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Abstract Probiotics are frequently used for multiple
objectives and the majority of applications are performed
both in human beings and in diVerent animals. The speciWc-
ity of species showed by the members of the indigenous
microbiotia led us to isolate lactic acid bacteria (LAB) from
their natural bovine ecosystems and to select those with
probiotic potentiality. The beneWcial probiotic LAB were
isolated from the vaginal tract and mammary gland of adult
heifers, faeces and oral cavity of newborn calves. Bacterial
strains and their numbers varied in each tract under study.
Their surface properties, evaluated using the MATH test,
revealed that the higher number of low hydrophobic strains
were isolated from vaginal tract, mammary gland or faeces.
The capability of autoaggregation also diVered with higher
degree in those isolated from vagina, whereas those that
originated in the mammary gland or faeces showed low
autoaggregation characteristics. The production of antago-
nistic substances showed that the production of hydrogen
peroxide was higher in the strains isolated from the vaginal
tract, while those able to produce organic acid were isolated
from all the environments. A few strains were able to pro-
duce bacteriocins and were isolated only from the mam-
mary gland and faeces, but not from the vaginal tract.
Further studies are being performed to complete the func-
tional characterization of the strains in order to evaluate
their survival in the environmental conditions of each tract.
Finally, the selected strains could be combined for the
design of probiotic products to be used both in adult cows
and in neonates, based on the host-speciWcity, due to their

autochthonous origin and their potential use in the tract
where they were isolated.

Keywords Probiotic lactic acid bacteria · 
Veterinary product · Health status · Metritis · 
Mastitis · Calf diarrhea

Introduction

Mastitis, endometritis, and calf diarrhea are the most com-
mon diseases in dairy cattle, and aVect the productivity
parameters as well as the fertility degree: calving to con-
ception intervals, Wrst service, and conception rate. They
cause the main economic losses in farms and involve both
adults and neonates. They are also associated with: decreas-
ing average milk production (kg), average fat and protein
content (%), and increasing calf mortality rate (%) and low-
ering calf birth weight (kg) [10, 13].

Traditional veterinary medicine is focused on diagnos-
tics and antibiotic therapeutic applications that produce res-
idues in animal food products and cross resistance between
zoonotic pathogens and human colonizing microorganisms.
The new concept of health management has been deWned as
the promotion of health, improvement of productivity, and
prevention of diseases in animals within the economic
framework. It also includes the animal’s welfare, food
safety, public health, and environmental sustainability [8,
12]. For the above reasons, there is a wide interest to apply
alternative therapies that includes the use of probiotics
(deWned as live microorganisms that, when administered in
adequate amounts confer a health beneWt on the host) to
prevent infections in humans and other animals, which have
been mainly studied in the gastrointestinal and urogenital
tracts [14]. Based on the host speciWcity exerted by the
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indigenous microbiota, in previous works the isolation and
identiWcation of the dominant microorganisms from diVer-
ent ecological niches (bovine urogenital tract, mammary
gland and newborn oral cavity-faeces) were carried out [9,
17, 21]. The indigenous microbiota that colonize the cow
vaginal mucosa is stable and include: Gram positive cocci
(Staphylococcus spp., Streptococcus spp. and Enterococcus
spp.) and Lactobacillus spp. [21]. Also, spore forming
Bacillus spp. was isolated from the teat canal and intestinal
tract. Some speciWc and beneWcial characteristics were
evaluated in all the (LAB) strains, and published previ-
ously. As the host-speciWcity phenomenon is being demon-
strated for speciWc strains that are part of the indigenous
microbiota [30, 32, 33], we have previously isolated strains
from all the environments under study [9, 17, 21].

