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Screening of Bifidobacteria for the Development of Probiotics Inhibiting Intestinal Pathogenic Bacteria

Jaeyeon Lee, Yungoh Shin, and Keun Kim*

Institute of Bioindustry, The University of Suwon, Hwaseong 445-743, Republic of Korea

In order to isolate probiotic lactic acid bacteria possessing high inhibitory activities against porcine and zoonotic pathogens,
such as enterotoxigenic E. coli, Salmonella Typhimurium, and Clostridium perfringens, a total of 65 anaerobic strains were ini-
tially isolated from a variety of sources including cattle rumen fluids, chicken intestines and swine feces. Four Bifidobacterium
strains were selected for their high anti-pathogenic bacterial activities. By using the 16S rDNA sequencing method, three B.
boum strains and one B. thermophilum were identified. B. thermophilum demonstrated the best adhesive ability to epithelial
cells of swine intestine among the isolates. Indeed, B. thermophilum was seen to have superior characteristics as a probiotic
for swine, as judged by their high growth inhibitory activities against various pathogens, and high acid- and bile-tolerance.
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T (enterotoxigenic E. coli, ETEC)Y E3|

A8 st 153Y ol 2R =2
JdEsS 47y FA2 e F&ste 54

Adste AL g, B 52 deH2, 5, 6]. ol
ETECE 13 A o] Ho 25% o)4do|H Hu 80%
of &3tct[15]. Salmonella Typhimuriums= A& 8-12529]
SE9EES doslv AR U DRl FEol 4
AFS Ao 71th36]. Clostridium perfringens= $ZAA 1
B4 W14 B FHZA type A, C7F 0Bl [38),
177} 2k WelAlo) ofet HA)e] Z-2RAoIA F4I10] A
WA A B, 24 AAE Qoo 34 A%
w2 A A A7 = g

A AZFHd E# o] {AMF(indigenous lactic acid
bacteriay YA Z-2& 7o) 107-108 cfu/g H[ &2 theF &
Ak 9lom 23], FAktS lactic acidE AYAdste] $U pH
£ O HEoEZN v E #4F 2 Y s3] 1]
AE 2dS Eole 9T Foh37].

Zaupo| A “APFES AFAS i SF5ENA
A7 oloe F+= Aokle vAEE 9 (FAO/WHO,
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20015 3L Ut Z2upo] e B9 A IS o &
gz gAY, a4 S golF = ASo|th28]. E3F
Aol At Al E43 9 Ad= #7014 *ék}
g mholzehg). TRuto] 9 E AR A b5 vg

AL S Aol S ABRL0), 55 24 o 13&4 4
28 9 222811, 22], A 59 EAL ZH2ojof

gtch21]. F=8 T Zulo]g A §At (lactic acid bacteria,
LAB)2 @A7HA] ) 2E Lactobacillus spp. & FHZ 4
=] ol tHo, 24, 25, 33].

2 ATo BAL 5R4A ARRRY FE ARUIE
FAHFS RS 95t ETEC, Salmonella spp., C.
perfringens & FEATG A Azt EAE do7]= Y
A NH-& 784 Ak Bifidobacterium SAVES £8)
ataLA} shglch B3 w2 AR WA, e, = A
A AU N Z g3t B8 S8 A = AFEF
7He ZRvloleE AN MY 2FE HELA AT

R R

~

[Liky o

2 Q7oA A8 o2 $4TED 0|59 sourced
Table 19 YW AT L. pentosus K34= £ A3 A9
stock cultureZA], S. Gallinarum, S. aureus, E. colio] 3
#Eo] ¥ FFolth[26, 27].

HYA Ardalt o 2= Salmonella Gallinarum [HAHE)
R EEE T PO
AEZHEY B S Enteritidis ¥ S. enterica serovar.
Typhimurium(®+= S. Typhimurium)& ARSI 8|1
AFFFHAEE AR IFFAATF Staphylococcus aureus
ATCC 29213, Listeria monocytogenes ATCC 19118,
Clostridium perfringens (type C) (=A<, A 7}
HEZEE EI))E A9, 1324721 Enterotoxigenic
E. coli (O15:H11, LT+, Statens Serum Institute, Denmark),

Table 1. The bacterial strains used in this study and their
sources.

