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Abstract — The objectives of this study were to demonstrate the gastro-intestinal tolerance and
the capacity to modulate the intestinal microbiota of some Lactobacillus acidophilus, L. casei and
L. rhamnosus strains with high probiotic potential. L. acidophilus and L. casei mixture that is used
to produce probiotic fermented milk has been evaluated for its acid resistance and bile salts tol-
erance and compared to other lactic acid bacteria (LAB). The commercial culture and the three
strains of L. rhamnosus exhibited complete tolerance to acid for pH > 2.5. The minimal inhibitory
concentration of the bile salts mixture was 50 g-L~' for all bacteria. The impact of the ingestion
of the novel probiotic on the fecal microbiota was evaluated in vivo using healthy C57B1/6 mice.
Fecal samples were analyzed for the microbiota enumeration using selective plating. Fecal analysis
showed an increase of total culturable LAB and a decrease in Staphylococcus spp. population in the
LAB-treated mice indicating that these cultures could improve the intestinal health. Also, reduction
in fecal Enterobacteriaceae was noticed following mice gavage with L. rhamnosus ATCC 9595
while a higher enumeration was measured for L. rhamnosus RW-9595M, an exopolysaccharide-
overproducing mutant. These contradictory results were discussed.
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Résumé — Caractérisation de propriétés probiotiques de souches de Lactobacillus. Les objec-
tifs de cette étude consistaient & démontrer la survie gastro-intestinale et la capacité a moduler le
microbiote intestinal de souches de Lactobacillus acidophilus, L. casei et L. rhamnosus présentant
un fort potentiel probiotique. La résistance gastrique et aux sels biliaires d’un mélange composé
de L. acidophilus et L. casei, utilisé comme ferment pour produire un lait fermenté probiotique,
a été évaluée et comparée a d’autres bactéries lactiques. La culture commerciale et trois souches
de L. rhamnosus ont montré une résistance compléte a un pH > 2,5. La concentration minimale
inhibitrice de sels biliaires était de 50 g-L~' pour toutes les bactéries. L’impact de 1’ingestion du
probiotique nouveau sur le microbiote fécal a été évalué in vivo sur des souris C57Bl1/6 saines. Le
dénombrement du microbiote intestinal a été effectué dans des échantillons de feces par 1’utilisa-
tion de géloses sélectives. Les analyses fécales ont montré une augmentation des bactéries lactiques
totales cultivables et une diminution de la population de Staphylococcus spp. chez les souris trai-
tées avec les bactéries lactiques indiquant que ces cultures pourraient améliorer la santé intesti-
nale. De plus, une diminution des Enterobacteriaceae fécales a été remarquée suite au gavage avec
L. rhamnosus ATCC 9595 tandis qu’un dénombrement plus élevé a été mesuré avec L. rhamnosus
RW-9595M, un mutant qui surproduit des exopolysaccharides. Ces résultats contradictoires ont été

discutés.

probiotique / Lactobacillus [/ antimicrobien / gastro-intestinal

1. INTRODUCTION

Lactic acid bacteria (LAB) play a sig-
nificant role in fermented foods [12, 13]
and produce antimicrobial metabolite com-
pounds such as lactic acid, bacteriocins
(e.g. acidocin, acidophilin, lacticin, nisin),
and hydrogen peroxide [14]. Some strains
of LAB can be considered as probiotic bac-
teria. Probiotics can be defined as live mi-
croorganisms, which when administered in
adequate amounts, confer a health benefit
on the host [5]. Many studies have demon-
strated the efficiency of probiotics to offer
a proper alternative to the use of antibiotics
in the treatment of enteric infection [16]
or to reduce the symptoms of antibiotic-
associated diarrhea [19]. A Lactobacillus
acidophilus and L. casei fermented milk
containing over 50 billions of live bacteria
per portion of 98 g have been successfully
used to prevent antibiotic-associated diar-
rhea and has demonstrated the potential to
reduce Clostridium difficile-associated di-
arrhea at Maisonneuve-Rosemont hospital
in Montréal, Québec, Canada [1].

