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In in vivo study on 24 weaned piglets (8 per group), the survival rates of human isolates
Lactobacillus gasseri K7 and LF221 were quantified by selective enumeration on MRS agar with
rifampicin, and the presence of both strains in intestinal mucosa was examined. Faeces from
individual animals were analysed for the number (cfu/g) of coliforms, lactobacilli, clostridia and
both of the two probiotic strains during 2-weeks probiotic application period (5r1010 cfu of
individual strain/day) and 1 week after the probiotic treatment was ceased. Samples of
duodenum, jejunum and ileum of sacrificed animals (5th or 20th day) were also examined
microbiologically. A great variability in the microflora of faeces and mucosa was observed even
between equally treated animals. The survival of both Lb. gasseri strains was established by their
detection in the faeces (2.5r105 to 3.3r105 cfu of K7 strain/g faeces; 4.5r105 to 5r105 cfu
of LF221 strain/g). In two animals, the LF221 or K7 viable cells were found in the faeces 6 d
after ceasing probiotic application. In both animals from the group fed with Lb. gasseri K7 that
were sacrificed 5 d after weaning, the presence of K7 strain was found either in the mucosa of
duodenum (140 cfu/10 cm2) and jejunum (170 cfu/10 cm2) or in the ileum (1600 cfu/10 cm2).
LF221 cells were detected in the ileal mucosa of one piglet (820 cfu/10 cm2). The results
demonstrated the capability of both tested strains of in vivo adhesion to intestinal mucosa and
of temporary colonisation of the piglets’ intestine.
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Members of Lactobacillus gasseri species are common in-
habitants of human and animal intestinal tract (Walter,
2005). Since several positive functional effects of
Lactobacillus sp. including Lb. gasseri have been demon-
strated in vitro and in animal models, such as protection
against infections, stimulation of immune system, re-
duction of allergy and many others, they are often de-
scribed as probiotics, i.e. »live microorganisms which
when administered in adequate amounts confer a health
benefit on the host«(FAO/WHO, 2002; Dunne et al. 1999;
Ouwehand et al. 2002).

Beside functionality testing in vitro, good survival dur-
ing the passage of GI tract remains one of the crucial cri-
teria for selecting probiotic strains (Dunne et al. 1999).
However, since the presence of probiotic test strains in the

faeces is not a satisfactory indication of their colonisation
ability, the demonstration of in vivo adhesion to intestinal
mucosa provides the only reliable evidence (Alander et al.
1999).

Two Lb. gasseri strains tested in the present study orig-
inate from human faeces. Their probiotic properties were
previously extensively studied in vitro, and they were also
successfully incorporated into cheese (Bogovič Matijašić &
Rogelj, 1999, 2000; Perko et al. 2002; Rogelj et al. 2002;
Bogovič Matijašić et al. 2006). Before human studies,
which are recommended before commercial application
of new probiotic strains, and for certain applications even
obligatory (for example in the case of the use of probiotics
as therapeutic agents), the functionality is usually demon-
strated on pigs (Miller & Ullrey, 1987) or other animal
models.

In a previously reported in vivo trial, Lb. gasseri LF221
and K7 were found to survive the passage through piglets’*For correspondence; e-mail : bojana.bogovic@bfro.uni-lj.si
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intestines (Bogovič Matijašić et al. 2004). In that study,
discrimination between the test strains and other faecal
microflora was performed by a combination of classical
microbiological methods (use of selective media, testing of
antimicrobial activity) and RAPD.

In the present work, the presence of orally applied
probiotic bacteria in the faeces as well as in the mucosa of
the small intestines (duodenum, jejunum, ileum) of
weaned piglets were quantified by using rifampicin resist-
ant variants which were selectively enumerated on the
agar medium where rifampicin was included. In addition,
the effect of feeding two probiotic strains on the coliforms,
clostridia and lactobacilli counts in faeces and mucosa
was examined.

