N
N

N

HAL

open science

Survival and Persistence of 4.1 and 3S7 in the
Gastro-Intestinal Tract of Pigs

Maria de Angelis, Sonya Siragusa, Leonardo Caputo, Adriano Ragni, Roberto

Burzigotti, Marco Gobbetti

» To cite this version:

Maria de Angelis, Sonya Siragusa, Leonardo Caputo, Adriano Ragni, Roberto Burzigotti, et al.. Sur-
vival and Persistence of 4.1 and 357 in the Gastro-Intestinal Tract of Pigs. Veterinary Microbiology,

2007, 123 (1-3), pp.133. 10.1016/j.vetmic.2007.02.022 . hal-00532216

HAL Id: hal-00532216
https://hal.science/hal-00532216

Submitted on 4 Nov 2010

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-00532216
https://hal.archives-ouvertes.fr

Accepted Manuscript

Title: Survival and Persistence of Lactobacillus plantarum 4.1
and Lactobacillus reuteri 357 in the Gastro-Intestinal Tract of
Pigs

Authors: Maria De Angelis, Sonya Siragusa, Leonardo
Caputo, Adriano Ragni, Roberto Burzigotti, Marco Gobbetti

PII: S0378-1135(07)00111-3

DOI: doi:10.1016/j.vetmic.2007.02.022
Reference: VETMIC 3609

To appear in: VETMIC

Received date: 4-8-2006

Revised date: 19-2-2007

Accepted date: 22-2-2007

Please cite this article as: De Angelis, M., Siragusa, S., Caputo, L., Ragni, A,
Burzigotti, R., Gobbetti, M., Survival and Persistence of Lactobacillus plantarum
4.1 and Lactobacillus reuteri 3S7 in the Gastro-Intestinal Tract of Pigs, Veterinary
Microbiology (2007), doi:10.1016/j.vetmic.2007.02.022

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.


dx.doi.org/doi:10.1016/j.vetmic.2007.02.022
dx.doi.org/10.1016/j.vetmic.2007.02.022

O 0 9 O »n K

10

12
13
14
15

16

17

18

19
20

Survival and Persistence of Lactobacillus plantarum 4.1 and Lactobacillus reuteri

3S7 in the Gastro-Intestinal Tract of Pigs

Maria De Angelis*”", Sonya Siragusa®, Leonardo Caputo®, Adriano Ragni‘, Roberto

Burzigotti‘, and Marco Gobbetti®

“Dipartimento di Protezione delle Piante e Microbiologia Applicata, Universita degli Studi di
Bari, Bari, Italy
S stituto di Scienze delle Produzioni Alimentari, CNR, Bari, Italy
“Azienda BioTecnologie BT Srl, Todi, Perugia, Italy

"Corresponding Author: Maria De Angelis, Dipartimento di Protezione delle Piante e
Microbiologia Applicata, Facolta di Scienze Biotecnologiche di Bari, Via G. Amendola 165/a,
70126 Bari, Italy. Phone: ++ 39 080 5442948; Fax: ++ 39 080 5442911; E-mail:

m.dean gelis@agr.uniba.it

Page 1 of 28



21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

Abstract
Lactobacillus sp. are important inhabitants of the intestines of animals. They are also largely
used as probiotics for both humans and animals. To exert beneficial effects, lactobacilli have
to survive through the gastrointestinal transit. Based on bile-salt resistance, pH tolerance,
antimicrobial activity and heat resistance, Lactobacillus plantarum 4.1 and Lactobacillus
reuteri 357 were previously selected and used as probiotic additives in pelleted feeding trials.
Both strains were fed to pigs (sows and piglets) at a cell number of ca. 10'° viable cells per
days. A polyphasic approach, comprising growth on selective media, Biolog system analysis,
16S rRNA gene sequencing and RAPD-PCR typing, was used to identify and differentiate L.
plantarum 4.1 and L. reuteri 3S7 from other faecal Lactobacillus sp. L. plantarum 4.1 and L.
reuteri 3S7 had the capacity to survive the gastrointestinal transit and were found in the
feaces at a cell number of 6 to 8 log cfu/g. Their persistence was shown after six days from the
administration. Compared to untreated pigs, the administration of L. plantarum 4.1 and L.
reuteri 357 significantly (P <0.05) decreased the population of Enterobacteriaceae. Besides, the
B-glucuronidase activity of all pigs decreased of ca. 23.0% during administration. The
findings of this study showed that L. plantarum 4.1 and L. reuteri 3S7 have the potential to be

used as probiotic additives in pelleted feed for pigs.