Strain Scientific name Source
K34 L. pentosus Chicken small intestine
JS B. longum Adult intestine

(KCCM 11953T)

SF7 B. thermophilum  Swine feces
R5, R6, R9  B. boum Rumen of cattle
R1, R2, R4, ND® Rumen of cattle
R7, RA1

@Not determined.
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Campylobacter jejuni ATCC 43430 ARSI T

HHX| = HHQF

AR X 2= MRS, cMRS (0.05% cysteine®] 7}
H MRS), &+ Raffinose-Bifidobacterium (RB) ¥ X & A}
2319 tH20]. HYA Al Hl OFHH A= Salmonella spp., S.
aureus, L. monocytogenes 52 tryptic soy broth (TSB;
BD, USA;
enzymatic digest of soybean meal, 0.25% dextrose, 0.5%

1.7% pancreatic digest of casein, 0.3%

sodium chloride, 0.25% dipotassium phosphate), Brain
heart infusion broth (BHI; BD, USA; 20% infusion from
calf brains, 25% infusion from beef heart, 1% proteose
peptone, 0.2% dextrose, 0.5% sodium chloride, 0.25%
disodium phosphate)E Al&3}t4ctt. ETECE Luria-
Bertani broth (LB; 0.5% yeast extract. 1% tryptone, 1%
NaCh)E AH&ste] 37°CollA] 19 &<t viFstEet. C. jejuni
9] 2= BHI agar] 10% (v/v) calf serum (Gibco BRL,
USAYS A7kt 10% CO, incubatoro]| 4] 37°CE v %3} 4
t}. C. perfringens= Reinforced Clostridial Medium
(0.3% yeast extract, 1% beef extract, 1% peptone, 0.1%
soluble starch, 0.5% dextrose, 0.3% sodium acetate)= A
235}Fo] A3 2 1, anaerobic jaro] A 37°C2 @7] & o

2 vt

AR &R ME

Bifidobacterium<& £8317] Y3t A4 A1Y WEE,
H2] £, ETH 2JWEE SY AR 1g2 9ml &7 3
A M(0.2% yeast extract, 0.05% cysteine-HCl, 0.05%
sodium thioglycollate, 0.2% KyHPO )& ARE-5ke] H<4:3]4]
3t & RB agar plated] =E3}e] 37°C §7|Z 02 ujFsts
tt. RB agar plated A AA3 E3H FZY FofA
raffinoseE 0|88 4 9+ Bifidobacterium® Ao =2 <l
3to] pH7} #1318 S Z A bromocresol purple | A ¢F M7+
o] A Wael FRY 27} FT, BA F2Y F
Q9] sodium caseinated] A o] FAHH F2YUE s}
RB agar plate streakingdto] 37°C 297t 7| Z o2 wjjoF
sttt 29 #3322 cMRS brotho] HE3ste] 37k vk
S )2 #F L. pentosus K34KE TF *| 8] (inhibitory clear
zone)?| A Eo| A FHH +F& FdEo| S FF

2 Aty 122 23t

0!
[
NJL”;

Z Ay JLANTEY FFEHE S5H7] Yot agar
diffusion methodS AF&-3}%th. Penicylinder(£3F 300 ul,
ID 6 mm, OD 8 mm, H 10 mm)E 95% ethanol2 A4l &



Ol

St s] 53H agar plate’dol] ¥4 AR ¥ %
2 GAMFY] HjFH 30 == 100 wlE loadingdlo]
ETEC+ 37°Col|A] 6AI7P wjekste] F4E AsfE N5
vt o Yz o2 F57 0 WA 37°Coll A
124 7ol 4wl ket = A E Ao A& (mm)yS 5783t

Act.

SR

e 2l THE WSSOl e MY

22E A F oY F7Y A3 e HEgHA A o
o Bl BEHOZ P FARE R YT 2
#FE 10 ml ¢cMRS brothoj A] 37°C§ F7|H o2 vjoFst
o 1, 2, 3¢A wjFAS 7+ AR S AT 30 wA
< S. Enteritidis7} 3% YM agar plate 4] penicyliner®]
loading3}te] 37°C ¥iF7|oll A 12417 w3t 3 A a)go] %)

