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ABSTRACT

The in vitro role of Lactobacillus acidophilus was
investigated to explore the potential to inhibit coli-
forms. A threefold concentrated cell-free extract from
L. acidophilus SBT2074 could efficiently inhibit most of
the tested Gram-positive and Gram-negative bacteria.
Among the three strains of L. acidophilus, SBT2062,
SBT2071, and SBT2074, only L. acidophilus SBT2074
showed this inhibitory property. These three strains
were also tested in coculture with Escherichia coli 3544
in skim milk medium. The fermentation could result
in complete inhibition of E. coli in 36 h. Short-term
administration of L. acidophilus SBT2074 in rats with
and without E. coli resulted in significant inhibition
of coliforms and anaerobes. The E. coli infected rats
regained the normal flora in the presence of lactic acid
bacteria. The fecal enzyme β-glucuronidase activity was
also decreased significantly when L. acidophilus
SBT2074 was administered and was related to the de-
creased number of bacteria in the intestinal tract. The
analysis of the small intestinal contents showed that
the concentrations of coliforms in the duodenum, jeju-
num, and the ileum were significantly reduced by the
administration of lactic acid bacteria. The effects are
seen in a short period, suggesting that L. acidophilus
SBT2074 fermentate may have clinical application for
people suffering from gastrointestinal distress caused
by coliforms.
(Key words: Lactobacillus acidophilus; β-glucuroni-
dase; intestinal flora; Escherichia coli)

Abbreviation key: LAB = lactic acid bacteria.

INTRODUCTION

Lactic acid bacteria have traditionally been used in
fermented foods. In fermented milk they produce lactic
acid, various flavors combined with antimicrobial sub-
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stances, which can inhibit natural contaminants and,
occasionally, certain pathogens. The Lactobacillus acid-
ophilus group of lactic acid bacteria (LAB) are widely
used in fermented milk products, and the intake of
these bacteria has beneficial effects on human health
(6). LAB are known to produce a variety of antimicrobial
substances such as organic acids, diacetyl, hydrogen
peroxide, and bacteriocins. There is increased interest
in the use of bacteriocins, produced by lactic acid bacte-
ria, as food preservatives, because many of them are
able to inhibit the growth of food-contaminating bacte-
ria (14, 23).

The intestinal microflora comprise a complex ecosys-
tem of a large variety of bacteria. These complex flora
can produce negative and positive effects (9), and alter-
ing the intestinal microbiota in a beneficial way can
improve the health of a host. Lactic acid bacteria have
been considered potentially useful in this respect (20).
When consumed, the transitting LAB in the gastroin-
testinal tract are capable of delivering enzymes and
other substances into the intestine, which possibly help
to control intestinal flora (1, 13). The dietary supple-
ments of LAB as a preventative of colon cancer have
received special attention in recent years. Some LAB
have the ability to prevent DNA damage and mutations
in vitro and in vivo (26). Carcinogenicity has always
correlated with modification of gut bacterial activities.
The consumption of L. acidophilus in animal experi-
ments has shown a decreased activity of fecal enzymes
such as β-glucuronidase, azoreductase, and nitroreduc-
tase (7, 8). The activities of these enzymes have been
well correlated to the number of LAB in the intestine.
Intestinal microflora can metabolize indirect-acting
mutagens by means of specific microbial enzymes that
reduce nitro and azo groups or hydrolyze glucuronides.
Rowland et al. (17) have reported that the consumption
of LAB could enable beneficial changes in cecal physiol-
ogy and bacterial metabolic activity.

