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Sow milk protects the piglet against infectious diseases through a variety of mechanisms. In this
study, the presence of potentially probiotic lactic acid bacteria in this biological fluid was
investigated. Milk samples were obtained from 8 sows and a total of 19 rod-shaped isolates
were selected for identification and assessment of their probiotic potential. RAPD profiling
revealed the existence of 8 different genetic profiles among them. One representative of each
profile was selected for further characterization and they were identified as Lactobacillus reuteri,
Lb. salivarius, Lb. plantarum, Lb. paraplantarum, Lb. brevis and Weissella paramesenteroides.
Then, their probiotic potential was evaluated through different assays, including survival in
conditions simulating those existing in the gastrointestinal tract, production of antimicrobial
compounds, adherence to intestinal mucin, production of biogenic amines, degradation of
mucin, and pattern of antibiotic sensitivity. Three strains, Lb. reuteri CR20 (a reuterin-producing
strain), Lb. salivarius CELA2 (a bacteriocin-producing strain) and Lb. paraplantarum CLB7
displayed the highest probiotic potential.
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Weaning is a critical period in swine production. In
physiological conditions, piglets would be weaned
gradually from week 11 to week 20–22, approximately
(Newberry & Wood-Gush, 1986). This natural situation
contrasts with the sudden weaning that piglets experience
at week 3–4 in intensive systems. Probably, this is one
of the leading causes responsible for the mortality and
morbidity rates observed during this production stage since
sow milk not only fulfils all the nutritional requirements of
the rapidly-growing piglets, but also protects them against
infectious diseases (Nagy et al. 1976).

Similarly to other mammal species, microbiological
studies focused on sow milk have been restricted to the
identification of potential pathogenic microorganisms. In
contrast, human breast milk has been recently shown to
be an excellent and continuous source of probiotic
lactic acid bacteria to the infant gut (Heikkilä & Saris,

2003; Martı́n et al. 2003, 2007), which may play an
important role in the reduction of the incidence and
severity of infections in the suckling infant. Interestingly,
some of the lactic acid bacteria strains isolated from
this biological fluid have the ability to inhibit the
growth of a wide spectrum of pathogenic bacteria by
competitive exclusion and/or through the production of
antimicrobial compounds, such as bacteriocins, organic
acids or hydrogen peroxide (Beasley & Saris, 2004; Martı́n
et al. 2005a).

More recently, it has been shown that such bacteria
are transferred from the maternal gut to the mammary
gland during late pregnancy and lactation through an
immunologically-based internal route that involves
dendritic cells and macrophages: the enteromammary
pathway (Martı́n et al. 2004; Perez et al. 2007). Since
many Lactobacillus (Lb.) species are common inhabi-
tants of both the human and the porcine gut, the objective
of this work was to elucidate if sow milk may be a
source of lactic acid bacteria for the piglet gut and, in
such case, to evaluate the probiotic potential of the
isolates.*For correspondence; e-mail : jmrodrig@vet.ucm.es
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Materials and Methods

Isolation and enumeration of lactobacilli from sow milk

The 8 large white sows from which the biological samples
were obtained fulfilled the following criteria: (a) healthy
sows without present or past underlying conditions; (b)
normal pregnancy; (c) no antibiotics were used in the feed
or given as treatment to the sows during gestation/lac-
tation, and (d) absence of piglet and/or sow perinatal
problems. The protocol was approved by the Ethical
Committee on Animal Experimentation of Universidad
Complutense de Madrid (Spain). Milk samples were col-
lected in sterile tubes by manual expression using sterile
gloves. Previously, nipples and surrounding skin were
cleaned with soap and sterile water, and soaked in chlor-
hexidine (Cristalmina, Salvat, Barcelona, Spain). The first
drops (y1 ml) were discarded. Skin sampling (y4 cm2)
was performed as described previously (Paulino et al.
2006). The milk and skin samples were obtained at day
7 after delivery and kept at 4 8C until delivery to the lab-
oratory, which happened within the first 3 h after collec-
tion.