Material and Methods

Bacteria and growth conditions

Lb. gasseri K7 and Lb. gasseri LF221 are two isolates from
babies’ faeces, previously identified as potential probiotic
strains (Bogovič Matijašić & Rogelj, 2000; Rogelj et al.
2002) and deposited in a ZIM Collection of Industrial
Microorganisms, Biotechnical Faculty, University of
Ljubljana, Slovenia. LF221 strain was originally isolated at
Microbiology Institute, UCSC, Piacenza, Italy (Prof. L
Morelli). In a pig feeding trial, spontaneous rifampicin re-
sistant cells (Rifr) were used. These were derived by sub-
culturing the strains in increasing concentration of
rifampicin (Sigma-Aldrich Chemie, 89552 Steinheim,
Germany), up to 250 mg/ml.

During two weeks application period, concentrated
cell suspensions were prepared daily from 18 h MRS
(Merck, 64271 Darmstadt, Germany) cultures. Each animal
received once daily lactobacilli from 100 ml MRS culture
(5±0.2r1010 cfu), which were washed with and re-
suspended in 5 ml 1/4 Ringer solution (Merck). Aliquots
of lactobacilli were stored on ice and, within 30 min dosed
to piglets.

Animals and feeding trial

A total of 24 three week-old, commercial crossbreed
piglets weighing 7.24±0.41 kg were weaned at 21 d of
age and the same day transferred and randomly distributed
to 6 experimental cages and 3 experimental groups: con-
trol group, and two groups receiving either Lb. gasseri K7
or LF221 (K7 group and LF221 group, respectively). Prior
to the weaning and throughout the experimental period,
all the piglets were fed a non-medicated prestarter diet.
Feed and water were provided ad libitum. The diet was
formulated to contain 15 MJ metabolic energy per kg of
feed, which was composed of 33.2% wheat, 30% barley,
8.5% fish meal, 20% skimmed milk powder, 3% sugar,
2% sunflower oil, 1% molases and 2.3% mixture of
minerals and vitamins. The experimental period lasted for
three weeks. The piglets in two experimental groups were

given daily doses of 5r1010 cfu lactobacilli during the
first two weeks in addition to feed and water. Animals
were weighed at 5 d intervals. Fresh faecal samples were
collected from individual animals each 5 d. Samples were
immediately stored in bags where anaerobic atmosphere
was generated using Genbag system (Bio-Merieux, France)
and transported on ice to the laboratory within 30 min.
Viable plate counts of microorganisms were performed
immediately upon receipt of the samples.

On days five and twenty, two animals from each ex-
perimental group were sacrificed in order to obtain mu-
cosal samples from jejunum, duodenum and ileum for
microbiological examination.

The experiment was approved by the Veterinary
Administration of the Republic of Slovenia, Ljubljana,
Slovenia, number 323-02-84/01.

Analysis of faeces and mucosa

Approximately 10 g wet weight faeces were homogenised
in final volume of 100 ml 1/4 Ringer solution. The segments
of duodenum, jejunum and ileum were taken immediately
after slaughter and transferred on ice to laboratory within
30 min. The content of small intestines was collected
when possible, and the mucosa was washed with phos-
phate buffered saline (PBS) with 10 ml Tween 80/l (Biolife
Italiana, 20128 Milano, Italy) until the residual intestinal
fluid was removed, while the microflora attached to the
mucosa remained entire. The pieces of 10 cm2 were
homogenised in appropriate volume of 1/4 Ringer solution
to obtain 100 ml of suspension.

The appropriate dilutions of faecal and mucosal sam-
ples were plated on VRB, SPS and Rogosa agar media
(Merck) for determination of coliform bacteria, sulphite
reducing clostridia and lactobacilli, respectively. Selective
enumeration of probiotic Lb. gasseri strains was performed
on MRS media with added rifampicin (125 mg/ml).

RAPD analysis of selected colonies from MRS+rifampicin
agar was performed as described previously (Bogovič
Matijašić et al. 2004) by PCR, applying primers designed
by Tynkkynen et al. (1999).

Statistical analysis

The data on the number of coliform and lactic acid bac-
teria were analysed by the General Linear Models (GLM)
procedures in SAS� software (Release 8e, 2000). Data of
bacterial counts were transformed by log10 before statistical
analysis. The model used to analyse the microbial counts
data included group (probiotic feeding), day of sampling
and interaction between group and day of sampling.

