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ABSTRACT - Antimicrobial activities of five different probiotics (Lactobacillus reuteri, L. acidophillus, L.
bulgaricus, L. casei and Bifidobacterium longum) against 8 bacterial pathogens were determined on the Mueller
Hinton Agar containing supernatant of probiotics obtained from 3 different growth conditions (MRS without
glycerol, MRS with 0.5 M glycerol or 0.25 M glycerol solution). Though antimicrobial activity of L. reuteri in the
first two conditions was not better than the others', the activity was significantly higher than that of others in 0.25
M glycerol solution. This prominent effect might be attributable to reuterin, produced by L. reuteri using glycerol.
We could detect the presence of reuterin in the supernatant of 0.25 M glycerol solution with 500 MHz Nuclear
Magnetic Resonance (NMR). The result of minimum bactericidal concentration (dilution fold) has revealed that
reuterin showed pan-bactericidal effects against 8 major food-borne pathogens. To examine any changes of
antimicrobial activities of the probiotics, the probiotics were treated with different pH conditions, pepsin or trypsin
digestion. Antimicrobial activity of reuterin was not entirely affected by any of these treatments , while the activities

of the other probiotics were significantly decreased.
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S AR dEA s,
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Bifidobacterium longum (CHR. HANSEN)
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Salmonella enteritidis ATCC 13076

S. typhimurium
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3. AEFFEAHANY, AAYAFTE (minimum inhibitory
concentration (MIC)), #A A8 FX (minimum bacteri-
cidal concentration (MBC)). WX S ]85+ g3 A
43} 7P o]l =W L. bulgaricus, L. casei, L.
reuteris BEFTEEA DT H2AFE (MIC), HAAPE
EE (MBC) &40 o3t 2 fihde] Ad 8
Wz A sl vlwaty] QA8 L. bulgaricus, L. casei=
MRS+Glull A Bl SIS L. reuteric= 025 M glycerol
solution®l|A] HjFsle] AL JFBE ALEIATE 3R] H
AWt (L. reuteri, L. bulgaricus, L. casei)®] 359 05, 1, 2,
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Fig. 1. Comparison of antimicrobial activities of 5 probiotics in agar method.
A: Each number indicated a bacterial inoculation of eight food-borne pathogens.
1. Listeria monocytogenes ATCC 11285; 2. Salmoneila enteritidis ATCC 13076; 3. Escherichia coli O157:H7 ATCC 43890; 4. E.
coli O157:H7 ATCC 43894; 5. S. enteritica serova Typhimurium DT104; 6. S. typhimurium; 7. Staphylococcus aureus MNEYV, 8.

S. aureus FRI 913

B: 1 ml supernatant of Lactobacillus reuteri; C: 4 ml supernatant of L. acidophillus; D: 4 ml supernatant of L. bulgaricus; E: 4 ml
supernatant of L. casei; F: 4 ml supernatant of Bifidobacterium longum

All probiotics were incubated in 0.25 M glycerol solution before superatants were collected. As figure showed, growth of every
pathogen was inhibited by 1 ml supernatant of L. reuteri. But, supernatants of the other probiotics were not able to suppress the
growth of 8 pathogens even when 4 ml supernatants were applied.
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Fig. 2. Proton NMR spectroscopy of Lactobacillus reuteri
supernatant.
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Table 1. Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) of Lactobacillus reuteri, L.

bulgaricus and L. casei.

MIC and MBC (dilution fold)"

Pathogens

L. reuteri® L. bulgaricus® L. casei
Salmonella® 10 2.5 5
E. coli O157:HT* 10 25 5
S. aureus® 10 2.5 5
L. monocytogenes 5 25 5

Each probiotic was incubated at concentration of 2 g/30 ml and then its supernatant was collected. Concentration of each supernatant was

adjusted to 1.0 x 10° CFU/ml.

*: Antimicrobial activity of each probiotic was intended to be compared with on the basis of same bacterial concentration, so OD value of

each supernatant was not calculated.
a: Its supernatant was obtained from 0.25 M glycerol solution.

b: Their supernatant were obtained from MRS broth containing 0.02 M glucose without glycerol.