Peptone water dilutions of the milk and skin samples
were plated in triplicate onto de Man, Rogosa, and Sharpe
(MRS, Oxoid, Basingstoke, UK) supplemented with L-
cysteine (0.5 g/l) (MRS-Cys) agar plates, which were in-
cubated anaerobically (85% nitrogen, 10% hydrogen, 5%
carbon dioxide) in an anaerobic workstation (MINI-MACS,
DW Scientific, Shipley, UK) at 37 8C for 48 h. Parallel, and
to evaluate faecal contamination, the samples were also
cultured on Violet Red Bile Agar (VRBA; Difco, Detroit,
MI) agar plates, which were aerobically incubated at 37 8C
for 24 h. In both growth media, the lower limit of detect-
ion was estimated to be approximately 50 CFU (colony-
forming units)/ml.

Identification of lactobacilli from sow milk

A total of 104 colonies were selected from the MRS-Cys
plates for further screening. The isolates were examined by
phase-contrast microscopy to determine cell morphology
and Gram-staining reaction, and tested for oxidase and
catalase activities and, also, for good growth (>108 CFU/
ml) in MRS broth incubated at 37 8C for up to 24 h.
Oxidase- and catalase-negative Gram-positive bacilli were
genotyped by randomly amplified polymorphic DNA
(RAPD) analysis. Genomic DNA was isolated from 10 ml
of overnight MRS cultures using the DNeasy tissue kit
(Qiagen, Hilden, Germany). The DNA was used in PCR
amplifications that were performed using primers ArgDei
(5k-ACCYTRGAAGGYGGYGATGTB-3k) and OPL5 (5k-
ACGCAGGCAC-3k) (Veyrat et al. 1999) as described by
Ruiz-Barba et al. (2005).

One representative of each RAPD profile was identified
by PCR amplification of a section of a 16S rRNA gene
variable region using primers pbl16 (5k-AGAGTTTGATC-
CTGGCTCAG-3k) and mlb16 (5k-GGCTGCTGGCACG-

TAGTTAG-3k) (Kullen et al. 2000). PCR conditions were as
follows: 96 8C for 30 s, 50 8C for 30 s and 72 8C for 45 s
(35 cycles) and a final extension at 72 8C for 4 min.
Amplified fragments were purified using the NucleoSpin
Extract II (Macherey-Nagel Gmb; Düren, Germany) and
sequenced using the primers cited above on an ABI 377A
automated sequencer (Applied Biosystems, Foster City,
USA). The sequences were compared with those deposited
in the EMBL database using BLAST algorithm (http://
www.ncbi.nlm.nih.gov/BLAST).

Final identification of the isolates that, on the basis of
16S rRNA sequencing, had been classified as belonging to
the Lb. plantarum-Lb. paraplantarum-Lb. pentosus group,
was performed by a multiplex species-specific PCR assay
(Torriani et al. 2001).

Determination of antimicrobial spectrum

An overlay method previously described (Magnusson &
Schnürer, 2001; Martı́n et al. 2005b) was used to deter-
mine the ability of the lactobacilli strains to inhibit the
growth of different bacteria, moulds and yeasts. The fol-
lowing bacteria were employed as indicator organisms:
Enterococcus faecium P21, Ent. faecalis TAB28, Listeria
monocytogenes ScottA, List. monocytogenes Ohio, List.
innocua RdC, Staphylococcus aureus CECT 5191, Staph.
epidermidis CECT 231, Salmonella cholerasuis CECT
4155, Sal. cholerasuis CECT 409, Sal. cholerasuis CECT
443, Sal. enteritidis 4396, Escherichia coli CECT 4076
(O157:H7), Esch. coli RJM1, Esch. coli RJM2, Klebsiella
pneumoniae CECT 142, Kleb. oxytoca CECT 860T and
Proteus vulgaris CECT 484. Aspergillus fumigatus CECT
2071, Kluyveromyces marxianus CECT 10357, and
Debaryomyces hansenii CECT 10360 were provided by
the Spanish Collection of Type Cultures (CECT, Burjassot,
Spain), while the mould Penicillium roquefortii PB1 was
provided by Puleva Biotech (Granada, Spain). The plates
overlaid with bacterial indicators were incubated at 37 8C
for 48 h, while those overlaid with yeasts cells or fungal
spores were incubated at 30 8C for up to 120 h. The plates
were examined for zones of inhibition around the lacto-
bacilli streaks. All experiments assaying inhibitory activity
were performed in triplicate.