Keywords: Lactobacillus; Probiotics; B-glucuronidase activity; Enterobacteriaceae; Pigs
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1. Introduction

Oedema and diarrhea caused by pathogenic Escherichia coli are common diseases of piglets,
especially during early weaning (Beutin et al.,, 1998). These diseases may result in considerable
economic losses for the pig rearing industry. Intestinal carriage of enteropathogens (e.g., Salmonella
and Yersinia) by farm animals might determine carcass contamination during slaughtering and,
subsequently, their transmission to humans. An important concern in pig breeding is represented by
Salmonella infection from sows to piglets (Osterberg et al.,, 2001; Nollet et al., 2005). Overall,
treatments with antibiotics (e.g. enrofloxacin) failed to prevent shedding by Salmonella enterica
serovar Typhimurium in pig farms, causing the further infection of piglets (Roesler et al., 2005).
Pregnant sows and young pigs may be subjected to stressful physiological and environmental
conditions which promote the proliferation of pathogens in the digestive tract. Since most of the
antibiotics used as growth promoters in pig feeding have been banned by European laws, alternative
strategies to favor the prevalence at gastrointestinal tract (GIT) of useful indigenous bacteria
towards pathogens are needed (Wegener et al., 1999). As a consequence, the pig diet is considered
as a crucial point to prevent enteric bacterial infections (Bach Knudsen, 2001).

Probiotics are described as ‘live micro-organisms which when administered in adequate
numbers confer a health benefit on the host’. The prevention of GIT pathogen colonization through
competitive exclusion, and/or synthesis of inhibitory compounds (Kaur et al., 2002; Isolauri et al.,
2004) is the primary mechanism mediated by probiotics (Forestier et al., 2001; Lu and Walker,
2001). However, commercially available probiotic-based products have been of variable efficacy,
and in most cases retailing has preceded scientific validation. Probiotic bacteria may be effective in
promoting good health when they reach the small and large intestines without loss of viability.
Overall, it has been shown that probiotic bacteria vary considerably in the tolerance of bile and
other GI conditions. Therefore, in vivo challenges are indispensable to show the capacity to survive
after the GI transit (Lick et al., 2001). As shown in several reports (Alander et al., 1999; Fujiwara et

al., 2001; Ohashi et al., 2001; Gardiner et al., 2004), the survival of administered probiotics is
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determined based on their recovery as viable cells from faeces (Alander et al., 1999; Fujiwara et al.,
2001; Ohashi et al., 2001; Gardiner et al., 2004).

This study aimed at investigating the in vivo performance of L. plantarum 4.1 and L. reuteri
3S7 orally administered to pigs. The two strains were previously isolated from porcine faeces and in
vitro characterized for their technological (resistance to freeze-drying and heating) and probiotic
(bile-salt and low pH tolerance, inhibition of pathogen E. coli causing diarrhea and edema disease,

and S. enterica serovar Typhimurium) potentialities (De Angelis et al., 2006).

2. Materials and methods

2.1. Micro-organisms and growth conditions

The lactic acid bacteria used in this study were L. plantarum 4.1 and L. reuteri 3S7 and belong to
the Culture Collection of Department of Plant Protection and Applied Microbiology of the
Agriculture Faculty, University of Bari, [taly. The strains, isolated from pig faeces of Large White
sows, were previously characterized by in vitro assays for bile-salt resistance, pH tolerance,
antimicrobial activity, freeze-drying and heat resistance (De Angelis et al., 2006). Bacteria were
anaerobically grown over night at 37 °C in MRS (Oxoid Ltd., Basingstoke, Hampshire, England)
medium (4% inoculum) from glycerol (20% v/v) stocks stored at -80 °C. After growth, lactic acid
bacteria were harvested by centrifugation (8000 x g for 10 min), washed twice with 50 mM sterile

potassium phosphate buffer (pH 7.0), lyophilized and used as additives for pellet diet.

2.2. Experimental diet
The commercial pig diet had the following composition (w/w): 55% maize, 27% soya, 8.4%
barley, 4% wheat bran, 3% fat, 1.2% CaPOs4, 1% CaCOs3 and 0.4% NaCl. The feed (1.5 kg) was

mixed and gently homogenized with 5% (w/w) of water and 1% (w/w) of lyophilized cells of
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lactobacilli mix (10 log cfu/g). The mixture was pelleted by a Baby—IEMME equipment (IEMME,

Verona, Italy) at 55-60 °C for 30-40 s. Final moisture of the pelleted diet was ca. 16% (w/w).