Viability and survival of probiotic bac-
teria are important characteristics in order
to provide health benefits. Probiotic should
survive the gastro-intestinal transit to fi-

nally colonize the gut. Natural resistance
to gastro-intestinal transit varies between
LAB species [4]. Indeed, certain strains
have the capacity to resist more easily to
the extreme acidity of stomach or to the
bile salts in the small intestine [6].

Another desirable characteristic of pro-
biotics is their capacity to modulate the in-
testinal microbiota [19]. Although, some
studies did not demonstrate that probiotic
consumption can influence this complex
ecosystem [22, 24] some others showed a
significant difference [5, 17-19]. In 2006,
Cinquin et al. [3] have studied the pre-
biotic effect of exopolysaccharides pro-
duced by L. rhamnosus RW-9595M using
a three-stage chemostat containing immo-
bilized infant fecal microflora. The purified
polysaccharide was not metabolized by the
infant microbiota and lacked prebiotic ef-
fect. However, there are no data reporting
the capacity of this live bacterial strain to
modulate the intestinal microbiota in vivo.
This study will compare the ability of the
exopolysaccharide-producing strain to the
wild type L. rhamnosus ATCC 9595 and to
a probiotic L. acidophilus/L. casei mixture.

The objective of this study was to
evaluate some probiotic characteristics of
a L. acidophilus/L. casei mixture and
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L. rhamnosus ATCC 9595 and RW-
9595M. The bile salts and acid tolerance of
these strains and the capacity to modulate
the fecal microbiota of C57Bl/6 mice were
evaluated over the course of a three-week
gastric inoculation trial and compared to
other LAB strains.

2. MATERIALS AND METHODS
2.1. Bacterial strains

The probiotic Lactobacillus acidophilus
CL1285 and L. casei mixture was pro-
vided by Bio-K+ International Inc. (Laval,
QC, Canada). Lactobacillus rhamnosus
GG ATCC 53103 was obtained from the
American Type Culture Collection (Man-
assas, VA, USA) while L. rhamnosus
ATCC 9595 and L. rhamnosus RW-9595M
were provided by Agriculture and Agri-
Food Canada (St-Hyacinthe, QC, Canada).
Lactobacilli were propagated in Lacto-
bacilli MRS broth (MRS, Difco Labora-
tories, Detroit, MI, USA) at 37 °C for
24 h. Bacterial strains were stored at
—80 °C in their respective media contain-
ing 100 g-L~! glycerol (Laboratoires MAT,
Montreal, QC, Canada). Before each ex-
periment, the bacterial content of one vial
was thawed, transferred to 9 mL of MRS
media and activated by two consecutive in-
oculations and incubation for 24 h at 37 °C.
Thereafter, bacteria were washed twice in
sterile saline (8.5 g-L~!) after centrifuga-
tion at 4 °C for 10 min at 6000x g.

2.2. Acid tolerance of LAB

Simulated gastric fluid (SGF) was
formulated according to United States
Pharmacopeia (USP) [11]. Briefly, SGF
was composed by 3.2 g-L™! of pepsin
(Sigma, Oakville, ON, Canada), 2.0 g-L‘1
NaCl and pH was finally adjusted to
1.5, 2.0, 2.5 or 3.0 by addition of HCl
(5 mol.L™"). A volume of 1 mL of an

overnight MRS broth culture of LAB was
added to 19 mL of SGF for 30 min at
37 °C under mild agitation (200 rpm) in
a G24 Environmental Incubator Shaker
(New Brunswick Scientific Co. Inc., NIJ,
USA). After 30 min in gastric solution,
1 mL was collected and mixed in 9 mL
of sterile phosphate buffer saline (PBS;
pH 7.4). A similar process was carried out
for bacteria without the acidic treatment in
order to determine the initial concentration
of LAB.