Production of bacteriocins

Lactobacilli were grown in MRS broth at 37 8C until early
stationary phase (A620 y1.0). Preparation of cell-free
supernatants and analysis of their bacteriocinogenic activity
were performed as described (Martı́n et al. 2005b). The
microorganisms employed as indicators of bacteriocino-
genic activity were the Gram-positive bacteria previously
used for determination of the antimicrobial spectrum: Ent.
faecium P21, Ent. faecalis TAB28, List. monocytogenes
ScottA, List. monocytogenes Ohio, List. seeligeri RdC,
Staph. aureus CECT 5191 and Staph. epidermidis CECT
231.
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Since Lb. salivarius CELA2 showed bacteriocinogenic
activity against some of the indicators, PCR assays were
performed to detect structural genes corresponding to
known bacteriocins produced by this bacterial species.
The primer pairs SalB-for (5k-TGATAAGAAAGAATT-
GGCACATATAATTG-3k) and SalB-rev (5k-TCTGTTTAAC-
TACAAATATTTTGATTTGAATG-3k), and Abp118A-for
(5k-AAACGTGGTCCTAACTGTGTAGG-3k) and Abp118B-
rev (5k-AACGGCAACTTGTAAAACCACCAG-3k), were de-
signed on the basis of the structural genes encoding
salivaricin B (Çataloluk, 2001) and bacteriocin Abp-118
(Flynn et al. 2002), respectively. DNA was amplified in
25-ml reaction mixtures containing 2.5 mM-MgCl2,
1rreaction buffer, 0.2 mM of each of the deoxynucleotides
triphosphates (dNTPs), 1 mM of each primer, and 1.25 U
Taq DNA polymerase (Ecotaq; Ecogen, Barcelona, Spain).
Amplification included denaturation at 94 8C for 4 min,
followed by 30 cycles of denaturation at 94 8C for
30 s, annealing at 58 8C for 30 s, polymerization at
72 8C for 30 s, and a final polymerization step at 72 8C
for 5 min.

Production of reuterin

Production of reuterin by Lb. reuteri CR20 was in-
vestigated since it showed an increased antimicrobial ac-
tivity when glycerol (which is required for reuterin
biosynthesis) was present in the medium. For this purpose,
cell-free supernatants were prepared as described by
Martı́n et al. (2005b) and the presence of reuterin in the
supernatants was detected by the colorimetric method of
Smiley & Sobolov (1962). Lb. reuteri CECT 925 and Lb.
coryniformis CECT 5711 (Martı́n et al. 2005b) were used
as positive controls. In parallel, the inhibitory activity of
purified reuterin extracts was determined and quantified
with the MIC microtiter assay of Talarico et al. (1988),
using Esch. coli K12 CECT 433 as the indicator organism.
One unit of reuterin was defined as the reciprocal of the
highest dilution that did not allow the growth of the Esch.
coli indicator strain. Reuterin previously purified from Lb.
reuteri CECT 925 cultures was used as standard. All these
assays were performed in triplicate.