Our research group is involved in the design of veteri-
nary probiotic products to restore the ecological balance
of diVerent tracts for the prevention of infections in dairy
cows and calves. Our hypothesis is to Wrst promote the
colonization of the vaginal mucosa of pregnant cows with
speciWc strains for the prevention of post-partum metritis.
If continuously administered to pregnant cows, these vag-
inal probiotics would increase the Wrst contact of these
microorganisms with the sterile, unprotected neonate
intestinal tract, during the passage through the vaginal
tract at birth. Later, the calf would be in contact with the
mammary gland during the Wrst days of life, when the
intestinal tract-isolated probiotic could also be adminis-
tered to stimulate the immature immune system. Infec-
tions of the mammary gland could also be prevented by
speciWc strains. With all this considerations, the objective
of the present work was to perform a comparative evalua-
tion of the beneWcial properties of selected beneWcial
LAB isolated from three diVerent bovine niches (digestive
tract, vagina and teat canal).

Materials and methods

Isolation of LAB strains

The isolation and identiWcation of LAB from the diVerent
bovine ecosystem were described previously [9, 17, 21,
23], and taken from vagina and teat canal of adult heifers,
oral cavity and rectum of young health calves (0–
4 months of age) and colostrum. The samples were col-
lected in MRS 1% agar pH 4.5 [7] and in 0.7% agar
LAPT [29] as transport medium. Also milk samples were
taken for the isolation of LAB from mammary gland.
Strains were stored in milk yeast extract at ¡20 °C. In
some speciWc cases, the quantiWcation of diVerent micro-
bial populations was performed by using selective culture
media.

Taxonomical identiWcation of strains

The microorganisms were taxonomically identiWed in
genus by phenotypic tests (Gram stain, morphology, cata-
lase activity, nitrate reduction, and indole production) and
in some cases in species by API CHL50 system. In order to
determine the metabolic group of the isolated microorgan-
isms, the gas production from glucose [11] (Gibson test)
and gluconate was evaluated. The cocci identiWcation from
faeces and oral cavity of newborn calves was performed by
the standard tests described in the Bergey’s Manual of
Determinative Bacteriology [1]. Microscopic disposition,
growth in 40% bilis, esculin hydrolysis, growth at 45 °C,
10 °C, and 6.5% NaCl, presence of pyrolidonyl arylamin-
ase and leucinoaminopeptidase enzymes were assayed to
identify this group.

Genetic identiWcation

The cocci isolated from bovine vagina were identiWed by
biochemical tests. IdentiWcation of the species of Lactoba-
cillus isolated from bovine vagina was performed by API
50 CHL system (Biomerieux, France) and then by an
ampliWed ribosomal DNA restriction analysis (ARDRA)
[23]. Colonies were picked and ampliWcation was per-
formed with P0 and P6 primers. PCR products were elec-
trophorated in 0.8% agarose gels. Then they were digested
with four restriction enzymes (Sau 3AI, Hinf I, Hinc II, and
Dra I). The digested DNA was analysed on 2.5% agarose
gel using a 50 bp DNA Ladder (Gibco, BRL) as a molecu-
lar-weight marker. These proWles were compared with
those obtained by computer analysis of the restriction sites
in the 16S rDNA sequences.

The strains isolated from mammary gland and newborn
oral cavity-faeces were identiWed by sequencing the 16S
ribosomal gene. Only strains pre-selected for their probiotic
properties were genetically identiWed. Colonies were
picked and ampliWcation was performed with MLB and
PLB primers. The obtained amplicons were sequenced and
then identiWed through the Genbank database by using the
BLAST algorithm.

Bacterial surface properties

The microbial adhesion to hydrocarbons was performed as
described previously [27] and was used to determine the
hydrophobic nature of the cell surface. The degree of
hydrophobicity was quantiWed through the index and the
strains classiWed as high (H), middle (M) or low (L) hydro-
phobic strains.

The quantiWcation of the autoaggregation was assessed
according to the technique described by Ocaña and Nader-
Macías [19], by monitoring the OD600 nm modiWcations of
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cellular suspensions in PBS buVer for 2 h, and through the
auto-aggregation index.

Screening of antagonistic activity

H2O2 production

The H2O2 production was qualitatively determined accord-
ing to the previously published technique [16]. The plate
method employing horseradish peroxidase incorporated in
tetramethyl-benzidine (TMB) agar medium was used as a
Wrst screening of H2O2 production. A score was assigned
based in the intensity of blue colour of colonies in TMB-
MRS plates: HP (high producers), P (producers), LP (low
producers), and NP (non producers).