2.3. Viable cell determination

Appropriate dilutions from these sam-
ples were done in sterile peptone water
(1 g-L™") and plated (pour-plate method)
on MRS agar. Plates were incubated under
aerobic conditions at 37 °C for 48 h. The
average number of colony-forming units
(cfu) from triplicate analysis was deter-
mined using a Darkfield Quebec Colony
Counter.

2.4. Bile salt tolerance of LAB

The bile salt tolerance of probiotic LAB
was determined using a method described
by Casey et al. [2]. Briefly, MRS agar con-
taining a commercial preparation of bile
salts normally used to inhibit growth of
Gram positive bacteria in broth, bile salts
mixture (Sigma B-3426, Oakville, ON,
Canada) was added in concentrations vary-
ing between 0 and 100 g-L~!. Bile salts
containing-MRS agar was then autoclaved
for 15 min at 121 °C, cooled and plated.
Overnight MRS broth cultures (100 uL of
bacteria in the stationary phase of growth)
were inoculated on surface of bile salts-
containing MRS agar and incubated at
37 °C for 72 h under anaerobic conditions.
Presence of bacterial lawn indicated a good
growth and thus good resistance of bac-
teria to bile salts while presence of small
and isolated colonies indicated a poor re-
sistance to bile salts. Absence of colonies
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indicated that the LAB did not tolerate
the bile salt concentration assayed. Min-
imal inhibitory concentration represented
the lowest concentration of the bile salts
assayed totally inhibiting the growth of
colonies as judged from visual examina-
tion.

2.5. Animals

Six- to eight-week-old female C57Bl/6
mice were housed in plastic cages and kept
under pathogen-free conditions with free
access to commercial chow and water. This
work was approved and supervised by the
INRS-IAF Animal Care Committee.

2.6. Intragastric administration of
LAB to mice

Four healthy mice received a daily dose
of about 10” viable bacteria (CL1285 mix-
ture, L. rhamnosus ATCC 9595 or L. rham-
nosus RW-9595M) in 100 pL of PBS
(pH 7.2) by intragastric route using a stain-
less steel feeding needle and a 1-mL sy-
ringe. Mice were weighed at day 1, 9, 18,
and then 9 days after the end of the treat-
ment (day 27-post gavage) and any signs
of physiological or psychological pertur-
bation were noticed along the experiment.
Stool samples were collected before the
administration of PBS or probiotics and
at day 1, 9 and 18 after the beginning of
the administration procedures. Final anal-
ysis was done 9 days after the end of the
treatment (day 27-post gavage). Two inde-
pendent repetitions were done for a total of
eight mice in each experimental group.

2.7. Quantification of stool
microorganisms

Fresh stool samples were weighed, di-
luted in 1 mL of sterile saline, homoge-
nized with a pestle, 10-fold serially diluted

in peptone water and finally 100 uL. were
inoculated on the following media: MRS
agar for detection of total lactic acid bac-
teria (LAB), Rogosa SL agar for detection
of Lactobacillus spp., Reinforced Clostrid-
ium Medium (RCM) for quantification of
total anaerobic mesophilic bacteria, Baird-
Parker agar (BPA) for detection of Staphy-
lococcus spp. and MacConkey agar for
enumeration of Enterobacteriaceae. MRS,
Rogosa and RCM plates were incubated in
anaerobic jars at 37 °C for 72 h while BPA
and MacConkey plates were incubated un-
der aerobic conditions at 37 °C for 48 h.
The lower limit of detection was 10 mi-
croorganisms per mg feces.

2.8. Statistical analyses

Acid resistance experiments were car-
ried out in triplicate. For each replication,
three samples were analyzed. Student-¢
test was done using statistics SPSS pro-
gram (version 10.1) to determine if there
is a significant difference of viability be-
tween LAB population before and after
acid treatment. Finally, analysis of vari-
ance (ANOVA) was done to verify if there
is a significant difference of microbial pop-
ulation in feces of mice fed with various
probiotics. Data were analyzed at a 5%
level of significance.