Several investigators have shown that L. acidophilus
exerts antagonistic action against intestinal and food-
borne pathogens and related organisms (11, 18). The
present study explores the potential of three L. acido-
philus strains in inhibiting both Gram-positive and
Gram-negative bacterial strains. The effect was also
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tested in coculture with E. coli, in skim milk medium.
One of the selected strains was administered to rats to
evaluate the immediate effect in controlling the intesti-
nal microflora and the activities of β-glucosidase and
β-glucuronidase. All studies were carried out on a short-
term basis to evaluate the immediate effect on the host
animal because most of the reported studies were car-
ried out on a long-term basis. This study on the immedi-
ate effect is important, because colonization is a very
complex process. Even the human isolate itself some-
times fails to colonize the human intestinal tract. Thus,
if LAB could elicit an immediate effect in the host, they
could generate the use of the same in clinical appli-
cation.

MATERIALS AND METHODS

Bacterial Cultures

Three strains of L. acidophilus, SBT2071, SBT2074,
and SBT2062, were obtained from Snow Brand Milk
Company (Japan) and were maintained in MRS me-
dium (Oxoid Ltd., Basingstoke, UK). Active cultures
were prepared from the stock cultures, which were
stored at –80°C. Lyophilized cells were prepared by
harvesting cells from MRS medium grown for 24 h. The
viability of the lyophilized cells was tested on MRS agar
plates. Lyophilized cells of E. coli 3544 (from our stock
cultures) were prepared in Oxoid nutrient broth No. 2
(Oxoid Ltd., Basingstoke, UK), and cells were harvested
after 24 h of incubation at 37°C. The cells were lyophi-
lized and viability was routinely checked on desoxycho-
late agar (Nissui, Tokyo, Japan).

Antibacterial Substance Production and Assay

The production of antibacterial substance from L.
acidophilus strains was carried out in MRS medium.
Cells were harvested by filtration after 24 h of growth
and the pH of the filtrate was brought to 6.5 with 3 N
NaOH. The filtrate was sterilized with sterile mem-
brane filters (0.45 µM, Nacalai tesque, Japan) and ly-
ophilized. A threefold concentrate was prepared by dis-
solving the lyophilized material in distilled water to
one third of the original volume of the filtrate and used
for the antimicrobial studies. Strains such as Bacillus
cereus, Bacillus subtilis, Enterobacter aerogenus, and
Enterococcus fecalis were propagated in Nutrient broth
No. 2 (Oxoid, Basingstoke, UK), and Listeria monocyto-
genus in media containing glucose, 1 g/L; NaCl, 2 g/L;
and tryptose, 20 g/L. Agar media plates were prepared
by adding 15 g/L of agar (Ina agar, Nagano, Japan).
Soft agars were prepared with 6 g/L of agar. All tester
strains (from our stock culture, as indicated in Table
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1) were prepared as fresh active cultures and cells of 1
× 107 (cfu/ml) were added to 5 ml of soft agar kept at
45°C, mixed well, and poured to the respective agar
plate. Sterile paper disks (8 mm thick, Tokyo, Japan)
were placed on the center of the agar plate and 20 µl
of the filtrate was applied. Plates were incubated at 30
or 37°C according to the tester strain and observed for
zones of inhibition.

Coculture in Skim Milk Medium

The active cultures of L. acidophilus were prepared
by inoculating a small volume (5 ml) of sterile skim
milk (10% skim milk medium, 115°C for 10 min) with
the respective inoculum (1% vol/vol) and incubated at
37°C for 24 h. Each of the active cultures was inoculated
at 1% (vol/vol) level to 10% sterile skim milk medium
and incubated for 48 h at 37°C. For coculture studies,
an active culture of E. coli 3544, was grown in Oxoid
nutrient broth for 24 h at 37°C and inoculated at 1%
(vol/vol) level to sterile skim milk medium. Samples
were taken at different intervals and viable counts were
determined by serial dilution on MRS agar and desoxy-
cholate agar for L. acidophilus and E. coli, respectively.
Initial and final pH of all samples was also measured.