Results

During the entire experiment, all piglets remained in
good health and no cases of diarrhoea were observed. The
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https://doi.org/10.1017/S0022029906001890 Published online by Cambridge University Press

https://doi.org/10.1017/S0022029906001890


probiotic application did not have any significant influ-
ence on body weight gain as average weight gain of pigs
did not significantly differ between the groups.

The viable counts of faecal coliform bacteria decreased
significantly (P<0.05) in all groups of piglets for about
1.5 log from d 3 to d 9 (Table 1). During the following
days, the coliform counts remained on the same level in
control and K7 group and decreased slightly in LF221
group, however the decrease was not significant. No sig-
nificant differences in the number of coliforms between
the groups were observed.

The average concentrations of sulphite reducing
clostridia ranged from 4.12 log to 5.55 log g–1 faeces, but
the values did not differ significantly among the groups or
at different time (data not shown).

Comparing the average total lactobacilli counts in the
faeces of individual groups on different days (Table 1), in
the two groups fed probiotic bacteria were found higher
on d 9 than on any other sampling day. In control group,
the lactobacilli concentration did not vary throughout
three weeks. Except on d 9, significant differences between
control group and K7 or LF221 groups, respectively were
not observed.

The number of rifampicin resistant lactobacilli in K7
and LF221 groups during the feeding period reached on
average 4.72 and 5.37 log cfu/g faeces, respectively and

no significant changes were observed during the two weeks
of probiotic application. In the post-feeding period the
concentration of test lactobacilli in the faeces decreased,
so that after 6 d K7 and LF221 strains were found in the
faeces of one animal from each probiotic group only, in a
concentration 3.6r104 cfu/g and 1.2r104 cfu/g, respect-
ively. Obviously K7 and LF221 strains did not significantly
contribute to the total lactobacilli count since their con-
centrations in the faeces were about 3 log lower in com-
parison with the total lactobacilli count on Rogosa agar.
The increase in the lactobacilli counts on d 9 was probably
a result of increased concentration of indigenous lactoba-
cilli other than K7 or LF221 strains (Table 1).

The differences in the number of probiotic bacteria in
the faeces among individual animals were very pro-
nounced as is evident from Table 2 where bacterial counts
at the end of probiotic feeding (i.e. on d 14) are presented.
K7 an LF221 strains were detected in the faeces of all
animals in test groups, and this was the case also on d 3
and 9 (data not shown). Great variability in lactobacilli
and coliform counts among equally treated individual an-
imals was observed throughout the experiment. The direct
correlation between the concentration of lactobacilli and
coliforms, or between the probiotic bacteria and coliforms
in the faeces could not be established. While the applied
probiotic strains represented less than 1 percent of the

Table 1. The average viable plate counts (log cfu/g) of coliform bacteria and lactobacilli in the faeces of piglets. The data presented
are the means from 8 animals (d 3) or 6 animals (d 9, 14 and 20). Probiotic strains Lb. gasseri LF221 and K7 were given to the
animals in groups designated LF221 and K7. D 14 represents the last day of probiotic administration which started at d 1, a day after
weaning

Bacterial group/strain Time (days)

log cfu/g faeces

Control group LF221 group K7 group

Coliforms 3 7.62±0.77* 7.82±0.30* 7.48±0.60*
9 5.81±0.94 5.88±0.34 6.30±0.82

14 6.03±1.1 5.63±0.45 6.76±0.57
20 5.93±1.39 5.12±0.81 6.19±0.73

Lactobacilli 3 7.32±0.99 7.10±0.45 7.40±0.30
9 7.59±0.54a 8.57±0.41*b 8.33±0.17*b