PCR was used to detect a 279 bp DNA fragment
belonging to the gene encoding the 60-kDa glycerol de-
hydratase subunit, which is essential for reuterin pro-
duction, using the primers (GD1 and GD2) and
PCR conditions described by Claisse & Lonvaud-Funel
(2001).

Survival after transit through an in vitro gastrointestinal
model

The survival of the strains was tested in an in vitro model
of the porcine stomach and small intestine based on that
described by Marteau et al. (1997). UHT-treated porcine
milk (25 ml) containing approximately 109 CFU/ml of the
strain tested was diluted in 5 ml of a sterile electrolyte

solution containing 6.2 g NaCl, 2.2 g KCl, 0.22 g CaCl2,
and 1.2 g NaHCO3/l to simulate the in vivo dilution by
saliva. Then, 5 ml porcine gastric juice was added and the
mixture was incubated at 37 8C with agitation. The pH
curve in the stomach-resembling compartment was con-
trolled to reproduce the values found in monogastrics after
yogurt consumption (Conway et al. 1987): pH 5.0 at in-
itiation, pH 4.1 at 20 min, pH 3.0 at 40 min, and pH 2.1 at
60 min. Fractions were successively taken from this
compartment at 20, 40, 60, and 80 min, in a manner
that simulates the normal gastric emptying (Marteau et al.
1997). After adjusting their pH to 6.5±0.2 with
1 M-NaHCO3, they were mixed with 10 ml of a sterile
electrolyte solution containing 5 g NaCl, 0.6 g KCl and
0.3 g CaCl2/l, 4% porcine bile, and 7% pancreatin
(Sigma), which simulates the content of the duodenal
juice. After 120 min of successive exposure to these
conditions, bacterial survival was determined by plating
the samples onto MRS agar plates, which were anaerobi-
cally incubated at 37 8C for 48 h. All these assays were
performed in quadruplicate and the values were expressed
as the mean±SD.

Adherence to and/or degradation of porcine mucin

The adhesion of bacteria was determined according to
the method described by Cohen & Laux (1995) with
some modifications. Briefly, 100 ml of a solution (1 mg/
ml) of porcine mucin (Sigma) in HEPES-buffered Hanks
salt solution (HH) were immobilized in polystyrene mi-
crotiter plates (Maxisorp; Nunc, Roskilde, Denmark) after
overnight incubation at 4 8C. The wells were washed
twice with 250 ml HH. In parallel, bacteria were grown
overnight at 37 8C in MRS broth and the bacterial pellets
from 1 ml fractions were obtained by centrifugation and
washed with HH. Then, 10 ml 10 mM-carboxyfluorescein
(Sigma) were added to the pellets and the bacterial sus-
pensions were incubated for 20 min at 37 8C. Sub-
sequently, the bacterial cells were washed 3 times with
HH and, finally, resuspended in 1 ml HH. Then, a sus-
pension of 50 ml of the fluorescent-labelled bacteria
(y5r107 CFU) was added to each well. After incubation
for 1 h at 37 8C, the plates were washed twice with
250 ml HH to remove unattached cells, and incubated for
1 h at 60 8C in the presence of 50 ml 1% SDS-0.1 M-
NaOH to release and lyse bound microorganisms. Fluor-
escence was measured in a fluorescence microplate
reader (Tecan Austria GMBH, Salzburg, Austria). Ad-
hesion was assessed as the percentage of the fluorescence
retained in the wells after the washing steps when com-
pared with that present in the labelled bacterial aliquots
originally added to the wells. The assays were performed
in duplicate.

The potential of the lactobacilli strains to degrade hog
gastric mucine (HGM; Sigma) in vitro was evaluated
in duplicate following the procedure developed by Zhou
et al. (2001).
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Formation of biogenic amines

The ability to form biogenic amines (tyramine, histamine,
putrescine and cadaverine) was assessed using the de-
carboxylase broth and the method described by Bover-Cid
& Holzapfel (1999). The precursor amino acids (tyrosine,
histidine, ornithine and lysine, respectively) were pur-
chased from Sigma.