2.3. Pig—feeding trials

Seven pregnant sows and four piglets (two males and two females) of the Large White breed
were used for feeding trials. Four additional animals (two sows and two piglets) were included in
the study as the control and were not subjected to treatment with lactobacilli. The pig-feeding trial
complied with European Union Council Directive 91/630/EEC, which lays down minimum
standards for the protection of pigs. In order to avoid cross-contaminations, each animal was
individually penned. All animals had unrestricted access to water. Diets used for 15 days before
starting the trial did not contain antimicrobials, performance enhancers, probiotics or acidifiers. The
feeding trial consisted of three consecutive periods: baseline (10 days), lactobacilli administration
(15 and 70 days for piglets and sows, respectively), and post-administration (6 days). During
baseline each sow and piglet received 500 g of pelleted diet per day and other un-pelleted feed.
During lactobacilli administration, a total of ca. 10 log cfu of lactobacilli were provided daily to
each pig by supplying 500 g of pelleted feed which contained ca. 7.1 log cfu/g of each
Lactobacillus strain. During post-administration, pigs did not ingest lactobacilli. Control pigs were

fed with a basal diet without Lactobacillus strains.

2.4. Microbiological analysis of pig faecal samples, and identification and typing of probiotic
strains

Rectal samples of faeces were obtained for each animal prior, during and after lactobacilli
administration. After collection, faeces (ca. 5 g) were mixed with Amies Transport medium (Oxoid)
under anaerobic conditions. Subsequently, samples were suspended in quarter-strength Ringer’s
solution, homogenized with a classic blender (PBI International, Milan, Italy) and plated on MRS

agar at 30 °C for 48 h. MRS, containing 150 pg/ml of chloramphenicol or streptomycin as selective
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agents, was also used (De Angelis et al., 2006). Representative colonies were randomly picked up
from plates of MRS or MRS, containing chloramphenicol or streptomycin, and were subjected to
16S rRNA, PCR—RAPD and Biolog system analyses (Biolog, Inc., Hayward, CA, USA). Faecal
bacteria of the family Enterobacteriaceae were enumerated on Violet Red Bile Glucose Agar

(VRBA, Oxoid) at 37 °C for 24 h under anaerobic conditions (Gardiner et al., 2004).

2.4.1. Genotypic identification of lactic acid bacteria. Total DNAs from Gram-positive, catalase-
negative and non-motile presumptive lactobacilli were extracted from 2 ml of overnight cultures
grown in MRS and incubated anaerobically at 37 °C. The final concentration of lysozyme used for
cell lysis was 2 mg/ml. The concentration and purity of DNA were assessed by determining the
absorbance at 260 and 280 nm. Primers used to amplify 16S rRNA gene fragment of lactobacilli are
listed in Table 1. Fifty microliters of each polymerase chain reaction (PCR) mixture contained: 5 pl
of 10 x PCR buffer, 200 UM of each 2’~deoxynucleoside 5’—triphosphate (ANTPs), 1 pM of both
forward and reverse primer, 2 mM MgCl, 2 U of Tag DNA polymerase (Invitrogen Life
Technologies, Milan, Italy), ca. 50 ng of DNA and enough bidistilled water to reach the final
volume. PCRs were performed using the GeneAmp PCR System 9700 thermal cycler (Applied
Biosystems, Foster City, CA, USA) as reported by De Angelis et al. (2006). PCR products were
separated by electrophoresis on 1.5% (w/v) agarose gel (Gibco BRL, Eragny, France) stained with
ethidium bromide (0.5 pg/ml), and the DNA was detected by UV transillumination. The expected
amplicons were excised from the gel and purified by the GFX™ PCR DNA and Gel Band
Purification Kit (Amersham Biosciences, Piscataway, NJ, USA). DNA sequencing reactions were
performed by MWG Biotech AG (Ebersberg, Germany). The identities of the sequences, obtained
after analysis of amplified PCR products, were verified by a BlastN search against the NCBI non-
redundant sequence database located at http://www.ncbi.nlm.nih.gov. Strains showing homology of

at least 97% were considered to belong to the same species.