Antagonistic activity

The inhibitory eVect of the culture supernatant was assayed
by the plate diVusion technique [15]. BrieXy, LAPTg agar
(1% agar) plates with 106–107 CFU ml¡1of each pathogen
were prepared, as described previously [16]. Standardized
aliquots (25 �l) of cell-free supernatant obtained from the
third subculture of the LAB strains grown in LAPTg or
MRS broth were placed into wells made into the agar patho-
gens plates. The inhibition properties were studied with
diVerent pathogens that are related or responsible for infec-
tions or isolated from each one of the tracts under study.

Pathogenic microorganisms

The pathogens used through this study were: Escherichia
coli 99/14 and Act. pyogenes 96/393 isolated from bovine
clinical samples of metritis (supplied by INTA-National
Agricultural and Livestock Technology Institute, Balcarce,
Argentina), and human E. coli, isolated from an urogenital
infection (provided by the Instituto de Microbiología, Uni-
versidad Nacional de Tucumán), for LAB from vaginal
tract.

For LAB from mammary glands, the pathogens assayed
were: Staphylococcus aureus Newbould, S. agalactiae
ATCC 27956, S. dysgalactiae ATCC 27957, E. coli, Strep-
tococcus uberis, S. dysgalactiae (provided by Dr. Luis
Calvinho INTA-Rafaela), S. aureus isolated from bovine
mastitis (provided by Dr. Cristina Bogni (UNRC). Coagu-
lase negative Staphylococcus was isolated in our laboratory
from bovine mastitis and Listeria monocytogenes Scott A
was provided by Dr. Sergio Pasteris.

For strains isolated from newborn faeces, Salmonella
Dublin (isolated from a calf clinical sample in our labora-
tory), Yersinia enterocolitica (provided by Instituto
Malbran), E. coli, Staphylococcus aureus, Staphylococcus

aureus Newbould S. uberis, Streptococcus dysagalactiae
(isolated from bovine mastitis, provided by INTA-Rafaela),
Klebsiella sp. (a bioWlm producer strain) were studied. The
activity against Salmonella thyphimurium, Salmonella
infantis, and Listeria sp. was also evaluated (these patho-
gens were provided by the Instituto de Microbiologia “Luis
Verna” of the University of Tucumán, Argentina).

The plates were incubated for 2 h at room temperature
and then 24 h at 37 °C. An inhibitory zone of at least 2-mm
diameter of around the agar plate holes was deWned as a
positive result.

The pathogens were grown in their speciWc culture
media, and subcultured three times before being used.
Pathogens used for the screening of the strains isolated from
mammary gland, metritis, and calves digestive tract were
subcultured in LAPTg or Brain Heart Infusion broth (Brita-
nia, Buenos Aires, Argentina) at 37 °C (except L. innocua
that was incubated at 30 °C), and stored in BHI-glycerol at
¡20 °C. A. pyogenes was growth in BHI agar enriched with
K vitamin (1 mg/ml) and haemin (0.5 mg/ml) sterilized by
Wltration and stored in 30% glycerol at ¡70 °C.

Statistical analysis

The experiments were performed in duplicate. The statisti-
cal analysis of the data was performed by using the soft-
ware MINITAB (version 14). The correlation between the
surface properties (hydrophobicity and autoaggregative
capability) was determined by calculating the Pearson
coeYcient.

Results

IdentiWcation of the strains

A total of 281 bovine LAB strains were isolated from
diVerent bovine tracts: 82 lactobacilli strains were isolated
from vaginal swabs, 87 cocci and 6 bacilli from milk, 7
cocci and 2 bacilli from teat canal. Ninety-seven strains
were isolated from newborn calves: 13 strains from oral
cavity (11 cocci and 2 bacilli) and 84 strains isolated from
faeces (50 bacilli and 34 cocci). Three strains were also iso-
lated from calostrum. All of these strains were identiWed by
phenotypical tests, and classiWed into the lactic acid bacte-
ria group [9, 17, 21, 23].

