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Growth Inhibition of Enteropathogenic Escherichia coli A, and
Escherichia coli G, by the Organic Acid Producing Bacteria

Baek, Young Jin* and Hyeong Suk Bae

Korea Yakult Institute for Microbiological Research, Siheung, Kyonggi 433-800, Korea

The growth inhibition of enteropathogenic Escherichia coli A, and Escherichia coli G,, causing
the diarrhea in piglets, by the organic acid producing bacteria was studied in vitro. The metabolites
of the organic acid bacteria, such as lactic acid, acetic acid inhibited the growth of E. coli A, and E.
coli G, in BL medium. The more the organic acid producing bacteria have ability to produce the
organic acids, the higher these bacteria excerted the inhibitory efficacy against enteropathogenic E.
coli. Among the strains examined, Lactobacillus casei Y and Streptococcus faecium C showed
relatively strong growth inhibition against enteropathogenic E. coli. When the organic acid produc-
ing bacteria and the enteropathogenic E. coli were incubated simultaneously in BL medium, bacteri-
ostasis of E. coli was observed when the pH of BL culture was lowered to 5.0, and bacteriocidal
effect was observed when the pH became less than 4.5. E. coli A, was more resistant to the organic

acid bacteria than E. coli G,.
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T wEetdn AT v gast] da w
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AAH(K88 ) (29)F Ztx & Escherichia coli
A9t E. coli Gooll vlAe STEANE A1EH 3ol
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Table 1. Source of strains experimented

Strains

Lactobacillus casei Y
Streptococcus faecium C
Streptococcus faecalis

Source and Products

Yakult(Kor. Yakult Institute)
L.B.C. (Yu Han Corox)
Bio-Three(Scientic Feed)
Co. LTD)

Biocerin (Bayer Pharm.
Korea Co. LTD)
Clostridium butyricum M Miyari (Chung Gei Phar-
maceutical Co. LTD)
Institute of Veterinary
Research, Office of
Rural Development

"

Bactllus toyot

Escherichia Coli Ay
Escherichia coli g7

agar ®jx|E HFF 30CelA 16417 7A=% agar
plate® AHE3t, wiRle] pHell whel A=
To A AHE 2AE] A% xR WTE
BL brothell 6N HCl =+ 6N lactic acid% = A&k
H7psted pH7E 4.5, 5.0, 5,58 A3 AL A&
sksdeh,

Disc &4t AJH

BL broth 50miell %714 A& 1X10%cells/
mi HEste] 37CoAA HAAZH(1~34) widstad
o}, wfokFelS 3,000 rpmell A 10%#7F 4Al2-2] 3loq
A AZdo] 2N HCl =+ 2N NaOHE 7}t
wjekoRe]l pH7F 4.0, 5,0, 6,0, 7,00 =& 27
slgch, ol ZA7tg WHE¥H membrane filter(pore
size; 0.45 um, Milipore Co)2 ol }sle] A3
o}, of7]el]l =& Paper disc(size; 8 mm diameter,
thick, Tokyo Seisakusho Co. LTD)E o] o}y
S FE3 AHAAL E, colited (3X108cells/ ml,
Nutrient broth culture) 0.2mi¢} =F= Nutrient
soft agar(Agar 0,6%) 3mis Este] vle] &3l
agar plate(plate 27 : 9cm)Hel E3keh, ojefzt
°] 7‘3}51 agar plate® #H3ol4 37"C°ﬂ*i 1641 7F

w3 & paper disc FHol A7 £ A= 3] A
74 (mm)-8 Venier Calipers (Mitutoyo) 2 £ 3314l

o},

oFE HE
So\A AT r,H A4S 10% =5 (Difco) 5
mloll & loop AEste] 37ColA 24417k wikd &
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S-7] Ak *“H?hl]- 218 z+7 BL broth 5miell
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FF9 A iAo Lxaodeh, AF4 EHE
AW ZE L, casei Y Str. faecium Colle
MRS agar plateZ, E, colidlE 30CIA 16/‘]7\1-
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T FElAE 37°Col A 24407 okt 3 7h x|
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pH &%
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S BL brothell z+zb #Zs}e] 37°Col4] 397}
wleel o 2 wiokele] disted tjaz g4l 4]
Solek 2 fo4 T Fglol A7 HAEe
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Fig.1, Photographs of growth inhibition of E. coli A,
on Nutrient agar plates on which have been placed 6
disks, each containing a different BL broth culture
filtrate of organic acid bacteria. The culture filtrates
were adjusted to pH 4.0 5.0 6.0 and 7.0 with 2N NaOH
or 2N HCIL.