:ﬂLZF%Xo% 913 16S rDNA 7] M E +4= %"]5]1 At
£ RB agar plateo] A 835 & A E T colony
= -r] 0]-01 AccuPrep Genomic DNA Extraction kit (BIONEER
Co., Ltd, Korea)& AF-&3}4] genomlc DNAE &34t
529 genomic DNAS A7|95<S B3t <13t &, PCR
(GeneAmp PCR System 2700, USA)2S denaturation 95°C/
30 sec, annealing 55°C/1 min, extension 72°C/1 min®] %7
© =2 primer 27F (5 AGAGTTTGATCMTGGCTCAG>)2}
1492R (5" TACGGYTACCTTGTTACGACTT>)S AF&-3}4]
% 35 cycle £33 T A 7| 035—2 E35}o] 2F 1,500 bp 2719
16S rDNAE 315ttt &5 16S rDNAE AccuPrep PCR
Purification kitE AF&3}4 o] PCR productE A A3} Tt
Automated DNA Sequencer (ABI 3100, Applied Biosystem
Inc., USA)E o|-&sto] G714 E& £45H313, primers 912t
-2 27F, 1492R 2]9] 530F (5 GTGCCAGCMGCCGCGG>)
9k 1100R (5 GGGTTGCGCTCGTTG>)S] 4712 & A}-&-3}
t}. o] & Clustal X softwareE A}&3to] G714 ES %
3}35}o] NCBI (The National Center for Biotechnology
Information, http:/www.ncbi.nlm.nih)ol| 4] A|&3h= Advanced
Blast search [3]& ©]&3}%] GenBank® H7|A Ex} v}

o 5% OP%"iEP.

| Lt} LHEEY

T — 1= —
ZF gARES] vl 1 mlE Eppendorf tubed] Wil YAl

Halste] ASNS gl 2 pelletd] modified MRS HY
A (pH 7.0) (sodium acetate, ammonium citrate &Z3HE
1 ml¥ AHeste] FAE 23] AHT Fof] oA AR F
T2 cell pelleto]] 0.3% HC1S 353t MRS (pH 2.2) E=
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Z}

0 3% (w/v) bile salt (Difco, USAYE 1.2 ml¥ Y11

T A 2@ Y-S FHSHT 37°Col A 6417t &
& RB agar plated]] =%5le] E7|F 02 HjjoFst
£ SAsAL, o Aol g3 WA E= e
Bui7] 913 BEE (%) AArst

=2

o
4
24

T
LA etrle

filo

A Z-8 (%) = (cell number in MRS containing 0.3% HCI
or bile salt + cell number in MRS) X 100

TS| EfX|AZ) MTMZ FERY

2] 2% AR SRS "E7HT5‘P

< 713 WE=S AAS . JHE H%
(potassium buffered saline, pH 7.4)§ AA O]-_T’_ RAAY
A 2ol A mucus 2EE A5 T HEPES-Hank's (HH)
buffer 25 mM HEPES, 0.137M NaCl, 5.4 mM KCI, 0.25 mM
NagHPO,, 0.44 mM KHyPO,, 1.3 mM CaCly, 1.0 mM MgSQOy,
4.2 mM NaHCOp)2 A\ H3teic}. Selsl mojazet Aok
£ mucus2HE Ea3}7] ¢5te] 4°C, 12,000 xgol| Al 155
ZF 29 AAlE sk, THA] 4°C, 27,000 xgoll A 1587 U4
E3Eth MucusE A AT T 20 ml hyaluronidase
(Sigma No. H-3506; 1 mg/ml HH buffer)2 37°Coj|A] 30&
ZFRESAIZ| L ROANZ2E HPE AF0E 2HLHA F
ojA Bk, o] B2 RN EZ GHoA AZE Fof
got F22)7] 55 |Z detlS
17 100xg2 28 YAHEZ AL pellet& 5 ml HH
buffer2 120 Xg 1057t 2 A& 3} 15 ml HH buffer2
o A& st AlAH ST ROA| 29 fAES HF
1 ml2 A3 4°Col| A 4087F vk A A TH FEH-S 200 xg
oA 1587 YA R 252 HH bufferZ 39 Al Fst4ch &
AEE 277|599 Wi a2 deslal slide glassol] ETaHS
ot A2 ¢ 72 methanol2 1A A 7] Gram staining-&
ot & JetEuj Aoz HES ]-\:l:]/\-] T++5 A3 9F 10
Mo BN Eof 25 FAAFFE Ao BdS Yol
235 et ot

21 S. aureus, L. monocytogenes®] T3t natural
pHsz} o 6.501]*14 QA WepEee) FRE e At
%th. 10 ml cMRSO| A} 37°C, 397t Wi 2+ o529 vk
g 1087 YA 2T & 5 N NaOHZ pHE 6.52 23
stgith pHE 2434 ¥ w45 (natural pH)Z} pH
£ 652 AT WiFATHE 0.45um syringe filter
(celluolose acetate, Advantec MFS Inc., Japan)2 Z}Z} &
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Hatact. 281 1 NS T F S, aureus, L.
monocytogenes7} £2 % agar plate©l] 100 ul¥ loadings}
of YHE ANBY A2 ZHHAG

E3E & Ao AH8E Bifidobacterium 0] AY4bsH= HY
FAEO Yol REYe Y FFEAY ofHE 2

Table 2. Growth inhibition of different species of Salmonella
by the culture broths of various selected LAB?.