Genetic identiWcation

Most of the vaginal pre-selected strains were Lactobacillus
fermentum (80%). The others microorganisms identiWed
were L. gasseri, L. rhamnosus, and L. delbrueckii subsp.
delbruekii (identiWed by API CHL50) [23].
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Most of the strains isolated from the mammary gland
and pre-selected for their beneWcial properties were identi-
Wed as Streptococcus bovis (38.1%), Weissella paramesen-
teroides (14.3%) and Lactococcus lactis subsp. lactis
(9.5%). The other isolated species were Enterococcus
hirae, Enterococcus mundtii, Enterococcus saccharomini-
mus, Streptococcus agalactiae, Lactobacillus brevis,
Enterococcus faecium, Enterococcus saccharolyticus, Lac-
tobacillus mucosae, Lactobacillus plantarum, Lactobacil-
lus reuteri, and Lactococcus garvieae [9].

The genetic identiWcation of the pre-selected bacilli iso-
lated from newborn calves was: Lactobacillus johnsonii
(40%), Lactobacillus mucosae (13%), Lactobacillus muri-
nus (13%), Lactobacillus salivarius (13%) and Lactobacil-
lus amylovorus (6%). The pre-selected cocci were
identiWed as Enterococcus faecium and S. bovis [17].

Results of the quantiWcation in diVerent tracts in cattle
and newborn calves showed the heterogeneity of the popu-
lation and the number of microbial cells in those ecosys-
tems. In the mammary gland the LAB counts in MRS agar
plates were between 100 and 103 CFU/ml. The isolation of
the viable cells of total aerobic bacteria from faecal samples
was at levels between 107 and 109 CFU/samples. LAB and
Enterobacteria were present at 106–108 CFU/samples. In
the vaginal tract of healthy cows the aerobic bacteria
reached 105 CFU/samples and the LAB ranged between 101

and 102 [9, 17, 21].

Screening of surface properties

The screening of the surface characteristics of each individ-
ual strain, as degree of hydrophobicity by MATH and bac-
terial aggregation, are summarized in Fig. 1. Most of the

strains (80–90%), independently from their origin, showed
a low degree of hydrophobicity (·30%), that suggests that
this is a characteristic of the microbiota that colonize the
cow mucosa, as shown in Fig. 2. Only 7% of the microor-
ganisms expressed an aggregative phenotype, as shown in
Fig. 3. There was no correlation between both surface prop-
erties (Pearson correlation coeYcient: 0.145).

Fig. 1 Matrix plot of the rela-
tionship between hydrophobicty 
and autoaggregation of the lactic 
acid bacteria isolated from vagi-
nal tract and mammary gland of 
adult heifers, faeces, and oral 
cavity of newborn calves. There 
was no correlation between 
these two properties (Pearson 
correlation coeYcient: 0.145)
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Fig. 2 a Distribution of the strains according to their degree of hydro-
phobicity (MATH in hexadecane) and the origin of isolation. b Distri-
bution of the 281 isolated strains according to their degree of
hydrophobicity. Low: 0–33.33%. Middle: 33.34–66.66%. High:
66.67–100%
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Production of antagonistic substances

Hydrogen peroxide

The production of antagonistic substances (lactic acid,
hydrogen peroxide and bacteriocin) and pathogen growth
inhibition (20 strains of pathogens that cause speciWc infec-
tions to each tract) showed that the spectrum of antagonistic
substances produced varied according to the ecological ori-
gin of the micro organisms: 95% of vaginal LAB and 28.4%
udder strains showed diVerent degree of H2O2 production,
while only 21% of digestive strains expressed this character-
istic [9, 17, 25]. These results are showed in Fig. 4.

