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Abstract
Bovine mastitis causes economic losses on dairy farms worldwide. Lactic acid bacteria (LAB) in animal health are an alternative
tool to avoid antibiotic therapy on the prevention of bovine mastitis. In previous studies, 12 LAB isolated from bovine milk were
selected taking into account some of the following characteristics: hydrophobicity, auto aggregative capability, inhibition of
indicator pathogens, hydrogen peroxide, and capsular polysaccharide production. These LAB were considered because of their
beneficial properties. In this work, we also analyzed the antimicrobial activity and the co-aggregation against mastitis causing
bacteria, auto-inhibition, adhesion to bovine teat canal epithelial cells (BTCEC), and growth kinetic curves for the 12 LAB. Two
of them, Lactococcus lactis subsp. lactis CRL 1655 and Lactobacillus perolens CRL 1724, were selected because they had an
interesting pattern of adhesion to BTEC, the inhibition of pathogens and the co-aggregation with the 100% of the assayed
pathogens. They showed a predictable difference in the PFGE genomic pattern bands. The kinetic growth of these two strains
was similar between them and with the rest of the assayed LAB. The strains selected in the present study showed indispensable
characteristics for their inclusion in a probiotic formulation to be used at dry-off period for the prevention of bovine mastitis.
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Introduction

Bovine mastitis is defined as the inflammation of the mam-
mary gland where the tissue of the udder is severely affected.
It is considered as the major endemic and prevalent disease of
dairy cattle [1–3] and is generally caused by microorganisms
[4–6]. In approximately 70% of mastitis cases, microorgan-
isms can be isolated. In the most cases, the infection occurs
when bacteria get into the udder through the teat canal and
multiply causing an inflammation with or without clinical

signs (clinical or subclinical mastitis, respectively) [1]. The
disease causes considerable distress on the animal, a decreased
milk production, and major economic losses on dairy farms
worldwide [7]. Different levels of economic losses have been
reported in different countries [8–10]. The conventional
methods for the control of bovine mastitis include preventive
strategies such as diagnosis, segregation of the animals and
improved hygiene [11, 12]. These practices diminish the ap-
pearance of the disease, but the control of bovine mastitis still
relies heavily on the use of therapeutic and preventive proto-
cols with antibiotics [13]. Antibiotics are usually applied dur-
ing lactation and also in dry cow therapies. The susceptibility
of cows to mastitis increases significantly during the early
days of the dry-off period, as well as in the peripartum, due
to the immunosuppression that the animals develop during
this period. Even though antibiotics improve cows’ health
and their consequent milk production, the risk of bacterial
antibiotic resistance still exists and the presence of residues
in milk makes their use questionable for human consumption
[14, 15]. Due to these weaknesses, the developments of com-
plementary and natural alternatives are very appealing to pre-
vent the disease [1]. During the last years, the use of
probiotics, which are Blive microorganisms administered in
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adequate amounts conferring a health benefit on the host^
[16], constitute an alternative tool for the prevention of bovine
mastitis. The use of probiotic bacteria has been widely studied
as a novel approach to prevent infections in animals, especial-
ly in the gastrointestinal and vaginal tract [17, 18], but few
studies are directed to investigate the application of probiotics
in the mammary gland [19–23]. Probiotics may exert their
beneficial effects on the host health through several mecha-
nisms: adhesion to epithelial cells, colonization, production of
biosurfactants, auto-aggregation and co-aggregation of
phatogens, production of antagonistic metabolites (organic
acids, hydrogen peroxide, bacteriocins), competition for nu-
trients and production of enzymes, and/or immunomodulation
[17]. Lactic acid bacteria (LAB) are the main components of
the indigenous microbiota of the teat canal and because of this
they are optimal candidates to design a species-specific probi-
otic product to prevent mastitis [24]. In previous studies [25,
26], LAB isolated from bovine milk were selected taking into
account at least one of the following characteristics: high or
medium degree of hydrophobicity, high or medium auto ag-
gregative capability, inhibition of some of the indicator path-
ogens , high hydrogen peroxide product ion, and
exopolysaccharides or capsular polysaccharide production.
In the present work, 12 selected LAB were analyzed with
the aim of studying their adhesion to bovine teat canal epithe-
lial cells and their capability to bind to other bacteria of the
same species (co-aggregate) and to mastitis pathogens
(immobilization) to exert the antimicrobial effect.

