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Abstract The antagonistic activity of probiotic strains (Bifidobacterium animalis BB-12, Bifidobacterium bifidum A,
Bifidobacterium longum B6, Lactobacillus acidophilus ADH, Lactobacillus paracasei ATCC 25598, and Lactobacillus
rhamnosus GG) against nalidixic acid resistant (NA®) Escherichia coli O157:H7 MF1847, E. coli O157:H7 H2439, E. coli
O157:H7 ATCC 43894, and E. coli O157:H7 C7927 was investigated using the agar-overlay, well diffusion, and broth culture
tests. L. paracasei ATCC 25598 was the most effective probiotic strain in terms of in vitro antagonistic activity against NA® E.
coli O157:H7, followed by L. rhamnosus GG, B. longum B6, and L. acidophilus ADH. The use of selected probiotic strains
could be an effective pre-harvest intervention strategy to reduce the risk of NA® E. coli 0157:H7 by maintaining a balanced
microflora in animals and might provide many potential benefits in liew of using antimicrobials.
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Introduction

Antimicrobials including cephalosporins, penicillins,
sulfonamides, tetracyclines, and quinolones are often
administered to animals to improve overall health and
prevent occurrences of pathogenic infections (1-3). The use
of antimicrobials in food animals is inevitable for disease
prevention and growth promotion (4). However, the
overuse of antimicrobials has led to an increase in resistant
bacteria, which has emerged as a major issue in food
animals (5-7). Food animals could be a reservoir of
antimicrobial-resistant pathogens, where the pathogen can
reproduce and be excreted (4). Antimicrobial resistant
bacteria have increasingly been isolated from food animals
over the past two decades (7-10). Many isolates were
resistant to two or more antimicrobials, which is known as
cross-protection (4,8,9). Therefore, recent researches are
more focused on developing alternative strategies for
minimizing the risk of antimicrobial resistant bacteria.
Because the use of antimicrobials in animal feed is
unacceptable, probiotic supplementation as an alternative
and holistic approach for improving intestinal microbial
balance and reducing foodborne pathogens has recently
received much research attention in the animal industry
(11,12). Probiotics are known as safe and beneficial live
microorganisms, including microflora modulation, competi-
tive exclusion of pathogens, and immune response, of
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which antagonistic effect against pathogens has become a
priority in pre-harvest interventions of food animals (13-
16). Probiotic strains can be fed to animals in order to
inhibit pathogens in the gastrointestinal (GI) tract (17,18).
However, few studies have evaluated the effectiveness of
probiotic strains in terms of antagonistic activity against
antimicrobial resistant foodborne pathogens. Therefore, the
objective of this study was to investigate the in virro
antagonistic activity of selected probiotic strains against
nalidixic acid resistant (NA®) Escherichia coli O157:H7
strains.

Materials and Methods

Probiotic strains and culture conditions Strains of
Bifidobacterium animalis BB-12, Bifidobacterium bifidum
A, Bifidobacterium longum B6, Lactobacillus acidophilus
ADH, Lactobacillus paracasei ATCC 25598, and
Lactobacillus rhamnosus GG from the Food Microbiology
Laboratory, Department of Food Science, University of
Missouri Culture Collection (Columbia, MO, USA) were
anaerobically grown in de Man, Rogosa, Sharpe (MRS,
Difco, BD Diagnostic Systems, Sparks, MD, USA) broth
supplemented with 0.05% cysteine-HC] at 37°C for 24 hr.
Cultures of probiotic strains were harvested by centrifuga-
tion at 4,000xg for 15 min at 5°C.

Nalidixic acid resistant strains To prepare a stock
solution, nalidixic acid was dissolved in 0.1 N NaOH. Four
strains of E. coli O157:H7 MF1847, E. coli O157:H7
H2439, E. coli O157:H7 (ATCC 43894), and E. coli
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O157:H7 C7927 were used as indicator bacteria. In order
to screen highly nalidixic acid resistant (NA®) strains, E.
coli O157:H7 strains were serially cultivated in trypticase
soy broth (TSB) and plated on MacConkey-sorbitol agar
containing 0.1, 0.2, 0.4, 0.8, 1.6, 3.2, 6.4, 12.8, 25, or 50
png/mL of nalidixic acid (Fisher Scientific, Fair Lawn, NJ,
USA) at 37°C for 18 hr (19). The strains were resistant to
50 mg/mL of nalidixic acid and remained stable. Their
survival, growth characteristics, and biochemical properties
were found to be similar to the wild-type counterpart as
confirmed by standard culturing and via the use of Micro-
ID (Remel, Lenexa, KS, USA). NAR E. coli O157:H7
strains were not further characterized at a molecular level.
Cultures of NAR E. coli O157:H7 were centrifuged at
4,000xg for 10 min at 5°C and washed twice in peptone
water prior to use.

