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a b s t r a c t

Adhesion to the intestine represents a critical parameter for probiotic action. In this study, the adhesion
ability of Lactobacillus casei ATCC 393 to the gastrointestinal tract of Wistar rats was examined after
single and daily administration of fermented milk containing either free or immobilized cells on apple
pieces. The adhesion of the probiotic cells at the large intestine (cecum and colon) was recorded at
levels �6 logCFU/g (suggested minimum levels for conferring a probiotic effect) following daily
administration for 7 days by combining microbiological and strain-specific multiplex PCR analysis. Single
dose administration resulted in slightly reduced counts (5 logCFU/g), while they were lower at the small
intestine (duodenum, jejunum, ileum) (�3 logCFU/g), indicating that adhesion was a targeted process. Of
note, the levels of L. casei ATCC 393 were enhanced in the cecal and colon fluids both at single and daily
administration of immobilized cells (6 and 7 logCFU/g, respectively). The adhesion of the GI tract was
transient and thus daily consumption of probiotic products containing the specific strain is suggested as
an important prerequisite for retaining its levels at an effective concentration.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

The development of novel functional foods containing probiotic
microorganisms, such as bifidobacteria and lactic acid bacteria
(LAB) represents a highly growing area of the food industry and
attracts special interest from the field of nutrition, due to their
beneficial properties to human health [1]. Intake of probiotics has
been linked with the prevention or treatment of various patho-
logical conditions including, rotaviral gastroenteritis, antibiotic-
associated diarrhea and intestinal inflammatory disorders such as
chronic pouchitis, ulcerative colitis, Crohn’s disease and irritable
bowel syndrome (IBS) [2,3]. However, to deliver their health
benefits, probiotics must be present in food products above
a threshold level (�6 logCFU/g) at the time of consumption, to
compensate for the loss of cells during the passage through the
upper and lower parts of the gastrointestinal (GI) tract [4,5].

Among LAB, Lactobacillus casei ATCC 393 strain has been
extensively incorporated into food products due to its excellent

technological properties [6,7]. Moreover, it has been demonstrated
that L. casei ATCC 393 displayed beneficial effects for the removal of
cholesterol [8] and activity against cancer cell proliferation [9]. In
addition, our group has showed recently that L. casei ATCC 393
survived the passage through the GI tract and caused significant
reduction of staphylococci, enterobacteria, coliforms and strepto-
cocci counts, in a rat model, indicating potential regulation of the
intestinal microbiota [10]. Interestingly, the probiotic bacteria were
detected at feces at levels �6 logCFU/g, by 12 h after single dose
administration of fermented milk [10].

Although studies on the survival of administered probiotic
bacteria by analyzing fecal samples offer an indication that the
strains survived the harsh conditions of the intestine, they do not
reveal the number of cells that remain attached to the intestinal
tract. Thus, the main objective of this study was to investigate
adhesion of probiotic L. casei ATCC 393 to the gastrointestinal
epithelia.

Adhesion of probiotics to the intestinal mucosa is an important
prerequisite for colonization of the gastrointestinal tract. It has
been studied mainly using in vitromodel systems, such as the Caco-
2 and HT-29 human epithelial cell lines [11e13]. However, as each
in vitromodel describes a different part of the GI tract, it is difficult
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to extrapolate in vitro results to the in vivo situation. The use of
biopsies from the intestinal mucosa is considered themost accurate
means of determining adhesion [11,14]. Hence, in our study the
adhesion properties of L. casei ATCC 393 were examined in vivo,
using a rat model system.

2. Materials and methods

2.1. Bacterial strain and culture conditions

L. casei ATCC 393 (DSMZ, Germany) was grown at 37 �C for 72 h
on MRS broth. Pressed wet weight cells (z0.5e1.0 g dry weight)
were prepared and used directly for cell immobilization or in
probiotic-fermented milk production.