Diameter (mm) of inhibitory clear zone

Strain S. S. S.
Gallinarum  Enteritidis ~ Typhimurium

Control (cMRS) 0.0 0.0 0.0
L. pentosus K34 24.0 19.0 17.0
B. longum JS 28.0 220 16.0
SF7 24.0 19.0 14.0
R1 27.0 17.0 17.0
R2 24.0 18.0 13.0
R4 25.0 20.0 18.0
R5 28.0 20.0 22.0
R6 27.0 17.0 16.0
R7 25.0 17.0 14.0
R9 28.0 23.0 21.0

&Thirty microliter supernatant of culture broth of each strain
grown at 37°C for 3days in cMRS was loaded into a
penicylinder on the agar plate to examine the diameter of
inhibitory clear zone.

A7) flste] dA e Ee wiE BEasd g skl
MRSOIH 37t WoFel §4K2 Werele QA2 A% 4t
o+ HjFH o] of }ol-S 100°C 1A]7F F<F boilingdt G2, &
WA Bajaad A2 39 pepsind trypsin (Sigma, USA)S
FrAtt WS o H o 1 mg/ml7t HES A2t
37°Co| Al 3A17F &t ¥h--A1Z1 & S. Typhimurium©| 5%
H YM agar plate’}?] penicylinder®] 50 ul® loadingd}<]
37CE 124170 MOFR T ASHBY ABS ZHehr

23 g A
QUrZSHEH MFS0l st =t

ool AZAN22RE 6550 8714 fAE TS B
23t3liL, S. Gallinarumo| tet Fatgo] ot 2155 A
H3lgth o] #F 52 S. Enteritidis, S. Typhimurium
ol g Fte = 2AStA FtBAol ST SHEFE
AEstg L= o529 S. Gallinarum, S. Enteritidis, S.

Typhimuriumel 3t & A4S Table 20| YR S.
Gallinarumol| tigt 20| Y= FASES a7ty &
o]= AAA T 2E S. Enteritidis®} S. Typhimuriumoj
T FHES Ugl ot & o= 3714 Salmonella v+
of tigt ol L. pentosus K34Htt FFH 02 43t
#5= R4, R5, RY, 3952 YE=H o2 2F 44
A1 oANA £ E Bifidobacteriuml 2 I3 += +55
o] i},

Salmonella®] W3t Ft o] ¢ 855 ETEC, S.

Table 3. Growth inhibition of different kinds of enteropathogenic bacteria by the culture broths of various isolated LAB2.

Strain

Diameter (mm) of inhibitory clear zone

ETEC® S. aureus L. monocytogenes C. jejuni C. perfringens

Control® 0 0 0 0 0

L. pentosus K34 17 20 10 21 16.0
B. longum JS 18 21 12 23 17.5
SF7 16 19 9 21 18.0
R1 17 16 9 24 16.0
R2 16 19 1 24 18.0
R4 15 21 13 18 16.0
R5 20 21 12 25 17.0
R6 16 17 1 21 16.0
R7 18 19 12 21 18.0
R9 20 21 12 25 18.0

&The 100 ul supernatant of culture broth of each strain grown at 37°C for 3 days in cMRS was loaded into a penicylinder on

the agar plate to examine the diameter of inhibitory clear zone.

PETEC, enterotoxigenic E. coli.
®Control, cMRS.
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aureus, L. monocytogenes, C. jejuni, C. perfringens &
5559 G2 Q4TEAY WUTo T FFEL 213}
%3 I ATE Table 30 U SITE 7] A = b7t
A& Salmonella®] F+8& Yol 4352 tha7t 24
ol= UAARE = SalmonellaZt obd ©HE U435 B
WY Al ol A4S UeESIth A Es B 2
T dd 3EZHOSZ2 L. pentosus K34HtTh 43t
Bifidobacterium 22 7tF &&= #5325 JS, R5, R99| %]
ot ZARRE @5 FolA 57HA] e E A BR 7t
& =2 FdgE Yebd #5= R6 R0l ol & 24
FE 35 7Y Salmonella| = GA ¢ £ FH4HE Y
el itk (Table 2).

frAbto] AAbst= FH AT E YEY = 842 ¥
pH, §-7]1AFE, bacteriocin, ©]AFS}eEA | oL, diacetyl, A
A el e YA, g2, 4 Sl Y3t
FaES HeEdHTH, 34].