Agar-overlay test Each probiotic bacterium was plated
on MRS agar and incubated anaerobically at 37°C for
24 hr. The population of plated probiotic bacterium was
approximately 10° CFU/plate. The NA® E. coli O157:H7
was mixed with 12 mL semi-solid agar (10° CFU/mL) and
poured over the solidified MRS agar plate containing
visible probiotic colonies. The overlaid plates were
incubated in a GasPak anaerobic system (BBL, Cockeysville,
MD, USA) at 37°C for 24-48 hr and observed for growth
or inhibition. Negative indicated no growth or hazy
colonies on plates after incubation.

Well diffusion assay Trypticase soy agar (20mlL)
containing 10° CFU/mL of NAR E. coli O157:H7 was
poured into a petri dish. Wells (dia. 5 mm) were aseptically
made in the agar using a sterile cork borer and filled with
100 mL of supernatant of probiotic culture. The plates
were incubated at 37°C for 24-48 hr and observed for clear
inhibition zones. The diameter of the inhibition zone
around the well was measured using an electronic caliper
(The L.S. Starrett Co., Athol, MA, USA).

Antagonistic activity in broth Eﬂual aliquots (10° CFU/
mL) of probiotic bacterium and NA™ E. coli O157:H7 were
anaerobically incubated in MRS broth at 37°C for 20 hr.
Only indicator E. coli O157:H7 bacterial cultures were
used as the control. After 20 hr of incubation, the cultures
were serially diluted (1 : 10) with 0.1% peptone water, and
0.l mL of each dilution was plated in duplicate on
MacConkey Sorbitol Agar (MSA, Difco, BD Diagnostic
Systems) containing 50 mg/mL of nalidixic acid. Inhibition
values of probiotic strains against NA® E. coli O157:H7
was calculated by log (N/N.) (20). N and N, represent the
count of NAR E. coli 0157:H7 in the co-incubation and in
the control with only indicator bacteria, respectively.

Statistical analysis All experiments were performed in
duplicate on 3 replicates. Data from the microbiological
studies were analyzed using the general linear model
(GLM) and least significant difference (LSD) procedures
of SAS. Significant mean differences were compared by
Fisher’s LSD at p<0.05.
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Table 1. Antagonistic activity of probiotic strains against NA®
E, coli O157:H7 strains tested on MRS agar

NAR E. coli 0157:H7V

Probiotic strain

MF1847 H2439 43894 (7927
B. animalis BB-12 + - + +
B. bifidum A + - - +
B. longum B6 - - - -
L. acidophilus ADH + - -
L. paracasei ATCC 25598 - - -
L. rhamnosus GG - + - -

"+ Indicates visible growth at least once in the 3 replicates; — denotes
no growth in any of the replicates.

Results and Discussion

Antimicrobial activity of probiotic strains on agar The
inhibitory effects of selected probiotic strains (B. animalis
BB-12, B. bifidum A, B. longum B6, L. acidophilus ADH,
L. paracasei ATCC 25598, and L. rhamnosus GG) against
NAR E. coli O157:H7 strains (MF1847, H2439, 43894,
and C7927) were tested by an agar-overlay assay. In the
agar-overlay test, plus signs (+) indicate visible growth of
the target pathogens at least once in the 3 replicates and
negative signs (—) denote no growth in any of the
replicates. As shown in Table 1, B. longum B6 and L.
paracesei ATCC 25598 completely inhibited the growth of
all NA® E. coli O157:H7 strains, while B. animalis BB-12
showed the least antimicrobial effects against NAR E. coli
O157:H7 (MF1847, 43894, and C7927). Compared with
other probiotic strains, B. longum B6 and L. paracasei
ATCC 25598 showed the highest antagonistic activity
against all NAR E. coli O157:H7 strains. No significant
difference was observed in the in vifro antagonistic activity
of selected probiotic strains between wild-type E. coli
0157:H7 and NAR E. coli 0157:H7 (data not shown). This
is in agreement with the result in which the antagonistic
activity of probiotic strains was more dependent on the
species than particular strain (21).