2.2. Cell immobilization and fermented milk production

Cell immobilization on apple pieces and fermented milk
production was carried out as described previously [7]. In brief,
pressed wet cells of L. casei ATCC 393 were re-diluted in sterilized
MRS broth, the proper amount of apple pieces was added and the
mixture was allowed overnight at 37 �C without agitation. When
the immobilization was completed, the fermented liquid was dec-
anted and the immobilized cells were washed twice with sterilized
¼ Ringer’s solution. The level of immobilized cells equaled to z9
logCFU/g was determined after homogenization of apple pieces
with ¼ Ringer’s solution, serial diluting and plating on acidified
MRS agar (Fluka) at 37 �C for 48 h anaerobically. Probiotic fer-
mented milk was produced by inoculating pasteurized milk with
either free or immobilized cells to a concentration of approximately
9 logCFU/g and the mixture was allowed stationary overnight at
37 �C [7]. The final pH in both cases was z3.8. At the time of
administration, both products containedz9 logCFU/g L. casei ATCC
393 cells. The number of cells was verified daily by serial diluting
and plating on acidified MRS agar as described above. For the
negative control experiments, only commercial pelleted diet was
followed.

2.3. Animals

A total of 72 Wistar rats, 3e4 months of age, weighing
250e300 g, were used. They were housed in polycarbonate cages, 1
rat per cage, at room temperature, on a 12 h light: 12 h dark cycle
and were provided with tap water and commercial pelleted diet
(Mucedola) free of lactobacilli, consisted of soybean, soybean oil,
wheat, maize, fish and lucerne meal, whey powder, mineral dical-
cium phosphate, corn gluten feed, halzenut skins, calcium
carbonate, yeasts, magnesium oxide and sodium chloride, ad libi-
tum in sterile cages.

2.4. Study design

The study was divided in two experiments: At experiment 1, 12
rats were randomly assigned into 2 groups of 6 animals each and
were administered a single dose of 1 g/rat of fermented milk con-
taining free (group F1-24) or immobilized (z1 g of apple) (group
I1e24) L. casei ATCC 393 cells by intragastric gavage using a blunt-
ended needle. Similarly, at experiment 2, 12 rats were randomly
assigned into 2 groups of 6 animals each and fermented milk
containing z9 logCFU/g of either free (group F2e24) or immobi-
lized (group I2e24) L. casei ATCC 393 cells was administered orally
at a dose of 1 g/rat/day for 7 days. In both cases, an additional group
(N1e24 and N2e24, respectively) of 6 animals administrated no
probiotic fermented milk was used as negative control. 24 h post
administration, intestinal content and tissue samples from

distinctive parts of the small (duodenum, jejunum, ileum) and the
large (cecum and colon) intestine, were collected and subjected to
microbiological and molecular analysis. The experiment proce-
dures were repeated and samples were collected 48 h post
administration (groups F1e48, I1e48, F2e48, I2e48, N1e48,
N2e48, respectively). Samples from all animals were tested and
each analysis was repeated twice. Prior to collection, the animals
were subjected to sevoflurane anesthesia. The experimental
protocols were approved by the Animal Care and Use Committee of
the local Veterinary Service since they were in compliance with
Directive 86/609/EEC.

2.5. Microbiological analysis and enumeration of lactobacilli

The small and large intestines were removed aseptically and
3-cm long individual sections were cut longitudinally. After
collection of the intestinal fluids, the tissue samples were washed
twice with sterile buffered peptone water and vortex mixed to
break down bacterial clumps and to remove loosely attached
bacteria, as it is well described in previous studies [15,16]. Then, the
tissues were homogenized in a tissue grinder with 5 ml sterilized
buffered peptone water [16]. Both intestinal and tissue samples
were subjected to serial dilutions and lactobacilli [Gram (þ), cata-
lase (�)] counts were determined on acidified MRS agar (Fluka) at
37 �C for 48 h anaerobically [10].

Noticeably, analysis of lactobacilli was also carried out in the
commercial pellets used to feed the rats. Lactobacilli [Gram (þ),
catalase (�)] counts were determined after blending of represen-
tative 10 g portions of duplicate samples with 90 ml of sterilized ¼
Ringer’s solution, serial diluting and plating on acidified MRS agar
(Fluka) at 37 �C for 48 h anaerobically. As expected, no colonies
were observed.