¢: Salmonella used in this study were S. typhimurium, S. enteritica serova Typhimurium DT104 and S. enteritidis ATCC 13076.
d: Escherichia coli O157:H7 used in this study were Escherichia coli 0157:H7 ATCC 43894 and E. coli O157:H7 ATCC 43890,
e: Staphylococcus aureus used in this study were S. aureus MNEV and S. aureus FRI 913,
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2JNDS £ AF IA L rewteri®] FaEeol 7
=A et (Fig. 3).
pH =X, pepsin &= trypsin X2[0f e &z A
8l Al8: pH 2R W R F8 ikl d2y |
B}od B Table 29 71&8IT) o] Ao & & UROl,
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FAgct. 28v L reuteri® 45, & reuterin®] <t
2o o] Zalo] o8 ol FFgS v Agern FA
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Pepsin®|\} trypsin® 2 A S iR § FFH
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Salmonella typhimwivm, E. coli O15THT (ATCC 43894, ATCC
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Fig. 3. Viable count graph of four major food-borne pathogens incubated with supernatant of 3 probiotics.
A: Viable count graph of Salmonella enteritica serovar Typhimurium DT104 (with 1 ml supernatant added); B: Viable count
graph of Escherichia coli O157:H7 ATCC 43894 (w'th 1 ml supernatant added); C: Viable count graph of Staphylococcus aureus
(with 1 ml supernatant added); D: Viable count graph of Listeria monocytogenes ATCC 11285 (with 2 ml supernatant added).
Supernatant of L. reuteri was collected from 0.25 M glycerol solution.
Three pathogens, S. enteritica serova Typhimurium DT104, S. aureus and E. coli O157:H7 didn't survived 1 ml supernatant of L.
reuteri. L. monocytogenes could grow in the broth containing 1 ml supernatant of L. reuteri though 2 ml supernatant of L. reuteri

showed bactericidal effect on it.
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Table 2. Influence of pH adjustments on antimicrobial activities of 3 probiotics.

L Supernatant d E. coli S. aureus S. aureus Listeria
Probiotics pH volume® Salmonella™ 57 17 FRI913 MNEV  monocytogenes
- 1 + + + + +
p 2 . . . . +
5.0 3 h
(Control) 4 ) ) ) ) )
L. reuteri® K . ) : .
1 + + + + +
pH 2 - - - - +
7.3 3 - - - - -
4 - - - - -
1 + + + + +
pH 2 + + + + -
L 5.0 3
" | ) ) ) ) )
bulgaricus® (Control) 4 - - - - -
17)}31 all volume all positive
" 1 ml + + + + +
I;I({) 2ml + + + + +
. i i + i i
L.casei (Control) 3ml
4 ml - - - - -
pH all volume all positive
7.3
+: Growth
+: Weak growth
-: No growth

a: The volume of supernatants added in MHB (total 10 ml).

b: Its supernatant was obtained from 0.25 M glycerol sotution.

c: Their supernatants were obtained from MRS broth containing 0.02 M glucose without glycerol.

d: Salmonella used in this study were S. typhimurium, S. enteritica serova Typhimurium DT104 and S. enteritidis ATCC 13076.
e: E. coli O157:H7 used in this study were two strains; E. coli 0157:H7 ATCC 43894 and E. coli 0157:H7 ATCC 43890.

Table 3. Change of antimicrobial activity of Lactobacillus reuteri after pepsin or trypsin treatment

Supernatant S. aureus S. aureus Listeria

Enzyme volume® Salmonella® E. coli O15T:HT FRIOI3 MNEV monocytogenes
No treatment tml * i N " N
(Control) 2ml ) i ) ) *
3ml - - - - -
i o iml O+ TE o+ B
Pepsin 2 ml - - - - +
3ml - - - - -
Im ' + + o+ + 4
Trypsin 2 ml - - - - +
3ml - - - - -
Supernatant of L. reuteri was obtained from 0.25 M glycerol solution.
+: Growth
-: No growth

a: The volume of supernatants added in MHB (total 10 ml).
b: Salmonella used in this study were S. typhimurium, S. enteritica serova Typhimurium DT104 and S. enteritidis ATCC 13076.
c: E. coli O157:H7 used in this study were two strains; E. coli O157:H7 ATCT 43894 and E. coli O157:H7 ATCC 43890.
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Table 4. Change of antimicrobial activities of Lactobacillus bulgaricus and L. casei after pepsin or trypsin treatment.