Antimicrobial activity of the culture supernatants of
probiotic strains Antimicrobial inhibition zones for
probiotics against NAR E. coli O157:H7 strains are shown
in Table 2. Compared to the agar-overlay test, a similar
inhibitory pattern of probiotic strains against indicator
bacteria was observed in the well diffusion assay. In Table
2, the supernatant of L. paracasei ATCC 25598 showed the
largest inhibition halo against NA® E. coli O157:H7
(H2439; 1391 mm). L. paracasei ATCC 25598 and L.
rhamnosus GG expressed the highest antagonistic activity
against NAR E. coli O157:H7 strains, while B. animalis
BB-12 and B. bifidum A were least effective in inhibiting
NAR E. coli O157:H7 strains, showing inhibition zones
ranging from 9.23 to 10.83 mm. However, there were no
significant differences in antagonistic activity of selected
probiotics within NA® E. coli O157:H7 strains. The acidic
supernatants (pH <4) of L. paracasei ATCC 25598 and L.
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Table 2. Inhibition zones (mm in diameter) obtained the agar-overlay test for probiotic strains on NA® E. coli 0157:H7 strains

NAR E. coli O157:H7

Probiotic strain

MF 1847 H2439 43894 C7927
B. animalis BB-12 9.23+1.03" 9.80:+0.87° 9.43+0.81¢ 10.80£1.15°
B. bifidum A 10.17£1.11% 9.73+0.45° 9.50+0.70¢ 10.83+1.52°
B. longum B6 11.93£1.10% 12.10+1.13° 12.13£1.65% 11.32+£1.25%
L. acidophilus ADH 12.23+1.12* 11.20+0.82° 11.00+0.72% 11.47+0.84%
L. paracasei ATCC 25598 12.83£1.07% 13.91+0.66* 11.23+0.25" 12.93+1.62%
L. rhamnosus GG 1332+ 1.04° 11.70+0.46° 13.56+0.55 13.53=1.15°
LSDg o5~ 1.784 1.127 1.675 2.295

"Means=SD of 3 replicates with different superscript letters within a column are significantly different at p<0.05.

JLeast significant difference.
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Fig. 1. Inhibitory effect of probiotic strains. BA, B. animalis
BB-12; BB, B. bifidum A; BL, B. longum B6; LA, L. acidophilus
ADH; LP, L. paracasei ATCC 25598; LR, L. rhamnosus GG
against NAR E. coli O157:H7 strains (a, MF1847; b, H2439; c,
43894; d, C7927) in broth.

rhamnosus GG effectively inhibited the growth of NAR E.
coli O157:H7 strains (20,22). This result suggests that the
antimicrobial activity of probiotic strains is more likely to
be related to the production of inhibitory metabolites such
as organic acids, hydrogen peroxide, and bacteriocins
(20,21).

Antimicrobial activity of probiotic strains in broth The
antagonistic activity of probiotic strains in broth was
determined as measured by the inhibition of growth of
NAR E. coli 0157:H7 (Fig. 1). Compared to the control, L.
paracasei ATCC 25598 significantly reduced NAR E. coli
O157:H7 MF1847, H2439, 43894, and C7927 numbers by
7.40, 7.24, 6.21, and 6.62 logs, respectively (p<0.05). The
growths of B. animulis BB-12, B. bifidum A, B. longum
B6, L. acidophilus ADH, L. paracasei ATCC 25598, and
L. rhamnosus GG were lowered to pH 4.55, 4.60, 4.13,
3.86, 3.77, and 3.76, respectively. B. unimalis BB-12 and
B. bifidum A showed the least antagonistic activity against
all NAR E. coli O157:H7 strains (<2 log reduction), which

is in agreement with a previous report in which the
inhibitory activity of probiotic strains and the pH of the
broth were negatively correlated (20,22).

Antagonistic metabolites might be responsible for the
antimicrobial activity of probiotic strains against NA® E.
coli O157:H7. L. paracasei ATCC 25598 and L. rhamnosus
GG were highly antagonistic probiotic candidates. This
result suggests that selected probiotic strains may reduce
the risk of antimicrobial resistant E, coli O157:H7
contamination of animal foods. Therefore, the use of L.
paracasei ATCC 25598 and L. rhamnosus GG could
greatly benefit the animal food industry by providing an
alternative, more holistic and potentially effective pre-
harvest intervention technique that could contribute to
increasing the safety of foods.
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