14 7.33±0.41 7.51±0.56 7.64±0.55
20 7.42±0.69 7.73±0.52 7.63±0.50

Lb. gasseri LF221 3 – 5.20±0.32 –
9 – 5.44±0.55 –

14 – 5.48±0.48 –
20 – –c –

Lb. gasseri K7 3 – – 4.60±0.60
9 – – 4.86±0.96

14 – – 4.70±0.90
20 – – –d

– Not detected on MRS agar with rifampicin

* The effect of time: the coliform counts on d three were in all groups significantly higher (P<0.05) from those obtained at the following three samplings;

the lactobacilli counts in groups K7 and LF221 were significantly higher on d 9
a,b The effect of treatment: the differences in lactobacilli counts between three groups were significant (P<0.05) on d 9 only; means with different letters

differ significantly
c Lb. gasseri LF221 was found in the faeces of one animal only (1.2r104 cfu/g)
d Lb. gasseri K7 was found in the faeces of one animal only (3.6r104 cfu/g)
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entire lactobacilli population in the faeces of most of the
animals, levels as high as 13.1 and 20% were observed in
individual animals from LF221 and K7 groups, respectively
(Table 2).

Two piglets from each group were sacrificed on d 5 and
another two on d 20, in order to carry out microbiological
examination of small intestinal mucosa. The viable counts
are presented in Table 3. Viable K7 cells were found in
mucosal tissue derived from ileum of the first piglet sacri-
ficed on d 5, and in samples of duodenum and jejunum
from the second animal. The strain LF221 on the other
hand, was found only in the ileal mucosa of one animal.
Neither LF221 nor K7 cells were detected in mucosa from
the animals sacrificed at the end of experiment, but one
animal from K7 group and another from LF221 group
contained viable probiotics in the content of ileum. The
presence of K7 or LF221 strain in the mucosa was not
correlated with the concentration of either in the faeces.

The concentration of viable coliform bacteria in all ileal
mucosal samples was higher by about 2 log than those in
duodenal and jejunal samples. In 5 samples of ileal and in
5 samples of jejunal mucosa, the viable counts were be-
low the detection level (100 cfu/10 cm2), irrespective of
the treatment or day of execution.

The identity of the colonies grown on MRS agar with
rifampicin was confirmed by RAPD as described pre-
viously (Bogovič Matijašić et al. 2004). Some small col-
onies grown on rifampicin supplemented MRS agar plates
and easily distinguishable from LF221 and K7, were also
confirmed to be different by RAPD analysis. In general the
uniform colonies were observed on the plates and by
random checking of their DNA by RAPD, the identity with
test strains was confirmed in all cases.

Discussion

In our previous in vivo studies, the capability of Lb. gasseri
LF221 and K7 to survive passage through the pig

gastrointestinal tract (GIT) was demonstrated, and the
number of Lb. gasseri LF221 and K7 in the faeces was
estimated to reach on average 0.9% and 0.2% of total
lactobacilli population, respectively (Rogelj et al. 2002;
Bogovič Matijašić et al. 2004). These estimations were
quite good compared with the results in the present study
(Table 2), where the direct quantification was made poss-
ible by the use of rifampicin resistant derivatives of test
strains. Similarly, the recovery of K7 strain in the faeces
seemed to be lower compared with LF221 strain, however,
due to great variability among the animals the differences
were not proved to be statistically significant.

The pig-feeding trial reported recently by Gardiner et al.
(2004) differed from this study in the duration of lactoba-
cilli feeding (3 weeks), and in the 10 d baseline period
between the weaning and start of administration, while the
daily dose was similar, i.e. 3r1010 cfu/d. Between 105

and 108 cfu of rifampicin resistant test strains were de-
tected in the faeces during administration period, re-
presenting 1.1 to 1.3% of total lactobacilli in the case of
Lb. salivarius and Lb. pentosus strains, and up to 23.7%
for Lb. murinus strain which was reported to have the best
survival ability. Compared with these results, LF221 and
K7 strains could be described as strains with intermediate
survival ability.