These properties are very valuable to select potentially ben-
eficial strains to be included in a probiotic product to prevent
bovine mastitis.

Materials and Methods

Bacterial Strains and Culture Conditions

LAB strains analyzed in this study were previously isolated
from the milk of healthy Holstein quarters from Córdoba and
Tucumán, Argentina and were genetically identified by 16S
rRNA gene sequencing as Lactobacillus (Lact.) perolensCRL
1724 (Centro de Referencia para Lactobacilos, Culture
Collection), Lact. plantarum CRL 1716, Lactococcus (L.)
lactis subsp. lactis CRL 1655, Enterococcus (Ent.) mundtii
CRL 1656, Pediococcus (Ped.) pentosaceus CRL 1831,
Ped. pentosaceus CRL 1832, Weissella (W.) cibaria CRL
1840,W. cibaria CRL 1833, Ent. hirae CRL 1834, Ent. hirae
CRL 1835, Ent. hirae CRL 1837, and Ent. hirae 7-3. These
strains were selected being as potentially probiotics because of
their hydrophobicity index, auto-aggregation, and ability to
produce antagonistic metabolites (organic acids, hydrogen
peroxide and bacteriocins) [25, 26]. LAB strains were grown
in de Man, Rogosa, and Sharpe (MRS, Britania) broth and

incubated and stored as described by Frola et al. [27]. Before
performing additional studies, bacteria were subcultured three
times, every 12–14 h at 37 °C in MRS broth. The following
mastitis-causing bacteria (MCB) were used to assess antago-
nistic activity and to assess co-aggregation assays:
Streptococcus (Strep.) agalactiae ATCC27956, Strep.
dysgalactiae ATCC27957, Strep. uberis 102, Strep. uberis
ATCC27958, Strep. bovis ATCC27960, Staphylococcus
(Staph.) hyicus 112,249, Staph. epidermidis ATCC14990,
Staph. aureusATCC25923, Ent. faecalis 19,433, Ent. faecium
35,667, Escherichia (E.) coli ATCC35218, and Klebsiella
(Kl.) pneumoniae ATCC10031. These bacteria were kindly
provided by Dr. Odierno (Universidad Nacional de Río
Cuarto, Argentina). Staph. aureus RC108, E. coli 345, and
Pseudomonas spp. were isolated from the milk of cows with
bovine mastitis and identified in our laboratory. All these
strains were cultivated and stored as described by Frola et al.
[28].

Antimicrobial Activity Against Mastitis Causing
Bacteria (MCB)

The in vitro antimicrobial activity of LAB strains against
MCB was assayed through the streak line method [29]. The
inhibitory effect was estimated as the width of the inhibition
zone and ranked as high (> 25 mm, +++), intermediate (13–
25 mm, ++), low (1–12 mm, +), and no inhibition (0 mm, −).
The assay was performed in triplicate.

Co-aggregation Assay

To assess the interaction between LAB strains and MCB, the
method described by Reid et al. [30] was followed. A suspen-
sion of each LAB adjusted to a concentration of 109 cfu mL−1

in 1 M of phosphate-buffered saline (PBS) (pH 6.2) was
mixed with 500 μL of 108 cfu mL−1 of each MCB and incu-
bated at 37 °C in an orbital shaker at 2 g for 4 h. After incu-
bation, suspensions were Gram-stained and observed under an
optical microscope. Pure cultures were used as negative con-
trols and assays were done in duplicate. Positive co-
aggregation was considered when LAB strains were attached
or close to assayed MCB. This was reported as negative (−)
when there was no co-aggregation in five observed areas and
one positive rood (+), two positive roods (++), and three pos-
itive roods (+++) were reported when co-aggregation was
observed in one to two, three to four, and five of the five
observed areas.

Adhesion to BTCEC

The adhesion of LAB strains to BTCEC was determined
through the methodology described previously by Otero and
Nader-Macías [31] with the modifications described by Frola

Probiotics & Antimicro. Prot. (2019) 11:74–84 75



et al. [27]. Bacterial binding to BTCEC was examined by
optical microscopy (Gram stain) and results expressed as (1)
percentage of adhesion (PA): (number of BTCEC with bacte-
ria adhered/total number of BTCEC) × 100 and (2) adhesion
index (AI): (total number of bacteria attached to BTCEC/total
number of cells with bacteria adhered). The application of the
index allowed us to evaluate the efficiency of adhesion. The
experiment was done in triplicate.

