (Finlay and
Falkow, 1990; Gahring et al., 1990; Giannasca et al., 1996) » F]* & 2 F% 4_

R AR SR R T REY SR SR T E
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Fig. 4.18. Effects of the tested LAB-SCS on the adhesion of pre-adhered
FITC-labeled S enteritidis. * Significantly different from the
control (not treated with the LAB-SCS) (p < 0.05). All tested LAB
do not differ significantly with each other and are all marked with
the letter of “a” (p > 0.05)
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Fig. 4.19. Effects of cells of the tested LAB on the adhesion of pre-adhered
FITC-labeled S enteritidis. * Significantly different from the control
(not treated with the LAB-cells) (p < 0.05). Tested LAB not marked
with the same letter differ significantly with each other (p < 0.05)

100



B 4.20~S inulinus 2 # 32 & f + F% *F i1 S enteritidis $ Caco-2 cells = 22 § kB e

B o (A) 5 S enteritidis (& 4c S inulinusSCS & 3 F48) : B)if e S
inulinus-SCS ; (C);‘;’J& e S inulinus =48

Fig. 4.20. Fluorescent microscopic schemes representing the inhibition effects of the SCS and

cells of S inulinus on the adhesion of S enteritidis. (A) FITC-labeled S. enteritidis
(control), (B) FITC-labeled S enteritidis treated with S inulinus-SCS, and (C)
FITC-labeled S enteritidis treated with cells of S inulinus
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B 4.21 ~ L. acidophilus # H 32 % jk F 5% *% i1 S enteritidis $ Caco-2 cells v *f2 2. 3 & &
MeReAp Bl - (A) 5 S enteritidis (%;‘f]: 4v L. acidophilus-SCS ¢ # F#) ; (B)i #¢ L.
acidophilus-SCS ; (C);‘?J: 4e L. acidophilus %8

Fig. 4.21. Fluorescent microscopic schemes representing the inhibition effects of the SCS and
cells of L. acidophilus on the adhesion of S. enteritidis. (A) FITC-labeled S. enteritidis
(control), (B) FITC-labeled S. enteritidis treated with L. acidophilus-SCS, and (C)
FITC-labeled S. enteritidis treated with cells of L. acidophilus
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B 4.22 ~ L. bulgaricus 2 H 32 % £ } k8 M S enteritidis $1 Caco-2 cells &= 't 2. & 6 &g
HeRRARE o (A)5 S enteritidis (& 7 e L. bulgaricus-SCS & # #4f) ; (B)if ¢ L.
bulgaricus-SCS ; (C)if]t e L. bulgaricus =1

Fig. 4.22. Fluorescent microscopic schemes representing the inhibition effects of the SCS and
cells of L. bulgaricus on the adhesion of S enteritidis. (A) FITC-labeled S. enteritidis
(control), (B) FITC-labeled S. enteritidis treated with L. bulgaricus-SCS, and (C)
FITC-labeled S enteritidis treated with cells of L. bulgaricus
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B 4.23-B. bifidum 2 # 3z % & + Fi% "% i< S enteritidis ¥ Caco-2 cells & 122 ¥ % B e e
M ® - (A) 5 S enteritidis (% *c B. bifidumSCS s 3 F48) : (B)i} = B.
bifidum-SCS ; (C)if #¢ B. bifidum %

Fig. 4.23. Fluorescent microscopic schemes representing the inhibition effects of the SCS and
cells of B. bifidum on the adhesion of S enteritidis. (A) FITC-labeled S. enteritidis
(control), (B) FITC-labeled S enteritidis treated with B. bifidum-SCS, and (C)
FITC-labeled S. enteritidis treated with cells of B. bifidum
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Bl 4.24~B.longum 2 H 32 % A 1§k "5 i< S enteritidis ¥t Caco-2 cells ¥ 122 ¥ % B pc e
W - (A) 5 S enteritidis (A 7 4 B. bifidum-SCS & B FH) (B)i *¢ B.
longum-SCS ; (C)is #x B. longum 8

Fig. 4.24. Fluorescent microscopic schemes representing the inhibition effects of the SCS and
cells of B. longum on the adhesion of S. enteritidis. (A) FITC-labeled S enteritidis
(control), (B) FITC-labeled S enteritidis treated with B. longum-SCS, and (C)
FITC-labeled S. enteritidis treated with cells of B. longum
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EAFET Y FIR S inulinus 2 H9r3 BRIAEAKRT HEAR A AL FiRdr
2 A A P 3R B F 2 e S enteritidis $F Caco-2 cells drx bt > Bt 2t
Tk Bt L3 s Senteritidis g 4 A o

w2 1,%’%#% NPEmESERERA Y FRE AR RERE L
ER g+ A e i 4 (Blomberg et al., 1993; Bernet et al., 1994; Spencer
and Chesson, 1994; Ouwehand and Conway, 1996; Tuomola et al., 1999;
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faeciumTM39 % o E FH »~ & & L HE B R AV iRy v 3 2cdrdl
Helicobacter pylori (BCRC 17021, OUI 141)%t % ’ﬂj&)%»m Pz (TSGH 9201)
't > @ Gopal et al. (2001) 8] E_r2 L. acidophilus HNO17 ~ L. rhamnosus DR20 ~
B. lactis DRI0 2 3 & fk b i kdZ v ' 0 o4 % i 4k "% w2 (HT-29,
Caco-2, HT29-MTX)+ ¢r1E. coli O157: H7 » % % 73 s b it + F% % i 7
> "% 3% R ¥ Smre e M R O~ 140 § ¢ Sgouras et al. (2004) 7€ 4 8 p
WaTE T JRE 2 7 L. casal strain Shirota ¥ 3 % E X AT § AR
H. pylori SS1 chg o d AFF 10 E 30 A e ;];L;'a Foo JUBLEACR Y Y TR

-

H T IR R E Y FAR D G BN A R NE R0

e

¥I8 AHRIT2PLAHTRES

Lirm I P A tA ¥ Caco-2cells 2 &2 A thded 45 9771 o d B & T
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# 45 L FHI P Ak E ~ Caco-2cells 22 F A 1t

Table 4.5. Invasion rate of the tested LAB

Strain Invasion rate (%)
S inulinus N.D.*

L. acidophilus N.D.

L. bulgaricus N.D.

B. bifidum N.D.

B. longum N.D.

* N.D.: not determined.
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e Sinulinus 2 # & 5L F 95 Caco-2cells 7 £ &~ |20 Flpt 78— H 4

S ERHAME X2 A FFLEAFR P A §F BR AMY

—_

P2 Brg o pfFpiaEd F o2V TS a R RPN 31 R D
Med e AP AR hI AR F—S inulinus ~ L. acidophilus ~ L.
bulgaricus ~ B. bifidum 2 B.longum (#5.) - 4c = 3 ¥ 4 F £ & ik fiiﬁﬂ‘i
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