Sensitivity to antibiotics

Minimum inhibitory concentrations (MICs) of 12 anti-
microbial agents were determined by microdilution using
the newly developed and standardized LAB susceptibility
test medium (LSM) broth formulation essentially consisting
of a mixture of Iso-Sensitest (IST; Oxoid) broth (90%) and
MRS broth (10%) adjusted to pH 6.7 as previously de-
scribed (Klare et al. 2005). Ten of the antimicrobials
tested (ampicillin, gentamicin, streptomycin, quinupristin/
dalfopristin, erythromycin, clindamycin, oxytetracycline,
chloramphenicol, kanamycin) were those for which the
panel on additives and products or substances used in
animal feed (FEEDAP) of the European Food Safety
Authority (EFSA) has established microbiological break-
points (cut-off values) that enable the distinction between
lactobacilli strains harbouring acquired antimicrobial re-
sistances and susceptible strains (EFSA, 2008). MICs of
three additional antimicrobials agents for which tentative
cut-off values for lactobacilli have been suggested (Klare
et al. 2007) were also determined. The antimicrobials were
tested in the concentration ranges (mg/l) given in parenth-
eses: penicillin G (0.032-64), ampicillin (0.032-64),
gentamicin (1-2048), streptomycin (2-4096), quinupristin/
dalfopristin (tested as 30 : 70 ratio: 0.032-64), erythro-
mycin (0.016-32), clindamycin (0.032-32), oxytetra-
cycline (0.063-128), fusidic acid (0.063-128), linezolid
(0.016-32), chloramphenicol (0.125-256), kanamycin
(1-256).

Potential sow-to-piglet transfer of lactobacilli

Presence of the lactobacilli strains isolated from milk of
sows 5, 7, and 8 was investigated in faecal swabs col-
lected from the same sows and from two of their respective
piglets. Among the isolates obtained on MRS-Cys plates
from each sample, a total of 15 randomly selected oxi-
dase- and catalase-negative Gram-positive bacilli were
identified as described above. When isolates belonging to
the same Lactobacillus species were present in the milk
and faecal samples of a sow-piglets pair, they were sub-
mitted to pulsed-field gel electrophoresis (PFGE) geno-
typing following the method described by Jiménez et al.
(2008).

Results and Discussion

In this study, presence of lactic acid bacteria in sow milk
was investigated. Colonies were obtained from all the milk
samples in MRS-Cys plates. The MRS-Cys counts ranged
from 1.55r102 to 1.16r104 CFU/ml (Table 1). Such
bacterial concentration values are similar to that reported
from hygienically-obtained human milk (Heikkila & Saris,
2003; Martı́n et al. 2003; Perez et al. 2007). No growth
was detected on VRBA plates inoculated with 6 samples
while the counts in the remaining two samples were
low: 5.70r101 (sow 1) and 3.30r 102 CFU/ml (sow 4)
(Table 1), which confirmed the hygienic collection of the
milk samples. Samples 1 and 4 were excluded from this
study while a total of 104 colonies (17–18 per sample)
were selected from MRS-Cys plates of the remaining milk
samples. Among them, only 23 isolates were Gram-posi-
tive catalase- and oxidase-negative rods while the rest of
the isolates were identified as enterococci, streptococci
or staphylococci (data not shown). Subsequently, the 23
rod-shaped isolates were inoculated in MRS broth tubes,
which were incubated aerobically to exclude those with
fastidious incubation requirements (<107 CFU/ml after

Table 1. Enumeration of the bacteria grown on MRS-Cys and VRBA plates, RAPD clustering of the rod-shaped isolates obtained from
MRS-Cys plates and taxonomical identification

Sow

Counts (CFU/ml)