Auto-inhibition Assay

The antimicrobial activity between LAB strains was assayed
through the streak line method [29]. The inhibitory effect was
estimated as the width of the inhibition zone and ranked as
high (> 25 mm, +++), intermediate (13–25 mm, ++), low (1–
12 mm, +), and no inhibition (0 mm, −). The assay was per-
formed in triplicate.

LAB Growth Curves

One milliliter of an overnight culture of each LAB strains was
inoculated in 20 mL of sterile MRS. The cultures were incu-
bated at 37 °C, and the optical density at 600 nm (OD600) and
colony forming units (cfu) per milliliter were determined im-
mediately after inoculation and 2, 4, 6, 8, 10, and 24 h after
inoculation. The cfu per milliliter was determined by plating
serial dilutions of each culture in MRS agar and incubated
24 h at 37 °C. The experiment was done in triplicate. The
specific growth rate (μ) was calculated from the exponential
phase of the growth curve using the Malthus model [32].

Genomic Profile of Selected LAB Strains by PFGE

Preparation of Genomic DNA in Agarose Blocks

The method used to prepare genomic DNA in situ in agarose
blocks was adapted from the one described in previous works
[33]. An overnight culture of strains was diluted (1:25) in fresh
MRS broth and grown at 37 °C to an A600 of 0.6 (approxi-
mately 3 h). The cells were harvested by centrifugation at
1200×g for 5 min and washed once with 1 mL of 1 M
NaCl-100 mM EDTA. The pellet was suspended in 100 μL
of lysozyme (Promega) solution (10 mg mL−1), mixed with
100 μL of 2% low melting point agarose at 50 °C, and the
mixture was allowed to solidify in appropriate molds at 4 °C.
The embedded cells in agarose blocks were treated with
0.6 mL of NaCl-EDTA containing 5 mg mL−1 of lysozyme
for 17 h at 37 °C, and 500 μL of 7.5% SDS solution was
added. The incubation continued for 5 h. The blocks were
washed twice with SL buffer (10 mM Tris-ClH, 1 M NaCl,
pH = 7.6) and incubated overnight at 50 °C in 1 mL of BR
buffer (500 mM sodium EDTA (pH = 9), 1% Sarkozyl, pro-
teinase K 1 mg mL−1). Then, the blocks were washed twice

with BL buffer (20 mM Tris-ClH, 50 mM sodium EDTA
(pH = 8), treated for 1 h with BL buffer supplemented with
1 mM phenylmethylsulfonyl fluoride (PMSF) and finally
washed four times, 30 min each in TE buffer (10 mM Tris-
ClH [pH 8.0], 1 mM EDTA [pH 8.0]).

Digestion of DNA

Agarose blocks containing DNAwere washed three times in
TE buffer for 30 min and cut into slices (3 × 3 mm). Prior to
use, they were equilibrated in multicore buffer. The DNAs
were restricted with SmaI (10 U μL−1, Sigma-Aldrich) for
18 h at 25 °C. The buffer was discarded and the agarose blocks
kept in TE buffer for 30 min, and then they were kept in TBE
buffer 0.5× (0.045M Tris-borate, 0.001 M EDTA, pH 8.3) for
15 min.

Pulsed-Field Gel Electrophoresis

Samples were electrophoresed through 1% (wt vol−1) agarose
gels in 0.5× TBE buffer at 200 V for 22 h with a 2–20-s pulse
time at 14 °C in a Bio-Rad CHEFF DRIII electrophoresis cell.
Gels were visualized by staining them with ethidium bromide
(5 μg mL−1) for 20 min, and DNA was detected under UV
light.

Statistical Analysis

The statistical analysis of the data was performed using the
SAS software (Institute, Cary, NC, USA). Differences be-
tween specific growth rates (μ) of the LAB were analyzed
by an ANOVA test, and comparison between means was per-
formed using Tukey’s post-hoc test. A p value < 0.05 was
considered as being indicative of a statistically significant
difference.