3. RESULTS

3.1. Survival of LAB to simulated
gastric fluid and growth in
presence of bile salts

The growth of LAB in MRS in pres-
ence of an increasing concentration of
bile (0-100 g-L7!) salts was evaluated
in order to verify the tolerance of the
probiotic CL1285 to bile. The minimal
inhibitory concentration of the bile salts
mixture was 50 g-L~! for both bacteria
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Table I. Survival of lactic acid bacteria strains after an incubation of 30 min at 37 °C in simulated

gastric fluid (pH 1.5 to 3.0).

Microorganisms Time (min) pH Log cfu survivor
L. acidophilus/L. casei (CL1285) 0 - 9.57 + 0.095*
30 1.5 <1
30 2.0 5.90 + 0.52*
30 2.5 9.55 + 0.048
30 3.0 9.63 + 0.048
L. rhamnosus GG ATCC 53103 0 - 9.10 + 0.138
30 1.5 <1
30 2.0 5.33 +0.62%
30 2.5 9.08 + 0.148
30 3.0 9.01 +0.13B
L. rhamnosus ATCC 9595 0 - 9.57 + 0.098
30 1.5 <1
30 2.0 5.09 +0.774
30 2.5 9.51 +0.108
30 3.0 9.51 + 0.098
L. rhamnosus RW-9595M 0 - 9.69 + 0.098
30 1.5 <1
30 2.0 432 +1.2774
30 2.5 9.84 +0.118
30 3.0 9.81 +0.188

*: Within each bacterial group, means with common superscripts do not differ (P < 0.05).
Mean log cfu and standard deviation from three independent repetitions are presented.

(data not shown). Moreover, results pre-
sented in Table I show that all bacteria
tested can survive at an acidic environ-
ment during 30 min. No significant dif-
ference (P > 0.05) was observed between
initial microbial population at 0 and 30
min for pH > 2.5 while significant reduc-
tion was observed at pH 2 for all bacteria.
Reduction in bacterial population of 5.37,
4.48, 3.77 and 3.67 log cfu were observed
for L. rhamnosus RW-9595M, L. rhamno-
sus ATCC 9595, L. rhamnosus GG and
the L. acidophilus/L. casei mixture, respec-
tively. No bacterial viability was detected
after 30 min at pH 1.5.

3.2. Modulation of the fecal
microbiota

The composition of microbial popula-
tions in C57B1/6 mice fecal samples dur-
ing the trial is shown in Figures 1-4. The
LAB counts in the mice feces were signif-
icantly higher after 18 d of CL1285 inges-
tion than after PBS ingestion (P < 0.05).
However, after administration ended, the
level of LAB was similar to its initial
count. Ingestion of L. rhamnosus ATCC
9595 led to a significant decrease of LAB
count (P < 0.05) after 9 d of LAB admin-
istration while an increase was observed
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Figure 1. Lactic acid bacteria population in feces of C57BI/6 mice during gastric inoculation with
probiotic bacteria. Error bars represent the standard deviation of the mean log cfu-mg~' feces ob-
tained from eight mice in two independent experiments. *: Variations are considered significant
(P < 0.05) when bacterial concentration from a given day was different from Day 1 of the same
group and from the bacterial concentration of the PBS group of the same day.

after 18 d. The high level of LAB popula-
tion was also observed after gavage ended
(Fig. 1). The same observations were no-
ticed in mice fed with L. rhamnosus RW-
9595M but LAB count variations were not
statistically significant as compared to the
PBS group. Lactobacillus spp. population
were not affected significantly (P > 0.05)
by the presence of all probiotics evalu-
ated (data not shown). As observed for lac-
tobacilli, fecal Enterobacteriaceae counts
were not affected quantitatively by the
presence of CL1285 or L. rhamnosus RW-
9595M (Fig. 2). However, after 18-d of
gavage with L. rhamnosus ATCC 9595, a
reduction of 0.43 log cfu-mg™' was ob-
served. This reduction was only temporary
as seen by the increase in Enterobacteri-
aceae population observed after the oral
administration ended (Fig. 2). The Figure 3
shows that the consumption of the CL1285
reduced the Staphylococcus spp. popula-
tion after 18 d and over of gavage while the
variation in Staphylococcus spp. popula-