Probiotics Enzyme Sli%ium;?m Salmonella®  E. coli O15THT SI-JI?I{;(;? mﬁf inonl;)lj;i:;:enes
2 + + + + -
No treatment 3 } ) ) ) )
(Control) 4 i i i i i
T 2 + Ty T Ty T I
L . Pepsin 3 +! + + + -
bulgaricus 4 i i i i i
T T T+ + + + Tt
Trypsin 3 - + + + -
4 R - - - R
i 2 T Ty + + +
No treatment 3 ) ) n ) )
(Control)
4 - - - - .
2 + Ty + + +
L.casei Pepsin 3 - + + + -
4 . - - - -
S 2 o+ + o+ T+ +
Trypsin 3 - - + + -
4 - . - - .
Supematants of L. bulgaricus and L. casei were obtained from MRS broth containing 0.02 M glucose without glycerol.
+: Growth
-: No growth

1: S. yphimurium grew only.
2: E. coli 0157:H7 ATCC 43894 grew only.
a: The volume of supernatants added in MHB (total 10 ml).

b: Salmonella used in this study were S. typhimurium, S. enteritica serova Typhimurium DT104 and S. enteritidis ATCC 13076.
¢: E. coli O157:H7 used in this study were two strains; E. coli O157:H7 ATCC 43894 and E. coli O157:H7 ATCC 43890.

ATCC 112859) thgt 3+t &%l AlEL™ (P<0.05) v}
A7MANZ L casei® E. coli O157:H7 ATCC 43894, S.
aureus MNEVO) tha] dt30o] Algkd A58 vepfiict.

n
B2 _7-01]1\ = 8 AE 98 v A= gt L reuteri
o] gFBEL thE 429 FAIFES L bulgaricus, L.

casei, L. actdophzlus, B. longums} AZ OE ¥ =7
sleflA Blzs] Bt olE L rewteri®] T8 2AF S8
o) Eo] W3 FFHE FATH FAl, 24 2 A%l
JZ =] probioticsE2A BEHI A= Fo FAHES] &
48& ARHoz Hw, AFE 57| AT Zolth

MRS brotholl 0.02M GlucoseZ H7HA 1SS )
o I ARG FA FHES A8 B Z3) L bulga-
ricusSt L. casei?} L. reuteriBTh 9538 Fala GAl5
4t} o] MRSH.5 M glycerols o183 H4-= %‘3—-_]5}
At} L reuteric= reuterin®]8R= bacteriocin FAHEES 4t

A= o] BAL L rewter7} glycerold ©]83ld A4t
stk A o). oo B AFeAE MRS brothdl
glycerol—°‘ A7kl APLE Fas) B Qoo L. reuteri®]
o e #FF = g ol MRSH.5M glycerol
brotholIME F3lldES EHHoR AT ThEe] FET
reuterin®] AJ4r=l7]d BAHE7] HEQ A= /%’7#%‘4.
I o8& reuterin® FARANA ake= EZAW MRS
+0.5 M glycerol Hi¥Fi 2] pHE 4.0 ©139] zh& YERAL
I MRS broth A7} o]u] efidol7] wEeltt, 2=
MRS+Glu solution®l|A¢] AzETh thd dade] Aol
FAEROBE MRSH.SM glycerol &A= 4%
reuterin®] EA13le Ao AlgHTh

Reuterin®] A4S F31A17171 93] 4 713 Biok 2
o] MRS+Glu brothol|A] vjdgt & 0.25M glycerol solu-
tionollA A wiksle] dEAE FAsNE WS o83 2
3}, L rewterid) ¥ FFHES AT & AU 025M
glycerol solution2 40|22 o] ¥iA]|A reuterin®] A4t
o okgAel Aog AztHE) AE o|&H, L reuteris

Journal of Food Hygiene and Safety, Vol 16, No. 4



Antimicrobial Activity of Lactobacilus reuteri Against Major Food-Borne Pathogens 271

N

et BE FARFES 025 M glycerol solutionollA] 6 Al
Zh ket A3} pH 4.0 olste] 2HdE Uehiilch. 22 o]
204 tE fkaee] IHEe Ay 2] £ Aew
Ho} o YAEE AR e FAdt Aos Huglo
H, & 025M glycerol solution| A2l L. reuteri®] 43
G2 reuterindl] 710 A2 E F YUk E sk
A% A= 025M glycerol solutionolA] WA3Y L. reuteri
9] S NMRE E43 A3, reuterin®] AU Lullgl=
| 5 5R/9 728 Y5E peakS E9I3Ick= FHolo}
AEFFLEAAEZ MIC, MBC A3 9] L. reuteri7}
Y S ARSE #ERIst=F 3 FAC L
monocytogenes®ll Tt reuterin®] MIC, MBC (&4ul&2
BAIBIAS e thE falidSel sl 20 W sduea
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