Results

Antimicrobial Activity

In the present work, the antagonistic activity of 12 LAB
against 15 MCB was assayed. Ten LAB strains (83.3%) were
able to inhibit all MCB assayed (Table 1). Ent. faecalis 19433
and Ent. faecium 35667 were not inhibited byW. cibaria CRL
1833, and Lact. plantarum CRL 1716 was not able to inhibit
Staph. aureus ATCC25923, Staph. aureus RC108, Staph.
epidermidis ATCC14990, Strep. agalactiae ATCC27956,
Strep. uberis 102, Strep. uberis ATCC27958, Strep. bovis
ATCC27960, Ent. faecalis 19433, and Ent. faecium 35667.
Ent. hirae CRL 1835, Ent. hirae CRL 1837, L. lactis subsp.
lactis CRL 1655, and Ent. mundtii CRL 1656 showed the
highest inhibitory effect against Strep. dysgalactiae
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ATCC27957, inhibiting it completely. One of the most prev-
alent pathogens of mastitis, Staph. aureus, was inhibited by 11
of the 12 tested LAB. E. coli, which causes acute clinical
mastitis, was inhibited for the entire LAB assayed.

Co-Aggregation

Ten of the twelve LAB strains (83%) showed co-aggregation
with all of the MCB assayed (Table 2). Lact. plantarum CRL
1716 and W. cibaria CRL 1833 did not show co-aggregation
with Pseudomonas spp. Moreover, Lact. plantarum CRL
1716 was not able to co-aggregate with E. coli and
W. cibaria CRL 1833 with Strep. epidermidis ATCC14990.
Staph. aureus and Streptococcus spp. co-aggregated with all
LAB included into the study.

Adhesion Capacity

A high number of epithelial cells could be isolated from the
bovine teat canal and no bacterial contaminants were observed
after Gram staining as seen in previous reports [27]. All strains
were able to adhere to BTCEC. The PA and the AI were
different between strains (Table 3). Ent. hirae CRL 1835 and
L. lactis subsp. lactis CRL 1655 showed the highest AI (36.7
and 27.9, respectively). Ped. pentosaceus CRL 1831 showed
the highest PA (99%). Ped. pentosaceus CRL 1831 and Lact.
perolens CRL 1724 adhered to BTCEC as can be seen in
Fig. 1a. Figure 1b, c shows different numbers of bacteria ad-
hered to the surface of epithelial cells, showing an irregular
pattern of distribution on the cell surface. Figure 1d demon-
strates an auto-aggregative pattern and an adherence of
lactobacilli as clusters on the cell surface.

Auto-inhibition

Three LAB strains showed a capacity for auto-inhibition.
Enterococcus mundtiiCRL 1656was able to inhibit Ent. hirae
7-3 andW. cibaria CRL 1833. These strains were discarded to
perform the probiotic formulation.

LAB Growth Curves

In general, the kinetic growth curves of the 12 selected LAB
strains were similar (Fig. 2). They showed a latency phase of
2 h and an exponential phase that lasted until 8 h of growth.
L. lactis subsp. lactis CRL 1655 and Ped. pentosaceus CRL
1831 showed the highest biomass yield (3 × 109 cfu mL−1) at
24 h of incubation, whereas W. cibaria CRL 1833 and
W. cibaria CRL 1840 only reached a concentration around
6.5 × 108 cfu mL−1. No significant differences (p = 0.3476)
were found between the specific growth rates of the selected
LAB. Ent. hirae 7-3 and Lact. perolensCRL 1724 showed the
highest specific growth rate, whereas Ped. pentosaceus CRL

1832, Ent. hirae CRL 1837, and Lact. plantarum CRL 1716
presented the lowest.