Lactic acid production

More than 80% of the LAB isolated from vagina and diges-
tive tract produce lactic acid, whereas only 18.6% from the
teat canal released these metabolites in high amounts [9, 17,
23]. The organic acids are mainly responsible for pathogen
inhibition in the vaginal and digestive tracts. The lactic acid

production of the strains isolated from teat canal and mam-
mary gland is variable between diVerent bacteria; however,
the assayed pathogens were sensitive to the acid produced
by the strains isolated from this ecological niche. The cor-
relation between the concentration of organic acids pro-
duced and the Wnal pH in broth is summarized in Table 1.

Bacteriocin production

Three strains isolated from the teat canal were able to pro-
duce bacteriocin like substances against the following
pathogens: Staphylococcus aureus, Staphylococcus aureus
Newbould, Streptococcus agalactiae ATCC 27956, S. ube-
ris, coagulase negative Staphylococcus and Listeria mono-
cytogenes Scott A [9]. In all the assays performed, some
LAB were able to inhibit the growth of pathogenic strains
speciWc from the original isolation niches. One strain iso-
lated from newborn faeces produces a substance character-
ized as bacteriocin, active against Listeria sp., Yersinia
enterocolitica, and S. uberis [17]. The summary of the
inhibitory substances produced, and the pathogen inhibited
are summarized in Table 2.

Discussion

The design of a probiotic product to be applied in a tract or
animal must include strains with speciWc characteristics.

Fig. 3 a Distribution of the strains according to their degree of auto-
aggegation and their origin. Most of the isolated strains showed low
autoaggregative capability. b Distribution of the 281 isolated strains
according to their autoaggregative capability. Low: 0–33.33%. Mid-
dle: 33.34–66.66%. High: 66.67–100%
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281 isolated strains according to their degree of H2O2-production

0

10

20

30

40

50

60

70

80

No producers

a

b

P
er

ce
nt

ag
e 

of
 s

tr
ai

ns
 (

%
)

Milk/bovine teat canal

Digestive tract of calves 

Bovine Vagina

45.7%

27.5%

14.8%

11.9%

No producers

Low

Middle

High

Low Middle High
123



1392 J Ind Microbiol Biotechnol (2008) 35:1387–1395
The Wrst criterion to be used is the speciWcity of ecological
area, and animal host, described some years ago by pioneer
researchers in the area [30] and lately by some recent publi-
cations [32, 33]. Even though the reviewed literature
describes applications in human beings and other animals,
there are many strains frequently isolated from food origin
included in probiotic products. Recent studies have shown
that the capability of colonization of mucosal surfaces can
be facilitated by the autochthonous origin of the strains.
The host-speciWcity demonstrated for strains isolated from
diVerent animals, and the increased possibilities to colonize
speciWc mucosal and tracts led our research group to isolate
LAB from diVerent bovine tracts. Other basic criterion was
that LAB are members of the GRAS (generally regarded as
safe) group of bacteria. Then, many strains from vaginal
tract, mammary gland or newborn faeces or oral cavity
were available in our laboratory, and were screened for
their beneWcial or probiotic properties. They were Wrst iden-
tiWed at the group level, as LAB. Only strains showing
some of the screened properties were later taxonomically
identiWed at the species level using molecular biology or
genetically based techniques, mainly because the objective
of our studies was not taxonomical.

When trying to select strains with higher colonization
capabilities, to increase and facilitate their permanence in
the tract, either to form a protective bioWlm, or to stimulate
the immune system of the host, some surface characteristics
have to be assayed. These are the reasons for which the
degree of surface hydrophobicity and autoaggregative pat-
terns were assayed in all the isolated strains. The hydropho-
bicity index can be used to predict the adhesion potentiality
of the strains, by facilitating their contact with the hydro-
phobic surface of the eucaryotic epithelial cells, or with the
hydrophilic nature of the mucus that covers the epithelial
surface in some speciWc tracts. The majority of the strains
isolated from the three ecosystems were shown to be non-
hydrophobic. These results are diVerent from those
obtained in strains isolated from human vaginal tract [18],

or oral cavity [4]. These diVerences could indicate some
characteristic of speciWc ecological niches or tracts, but fur-
ther studies should be performed to increase the knowledge
in the speciWc bovine host.