RAPD groups (name of the isolates)a IdentificationMRS-Cys VRBA

1 1.16r104 3.30r102 — —
2 1.55r102 Nd A (CLC14, CLC15 and CLC17) Lb. plantarum

B (CLC22) W. paramesenteroides
C (CLC23) Lb. brevis

3 1.00r103 Nd D (CEE30, CEE31, CEE42 and CEE47) Lb. plantarum
4 5.50r103 5.70r101 — —
5 1.88r102 Nd E (CLB7) Lb. paraplantarum
6 8.00r102 Nd F (CE2, CE3 and CE4) Lb. plantarum
7 3.70r103 Nd G (CELA1, CELA2, CELA3, CELA4 and CELA5) Lb. salivarius
8 6.70r103 Nd H (CR20) Lb. reuteri

a The isolate underlined (one per each genotype) was selected for further characterization. Nd, not detected
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24 h at 37 8C). As a result, four additional isolates were
discarded and the remaining 19 rod-shaped isolates were
selected for identification and assessment of their probiotic
potential. In contrast to milk samples, only enterobacteria
(VRBA plates) or enterococci, streptococci or staphylo-
cocci (MRS-Cys plates) could be isolated from the skin
samples (data not shown).

RAPD profiling revealed the existence of 8 different
genetic profiles among the rod-shaped isolates obtained
from milk (Table 1). One representative of each profile
(from now, ‘‘strain’’) was selected for identification and
characterization. Identification by 16S rDNA PCR se-
quencing revealed that all the strains belonged to the
Genus Lactobacillus with the exception of strain CLC22,
which was identified as Weissella paramesenteroides
(Table 1). The results showed that this biological fluid

contains lactobacilli and, therefore, is a natural source of
such microorganisms for the piglet. Similarly, human milk
constitutes a good source of maternal lactic acid bacteria
for the infant gut (Heikkilä & Saris, 2003; Martı́n et al.
2003). Five species belonging to the genus Lactobacillus
(Lb. reuteri, Lb. salivarius, Lb. plantarum, Lb. para-
plantarum, Lb. brevis) were identified. Lactobacilli be-
longing to the same or closely related species have
been frequently isolated or detected in porcine faeces and,
particularly, in lactating piglets (Leser et al. 2002;
Konstantinov et al. 2006; De Angelis et al. 2007). The
lactobacilli pattern of sow milk was host-specific, a finding
that has been reported for human milk (Martı́n et al. 2007)
and piglet faeces (Simpson et al. 2000).

All the strains showed a clear inhibitory antimicrobial
activity against all indicator organisms used in this study,

Table 3. Percentage (%) of the lactobacilli inoculated (109 CFU/ml) in sow milk that survived to conditions simulating those of the
porcine gastrointestinal tract

Strain

Gastric-simulationa

0–20 min (pH 5.0) 20–40 min (pH 4.1) 40–60 min (pH 3.0) 60–80 min (pH 2.1) % Total

CLC17 8.02±1.20 10.55±1.03 13.30±1.25 8.14±0.98 40.01
CLC22 10.70±2.01 15.99±2.88 11.42±1.08 5.61±0.67 43.72
CLC23 7.93±1.13 11.00±1.66 12.53±1.44 8.22±1.01 38.68
CEE42 11.11±1.43 15.54±1.87 12.88±1.35 4.29±0.69 43.82
CLB7 16.09±2.95 23.43±3.24 14.95±2.02 8.06±1.00 62.53
CE3 12.12±1.69 17.07±2.33 13.60±1.45 7.01±0.97 49.80
CELA2 15.39±2.46 25.77±2.95 16.97±2.24 6.20±0.54 64.33
CR20 14.98±1.99 23.12±2.67 14.66±1.63 7.29±0.29 60.05

a The different fractions were taken from the gastric-like compartment at 20, 40, 60, and 80 min and later submitted to the intestinal-like secretion, which

did not affect the viability of the strains tested

Table 2. Antimicrobial activity of the lactobacilli isolates against several indicador organismsa