Selection of Strains

For the selection of LAB strains to be included in the
intramammary formulation, the following criteria were ap-
plied: high IA and PA of adherence to BTCEC, high percent-
age of co-aggregation, and inhibition against MCP, inability to
auto-inhibit and middle to high specific growth rate. Based on
this, L. lactis subsp. lactis CRL 1655 and Lact. perolens CRL
1724 were selected. Moreover, L. lactis subsp. lactis CRL
1655 showed an interesting pattern of adhesion to the bovine
teat canal epithelial cells and produced nisin Z. Lact. perolens
CRL 1724 showed some surface properties and produced or-
ganic acid [25]. Even though Ent. hirae 7-3 presented good
probiotic characteristics, especially elevated PA and AI and
high co-aggregation, it was discarded because it encodes a
potential vancomycin resistance gene undesirable for a bio-
logical product [26]. The selected LAB inhibits completely
the growth of Staph. aureus ATCC25923 and Staph. aureus
RC108, a bovine mastitis strain, after 24 h of co-incubation
(Table 1). L. lactis subsp. lactis CRL 1655 and Lact. perolens
CRL 1724 were able to decrease the pH of the culture from 6
to 3 after 24 h of incubation with Staph. aureus ATCC25923.
Furthermore, the selected LAB showed an in vitro synergistic
inhibitory effect against Staph. aureus ATCC25923 (data not
shown).

Genomic Profile of Selected LAB Strains

In addition to the 16s RNA genetic identification, a further
PFGE restriction profile characterization of the selected
LAB strains was performed. The PFGE profiles obtained from
chromosomal DNA restricted with SmaI allowed to differen-
tiate easily between L. lactis subsp. lactisCRL 1655 and Lact.
perolens CRL 1724. The analysis of genetic profile showed
the presence of 6 bands between 55 and 96 kb for Lact.
perolens CRL 1724 and a pattern of 11 bands between 76
and 286 kb for L. lactis subsp. lactis CRL 1655 (Fig. 3).

Discussion

In Argentina, as in many other countries, Staph. aureus is still
one of the major causes of clinical and subclinical mastitis,
especially due to resistance to antibiotic treatment and its abil-
ity to persist in a herd in an undetected form. Even though
current management practices such as proper milking hygiene
and reduced exposure to environmental pathogens contribute
to a decrease in the occurrence of the disease, the treatment for
bovinemastitis relies heavily on the use of antibiotics, both for
prophylaxis and therapy. This has proved to be ineffective in
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controlling Staph. aureus infections, causing a persistent bac-
terial reservoir within a herd with chronic and recurrent infec-
tions [1, 3–5]. The increasing importance of Staph. aureus in
veterinary medicine, the problems related to its antimicrobial
resistance and the need to have effective tools to fight bovine
mastitis, strongly support the ongoing research on the devel-
opment of safe preventive alternative approaches [1, 34]. This

will permit having new and more powerful preventive and
therapeutic tools to reduce its impact on animal health. The
antimicrobial activity produced by the LAB strains against
different pathogens seems to be an interesting research field
and has two essential roles: to prevent the invasion of different
bacterial strains considered as causal agents of diseases and to
prevent new infections by MCB [35]. Several researchers

Fig. 1 Light photomicrographs
showing Gram-stained lactic acid
bacteria strains adhered to bovine
teat canal epithelial cells.
Bacterial adhered to the surface of
epithelial cells showing an
irregular pattern of distribution on
the cell surface. a Control (cells
without bacteria). b Pediococcus
pentosaceus CRL 1831. c
Lactobacillus perolens CRL
1724. d Autoagreggative pattern
and adherence of lactobacilli as
clusters on the cell surface (×
1000)

Table 3 Adhesion capacity of the
12 selected lactic acid bacteria
strains

Lactic Acid Bacteria Adhesion capacity

Percentage of adhesion (±S.E.)a Adhesion index (±S.E.)a

Ped. pentosaceus CRL 1831

Ped. pentosaceus CRL 1832

W. cibaria CRL 1840

W. cibaria CRL 1833

Ent. hirae 7–3

Ent. hirae CRL 1834

Ent. hirae CRL 1835

Ent. hirae CRL 1837

Ent. mundtii CRL 1656

L. lactis subsp. lactis CRL 1655

Lact. perolens CRL 1724

Lact. plantarum CRL 1716

99 (1.20)

76 (0.83)

92 (1.17)

85 (2.03)

97 (1.48)

87 (0.63)

96 (3.30)

91 (1.76)

59 (2.45)

93 (2.33)

75 (0.89)

37 (1.24)

9.3 (0.43)

6.9 (0.22)

21.1 (1.22)

7 (1.08)

23.4 (2.34)

8.6 (0.98)

36.7 (0.96)

20.6 (1.76)

8.1 (0.06)

27.9 (2.54)

14.4 (0.64)