Autoaggregation can also be used to predict the capabil-
ity of the strains to form a protective bioWlm at the diVerent
mucosal areas. The diVerential behaviour of the planktonic
cells and those that are part of a bioWlm and their “quorum
sensing” capabilities are widely known. Results in the
intestinal tract published by the Morelli group [2] showed
that a non-aggregative mutant was not able to protect
against a chemical-induced diarrhea in mice, while the
aggregative native strain was highly eVective. The use of
bacterial cells with surface properties that could facilitate
the bioWlm formation should be highly recommended when
selecting probiotic bacteria. In the results obtained through-
out this paper, most of the strains showed a non-aggrega-
tive phenotype that could indicate that these strains might
not adhere strongly to the protective mucosa in each spe-
ciWc site. But, again, the assayed properties are not demon-
strated in “in vivo” bovine environments or tracts.

The production of inhibitory substances is the next speciWc
requirement for the probiotic-potential strains, mainly
because the release of such metabolites, such as hydrogen per-
oxide, organic acids, or bacteriocins, can participate in the
antagonistic eVect against pathogens in the speciWc site of
action. In this sense, most of the strains isolated from the three
ecological niches are able to produce high levels of organic
acids that inhibit many of the assayed pathogens. The patho-
gens selected for the experiments were those isolated from
each ecological niche, or responsible for speciWc infections in
them. One remarkable characteristic is that the strains isolated
from the vaginal tract are those that are able to produce the
highest detectable level of hydrogen peroxide. These results
are similar to those obtained for human vaginal strains [20],
supported by the epidemiological results of other scientists
that showed a correlation between the presence of H2O2 pro-
ducer strains and a healthy vaginal tract [3, 28].

Table 1 Inhibition of pathogenic microorganisms by production of organic acids in strains isolated from diVerent bovine tracts

a Analyzed by the plate diVusion technique [15]
b Determined by UV-Test (Roche, Germany)
c Determined by HPLC technique in strains isolated from mammary gland and newborn oral cavity-faeces, as described in the text

Origin of strains Percentage of strains 
that inhibit pathogens 
by organic acida

Inhibited pathogens Lactic acid 
[g/ml] (intervals)

pH of the 
supernatant 
(intervals)

Vaginal tract 94.4 E. coli, A. pyogenes 6–10b 3.59–4.2

Mammary gland 18.6 S. dysgalactiae ATCC 27957, 
L. monocytogenes Scott A, S. uberis, 
S. dysgalactiae, E. coli, S. agalactiae ATCC 27956

1.38–10.02c 4.14–6.0

Newborn oral 
cavity-faeces

66.6 E.coli, Y. enterocolitica, Sal. Dublin, 
Klebsiella sp., S. uberis, S. dysgalactiae, S. aureus

6.38–16.39c 3.61–5.25
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With respect to the production of bacteriocin-like sub-
stances, three strains from mammary gland and one from
newborn calves were able to produce this type of sub-
stances. However, no strains from the vaginal tract were
bacteriocin-producers. Bacteriocin-producer strains were
also isolated from the mammary gland of cows by other sci-
entists, and later tested as a teat sealer [6, 31]. Recently, the
group of Hill [5] has demonstrated that bacteriocin-produc-
ing strains protect against Listeria monocytogenes in a mice
model, which could support the use of these strains able to

produce bacteriocins or bacteriocin-like substances for the
design of a probiotic product.

Based on the results obtained from the diVerent screen-
ing assays carried out in this study, speciWc strains were
selected for further studies. They are summarized in
Table 2, which includes all their beneWcial or probiotic
characteristics.