2.6. Identification of L. casei ATCC 393 by multiplex PCR

To confirm the presence of L. casei ATCC 393 in the intestinal
samples, after growth of the cultures on MRS agar, the plates cor-
responding to all dilutions were washed with 1 mL sterilized ¼
Ringer’s solution and then the cell suspension was subjected to
molecular analysis based on multiplex PCR methodology, as
described before [17]. Briefly, genomic DNA from lactobacilli
suspensions prepared after microbiological analysis was extracted
using a DNeasy Tissue Kit (Qiagen, Hilden, Germany), according to
the manufacturer’s protocol. Multiplex PCR reactions were carried
out in a total volume of 50 mL, containing 5 units Taq DNA poly-
merase (HyTest Ltd), 400 mM each dNTPs (Promega), 1.5 mMMgCl2
(HyTest Ltd) and 100 ng template DNA. The specific primers of
L. casei ATCC 393 consisted of GGCGACCAAGGCAGCG (10 pmol),
CTTCGGTTTCATCTTCC (50 pmol) and GGCCAACTTTTTCCATA
(50 pmol). Additionally, a set of primers consisted of AGCAG-
TAGGGAATCTTCCA (10 pmol) and ATTYCACCGCTACACATG
(10 pmol) was used as positive control [18]. Amplification was
carried out in a Thermal Cycler (Mastercycler, Eppendorf) under the
following conditions: 94 �C (2 min), followed by 25 cycles of 94 �C
(15 s), 51 �C (15 s), 72 �C (30 s), followed by a final extension step at
72 �C (1 min). The PCR products were separated on 1.5% w/v
agarose gels, visualized under UV illumination and photographed
with a digital camera (Gel Doc EQ System, Biorad).

3. Results and discussion

Adhesion of the intestine is crucial for providing the beneficial
effects of probiotics, since it may influence interactionwith the host
and the other bacteria present, affect the local microbial composi-
tion and/or stimulate the host’s immune system. Although many
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in vitro studies have demonstrated the adherence of Lactobacillus to
the epithelial surface, a limited number of in vivo adhesion studies
have been performed [15,19,20].

In the present study, we investigated in vivo adhesion of L. casei
ATCC 393 to rat intestinal mucosa. Probiotic fermented milk
produced by either free or immobilized L. casei ATCC 393 cells was
administered orally at a single dose or daily for 7 days inWistar rats
and the effects of the delivery vehicle used and the frequency of
consumption on the adhesion ability of the probiotic bacteria were
studied.

At 24 h post single dose administration, microbiological and
multiplex PCR analysis demonstrated that in both groups (F1e24
and I1e24), L. casei ATCC 393 was detected at levels of �5
logCFU/g at the cecum and colon (Fig. 1), levels were reduced to 3
logCFU/g at the jejunum and ileum, and were undetected at the
duodenum (Table 1). The probiotic strain was undetected at the GI
tract 48 h post administration in both free (F1e48) (Fig. 2A) and

immobilized (I1-48) (Fig. 2B) groups. Similarly, daily administration
indicated adhesion of the large intestine by both free and immo-
bilized L. casei ATCC 393 at levels �6 logCFU/g, at 24 h post
administration (Table 2). The levels of the probiotic strain were
lower at the duodenum, jejunum and ileum (Table 2). Yet again, the
probiotic strain was not found in the GI tract at 48 h post admin-
istration (groups F2e48, I2e48) (data not shown). Of note, the
levels of L. casei ATCC 393 were enhanced in the cecal and colon
fluids following single and daily administration of immobilized
cells (�6 and �7 logCFU/g, respectively) (Tables 1, 2). Remarkably,

Fig. 1. Identification of L. casei ATCC 393 by multiplex PCR. Tissue samples from cecum
and colon were collected 24 h after single dose administration of fermented milk
containing either free (lanes 2, 3), or immobilized cells (lanes 4, 5). The samples were
first subjected to microbiological analysis and then the presence of L. casei ATCC 393 at
levels �5 logCFU/g was confirmed by multiplex PCR. Pure culture of L. casei ATCC 393
served as a positive control (lane 1). PCR products of 67 bp and 144 bp are unique for
L. casei ATCC 393, whereas the PCR product of 340 bp is universal for lactobacilli. Lane 6
that corresponds to no probiotic fermented milk served as a negative control.