7.4 (1.06)

a Data are expressed as mean ± standard error (S.E.) values of the percentage of adhesion or adhesion index
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have studied the ability of LAB to inhibit the pathogenic
strains that cause bovine mastitis, attributing this ability to
the production of inhibitory substances. Juarez Tomas et al.
[36] established that vaginal Lactobacillus spp. has the capac-
ity to inhibit urogenital pathogens (such as Staph. aureus,
Strep. agalactiae, and Enterococcus spp.) throughout the pro-
duction of lactic acid and through the reduction of medium
pH. Maršálková et al. [37] and Hütt et al. [29] demonstrated
the inhibitory effect of Lact. plantarum against mastitis
(Staph. aureus, Strep. uberis, and Strep. agalactiae) and hu-
man (enteric and urinary) pathogens. Çon and Gökalp [38]
attributed the inhibitory effect of LAB to different metabolites
like lactic acid, acetic acid, diacetyl, hydrogen peroxide, and
bacteriocins. Recently, Bouchard et al. [23] demonstrated the
ability of LAB isolated from bovine milk to inhibit the growth
of representative strains of E. coli, Strep. uberis, and Staph.
aureus. They reported that bacterial inhibition lies on acidifi-
cation, since neutralization of the supernatants totally relieves
the inhibitory effect/activity. In this work, it was found that
83.3% of the isolated LAB were able to inhibit all the assayed
MCB. Based on previous results, we can attribute this inhib-
itory effect to the ability of strains to produce hydrogen per-
oxide, lactic acid, acetic acid, organic acid, and/or bacteriocins
[26]. L. lactis subsp. lactis CRL 1655 produces hydrogen
peroxide, lactic acid (6 g L−1), acetic acid (0.5 g mL−1), and
nisin Z. Lact. perolens CRL 1724 produces lactic acid
(10 g L−1.), acetic acid (0.6 g mL−1) and organic acid. LAB
exert their beneficial effects as a consequence of one or more
mechanisms. Adhesion to epithelial cells, aggregation, and
inhibition of pathogens were some of them. The degree of

auto-aggregation and hydrophobicity predict the ability of a
strain to adhere to epithelial cells, and it is a specific property
of each microorganism [39–41]. The LAB strains described in
this work were selected previously adopting recognized
criteria [26] like no pathogens of mastitis, good health status
of the quarters where the isolation was performed, high hy-
drophobicity and auto-aggregation phenotype, and absence of
antibiotic resistance genes. Co-aggregation is an important
method for assessing the close interaction between LAB and
pathogenic bacteria, since LAB present surface binding pro-
teins related to environmental surfaces and bacteria [42].
Some authors [43] propose that co-aggregation may be bene-
ficial to these LAB because they produce an area around the
pathogen where the concentration of antimicrobial substances
increases. All LAB assayed were able to co-aggregate with all
the MCB, except Lact. plantarum CRL 1716 and W. cibaria
CRL 1833. Staph. aureus and Streptococcus spp., the major
bovine mastitis pathogens, were co-agregated by all LAB
strains. There are few publications where in vitro co-
aggregation is determined. Soleimani et al. [42] reported co-
aggregation between four strains of Lactobacillus (Lact.
acidophilus, Lact. plantarum, Lact. casei and Lact. reuteri)
and two strains of Staph. aureus (one isolated from a bovine
mastitis case and other one belonging to a collection strain,
Staph. aureus ATCC25923). Boris et al. [44] suggested that
the ability of LAB to enclose pathogenic bacteria would be
related to inhibiting the adherence of pathogens to tissue re-
ceptors. This effect would prevent the colonization of the ep-
ithelial cells by pathogenic bacteria, thus favoring their
removal.