A:L caser Y D: Lactic acid
B: Str. faecium C E: Str. faecalis
C: HC1 F: B. toyoi
29} gkeh,

HE 5.0, 6.0, 7.00.2 =43 AAEES 7
T E. coli ASt E. coli GOl Hslel ZEAo =
FTEAE JebHA] gskel, vt pH4, 002 =
Ag 2 {14 AT ‘H/‘P*}%—%—E— A=
= Qo F ociAbgel oisled Feld gEEe 2
I 3ol #@RlEgE ol 7 tjApal %q] o E,
coli A%} E. coli G,9 % A3 FAL {74
gl whel zojrt AslEwl, L, casei Y&
15mmet 17mm, Str. faecium CE= l4mmet 15
mm, Str, faecalist 13mm®t 14mm, B.
11 mmet 13mm, CI,
mmE Elstet,

223 pHA4.09 <G4k dizfol disle] &
5 A vfebiA wota, pH4.09 4R o
ol Hdle] MEAsh S#e Zn et §4
A% E. coli A%y E. coli G,o WS =gk 27
< 13.5mm%}t 14, 5mm3i
coli A27]. _”—7]/<} Aﬂ/(-l—?{—o] Al]

o]
0}04 E. coli G, D]'-c =< "H/‘é% 3 e
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Fig. 2. Photographs of growth inhibition of E. coli Gy
on Nutrient agar plates on which have been placed 6
disks, each containing a different BL broth culture
filtrate of organic acid bacteria. The filtrates were ad-
justed to pH 4.0, 5.0, 6.0 and 7.0 with 2N NaOH or 2N
HCL

A:L casei Y D: Lactic acid
B: Str. faecium C E: Str. faecalis
C: HCl F: B. toyoi
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o 714 AATel Adate §F4 FAES pH

Aol et 3
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olo} Z& FFA T AasHS wlFAT ¥
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/‘1 Bul L, casei Yo Sir.
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Fig. 3. Growth inhibitior zones of E. coli Az on Nutrient
agar plate on which has been placed 7 disks, each con-
taining a different BL broth culture filtrate of organic
acid bacteria at various incubation time. The culture
filtrates were all adjusted to pH 4.0 with 2N NaOH or
2N HClL

A-a:L casel Y

® - o : Str. faecium C
x---X : Lactic acid
&®—@: B toyoi

O—~O 0 CL butyricum M
x—x : HCl
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Wz gfage] g Aed: 2A% A Fig
59} Fig. 63 #skeh, Str. faecium C, L. casei
Y, Str. faecalis 23 Cl, butyricum Mo 2
Aol EAlGAE Wk 271F Ei fﬂxio}?ﬂ V}E}
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ol Al wloF 24217}, Str. faecalisol 2s|A= sk
48417k ol etAs AEEe 2Ed CL
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vl oF 7241 7AR = AP ER] ghon] AfE4E bX
105 CFU/ m/& A% A3

Fig. 60 WEbd whek 2ol E, coli G,% Fig. 50l
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Aske Vel o, Str. faecium Co L. casei Y
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gFA Aol disted o w2 WS 23 sl
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Fig. 4. Growth inhibition zones of E. coli G7 on Nutrient
agar plate on which has been placed 7 disks, each con-
taining a different BL broth culture filtrate of organic
acid bacteria at various incubation time. The culture
filtrates were all adjusted to pH 4.0 with 2N HC] or 2N
NaOH.
A-aA:L casal Y
- ® : Str. faecium C
--x : Lactic acid
—@&: B foyoi