Indicator

Lactobacillus strain

CLC17 CLC22 CLC23 CEE42 CLB7 CE3 CELA2b CR20c

Enterococcus faecium P21 + + + + ++ + ++B ++
Enterococcus faecalis TAB28 + ++ + ++ ++ ++ ++B ++
Listeria monocytogenes ScottA ++ ++ ++ ++ +++ ++ +++B +++
Listeria monocytogenes Ohio ++ ++ ++ ++ +++ ++ +++B +++
Listeria innocua RdC ++ ++ ++ ++ +++ ++ +++ +++
Staphylococcus aureus CECT5191 + ++ + ++ ++ ++ ++ ++
Staphylococcus epidermidis CECT231 + ++ + ++ ++ ++ ++ ++
Salmonella cholerasuis CECT4155 ++ ++ ++ ++ +++ ++ +++ +++
Salmonella cholerasuis CECT409 ++ ++ ++ ++ +++ ++ +++ +++
Salmonella cholerasuis CECT443 ++ ++ ++ ++ +++ ++ +++ +++
Salmonella enteritidis 4396 ++ ++ ++ ++ +++ ++ +++ +++
Escherichia coli CECT4076 ++ ++ ++ ++ +++ ++ +++ +++
Escherichia coli RJM1 ++ ++ ++ ++ +++ ++ +++ +++
Escherichia coli RJM2 ++ ++ ++ ++ +++ ++ +++ +++
Klebsiella pneumoniae CECT 142 + ++ + ++ ++ ++ ++ ++
Klebsiella oxytoca CECT 860T + + + + ++ + ++ ++
Proteus vulgaris CECT484 + + + + ++ + ++ ++

a + ; halo around the streak <3 mm; ++ : halo 3–6 mm; +++ : >6 mm). bB: indicator organism inhibited by the bacteriocin produced by L. salivarius

CELA2. cThe size of the halo increased when glycerol was added to the medium
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with the exception of the moulds Asp. fumigatus CECT
2071 (no inhibition zone) and Pen. roquefortii PB1 (inhi-
bition zone <2 mm). K. marxianus CECT 10357 and Deb.
hansenii CECT 10360 were only inhibited by Lb. reuteri
CR20, provided that glycerol was present in the MRS agar
plates. Lb. paraplantarum CLB7, Lb. salivarius CELA2 and
Lb. reuteri CR20 were the strains that displayed the stron-
gest antimicrobial activity, which was particularly effective
against the Listeria, Salmonella and Esch. coli strains used
as indicator organisms (Table 2). In contrast, Lb. brevis
CLC23 and Lb. plantarum CLC17 showed the narrower
inhibition zones. Subsequently, the strains were screened
for production of bacteriocins and/or reuterin. Only Lb.
salivarius CELA2 showed bacteriocinogenic activity
against some of the indicator bacteria (Table 2) although
the strain did not harbour the structural genes encoding
salivaricins B, OR-7 and Abp118. Therefore, most prob-
ably, it produces a novel bacteriocin, which will be charac-
terized in a future study. Lb. reuteri CR20 produced
reuterin and its inhibitory activity (y105 units/ml) was
similar to that of Lb. reuteri CECT 925 (y100 units/ml).
The gene encoding a subunit of glycerol dehydratase, an
enzyme required for reuterin production, was detected in
Lb. reuteri CR20.

The viability of the strains after exposition to conditions
simulating those found in the gastrointestinal tract varied
from 60–64% (Lb. reuteri CR20, Lb. paraplantarum CLB7,
Lb. salivarius CELA2) to 38–40% (Lb. plantarum CLC17
and Lb. brevis CLC23) (Table 3). The lactobacilli strains
tested showed a variable ability to adhere to porcine mu-
cin (Table 4). Lb. reuteri CR20 was the strain that showed
the highest adherence ability followed by Lb. salivarius
CELA2. None of the strains were able to degrade gastric
mucin in vitro. Production of biogenic amines by the
lactobacilli tested could not be detected with the excep-
tion of Lb. brevis CLC23, which produced histamine and
tyramine. According to the values recommended by
European Food Safety Authority (EFSA, 2008), the lacto-
bacilli were sensitive to all the antibiotics tested in this
study (Table 5).