Animals

Twenty-five male Wistar rats (6 wk old) with an aver-
age initial BW of 120 to 150 g (SLC, Kyoto, Japan),
were placed in individual metabolic cages and housed
in a room that was maintained at a constant tempera-
ture of 22 ± 2°C, a relative humidity of 60 ± 5%, and a
12-h light to dark cycle. Animal care was in accordance
with the guidelines for Animal Experimentation of the
Faculty of Medicine, Shinshu University. All rats were
initially adapted for 5 d to a commercially available
basal chow diet (Clea Japan Inc., Osaka, Japan).

Animals were divided into five groups of five rats
each. The first group of five rats received basal diet
containing lyophilized cells of L. acidophilus SBT2074
(final concentration 5 × 107 cfu/g diet). A second group
was fed E. coli 3544 cells (final concentration 4 × 105

cfu/g diet) for 5 d, followed by L. acidophilus SBT2074
cells for the next 4 d. After administration of LAB,
animals were put on normal diets for another 2 d. The
third group was coadministered L. acidophilus
SBT2074 and E. coli 3544 cells (as in group II) for 5 d,
then the normal diet for the next two consecutive days.
The fourth group was given lyophilized L. acidophilus
SBT 2074 cells for 5 d and the fecal enzymes were
analyzed, before, during, and after treatment. The fifth
group was treated as control on normal diet. The fecal
samples were collected before, during, and after treat-
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Table 1. Inhibitory effects of fermented cell-free culture extracts of Lactobacillus acidophilus strains against
Gram-positive and Gram-negative strains.1

L. acidophilus SBT2062 L. acidophilus SBT2071 L. acidophilus SBT2074

Tester strains Glucose Lactose Glucose Lactose Glucose Lactose

Escherichia coli
3301 − − − − − +++
3302 − − − − − +++
3544 − − − − − +++
K12 − − − − − +++

Bacillus cereus
3001 − − − − − +++
3457 − − − − − +++
IAM1029 − − − − − +++

Enterobacter aerogenus
3320 − − − − − +++

Bacillus subtilis
3312 − − − − − +++

Enterococcus fecalis
ATCC10100 − − − − − +++

Listeria monocytogenes
19111 − − − − − +++
13932 − − − − − +++

1− = No inhibition, + = relative inhibition. A threefold concentrate of the filtrate was used for the inhibition
studies. Bacillus species were incubated at 30°C and others at 37°C.

ments. On the last day of the experimental period
(group I and group V), rats were killed by cervical dislo-
cation. The small intestine was divided into three re-
gions: the duodenum, jejunum, and the ileum. These
were separated and flushed with sterile prereduced
(buffer kept overnight in an anaerobic jar, to remove
the O2 and saturate with CO2) phosphate buffer (pH
6.98). Microbiological analysis was carried out as de-
scribed earlier. For enzyme analysis, the cecum and the
small intestine were removed and the entire contents
transferred into prereduced phosphate buffer (pH 6.98).
Rats were allowed to consume their diets and water ad
libitum. The average daily consumption of food and
water per rat was also calculated. The lyophilized cells
were mixed with 2 g of normal diet and were fed each
morning during the experimental period. After ensur-
ing the complete consumption of cells (approximately
2 h), additional portions of normal diet were given. The
BW of each rat was measured before separating the
animals to individual cages and after completing the
treatments.

Fecal Microbial Analysis

All fecal samples were collected fresh by gently
squeezing the rectal area of the rat. The fecal pellets
were immediately placed in tubes kept in anaerobic jars
and the analysis was carried out within 30 to 60 min
of collection. Anaerobic conditions were maintained as
far as possible during the analysis. Following homoge-
nization, a series of 10-fold dilutions of the specimens
was made in a prereduced sterile phosphate buffer.
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Triplicate plates were made of each sample in plate
count agar (Oxoid, Basingstoke, UK) for total anaerobes
and total aerobes, desoxycholate agar for coliforms, and
MRS agar for LAB. Plates of anaerobe and LAB were
incubated anaerobically in an anaerobic chamber (BBL
Gas Pak anaerobic jars, Becton Dickinson Co., Franklin
Lakes, NJ) for 3 d at 37°C. Plates for the enumeration
of aerobic organisms and coliforms were incubated at
37°C for 2 d.