Zz2Hlo| QElA F30| ot AP AAujFo| L agar
plateE A3 in vitroof| A ©o] o] Foj A gith. o] Qo] H
U gE SERYE L3k jn vivod]| Al TEHfO] QEIA
9 A At Ax HigA st} gy giEEe
FRHEL 479 B2 Zavolo8rg P Y
ZAAA Y 9 £d2-go]7] wZolth17].

H 2o A &A= ETEC, Salmonella spp., S. aureus,
L. monocytogenesis 5= HAHT otz A A= HE&
Yo7l = 4T FHAAEY dAA L, TN FAA
methicillin WA S. aureus?} HAZ2EE HAASAZ A
=t =] UREo & EA7F 5L Sloh[31, 32]. o
2t AT EH AT S JAISH: At & ZEupo| L EA
2 5to] 7t5o Rt 7h59 AW o & okt A
Fo 2 AHLE Adgttt= HoA 1 997t At

2 f

o]

o

o] MigtE ot 7] 915t 1, 2, 39 F¢ 247 s gFE Al
25 8|t 43 R9 5= Wi 2849 A FH4ES
BRI, YA 4= 28R o) 3U A7 SUHE It
S Ve gtk (Table 4). wabA guka © 2 Bifidobacterium 2.
ERE Aot B2 A4S 47] HAsiA= 3Y o4 vy
gatojok & Aoz HZHET FHH M wE AY Wl 7t
=2 FHEE Uegd AL SF1eEA 19 g +
17 mmo] A&fjge] A 5F& UetlL, Hx Y F48S
Uetd #F+= R6EA 34 Mi¥F £ 24 mm9] 7P 2 A 3|
9] AEE YEr it
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Table 4. Growth inhibition of S. Enteritidis by various selected
LAB after different culture time.

Diameter (mm) of inhibitory clear zone?

Strain after
1 day 2 3

Control? 0.0 0.0 0.0
L. pentosus K34 15.0 18.0 19.0
B. longum JS 14.0 18.0 21.0
SF7 17.0 19.0 21.0
R5 14.0 22.0 24.0
R9 13.0 22.0 22.0
&The loading volume of the culture supernatant onto a paper
disc was 30 pl.
bControl, cMRS broth.

80 -

701 HCl m Bile

60
9
o 50 -
£ 40 |
2
S 30 |
=]
v

20 A

10 A

0 T T T T

K34 JS SF7 R5 R9
LAB strain

Fig. 1. Acid and bile tolerance of various selected LAB.

5

BeE 94 #ATEY ZEEHE Aol 0|5 $4F
£9 16S rDNA A E& 4% 23}, 24 A 1904 £
3t §-AHES! R5, R6, R9= B5F Bifidobacterium boum<
2 AU HAEHAAN &3 SF7 fFA+S B
thermophilum 2.2 S =9t} R5, R6, RO T2 4 99
A 2EEL, ZE ez FAo| HYloy, e L
oj A= 2}o]E X th(Table 2, Table 3).

LiAkd L LHERSS

7o WA HaEAdS AR 24E Fig. 19 Y
EFfi gt HCl1 WA YAl= L. pentosus K347} H&E&
34.6% 2 7V 4389 =4, Bifidobacterium spp. % Al
= B. thermophilum SF70] }&& 28.8%= 7F 319
ot 95U 9 B9, L. pentosus K342} B. boum R9°] XY
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& Z+7} 67.6%%}F 62.1% 2 MR 25t A Foz
B WAMda Wes4d2 A4 #ER) g2 Ao g Bl
ot 9 & =9 R5Y A% 18.5% % Wit ol 7Hd ¥ e
U, WES42 58.4%2 2 WO, SF7 39 Yid2
28.8%2 Ed o, YHEAL 38.6%2 W& Holqltt. g
H WA SA AHES FFE2 BF FH4880) 52 o
FEoldet WA I g olle d57tol Aol7t e
Ao 2 Hof FH&Ad it 18 WEFAHd= A
el mH o] §lo] Eeltt. Lahteinen 5[24] w4

Aol = 2318 negative A7} Qlo] BRItk B3}
k.