We included the analysis of total coliform and
clostridial count in the experiment to examine possible
effects of probiotic feeding on the total number of bacteria
belonging to these groups of bacteria, as inhibition of
particular strains of Escherichia coli, Clostridium sp. and
other species by Lb. gasseri K7 and LF221 was observed
previously in vitro on agar plates and on Caco-2 cells
(Bogovič Matijašić & Rogelj, 1999, 2000; Bogovič
Matijašić et al. 2006). The mean lactobacilli and coliform
counts in the faeces of control group animals were com-
parable with those reported in other studies on pigs
(Simpson et al. 2000; Gardiner et al. 2004; Bogovič
Matijašić et al. 2004). Our observation that probiotic ad-
ministration did not affect the total faecal coliform count
was in accordance with reported results (Gardiner et al.
1999; Bogovič Matijašić et al. 2004). Because of the
complexity of microflora, the ingested strains of lacto-
bacilli usually do not influence the total lactobacilli count,
however the composition of the group can be changed
significantly (Shu et al. 2001).

Detection of ingested strains in the faeces during post-
administration period has often been carried out in order
to indirectly demonstrate their persistence in GI tract.
Particular lactobacilli test strains in the study of Gardiner
et al. (2004) were found in some of the test animals 5 d
post-feeding, but not in all, except for Lb. murinus strains
which were readily isolated from faeces. In another study,
Lb. reuteri MM53, could be detected in the faeces 2 d after
the end of administration, while Enterococcus faecium
strain Fargo 688R persisted in weaned pigs for at least
8 d after 3-weeks application period, although not in all
animals (Gardiner et al. 1999; Simpson et al. 2000).

Table 2. Ratio of probiotic strains determined on MRS agar with
rifampicin to total lactobacilli count, in the faeces of piglets at
the end of probiotic feeding, i.e. on d 14

Group/
animal

Total
coliforms
(cfu/g)

Total
lactobacilli
(cfu/g)

Count on
MRS+rif
(cfu/g)

Ratio (%) of
K7 or LF221

K7/1 7.1r106 7.3r107 4.0r104 0.05
K7/2 5.7r105 6.0r106 1.2r106 20
K7/3 1.5r107 3.1r108 6.0r104 0.02
K7/4 7.4r106 3.0r107 1.6r105 0.46
K7/5 2.4r107 3.8r107 8.0r103 0.02
K7/6 3.5r106 3.7r 107 4.0r103 0.01

LF221/1 3.1r105 1.8r108 5.8r105 0.33
LF221/2 1.4r106 7.0r106 7.1r105 10.1
LF221/3 1.6r106 8.0r106 1.1r106 13.1
LF221/4 2.8r105 3.5r107 1.7r105 0.49
LF221/5 1.2r105 9.3r107 5.5r104 0.06
LF221/6 2.4r105 3.7r107 2.0r105 0.54
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Lb. gasseri SBT2055SR in healthy human subjects was still
detected in the faeces one month after digestion in five out
of eight subjects, and at some lower counts even 90 d after
the end of administration (Fujiwara, 2001). Lb. rhamnosus
GG was reported to be detected in two from 8 subjects in
the faeces 9 d after the last dose of lactobacilli (Alander et
al. 1999). Usually, continuous consumption is necessary to
maintain high concentrations of probiotic strains in the
faeces (Sui et al. 2002).

Actually, concentration of introduced strains in the
faeces may give an insight into their survival in the gut, but
may not be an appropriate reflection of colonisation and
persistence, which are important properties of probiotic
strains since functionality of probiotics is largely depen-
dent on their activity in situ (Alander, 1999; Simpson et al.
2000). Therefore the in situ demonstration of the adhesion
capability of bacteria to the mucus is crucial. However,
studies where analysis of mucosa were performed in ad-
dition of faecal analysis are scarce. Alander et al. (1999)
readily observed Lb. rhamnosus GG in colonic biopsies
after termination of administration, but more rarely in the
faeces of the same subjects. The authors concluded that
the colonisation by probiotic strains can be under-
estimated on the basis of their detection in the faeces.