Fecal Enzyme Assays

Fresh fecal samples were collected by gently squeez-
ing the rat’s rectal region to release the fecal pellets. The
samples were collected in sterile tubes kept overnight in
an anaerobic chamber (BBL, Becton Dickinson).

β-Glucuronidase Assay

Fresh fecal samples were suspended in cold prere-
duced 0.1 M potassium phosphate buffer (pH 7.0). The
fecal suspension was homogenized and was disrupted
by sonication with a sonicator (Sonicator USP 300, Shi-
madzu, Kyoto, Japan) for 3 min at 4°C. The samples
were centrifuged at 500 × g for 15 min. The supernatant
was collected and immediately used for the enzyme
assay. The enzyme reaction was run at 37°C (pH 6.8)
as described by Goldin and Gorbach (7). Briefly, the
total volume of reaction mixture was 1 ml, containing
a final concentration of 0.02 M potassium phosphate
buffer, 0.1 mM EDTA, 1 mM phenolphthalein-β-D-glu-
curonide (Sigma, St. Louis, MO) and 0.1 ml of fecal
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extract. The reaction was stopped by adding 5 ml of
0.2 M glycine buffer (pH 10.4) containing 0.2 M NaCl.
Readings were taken at 540 nm. The amount of phenol-
phthalein released was determined by comparison with
a standard phenolphthalein curve and expressed as
specific activity (µmol/mg of protein per 30 min).

β-Glucosidase Assay

The fecal extract was prepared as above. The enzyme
reaction was run at 37°C (pH 7.4) in a total volume of
1 ml containing a final concentration of 0.1 M potassium
phosphate buffer, 1 mM nitrophenyl-β-D-glucoside
(Sigma) and 0.2 ml of fecal extract. The reaction was
run for 30 min at 37°C. The reaction was stopped by
the addition of 5 ml of 0.01 M NaOH. Readings were
taken at 420 nm. The amount of nitrophenol released
was determined by comparison with a standard ni-
trophenol curve and expressed as µmol/mg of protein
per 30 min.

Protein Determination

Protein concentrations in the fecal extracts were de-
termined by the method of Lowry et al. (12) with bovine
serum albumin as standard.

Statistical Analyses

Results obtained were subjected to Student’s t-test
using SPSS (21), version 6.0. Standard error and level
of significance were calculated and compared to control
animals or with the values of before administration (0
d) of the respective group.

RESULTS AND DISCUSSION

Lactobacillus acidophilus SBT2071, SBT2074, and
SBT2062 were tested for the antibacterial compound
production against both Gram-positive and Gram-nega-
tive bacteria. The culture filtrates (MRS glucose) of
these three strains failed to produce any inhibitory com-
pounds against the indicator strains (E. coli, B. cereus,
B. subtilis, E. aerogenus, E. fecalis and L. monocyto-
genus) even after a threefold concentration (Table 1).
When these L. acidophilus strains were grown in lac-
tose MRS media, strain SBT2074 was able to inhibit
all tested indicator strains with the threefold concen-
trate, but the other two strains failed to produce any
inhibitory compounds. An increased bacteriocin produc-
tion was also observed when Lactobacillus gasseri
SBT10239 strain was grown in lactose MRS medium (O.
Sreekumar and A. Hosono, 2000, unpublished). Various
reports show that temperature, pH, and carbon source
also affect bacteriocin production (2, 3, 23).
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Figure 1. Growth pattern of Escherichia coli 3544 strain in skim
milk medium.

To further confirm the in vitro inhibitory role, these
three strains of L. acidophilus were grown as pure and
coculture with E. coli in skim milk medium. In Figure
1, the growth pattern of E. coli 3544 shows that the
stationary phase was reached in 24 h, and the pH
dropped to 5.3. A two-log increase of cells was observed
in 24 h.