Page 6 of 28



144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

2.4.2. Genotypic characterization by RAPD. Tsolates from pig faeces were characterized genotypically
by RAPD-PCR analysis. Four primers (Table 1) with arbitrarily chosen sequences were used. The

reaction mixture for primer M13 contained: 25 ng of DNA, MgCl, 1.5 mM , 20 UM of primer, 200 pM

for each 2’-deoxynucleoside 5’-triphosphate, 2.5 pl of PCR buffer (10x), 1.25 U of 7ag DNA
polimerasi (Invitrogen Life Technologies) and enough sterile bidistilled water to bring the volume to 25
M1, The PCR program comprised 40 cycles of denaturation for 1 min at 94 °C, annealing for 20 sec at 35
°C, and extension for 2 min at 72 °C. The cycles were preceded by denaturation step at 94 °C for 2 min
and followed by extension step at 72 °C for 10 min. The other primers were used in the same conditions
described by De Angelis et al. (2001). PCR products were separated by electrophoresis at 120 V for 3 h
on 1.5% (w/v) agarose gel as above reported. Molecular sizes of the amplified DNA fragments were
estimated by comparison with a 1 Kb plus ladder DNA (Invitrogen Life Technologies). Gels were
acquired using a UNIsave gel documentation system camera, Model GAS9200/1/2/3, Version 11
(UVItec Limited, Cambridge. United Kindom). Electrophoretic profiles were compared using Quantity

One software (Biorad, Milan, Italy).

2.4.3. Fermentative profile by Biolog System. Three days before the inoculation of Biolog AN plates
(Biolog, Inc.), the strains were streaked twice on MRS agar plates. The plates were incubated at 30
°C for 24 h and thereafter cells were used for Biolog assays. Wells of Biolog AN plates were
inoculated with 150 ul of bacterial suspensions adjusted to 65% transmittance as recommended by
the manufacturer. Positive reactions were automatically recorded using a microplate reader with

590 nm wavelength filter.

2.5. B-glucuronidase activity
B-glucuronidase activity (EC 3.2.1.31) was determined as described by Haberer et al. (2003),
using p-nitrophenyl-B-D-glucuronide (Diffchamb, Sweden) as substrate. The assay mixture,

containing 0.085 M potassium phosphate buffer at pH 7.5, 0.015 M substrate, 0.031 M 3,4-
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dichloronitrobenzene, and 0.5 ml of faecal suspension, was incubated at 30 °C for 48 h under
anaerobic and stirring conditions (150 rpm). After incubation, the absorbance of the mixture was
measured at 402 nm. One unit (U) of activity was defined as the amount of enzyme required to
release 1 pmol of p-nitrophenol per 10 min under condition assay. Data obtained were compared to

standard curves set up by using p-nitrophenol.

2.6. Statistical analyses
Data from three independent replicates were subjected to one—way ANOVA (SAS, 1985); for
multiple comparison the Tukey test was used and the alpha value for all experiments was set at

0.05, using a statistical software, Statistica for Windows (Statistica 6.0 per Windows 1998).

3. Results

3.1. Performance of animals

No antibiotics were fed during the period of investigation period as well as no particular feed
composition was needed. All the sows and piglets remained healthy throughout the duration of the
experiments and no cases of diarrhea were observed.

3.2. Enumeration and identification of lactobacilli in pig faeces

As determined by plate counts, the pig faeces of the 7 Large White sows had similar cell numbers
of presumptive lactobacilli which ranged from 8.88 to 9.11 log cfu/g (Fig. 1). Presumptive
lactobacilli were isolated at the same order of magnitude (8.67 to 9.11 log cfu/g) from the faeces of
the control group during 70 days. No significant changes in the cell number of presumptive
lactobacilli were found throughout the whole feeding period: it was constant in the range 8.99 —
9.13 log cfu/g.

Lactobacilli were detected in piglets (5.85 — 6.25 log cfu/g) at a cell number 2 — 3 log cycles lower

than adult animals (8.88 — 9.11 log cfu/g). During the 15 days of treatment, lactobacilli raised to
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7.87 log cfu/g within 3 days and further increased to ca. 8.5 log cfu/g for the remaining time (Fig.
2). After 3 and 6 days of post-administration the cell number of lactobacilli decreased of ca. 1 log
cycle (7.84 and 7.54 log cfu/g, respectively) but was still significantly (P<0.05) higher than the
value determined in the control group. Fifteen Gram-positive, catalase-negative, non-motile and
acidifying isolates of presumptive lactobacilli were randomly picked up from the plates of the
highest sample dilution and subjected to preliminary group differentiation based on several
physiological characters. All isolates with different characters (Biolog and/or RAPD profiles) were
identified based on partial sequencing of the 16S rRNA gene. All sequences were deposited in
GenBank database and the accession numbers were: EF439669 — EF439675; EF439676 —
EF439684; EF439685 — EF439689; EF439690 — EF439696; EF439697 — EF439704 and EF439705
— EF439706 for L. reuteri, L. plantarum, Lactobacillus crispatus, Lactobacillus mucosae,
Lactobacillus amylovorus and Lactobacillus intestinalis strains, respectively. The partial 16S rRNA
gene sequences of L. reuteri 3S7 (AY823503) and L. plantarum 4.1 (AY845198) were deposited
previously. The endogenous species of Lactobacillus identified in the pigs subjected to lactobacilli
administration did not differ from those detected in the control groups. The Lactobacillus

microbiota did not differ between sows and piglets.