&=t CL butyricum M
x - x: HCl
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A EAZE R4 (R4, 24 S)elH, R4
A sHEe) S48 TUFE WUAG Aol A
2 gaEE Ve AR AlgEc)

L. casei Y, Str. faecium cS} HelM ciztF2|
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Fig. 5. Effect of each organic acid bacterium on the
growth of E. coli A; in BL broth. medium and changes of
pH levels of the cultures.
x — x : Control; E. coli Ay only (104 cfu/ml)
O~—0 : Growth of E. coli As, incubated with CI. butyric-
wm M(108 cfu/mi)

O -0 : Growth of E. coli Ao, incubated with Str. faecalis
(108cfu/mi)

®— @ : Growth of E. coli Ay, incubated with Str. faecium
C(108 cfu/ml)

A—nA: Growth of E. coli Ay, incubated with L. casei Y
(108 cfu/m)
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Fig. 6. Effects of each organic acid bacteria on the
growth of E. coli G7 in BL broth medium and changes of
pH levels of the cultures.

A - a: Control; E. coli Gy only (1 x 10% cfu/m))

O—0O : Growth of E. coli Gy, incubated with Cl. butyric-
um M(108 cfu/m))

O - © : Growth of E. coli Gy, incubated with Str. faecalis
(108 cfu/m))

®— @ : Growth of E. coli Gy, incubated with Str. faecium
C(108 cfu/m))

A-o: Growth of E. coli Gy, incubated with L. caser Y
(108 cfu/m))
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Fig. 7. Competitive and noncompetitive growth be-

tween L. casei Y and E. coli (A2 or Gy) in BL broth

medium, and changes of pH level in the cultures.

A - a : Non competitive growth of L. casei Y

®— @ : Non competitive growth of E. coli A

®—@ : Non competitive growth of E. coli G7

£--4; Competitive growth of L. casei Y

0---0 : Competitive growth of E. coli Az

O--O : Competitive growth of E. coli G7

. coli A%y E. coli G
vk 441 7HEE] AR A EAS eb S, ol

A E 7] Alzbsted wiok 1247 H-E
A5 AbgElolch, siek 4, 8, 1247 winich
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E. coli Ay gzl @k, St faecium C9
AL L, casei Y 7o) E. coli A2t E. coli Gy

off s & A=A esshch

Aot ‘?:‘J‘—’—l pHY &M
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ul, pHell we} fAkz}t edake] o] & el =l
A wlasted wgkeh
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e} AL E. coli A% ok 724177kA] AbE A
712 e E. coli GyE ek 72412k Ak
A7k, wlAle) pH7E 500198 wle, §42 E,
coli A9} E. coli Gyoll A& AT AHEE FElo]
vElgl ot ke o & F Fo] wHsted m|ekih
FrEE 2

A F7kA é g 2ol B, E, coli A%
E. coli G731 3 A7} BL wlokde] pH Aslet
A vehd Zlog wel, 2 Ade] Ag-3d #7i4t
A FE] A *H HAE F FE A4S oA
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Fig. 8. Competitive and noncompetitive growth be-
tween Str. faecium C and E. coli (A3 or Gy) in BL broth
medium, and changes of pH level in the cultures.

4 — A : Non competitive growth of Str. faecium C
®— o : Non competitive growth of E. coli Ay

®—@&: Non competitive growth of E. coli G

&= o Competitive growth of Str. faecium C

O - O : Competitive growth of E. coli Ay

O-—0O : Competitive growth of E. coli Gy
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Fig. 9. Growth of E. coli As in BL broth.medium ad-
justed to various pH by lactic acid and HCL

—----: Lactic acid
—: HCl

[y
<
-r

Log number of viable cells/mi

S = N W oE W D a3 o
v — v

4 8 12 16 24 48 72
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Fig. 10. Growth of E. coli G; in BL broth. medium ad-
justed to various pH by lactic acid and HCIL.

—-——: Lactic acid
—: HCI
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