These characteristics could help to select strains with
higher potentialities to be used in a speciWc host; however,
additional tests should also be performed, including the

Table 2 Lactic acid bacteria strains selected by their beneWcial properties from diVerent bovine environments

NP no producer, LP low producer, P producer, HP high producer
a IdentiWed by PCR-ARDRA [23]
b Determined by MATH in hexadecane [27]
c Autoaggregative capability [19]
d Adhesion to vaginal bovine epithelial cells [26]
e Plate diVusion technique [15]
f Associative cultures [25]
g Determined by HPLC technique as described in the text
h Production of H2O2 in TMB-plates [16]
i Determined by a spectrophotometric method [16]
j Plate diVusion technique [15]
k IdentiWed by sequencing the 16S ribosomal gene

Straina Hydrophobicity 
[percentage]b

Autoaggregation 
capability 
[percentage]c

Epithelial 
cells adhesiond

Inhibited pathogense Lactic 
acid 
[g/l]g

Production 
of H2O2

Bacteriocinj

Strains isolated from bovine vagina

Lactobacillus 
gasseri CRL1412

78.0 0.0 22.4 § 5 
bact/cell

E. coli 99/14, 
Actinomyces pyogenes 
96/393

– Ph 0.041
mmol/107CFUi

¡

L. gasseri CRL1421 49.5 0.0 43.9 § 4.5 
bact/cell

E. coli 99/14, 
A. pyogenes 96/393, 
S. aureusf

10.00 Mh 1517.92
mmol/107CFUi

¡

L. delbrueckii Subsp. 
delbrueckii CRL1461

74.7 25.0 67.5 § 8.2 
bact/cell

E. coli 99/14 7.30 NPh ¡

Straink Hydrophobicity 
[percentage]b

Autoaggregation 
capability 
[percentage]c

Inhibited pathogense Lactic 
acid 
[g/l]g

Production 
of H2O2

h
Bacteriocinj

Strains isolated from mammary gland

Lactococcus lactis 
Subsp. lactis 
CRL 1655

13.5 14.4 S. aureus Newbould, S. uberis, 
Coagulase-negative Staphylococcus, 
S. aureus, S. agalactiae ATCC 27956

6.06 P +

Enterococcus mundtii 
CRL 1656

0.0 11.1 L. monocytogenes Scott A 6.49 P +

E. faecium CRL 1657 4.3 7.8 L. monocytogenes Scott A 5.69 LP +

Strains isolated from faeces

L. johnsonii CRL 1693 82.0 22.8 E. coli, Sal. Dublin, Sal. thyphimurium, 
S. aureus

10.56 H ¡

L. salivarius CRL 1694 73.2 14.5 E. coli, Sal. thyphimurium, S. aureus – P ¡
E. faecium CRL 1692 0.0 3.0 Listeria sp., Y. enterocolitica, S. uberis 7.79 NP +

L. murinus CRL 1695 18.2 72.0 Sal. thyphimurium 6.38 P ¡
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study of functional and technological properties. Some of
these trails are currently being studied in our laboratory.
The evaluation of the functional properties of the diVerent
LAB strains is supported by their potential applicability in
each tract, some of them previously published and others
are still being studied. The selected vaginal strains were
tested for their adhesion capability to epithelial cells [26]
and resistance to the most frequent antibiotic therapies [24].
Some of the selected intestinal strains were assayed for
their resistance to the gastrointestinal conditions [17].

Also, some technological properties (freeze drying and
storage conditions) were evaluated in vaginal strains with
speciWc characteristics [22], and are under study for the
other selected strains.

The selected microorganisms could be potentially
included in a wide range of veterinary probiotic products to
be applied in diVerent ecological bovine mucosa: reproduc-
tive and digestive tracts, and mammary gland. They could
improve the health of the animal and promote their produc-
tivity. The main reason to support the use of the combined
strains is that they could be administered to the vaginal tract
of pregnant cows before the calf birth, as a way to prevent
urogenital infections of the adult cows, and also as a way to
facilitate the colonization of the intestinal tract of the new-
born when they pass through the birth-canal. Afterwards,
these same or other strains could be administered to the
newborn calf to prevent neonatal diarrhea, a cause of high
morbidity and mortality rates in this speciWc age-group.
And Wnally, some strains could be used to prevent mastitis
when administered to the mammary gland, as a way to pro-
mote at the same time the colonization of the newborn
intestinal tract.

In this way, these results contribute to increasing knowl-
edge of some strains, which will be also assayed in animal
models, as suggested by ISAPP.
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