3.3 Survival and persistence of administered strains.

As previously described (De Angelis et al., 2006), L. reuteri 3S7 was sensitive to chloramphenicol
and resistant to streptomycin while L. plantarum 4.1 was sensitive to streptomycin but resistant to
chloramphenicol. As a consequence, MRS containing chloramphenicol or streptomycin was used to
differentiate in faecal samples the administrated strains. Prior to lactobacilli administration, 4.5 —
5.0 and 5.1 — 6.0 log cfu/g of lactobacilli resistant to chloramphenicol or streptomycin, respectively,
were determined in faecal samples. After 3 and 7 days, all pigs subjected to lactobacilli
administration excreted 6.4 to 7.0 log cfu of chloramphenicol and streptomycin resistant lactobacilli

per gram of faeces and similar cell densities (6.8 — 8.2) were found throughout the remaining period
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(data not shown). Fifteen Gram-positive, catalase-negative, non-motile and acidifying isolates of
presumptive lactobacilli were randomly picked up from the plates of the highest sample dilution and
subjected to RAPD-PCR analysis by using single primers P1, P4, P7 or M13. The reproducibility of
RAPD fingerprints was assessed by comparing the PCR products obtained from three separate
cultures of the same strain. The patterns showed ca. 92 — 95% similarity, indicating the
reproducibility of the technique under the conditions used (data not shown). RAPD-PCR analysis
allowed the identification of the two lactobacilli administrated once re-isolated from faecal samples.
Fig. 3 shows the RAPD-PCR fingerprints, generated with primer MI3, of most of the representative
faecal isolates which differed from the administrated strains. To further confirm the presence of L.
plantarum and L. reuteri in faecal samples of treated pigs, the isolates were analysed by Biolog
System also. Table 2 shows the fermentative profiles of some of the isolates of the L. plantarum and
L. reuteri species. Prior to culture administration, none of the two administrated strains was
detected in the faeces of any pigs (Table 3). In the same way, L. plantarum 4.1 and L. reuteri 3S7
were not detected in the control groups (sows and piglets numbered 1-2). During administration, the
recovery of L. plantarum 4.1 and L. reuteri 357 was relatively high (ca. 4 strains out of 15 total
lactobacilli). After 6 days from the treatment, the two lactobacilli strains were still detected in the
sow faeces. The recovery of L. plantarum 4.1 and L. reuteri 3S7 in the piglet faeces was higher than
that in sow faeces; a maximum of 7 strains out of 15 total lactobacilli was detected after twelve
days. Re-isolation of L. plantarum 4.1 and L. reuteri 3S7 from faeces of both sows and piglets was

less frequent during the washout period.

3.4. Effects on intestinal microbiota

The enumeration of Enterobacteriaceae in faeces was carried out since this group of Gram-negative
bacteria is indicative of the presence of pathogenic species such as E. coli and Salmonella sp.
(Gardiner et al., 2004). The cell number of Enterobacteriaceae excreted in sow and piglet facces

during lactobacilli administration and post-administration is shown in Figs. 4 and 5. The averaged
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number of Enterobacteriaceae in the sow feaces of the control group was 7.58 log cfu/g throughout
the challenge without significant difference with respect to the pre-administration period (day 0).
On the contrary, the excreted faecal Enterobacteriaceae of sows subjected to feeding with L.
plantarum 4.1 and L. reuteri 3S7 was in the range of 5.33 to 4.88 log cfu/g. The population of
Enterobacteriaceae increased to 6.0 log cfu/g only after 7 days of post-administration but it was
always lower than the number of baseline (7.64 log cfu/g) (Fig. 4). The averaged number of
Enterobacteriaceae in the piglet feaces of the control group was 6.25 log cfu/g with slight
variations (less than 0.5 log cycle) found during the challenge (Fig. 5). The population of
Enterobacteriaceae detected in the faeces of piglets (5.70 log cfu/g) before administration of
lactobacilli linearly decreased to 3.65 log cfu/g at the end of administration (15 days). This cell
number of Enterobacteriaceae persisted until 3 days of post-administration to further increase only

after 6 days.