Fig. 2 Growth curves of the 12 selected lactic acid bacteria. Data are expressed asmean ± S.E. of cfu per milliliter. The experiment was done in triplicate.
The specific growth rate (μ) was calculated from the exponential phase of the growth curve using the Malthus model
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The adhesion of LAB to the epithelium is the first step in
the formation of a barrier to prevent the invasion of photoge-
nic bacteria and it is an essential characteristic when selecting
probiotic strains [45, 46]. In this work, we obtained PA be-
tween 37 and 99% and AI between 6.9 and 36.7. Ent. hirae
CRL 1835 and L. lactis subsp. lactis CRL 1655 showed the
highest AI (36.7 and 27.9, respectively). Ped. pentosaceus
CRL 1831 showed the highest PA (99%). Most of the pub-
lished works of adherence are carried out in bovine mammary
epithelial cells (MAC-T). Ocaña and Nader-Macías [47] and
Otero and Nader-Macías [31] isolated bovine vaginal cells and
confronted them with different Lactobacillus strains (Lact.
crispatus CRL 1266, Lact. gasseri CRL 1412, Lact. gasseri
CRL 1421, and Lact. delbrueckii). The results were similar to
those obtained in this work: PA between 61 and 100% and AI
between 10 and 22. In a recent study [48], where the technique
described by Frola et al. [27] was used, four LAB strains
(Lact. paracasei subsp. paracasei 78/37, Lact. plantarum

118/37, L. lactis subsp. lactis ATCC11454 and Lact.
rhamnosus ATCC7469) were tested for their capacity of ad-
hesion. The highest PA was shown by L. lactis subsp. lactis
ATCC 11454 (100%) with an AI of 14.2. The lowest PAwas
shown by Lact. paracasei subsp. paracasei 78/37 with a PA
of 56.1% and an AI of 7.8. Some studies suggested that
Lactobacillus adherence is mediated by proteins associated
to the external protein S-layer [49–51], while others have sug-
gested a role for lipoteichoic acid and carbohydrates [52].
Further studies need to be conducted to determine the chem-
ical nature of the structures involved in the adhesion of
assayed LAB to BTCEC. Taking into account the results ob-
tained in this work and in previous reports [25–28], we select-
ed two LAB to be included in a future product for the preven-
tion of bovine mastitis. L. lactis subsp. lactis CRL 1655
showed an interesting pattern of adhesion to the BTCEC
(PA 93% andAI 27.9) and produced hydrogen peroxide, lactic
acid, acetic acid, and nisin Z as inhibitory substance. Lact.
perolens CRL 1724 has an adhesion capacity of 75% of PA
and 14.4 of AI and produces lactic acid, acetic acid, and or-
ganic acid as inhibitory substances [25]. The two LAB strains
inhibited and co-aggregated with 100% of the assayed patho-
gens, especially Staphylococcus spp. and did not show capac-
ity for auto-inhibition. They completely inhibited the growth
of Staph. aureus ATCC25923 and Staph. aureus RC108 after
24 h of co-incubation. Furthermore, the kinetic growth of
these strains was similar among them and similar to the rest
of the assayed LAB and showed a considerable and specific
growth rate. These constitute an important feature for the in-
dustrial production of an intrammamary formulation. The se-
lected strains show a predictable difference in the pattern of
bands. SmaI is a restriction enzyme that recognizes and cuts in
a specific sequence (5′ CCCGGG 3′) rich in G and C bases. It
is expected that genomes with low G + C content, such as
L. lactis (35% of G + C), have a few recognition sites,
resulting in few large DNA fragments [53]. On the other hand,
in Lact. perolens, the percentage of G + C is close to 50% and
the cut sites are more frequent [54]. Because of this, a larger
number of small size fragments are obtained, which explains
the low molecular weight of the bands observed in the profile
of Lact. perolens. The different genetic profiles of bands ob-
tained by PFGE for the selected LAB also constitute a very
important tool to ensure and to monitor the integrity of a
veterinary product used to prevent bovine mastitis.

Conclusion

The development of non-antibiotic formulations for the pre-
vention of bovine mastitis has the potential to reduce the de-
pendence on antibiotics for prophylactic therapies in the fu-
ture. Some studies indicate that the use of LAB is an interest-
ing alternative for the prevention or treatment of bovine

Fig. 3 Genomic profile of Lactococcus lactis subsp. lactisCRL 1655 and
Lactobacillus perolens CRL 1724 by pulsed-field gradient
electrophoresis (PFGE). a PFGE profile visualized by straining with
ethidium bromide. b Scheme of PFGE genomic restriction profile. M
molecular marker
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mastitis, especially in the dry-off period. The capacity of the
two selected strains to inhibit and co-aggregate with the main
bovine mastitis pathogens and to adhere to BTCEC, described
in this paper, constitutes a fundamental characteristic for its
inclusion in the development of a probiotic formulation for the
prevention of bovine mastitis at dry-off period.
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