tion was seen after nine days of gastric in-
oculation with both L. rhamnosus but was
only temporary. Finally, Figure 4 shows
the total anaerobe counts in feces of each
group of mice. An increase of these pop-
ulations was observed for both L. rham-
nosus strains treated groups (P < 0.05).
This increase was observed until the end
of the treatment for the ATCC 9595 strain
but not for the RW-9595M strain after the
post-gavage.

4. DISCUSSION

LAB have been used since a long pe-
riod time in food fermentation intended for
human consumption. A persistent problem
of probiotics is their ability to resist, sur-
vive or colonize the intestine at least tem-
porarily. LAB must survive the acidic en-
vironment of the stomach in order to reach
the gut and modulate the microbiota. Re-
sults obtained in this study demonstrated
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Figure 2. Enterobacteriaceae population in feces of C57B1/6 mice during gastric inoculation with
probiotic bacteria. Error bars represent the standard deviation of the mean log cfu-mg~' feces ob-
tained from eight mice in two independent experiments. *: Variations are considered significant
(P < 0.05) when bacterial concentration from a given day was different from Day 1 of the same
group and from the bacterial concentration of the PBS group of the same day.
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Figure 3. Staphylococcus spp. population in feces of C57B1/6 mice during gastric inoculation with
probiotic bacteria. Error bars represent the standard deviation of the mean log cfu-mg™' feces ob-
tained from eight mice in two independent experiments. *: Variations are considered significant
(P < 0.05) when bacterial concentration from a given day was different from Day 1 of the same
group and from the bacterial concentration of the PBS group of the same day.
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Figure 4. Content of the total mesophilic anaerobes population in feces of C57B1/6 mice during
gastric inoculation with probiotic bacteria. Error bars represent the standard deviation of the mean
log cfu'mg™! feces obtained from eight mice in two independent experiments. *: Variations are
considered significant (P < 0.05) when bacterial concentration from a given day was different from
Day 1 of the same group and from the bacterial concentration of the PBS group of the same day.

that the CL1285 probiotic preparation have
a complete resistance under simulated gas-
tric fluid at pH > 2.5, which is the pH of
the stomach following food consumption
[6]. Moreover, CL1285 and L. rhamnosus
GG seem to have the highest resistance
at pH 2 as compared with other L. rham-
nosus evaluated in this study. A 3.7 log
cfu reduction was observed as compared to
5 log cfu reduction for other L. rhamnosus.
However, the differences were not signifi-
cant. Bile salt tolerance is considered one
of the most important attributes required
by LAB to survive in the duodenum and
the upper small intestine [20]. Our study
showed that CL1285 and L. rhamnosus GG
survived a bile salt stress but also grew on
MRS agar containing 4% of a standardized
bile salts mixture. However, at this point, it
is not possible to confirm that the strains
present in the CL1285 mixture have the
same acidity and bile salt tolerance. Succi

etal. [21] observed a 7 log cfu-mL"! reduc-
tion when L. rhamnosus GG was placed
in acidified MRS (pH 2) after an incuba-
tion of 2 h at 37 °C while a reduction
of approximately 2.5 log cfu-mL™' was
measured at pH 3. Subsequently, the bac-
terial culture was transferred in MRS at
pH 7 but containing 20 g-L~! of bile salts
(Oxoid LP0055; Basingstoke, UK) for 5 h
at 37 °C. L. rhamnosus GG showed no
loss of viability at the end of the treatment
which is in agreement with results obtained
in this study.