3.5 Bglucuronidase

The rate of p-nitrophenyl-f-D-glucuronide degradation by faecal enzymes during treatment with
lactobacilli is shown in Figure 6A and B. B-glucuronidase activity of control pigs was limited in a
very narrow range, 27.9 — 30.1 U and 18.7 — 23.3 U for sows and piglets, respectively. During
lactobacilli administration a significant (P<0.05) decrease of the enzyme activity was found in all
the pigs. Compared to the control group, the [B-glucuronidase activity of sows fed with lactobacilli
decreased of ca. 28.9% after 7 days and of 36.4 - 43.3% during the remaining 63 days (Fig. 6A). A
similar decrease of the faecal enzyme activity (23.0 — 37.4%) was found in piglets fed with
lactobacilli (Fig. 6B). After 6 days of post-administration, the [-glucuronidase activity had still a

lower value than the baseline.

4. Discussion
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Before human or animal application, probiotic bacteria must be thoroughly tested. Overall, pigs
are chosen as experimental animals since the comparability of their digestive and circulatory
systems to those of humans (Muralidhara et al., 1977; Singer et al., 2003). L. plantarum 4.1 and L.
reuteri 3S7 were previously in vitro characterized for their bile-salt and low pH resistance (De
Angelis et al,, 2006). Nevertheless, laboratory testing may only provide useful evidences for
selection of potentially effective probiotic strains, but performances in the gut and effects on
intestinal microflora need to be accurately determined in vivo (Gardiner et al., 2004). The
complexity of the intestine may lead to variation among animals and, therefore, probiotic strains
may have different effects. From this perspective mixtures of strains are recommended (Gardiner et
al., 2004). Due to their survival during the pelletting process (De Angelis et al., 2006), pig faecal
isolates of L. plantarum 4.1 and L. reuteri 4S7 were used for an in vivo trial based on the
administration of pelleted feed containing selected lactobacilli. Microbiological analyses of faeces
from animals fed with a diet without additives revealed usual numbers of lactic acid bacteria in the
range 8.8 — 9.11 log cfu/g (Gardiner et al., 2000). In this study, the population of faecal lactobacilli
in piglets was ca. 2 log cycles lower than that of adults, but the same species were identified in sows
and piglets (L. reuteri, Lactobacillus crispatus, L. plantarum, Lactobacillus mucosae, Lactobacillus
amylovorus and Lactobacillus intestinalis). As already shown by du Toit et al. (1998), no increases
of the faecal Lactobacillus cell number was found in sows when fed with lactobacilli. On the
contrary, the cell number of lactobacilli significantly (P<0.05) increased in piglets feed with
lactobacilli (Chang et al., 2001). After 3 or 7 days of administration, all treated pigs excreted 6.0 —
7.5 log cfu/g of the ingested strains. The cell number of administrated strains in pig facces was
similar to that found in other studies (Gardiner et al., 2004). After 3 and 6 days of post-
administration, the faecal population of lactobacilli in treated piglets was higher than that of the
control group. The findings of this study suggested that the increased cell density of Lactobacillus

in piglets was not only due to the administrated strains but also to the increased cell number of
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endogenous lactobacili. A stimulatory effect on the growth/survival of endogenous lactobacilli in
the pig intestine has been shown for Lactobacillus casei SHIROT A (Ohashi et al., 2001).

Pelleting is a process that eliminates problems for pig diets with small particle sizes, decreases
dustiness and segregation of ingredients, and increases bulk density. Pelleting diets improved feed
efficiency of gain compared to the same diet in meal form. The selected strains used in this study
could be used as additives in pelleted diet.

L. plantarum 4.1, and L. reuteri 3S7 were recovered after 6 days of post-administration,
indicating that these strains persisted in the GIT of pigs. These results agreed with previous studies
showing the persistence of other probiotic Lactobacillus strains for 3 to 10 days (Rogelj et al., 2002;
Gardiner et al, 2004). To our knowledge, none of the human probiotics actually colonises the
intestinal tract but are washed out after a couple of days / a few weeks post-administration.