PFGE typing of Lactobacillus isolates revealed the
presence of Lb. paraplantarum CLB7 in the faecal swabs

obtained from sow 5 (7 out of 15 colonies) and its two
piglets (11 and 12 out of 15 colonies, respectively).
Similarly, Lb. salivarius CELA 2 was isolated from the
faecal swabs obtained from sow 7 (9 out of 15 colonies)
and its two piglets (9 and 12 out of 15 colonies, respect-
ively), and Lb. reuteri CR20 (11 out of 15 colonies) from
the faecal samples collected from sow 8 and its piglets (9
and 11 out of 15 colonies, respectively) (Fig. 1). These re-
sults suggest that milk can be a source of lactobacilli for
the piglet gut. In fact, the lactobacilli community in the
piglet gut undergoes dramatic changes, including a severe
decrease in its concentration, as a consequence of wean-
ing (Konstantinov et al. 2006; Su et al. 2008). The possible
existence of other species or strains in the milk samples
cannot be excluded since they may have fastidious growth
requirements and/or may be present in a low concen-
tration in this biological fluid.

The elucidation of the origin of the lactobacilli present
in mammal milk will be an attractive research target in the
next years. Traditionally, it was considered that they were
acquired by skin or faecal contamination. Obviously,
sampling of milk for microbiological analysis must take
into account that skin contamination is almost unavoid-
able and that doubts about the original location (internal
mammary gland, skin) of the isolated bacteria may arise;
however, no lactobacilli could be isolated from skin
swabs obtained from the sows. Previously, it has been
reported that lactobacilli isolates present in human milk
are genotypically different from those isolated in the skin
within the same host (Martı́n et al. 2003). The suggestion
that the origin of the live bacteria found in milk could
be the maternal gut and the bacteria would arrive to
the mammary gland through an endogenous route (the
so-called entero-mammary pathway), involving maternal
dendritic cells and macrophages (Martı́n et al. 2004), has
been confirmed recently (Perez et al. 2007). These authors
showed that fresh human milk contains a number of

Table 4. Ability of the lactobacilli to adhere to porcine mucin

Strain Adhesiona

CR20 12.39±2.01
CE3 0.97±0.23
CEE42 0.05±0.02
CELA2 9.33±1.24
CLC22 0.85±0.12
CLB7 1.66±0.29
CLC17 0.23±0.09
CLC23 0.03±0.01

a Values expressed as the percentage of the fluorescence retained in the

wells after the washing steps of the assay (see Material and methods for

details)

Table 5. MICs and breakpoint values (mg/mL) of the antimicrobial
agents tested against the lactobacilli strains

Antibiotic
MIC
values

Breakpoint
1†

Breakpoint
2††

Ampicillin 0.25–1 1
Penicillin G 0.25–1 — 1
Streptomycin 1–8 64
Gentamycin 0.064–8 16
Kanamycin 1–2 32
Oxytetracycline 2–4 8
Erythromycin 0.128–1 1
Clindamycin 0.128–0.5 1
Fusidic acid 0.25 — 1
Linezolid 0. 5–2 — 2
Quinupristin/
Dalfopristin

0.128–1 4

Chloramphenicol 0.5–4 4

† EFSA (2008); †† Klare et al. (2007)
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viable bacteria and a wide range of free bacterial DNA
signatures, which may program the neonatal immune
system. More studies will be required to confirm the
existence of such bacterial transfer mechanism. In vivo
assays are in progress to confirm the probiotic potential of
some of the lactobacilli strains isolated from sow milk.
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