Figures 2, 3, and 4 show the growth pattern of L.
acidophilus in pure and coculture with E. coli 3544. The
viable count and pH were measured. Strain SBT2071
showed a similar growth pattern when grown in pure
culture and coculture. The number of viable cells was
higher in coculture than in pure culture (Figure 2). In
fact, E. coli failed to grow in coculture and the number
of viable counts was constant until 24 h, after which
the viability decreased sharply. This was probably
caused by the acid production along with other inhibi-
tory compounds produced during the fermentation of
milk by LAB. After 48 h of fermentation none of the E.
coli cells was viable.

The growth pattern and acid production of SBT2062
were the same, irrespective of the culture condition
used. The log phase, stationary phase, and the decrease
in pH (Figure 3) were the same in pure culture and co-
culture. The viable count of E. coli was decreased to 4
log (cfu) and to zero in 24 and 36 h, respectively. This
can be attributed to the faster growth rate of SBT2062,
along with the reduction in pH from 6.5 to 4.2 in 12 h
of fermentation. A decline in viable cells of SBT2062
was observed after 36 h of fermentation, which was
consistent in pure culture and coculture. The same
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Figure 2. Growth of Lactobacillus acidophilus SBT2071 in pure
culture and coculture with Escherichia coli 3544 in skim milk me-
dium. � � pH; � � L. acidophilus SBT2071; �, E. coli 3544; closed
symbol, coculture; open symbol, pure culture.

strain of L. acidophilus SBT2062 also inhibited some
pathogens in coculture (22).

Strain SBT2074, which was the only strain that
showed production of antibacterial substance in MRS

Figure 3. Growth of Lactobacillus acidophilus SBT2062 in pure
culture and coculture with Escherichia coli 3544 in skim milk me-
dium. � � pH; � � L. acidophilus SBT2062; �, E. coli 3544, closed
symbol, coculture; open symbol, pure culture.
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Figure 4. Growth of Lactobacillus acidophilus SBT2074 in pure
culture and coculture with Escherichia coli 3544 in skim milk me-
dium. � � pH; � � L. acidophilus SBT2071; �, E. coli 3544; closed
symbol, coculture; open symbol, pure culture.

lactose media, had a different pattern of growth in pure
culture and coculture. The log phase was up to 24 h in
pure culture, whereas it took only 12 h in coculture
(Figure 4). The acid production, as represented by the
decrease in pH, showed a similar pattern in both pure
culture and coculture. The decline in viable count of
LAB was significant in pure culture after 36 h of fer-
mentation. The decrease in the viable count of E. coli
was proportional to the increased growth of L. acido-
philus SBT 2074. The acid produced with the antimicro-
bial substance during growth may be responsible for
the sharp decline in the E. coli count. Hosono et al.
(11) have also reported the production of antibiotic-
like substances by L. acidophilus IFO3205, which could
repress the growth of E. coli. Referring to Table 1, L.
acidophilus SBT2074 produced the inhibitory com-
pound when grown in lactose medium. Milk, a rich
source of lactose, also might have contributed to the
inhibition of E. coli. Strain SBT2074 was used for fur-
ther in vitro studies using rat as a model.

Animals were divided and treated as described in
materials and methods. There were no significant dif-
ferences in feed intake, water consumption, and weight
gain among the groups to the control group (data not
shown). Figure 5 shows the effect on the consumption
of L. acidophilus on the fecal microflora of the rat. Via-
bility of L. acidophilus was checked routinely before
administration. During the intake of LAB the number
of coliforms (P < 0.05) along with total aerobes (P <
0.001) and anaerobes (P < 0.05) decreased significantly



SREEKUMAR AND HOSONO936

versus the 0-d count. A significant increase in total LAB
count was observed, probably because the consumed
LAB were excreted viable or because this strain colo-
nizes the intestinal tract. After treatment was stopped
and the diet shifted to normal food, a significant (P <
0.001) decrease in coliforms was observed, but the aero-
bic and anaerobic count remained constant. This im-
plies that strain SBT2074 resulted in significant in vitro
inhibition of coliforms along with the aerobes and an-
aerobes. The consumption of L. acidophilus milk has
been reported to have changed the fecal flora of humans
(1). The strain SBT2074 might have colonized the intes-
tine and influenced the intestinal flora. The in vitro
inhibition of E. coli and the in vitro inhibition of coli-
forms were thus well related.