Previously, L. plantarum 4.1, and L. reuteri 3S7 were in vitro characterized for the
antimicrobial activity towards Salmonella enterica serovar Typhimurium and E. coli ED36 and
ED38 (De Angelis et al., 2006). The two E. coli strains produced a verocytotoxin 2e (VT2e) variant
causing vascular lesions in the intestine, subcutis and brain, and leading to edema and neurolo gical
symptoms (Imberechts et al., 1992; Bertschinger et al. 1999). This study aimed at in vivo showing
the antimicrobial activity of the selected lactobacilli. Jorgensen et al. (1999) demonstrated a clear
positive correlation between the incidence of Salmonella-positive pigs and the density of coliform
bacteria in the GIT of pigs. The findings of this study showed that selected lactobacilli inhibited in
part the faecal Enterobacteriaceae microbiota. After 7 — 15 days of lactobacilli administration, the
averaged cell number of faecal Enterobacteriaceae in sows and piglets was decreased of 2 — 2.6 log
cycles. The decrease of the Enterobacteriaceae persisted during 6 days of post-administration. Also
other studies (Chang et al., 2001; Gardiner et al., 2004) showed decreases of the intestinal coliform
and Enterobacteriaceae numbers after administration of lactic acid bacteria, even though other

authors (De Cupere et al., 1992; Gardiner et al., 1999) did not show the same effect.
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Haberer et al., (2003) showed that the administration of lactobacilli to pigs caused a marked
decrease of the faecal B-glucuronidase activity. Several investigations also showed an influence of
the intake of lactobacilli and fermented milk products on the gut flora enzyme activities associated
with colon carcinogenesis (Wollowski et al., 2001). Bacterial B-glucuronidase seems to play an
important role in initiating colon cancer due to its wide substrate specificity and the hydrolysis of
many different glucuronides (Hawksworth et al., 1971; Lidbeck et al., 1992). As a consequence of
B-glucuronidase activity, toxic compounds already detoxified in the liver by conjugation are
regenerated by the release of toxic aglycones, thus delaying their excretion (Wollowski et al., 2001).
Enterobacteria and clostridia show the highest level of bacterial [-glucuronidase activity
(Hawksworth et al.,, 1971). The findings of this study are consistent with those of Goldin and
Gorbach (1984) which used an oral supplement of Lactobacillus acidophilus to partially replace the
human intestinal microbiota and to significantly decrease the level of B-glucuronidase activity. At
this purpose pigs provide a suitable model system since their GIT is physiologically and
anatomically similar to that of humans (Ayebo et al., 1980).

The results of this study showed that L. plantarum 4.2 and L. reuteri 3S7 have the capacity to: (i)
survive in the sows’ and piglets’ intestine; (ii) stimulate the growth of endogenous Lactobacillus in
piglets; (iii) inhibit the enterobacteria population in GIT; and (iv) to inhibit 3-glucuronidase activity
in faecal samples. The use of L. plantarum 4.2 and L. reuteri 3S7 in pelletted feed for pigs will be
further investigated. In particular, pigs with spontaneous diarrhoeal syndrome and pigs infected by
certain pathogenic such as S. enterica serovar Typhimurium or E. coli strains will be considered. In
future studies, L. plantarum 4.2 and L. reuteri 3S7 will be also assayed for their possible human

applications.
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Legends to figures

Fig. 1. Faecal excretion of total viable lactobacilli in sows during feed administration with or
without the mixture of L. plantarum 4.1 and L. reuteri 3S7. Each determination was carried out in
triplicate. Values are the means of the results of five pigs (fed with culture mix) or two pigs
(control) with standard error indicated by vertical bars.

Fig. 2. Faecal excretion of total viable lactobacilli in piglets during feed administration with or
without a mixture of L. plantarum 4.1 and L. reuteri 3S7. Each determination was carried out in
triplicate. Values are the means of the results of two piglets (fed with culture mix) or two piglets
(control) with standard error indicated by vertical bars.

Fig. 3. Randomly amplified polymorphic DNA (RAPD) polymerase chain reaction (PCR) profiles
(generated with primer M13) of faecal isolates from sows and piglets fed with lactobacilli. Lanes:
S, DNA molecular size standards; lane 1, Lactobacillus reuteri 3S7 parental strain; lanes 2-15,
cloramphenicol or streptomycin resistant isolates which differed from strains 3S7 and 4.1; lane 16,
Lactobacillus plantarum 4.1 parental strain.

Fig. 4. Faecal excretion of total viable Enterobacteriaceae in sows during feed administration
with or without a mixture of L. plantarum 4.1 and L. reuteri 3S7. Each determination was carried
out in triplicate. Values are the means of the results from five pigs (fed with lactobacilli) or two
pigs (control) with standard error indicated by vertical bars.

Fig. 5. Faecal excretion of total viable Enferobacteriaceae in piglets during feed administration
with or without a mixture of L. plantarum 4.1 and L. reuteri 3S7. Each determination was carried
out in triplicate. Values are the means of the results from two piglets (fed with culture mix) or two
piglets (control) with standard error indicated by vertical bars.