Z2ufo| Qg Agto] Ao autE H3stHH T
< FHSIHA BET = glojof gt whabA YAt BE
of WAL Z2uto] QA E A=t 9lojA Fa% 7
o] HH[10, 17], o] &l et WA 1B E S species
of @} =2, Z2 species?He strainof ok T2 A Y
EhdtH17]. B Ao A = R59 R6:= 22 speciesA| T &
At g5 WA 9 Aol & ESth(Fig. 1).

EiX| AZ HTMZ RERY

23 fAE A ZEY HA] 27 A 2] g 22
de AR ALE Fig. 20 Ul o7]oA HH =
A2HAA 2 B. thermophilum SF77} 71§81
HaE oz 2 HA A BR7HeAde eIt o
2hA 29 BN £ E FAEO] A, B, Z24ARR
Bl 223t fAER T A &7 AujA|zof thiste] o4
HE ke go|[21] S48 AF A5AE AL A2 1
Elytth. 3t B. boum R52} B. boum RO H|W3| & o H
B0l 22k 7.0%8 126%2 A Aol 7k i), ol 2
2 0] FFeE 22go] Yol Aol7} YL HolFE A
oltt.

N
U1
)

T
s
2 20
<
s
2
T 15 4
-c I
[
£
v
£ 10 |
©
%5 I ] I
2 51
£
=]
b4
0
K34 JS SF7 RS R9
LAB strain

Fig. 2. Adherence of various selected LAB to porcine intesti-
nal epithelial cell.

http://dx.doi.org/10.4014/kjmb.1406.06001

gutzl o g AHZAAJAFH o= 2 HE9t Caco-2 cell line

=HI[13], ol AP W A AgAZ=

FHAsic}. upeka 2

Bol FES ARG FRANBL YA 3

2] 9] FAoA A Bt FAFRA 2R
| 8 asich24].

Z2HO| YA 27} & FRYAH| 2| RAFOEH
$E47 Tavlol oYL 0ET LU P2o) o]l
A7) W Zel[19], B HAFS BAH LR wjA 57| g &
o[30], T2 AN E B3 YR o7 LR ulo]
g2 AR ol SaT 7|EC 2 AR gt

=

op
ol

-

M

o
[

AR SdEEe| EMZAL

SF73t R9wF7F AAbehs &do] 1% Fiud& F2 A
#jete S A FHFEZL bacteriocingl A 9] 7HeA3S &
ot 7] & viFHE pHE X E8HA ¥ natural pHE] Bf
FA3t pHE 652 2AF wi¥A S aureus$}t L.
monocytogenesis®| thet FHE ARG A} F H4F 2
T natural pHOlAlE S. aureuso] Tgt A3 2 Eo]
22.0 mm¥} L. monocytogenesisol T3t A3 2 So0] 12.5
-13.0 mmz S el ey, pH 6.62 233 Foll=
Aol glof gt o] UehtA] dgleh. dutd o= 3|
£ 0] bacteriocino] 2t 4to] % g a77} vjA|E pH
6.5 X = ¥ YEtoF st=H|([35] pH 6.5 4 &+t
go] Yet] #3t7] Wi SF73}k R9o| AAatst= S2 0]
IS Adlste WA =22 bacteriocin®
7Fs/dol Aol Ho|a, 1 e gAY o] B4k lactic,
acetic, phenyllactic acids 59 §7]4tY 7154 0| =o}[24,
217].

SFIt R9 #FE0] Akt FwEH Y gy o e
&7] Hste] 1 vj S 100°Co A 1A17F &<t boiling gk
Fof ol FajEA¢l pepsindt trypsing A2 Fof g
FYL vl malgA e BE g@ee) Mabt ¢lsickdata not
shown). & wjfAY o] FFE4- Foluf il Eafjas
of o3 oI =] ¢Ft7] W2 F #F7F YAstE I
42 A FoHEdo] obd Ao R HweEth

Z E

n

H Ao A EZ = Bifridobacterium FAAELS
Typhimurium, ETEC, S. Enteritidis, C. perfringens,
aureus % 0} AR A ol HAHE A4TF 2
YA ENA =& TS ik o5 &
F WA gEU Aol AtE o 7 Sat
Z}+ B. theromophilum SF7@} B. boum R9°|ith. HX

=

Y
N

do
2o
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