The second group of animals was initially fed with
lyophilized E. coli cells for 5 d, followed by L. acido-
philus SBT2074 cells (Figure 6). As expected, the E.
coli 3544 administration has resulted in increased num-
bers of coliforms (P < 0.001) and anaerobes (P < 0.05).
The LAB count was not significantly affected during
the E. coli 3544 administration. But administration of

Figure 5. Effect of feeding Lactobacillus acidophilus SBT2074
cells on the rat fecal bacterial count. (n = 5), � Aerobes; � anaerobes;
� lactic acid bacteria; � coliforms. *P < 0.01; **P < 0.05; ***P < 0.001
versus 0 d. LAB = Lactic acid bacteria.
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Figure 6. Effect of Escherichia coli 3544 administration followed
by Lactobacillus acidophilus SBT2074 administration on the fecal
bacterial count. (n = 5), � Aerobes; � anaerobes; � lactic acid bacteria;
� coliforms. *P < 0.01; **P < 0.05; ***P < 0.001 versus 0 d.

LAB decreased (P < 0.05) the coliform and total anaer-
obe counts, without much variation in total aerobes.
The LAB count also increased significantly (P < 0.01)
and remained constant even after 2 d of normal diet.
The coliform count after 2 d of normal diet was signifi-
cantly (P < 0.01) lower than 0-d count. This indicates
that some significant changes in the intestinal flora
occurred in the presence of L. acidophilus SBT2074,
which can probably protect for a longer period by colo-
nizing the intestinal tract.

The coadministration of E. coli 3544 and L. acido-
philus SBT2074 was carried out in a third group of
animals (Figure 7). The coadministration resulted in
significant (P < 0.01) decrease in coliforms and one-log
(cfu) increase in lactic acid bacterial count (P < 0.05),
suggesting that, even in the presence of coliforms,
strain SBT2074 was able to colonize or positively influ-
ence the intestinal tract and bring the intestinal mi-
croflora back to normal. After treatment, the coliform
level was significantly lower (P < 0.01) than the 0-d
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count, but an increase in aerobic count (P < 0.05) was
observed. Changes in the composition of microflora in
rats by yogurt bacteria has also been reported (4). Thus,
this study confirms that coliforms can be inhibited in
vitro, in coculture and in vitro of animals by L. acido-
philus SBT2074 strain. Moreover, strain SBT2074 re-
sulted in an immediate effect in the host, and the effect
persisted even after the LAB administration was termi-
nated. The consumption of strain SBT2074 through fer-
mented milk or milk with viable cells may be able to
control the gastrointestinal disorders caused by col-
iforms.

The concentrations of β-glucosidase and β-glucuroni-
dase were measured in the feces of rats treated with
L. acidophilus SBT2074 strain (Figure 8). The specific
activity of β-glucuronidase rapidly decreased (P < 0.001)
when the rats were administered with strain SBT2074.
Goldin and Gorbach (8) reported that the consumption
of LAB have significantly reduced the activities of fecal
enzymes, which are implicated in colon carcinogenesis.
But the increase in the activity of β-glucoidase was
observed after the administration of LAB. The high
levels of β-glucosidase activity can be correlated to the
increased number of lactic acid bacteria (Figure 5),
which have high levels of β-glucosidase activity in com-