Fig. 6. Faecal B-glucuronidase activity of piglets (A) and sows (B) during feed administration with
or without a mixture of L. plantarum 4.1 and L. reuteri 3S7. Each determination was carried out in

triplicate. Values are the means of the results with standard error indicated by vertical bars.
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1

2 Table 1. Nucleotide sequences, microbial species and gene targeted, of the primers used for PCR amplifications

3
Primer

LacbF
LacbR
LpigF
LpigR
Ml13
P1

P4

P7

[V}

Specificity /gene target

L. brevis/16S rRNA
L. brevis /16S TRNA
L. mucosae/16S rRNA

L. mucosae/16S rTRNA

Oligonucleotide sequence (5’ - 3°)

TGCCTAATACATGCAAGT
CTTGTTACGACTTCACCC
TACGGGAGGCAGCAGTAG
CATGGTGGACGGGCGGT
GAGGGTGGCGGTTCT
ACGCGCCCT
CCGCAGCGTT

AGCAGCGTGG

Reference / NCBI GenBank
accession number

(of reference sequence)

AF515220

AF515220

AF126738

AF126738

Stendid et al. 1994

De Angelis et al., 2001
De Angelis etal., 2001

De Angelis et al., 2001
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1 Table 2. Main carbon sources fermented by some of the Lactobacillus plantarum and Lactobacillus
2 reuteriisolates from faecal samples of pigs fed with lactobacilli

Carbon sources

Lactobacillus
plantarum 4.1

Lactobacillus
reuteri 3S7

Lactobacillus
reuteri31B

Lactobacillus
reuteri 427

Lactobacillus
plantarum LT3

Lactobacillus

plantarum SV47

N-acetyl-D-
glucosamine
N-acetyl-D-
mannosamine
Amygdalin
Arbutin
D-Cellobiose
Dextrin
D-Fructose
D-Galactose
D-Galacturonic
acid
Gentiobiose
a-D-Glucose
Glucose-6-
Phpsphate
Glycerol
a-D-Lactose
Lactulose
Maltose
Maltotriose
D-Mannitol
D-Mannose
D-Melibiose
3-methyl-D-
Glucose
a-methyl-D-
Galactoside
B-methyl-D-
Galactoside
B-methyl-D-
Glucoside
Palatinose
D-Raffinose
L-Rhamnose
Salicin
D-Sorbito1
Stachyose
Sucrose
D-Trehalose
Turanose
a-Hydroxy-
butyric-acid
D,L-Lactic acid
L-Lactic acid
D-Lactic acid
methyl ester
Pyruvic acid
Pymvic acid
methyl ester
2’-Deoxy
adenosine
Inosine
Thymid ine
Urid ine

%

+

+

+ + o+t

+ o+

+

ot

+ +

e S S

+ o+

e S SR SR

+

+ o+

+ o+

+
+
+

+

e S S

+

N A

+ o+

+ +

+

e S e SRR

+

+ o+

+ +

+

+

e o IR

+

+

+

+ o+ +

+ +

+ 4+ A+ o+

3 -, Negative reaction; -+, positive reaction.
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26

Table 3. Number of post-administration pig faecal isolates identified by partial 16S gene sequences, RAPD fingerprints and Biolog analysis as the

administrated strains and presented as a portion of the total number of isolates

Cultured administered

Post-administration

Days 1-70 Days 71-76
0 7 14 21 28 56 70 76
Sows
1 ND®  ND ND ND ND ND ND ND
2 ND ND ND ND ND ND ND ND
3 ND 2,3/15(b) 4,2/15  4,4/15 4,4/15 4,415 4,4/15 1,0/15
4 ND 4.4/15 4,2/15 4,3/15  4,3/15 4,3/15 4,3/15 1,1/15
5 ND 5,2/15  3,3/15 3,5/15 3,5/15 3,5/15 3,5/15 2,1/15
6 ND 4,1/15  5,2/15  4,4/15 4,415 4,4/15 4,4/15 2,2/15
7 ND 4,2/15 5,515 5,3/15 4,4/15 4,4/15 4,4/15 2,3/15
Cultured administered Post-administration
Piglets Days 1-15 16-21
0 3 6 9 12 15 18 21
1 ND ND ND ND ND ND ND ND
2 ND ND ND ND ND ND ND ND
3 ND 5,3/15  6,5/15 5,6/15 6,7/15 7,5/15 2,3/15 1,2/15
4 ND 5,3/15  5,3/15 6,515 6,6/15 4,77/15 4,1/15 1,1/15

*ND, not determined in the corresponding pig.
® The first and second numbers indicate L. plantarum 4.1 and L. reuteri 357 isolates, respectively.
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