This study also demonstrated that in-
gestion of novel probiotics is well toler-
ated by C57Bl/6 mice over the course of
a three week-administration trial and can
alter quantitatively the balance of colonic
bacterial populations. This effect is strain
dependant. All the probiotic tested have the
potential to increase, at least transiently,
the total culturable LAB content. Although
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the mice were fed routinely with probiotic
Lactobacillus strains, the increase in to-
tal LAB was not correlated with an ele-
vation of the Lactobacillus population. It
could be hypothesized that a reorganiza-
tion of the intestinal microbiota was in-
duced and the probiotic species replaced
or stimulated the growth of the indigenous
Lactobacillus strains leading to a variation
of the bacterial species but the total cul-
turable Lactobacillus spp. enumeration on
Rogosa agar was not modified. Manninen
et al. [15] observed that indigenous L. aci-
dophilus population in the small intestine
of dogs was stimulated following inges-
tion of other species of the Lactobacillus
genera. The same hypothesis could explain
the increase in total anaerobes obtained
following ingestion of both L. rhamnosus
strains. However, there was no variation
in total anaerobes following the ingestion
of the CL1285. MRS agar and Rogosa SL
are media usually used in numerous studies
for the enumeration of total LAB or Lacto-
bacillus spp. in human or animal feces or
gut [7, 10]. However, these media also per-
mit the growth of non-LAB such as many
species of Bifidobacterium spp. or Pedio-
coccus spp. for the Rogosa SL agar [8].
This could explain the elevated concen-
tration of Lactobacillus spp. in regard of
the total anaerobe counts. We also stud-
ied bacterial populations that are less abun-
dant in intestinal microbiota such as to-
tal Enterobacteriacea and Staphylococcus.
These microbial populations are often con-
sidered as deleterious microorganisms [9].
For Enterobacteriacea population, only in-
gestion of L. rhamnosus ATCC 9595 by
mice decreased the counts of culturable
Enterobacteriaceae, while the other probi-
otics did not modulate quantitatively this
population. This reduction correlated with
an increase of the total LAB and anaer-
obes. However, the level of Enterobacte-
riaceae counts was similar to its initial
level after probiotic intragastric adminis-
tration ended. This study has shown that

L. rhamnosus RW-9595M did not have the
same effect as the L. rhamnosus ATCC
9595 wild-type strain on the Enterobac-
teriacea population. Further experiments
will be needed to have a better compre-
hension of this phenomenon. A reduction
of Staphylococcus spp. was noticed fol-
lowing the ingestion of CL1285. It could
be hypothesized that CL1285 culture in-
hibits the growth of S. aureus as shown
by the in vitro experiments. The reorga-
nization of the microbial population could
explain the temporary decrease in Staphy-
lococcus sp. observed for both L. rhamno-
sus evaluated. It could thus be suggested
that the composition of intestinal micro-
biota could be altered specifically follow-
ing ingestion of probiotics. Overall, in
order to ascertain these hypothesis prop-
erly, culture-independent techniques such
as the integrated use of denaturated gra-
dient gel electrophoresis (DGGE), fluores-
cence in situ hybridization (FISH) and real
time-PCR should be used to monitor quali-
tatively and quantitatively the variations in
fecal microbial populations during probi-
otic administration. These techniques also
have the advantage to be more specific and
sensitive than plate counts on selective me-
dia [17,23].

5. CONCLUSION

This study has demonstrated that the
novel probiotic CL1285 and other probi-
otic could survive the stressful gastroin-
testinal transit and reach the gut, and their
resistance is significantly higher than other
bacteria tested. This study also showed
that mice supplementation with probiotic
bacteria had an effect on the intestinal
microbiota. The population of total LAB
in the feces increased while Staphylo-
coccus sp. decreased following the gav-
age of mice with all probiotics evalu-
ated. Moreover, this study showed that
an exopolysaccharide-producing strain of
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L. rhamnosus modulate differently the
fecal microbiota as compared to its wild-
type strain. Further studies using molecular
tools should give more information.
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