Table 1
Levels of L. casei ATCC 393 recovered from intestinal content and tissue samples of
the GI tract of rats 24 h after single dose administration of fermented milk con-
taining either free (Group F1e24) or immobilized (Group I1e24) probiotic bacteria.

Specimens Group F1�24 (logCFU/g) Group I1�24 (logCFU/g)

Duodenal fluid ND ND
Jejunal fluid 3 3
Ileal fluid 3 3
Cecal fluid 5 6
Colon fluid 5 6

Duodenum ND ND
Jejunum 3 3
Ileum 3 3
Cecum 5 5
Colon 5 5

ND: not detected.

Fig. 2. Investigation of the presence of L. casei ATCC 393 on the small (duodenum,
jejunum, ileum), and the large intestine (cecum and colon). Tissue samples were
collected 48 h after single dose administration of fermented milk containing (A) free
L. casei ATCC 393 cells (B) immobilized L. casei ATCC 393 cells on apple pieces and
subjected to microbiological and strain-specific multiplex PCR analysis. Pure culture of
L. casei ATCC 393 served as a positive control (lane 1). PCR products of 67 bp and
144 bp are unique for L. casei ATCC 393, whereas the PCR product of 340 bp is universal
for lactobacilli. Lane 7 that corresponds to no probiotic fermented milk served as
a negative control.
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L. casei ATCC 393 was not detected in the intestinal fluids and
tissues in the groups of rats (N1e24, N2e24, N1e48, N2e48) used
as negative controls (data not shown).

For many probiotics, the aim is to achieve at least transient
adhesion, in which case they grow or at least metabolize in the
intestine. Here, we showed that L. casei ATCC 393 was able to
survive transit through the stomach and small intestine and
adhere to the large intestine at levels compatible with a physio-
logical effect (�6 logCFU/g). However, the probiotic strain was not
detected at 48 h post administration, demonstrating that the
adhesion of the GI tract was only transient. These results extend
our previous findings reporting that the levels of L. casei ATCC 393
at fecal samples were �6 logCFU/g 24 h post administration,
reduced to 4 logCFU/g at 36 h, while no probiotic bacteria were
detected by 48 h [10]. Apparently, daily consumption of probiotic
products containing the specific strain is a prerequisite for
retaining its levels at an effective concentration, information that
could be valuable in food industry.

Lower levels of L. casei ATCC 393were detected in tissue samples
from the duodenum, jejunum and ileum, indicating that adhesion
of the GI tract is a distinctive process and as previous studies
demonstrated it may differ even among high related strains [15,21].
Indeed, it has been established that the mechanism of action of
each probiotic is based on distinct molecular and cellular param-
eters, such as the rate of cell growth and division [22], or the
presence of unique genes and gene products that offer improved
adaptation in the host [23,24]. Accordingly, it has been demon-
strated, that the adhesion ability of L. casei ATCC 393 to the human
epithelial cell line Caco-2 enhanced when the probiotic bacteria
heterologously expressed the collagen-binding protein gene cnb
originally derived from Lactobacillus reuteri Pg4 [25]. Apparently,
the ability of L. casei ATCC 393 to adhere to intestinal epithelial cells
is relatively poor [26,27]. This also may explain the fact that in our
study no differences concerning adhesion ability were observed
among free and immobilized cells, although it has been clearly
documented that cell immobilization enhances the viability of
cultures [6,7] and both the delivery vehicle and the food matrix
may influence surface properties and adhesion abilities of lacto-
bacilli [11,14]. Although, further research is required, our findings
may be highly instructive in elucidating the mechanisms under-
lying the physiological effects exhibited by probiotic strain L. casei
ATCC 393.

In conclusion, this study demonstrated adhesion of the gastro-
intestinal epithelia by L. casei ATCC 393 after dietary probiotic
treatment of Wistar rats. Distinct adhesion of the large intestine at
levels that might be compatible with a probiotic effect was docu-
mented by microbiological and multiplex PCR analysis.
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