Figure 7. Effect of Lactobacillus acidophilus SBT2074 and Esche-
richia coli coadministration in the fecal microflora of rat. (n = 5), �
Aerobes; � anaerobes; � lactic acid bacteria; � coliforms. *P < 0.01;
**P < 0.05; ***P < 0.001 versus 0 d.
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Figure 8. Effect of feeding Lactobacillus acidophilus SBT2074
cells on specific activity of β-glucosidase (�) and β-glucuronidase (�)
in the feces of rats. Specific activity was expressed as the µmol of
nitrophenol or phenolphthalein released per mg of fecal protein in
30 min, n = 5, bar line represent the standard error. **P < 0.05; ***P
< 0.001 versus 0-d activity.

parison with other members of the gut microflora (19).
The β-glucuronidase has wide substrate specificity and
can hydrolyze many different glucuronides. Cleaving of
the β-glucuronide bond by the gut microflora may also
release biologically active aglycones, such as diethyl-
stilbesterol-β-glucuronide (5) and N-hydroxyfluoreny-
lacetamide-β-glucuronide (10, 25), which are poten-
tially carcinogenic. The change in microflora is respon-
sible for the change in β-glucuronidase activity (16).
The β-glucuronidase was reported to be produced by E.
coli, Bacterioides and some obligate anaerobes (24),
and, from our results, it is reasonable to conclude that
the decreased activity of β-glucuronidase was caused
by the decreased number of anaerobes and coliforms.

The small intestinal contents were analyzed to locate
the area where the major changes in microflora oc-
curred because of the administration of LAB (Figure
9). There was a significant difference in coliform counts
in the duodenum (P < 0.001), jejunum (P < 0.05), and
the ileum (P < 0.05). The anticarcinogenic effects of
L. acidophilus with experimental animals have shown
that incorporation of L. acidophilus in their diet sig-
nificantly reduced the fecal E. coli counts (15). A sig-
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nificant increase in LAB (P < 0.01) count was observed
in the jejunum. Significant increase in anaerobes were
observed in the duodenum (P < 0.05), but a sharp de-
crease in anaerobes was seen in the jejunum (P < 0.01).
The low concentrations of total microflora in the duode-
num can be correlated to the continuous secretion of
bile from bile duct into the duodenum, since rats lack
the gall bladder (24).

The same lowered β-glucuronidase activity (P < 0.05)
was observed in the cecal content of LAB-administered
rats as the control group (Figure 10). But the low levels
of activities of these enzymes observed in the small
intestine can be related to the low counts in coliforms
and anaerobes (Figure 9). The largest microbial commu-
nity was present in the large intestine (24), which ac-
counts for the high β-glucuronidase activity in the ce-

Figure 9. Effect of Lactobacillus acidophilus SBT2074 administra-
tion on the small intestinal microflora compared with the control rats
(n = 3). Duodenum, starting region of small intestine; jejunum, middle
region of the small intestine; ileum, hind region of small intestine
entering the cecum. Values are with standard error; *P < 0.01; **P
< 0.05; ***P < 0.001.
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Figure 10. Concentrations of fecal enzymes in the cecum and small
intestines of lactic acid bacteria-treated and control rats. Control rats
(light shade) and Lactobacillus acidophilus treated (dark shade). (n
= 3) SI = Small intestine, **P < 0.05.

cum. No significant difference in the levels of β-glucosi-
dase was observed in the small intestine and the cecum.

CONCLUSIONS

Lactobacillus acidophilus SBT2074 was able to in-
hibit coliforms in both fermented milk and in the intes-
tines of rats. The immediate effect was due to the inhibi-
tion by this strain, thus the use of this strain in fer-
mented milk products is of equal importance. Moreover,
consumption of strain SBT2074 as viable cells together
with milk or as a fermented product may result in con-
trolling the intestinal flora and fecal enzymes. This
strain deserves attention in clinical application for peo-
ple suffering from gastrointestinal disorders caused by
coliforms. Further studies need to be carried out in
human subjects to confirm this view.
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