Some authors have already pointed out that the influ-
ence of indigenous bacterial population, which vary very
much between individual subjects or animals, is usually
very strong, and therefore survival rates and effect of in-
troduced strains are host-specific and the average values
are not very informative (Simpson et al. 2000; Gardiner
et al. 2004). As binding to mucosal surface is dependent
on the composition of mucus and on the colonisation re-
sistance of the existing microflora, the differences between
individual subjects or animals are to be expected. This can
be an explanation for our observation that LF221 or K7
strains were found in individual animals either in faeces or
in mucosa, or only in some parts of the small intestines. It

is also worth mentioning that we analysed quite large
samples of tissue (10 cm2) having in mind possible non-
uniform distribution of adhered bacteria in the mucosa,
however as the total intestinal surface is extremely large, it
is difficult to make final conclusions on the basis of
examination of a few samples of intestinal tissue.

In conclusion, in the present study Lb. gasseri K7 and
LF221 were confirmed to have a survival ability in piglet
GIT and were demonstrated to adhere in vivo to the small
intestinal mucosa. The colonisation of mucosa was prob-
ably transitional, as 6 d after termination of probiotic
feeding, the concentration of test strains in the mucosa
dropped below the detection limit. However, both strains
were still present in the faeces or ileum’s content of indi-
vidual animals six d post administration. The total numbers
of clostridia and coliforms were not directly affected by
probiotic feeding. The number of lactobacilli increased
significantly in K7 and LF221 groups during the period
from d 3 to d 9, but later decreased on the level observed
on the third day of the trial and was again comparable
with the control group. Great differences between the ani-
mals should be considered. As all animals were healthy,
particular health effect could not be observed, however
the demonstration of adhesion ability to intestinal mucosa
in vivo justifies the performance of additional studies on
animals challenged with pathogens, as well as human
studies.

This work was supported by a grant of the Ministry of Science
and Technology of the Republic of Slovenia (PO-0501-0402,
L4-3191-0402-01).
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Lactobacillus gasseri K7 to inhibit E. coli adhesion in vitro on Caco-2

cells and ex vivo on pigs’ jejunal tissue. International Journal of Food

Microbiology 107 92–96

Dunne C, Murphy L, Flynn S, O’Mahoney L, O’Halloran S, Feeney M,

Morrissey D, Thornton G, Fitzgerald G, Daly C, Kiely B, Quigley E

MM, O’Sullivan GC, Shanahan F & Collins K 1999 Probiotics: from

myth to reality. Demonstration of functionality in animal models of

disease and in human clinical trials. Antonie van Leeuwenhoek 76

279–292

FAO/WHO 2002 Report of a Joint FAO/WHO Working Group on Drafting

Guidelines for the Evaluation of Probiotics in Food, London Ontario,

Canada, April 30–May 1 ftp://ftp.fao.org/es/esn/food/wgreport2.pdf

Fujiwara S, Seto Y, Kimura A & Hashiba H 2001 Establishment of orally-
administered Lactobacillus gasseri SBT2055SR in the gastrointestinal

tract of humans and its influence on intestinal microflora and metab-

olism. Journal of Applied Microbiology 90 343–352

Gardiner G, Stanton C, Lynch PB, Collins JK, Fitzgerald G & Ross RP

1999 Evaluation of cheddar cheese as a food carrier for delivery of a

probiotic strain to the gastrointestinal tract. Journal of Dairy Science 82

1379–1387

Gardiner GE, Heinemann C, Baroja ML, Bruce AW, Beuerman D,

Madrenas J & Reid G 2002 Oral administration of the probiotic

combination Lactobacillus rhamnosus GR-1 and L. fermentum RC-14

for human intestinal applications. International Dairy Journal 12

191–196

Gardiner GE, Casey PG, Casey G, Lynch PB, Lawlor PG, Hill C,

Fitzgerald GF, Stanton C & Ross RP 2004 Relative ability of orally

administered Lactobacillus murinus to predominate and persist in

the porcine gastrointestinal tract. Applied and Environmental

Microbiology 70 1895–1906

Miller ER & Ullrey DE 1987 The pig as a model for human nutrition.

Annual Review of Nutrition 7 361–382
Ouwehand A, Salminen AC & Isolauri E 2002 Probiotics : an overview of

beneficial effects. Antonie van Leeuwenhoek 82 279–289
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