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Introduction

The microbiome of different human or animal tracts is con-
stituted by a wide set of microorganisms (bacteria, viruses, ar-
chaea or lower eukaryotes) in ecological balance that inhabit
a specific environment, such as the gastrointestinal, reproduc-
tive, respiratory tracts, mucous surfaces or other [1,2]. With
the emergence of sequences based molecular methods that al-
lowed the analysis of complex microbial communities [3], our
understanding of the key functions that the microbiome plays
in the illness, health, growth and development of the specific
host has increased extensively [4]. In such a way that the mi-
crobioma is being currently considered as an organ, since it pro-
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Abstract

Microorganisms colonizing different mucosas can exert
diverse type of beneficial effects if they are included in
probiotic formula. Then, the objective of this work was
to complete the set of probiotic-related characteristics of
different lactic acid bacteria strains previously isolated
from different bovine mucosas to further include them in a
probiotic product. The studies include some complementary
assays related with their surface-adhesive characteristics
(autoaggregation, biofilm formation, hydrophobicity,
production of exopolisaccharides), production of inhibitory
substances against pathogenic bacteria (hydrogen peroxide,
bacteriocins). Also, the strains compatibility to go further
in the design of a multi’strain probiotic formula to be
used either to pregnant cows through the vaginal tract
(for metritis prevention), later to the newborn calves (for
diarrhea prevention), and to the mammary gland of the cows
(for mastitis prevention). The formula will be integrated by
strains from the three bovine tracts, being host’ specific and
able to promote the mucosal colonization and the beneficial
effect in different ages and physiological states of bovines.

vides metabolic activities, coding capabilities and fulfills a wide
variety of physiological functions that include immunomodula-
tion and prevention of infections in humans and animals, be-
side others [5,6]. Factors such as birth mode, environmental
conditions and\or genetic polymorphisms, or host-specificity
determine the bacterial genera presence or its dominance in
the microbioma, being modified along the time and in many
situations, indicating also the host-specific dependence [5,7-
11]. Eventhough, different researches have shown remarkable
similarities in the dominant bacterial species in the tracts and
mucous membranes of different hosts [12-14].
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Referred to the microbiome of bovine tracts, it can be af-
fected by endogenous or exogenous factors, which allow the
entry and proliferation of pathogenic or potentially pathogenic
microorganisms that generate infections. Traditionally, antibiot-
ics and antimicrobials are the therapies currently applied; how-
ever, the unintended consequences of their administration as
residues in meat and milk, and spread of bacterial resistance
with the risk of vertical transmission to other members of the
microbiota, have forced to search alternative and innovative
strategies to reduce the massive use of antibiotics against in-
fectious diseases [15,16,24]. Then, the application of natural
products demonstrating positive effects was proposed, includ-
ing probiotics, prebiotics, enzymes, natural extracts and organic
acids. In recent years, probiotics for small ruminants have been
authorized in the European Union for the first time, both for
young animals (lambs and kids), adults (sheep and dairy goats),
and milk buffaloes, since previously only probiotics for cattle
were authorized [17]. Probiotic microorganisms are defined as
"viable microorganisms that are administered to the host in ad-
equate quantities to produce a beneficial physiological effect"”
[18-20]. Most of the bacteria used as probiotic in animals are
lactic acid bacteria (LAB) sustained by their GRAS status (gener-
ally recognized as safe), being Lactobacillus one of the most fre-
quently used supported by the EFSA qualification of this genus
as QPS (Qualified Presumption of Safety). Referred to their use
in cattle, different scientists have shown that the application of
an adequate combination of probiotics could effectively coun-
teract an endometrial infection by E. coli [21-23]. Pellegrino et
al. [16] showed that the intramammary administration of LAB
during the drying period in dairy cows stimulates locally and
systemically the immune system, and could be used as an alter-
native therapy for the treatment and/or prevention of mastitis.
Maldonado et al [25] demonstrated that oral administration of
a Lactobacillus mixture decreased the incidence of diarrhea in
calves, because those of infectious origin are the main causes of
mortality in calves during the first weeks of life.

It must be pointed out that the protective effect of LAB can
be exerted by different mechanisms, including suface-adhesion
related properties (hydrophobicity, self and co-aggregation),
production of Exopolysaccharides (EPS), biofilm formation, or
the capability to produce antagonistic substances (organic acids
as lactic or acetic, hydrogen peroxide or bacteriocins) to protect
against pathogens [26]. The enzymes produced by LAB in food
additives for ruminants are of main interest to catalyze degrada-
tive reactions during digestion, either components of the veg-
etal cell wall they receive (cellulases, xylanases, E-glucanases,
pectinases, etc.), as well as its content (amylases, proteases).
The efficient digestion of complex substrates in the rumen re-
quires the combined action of many enzymes, subject of main
interest when selecting LAB that express some type of hydro-
lytic activity to favor the degradation of the food consumed by
animals. Some other mechanisms proposed are the competi-
tion for nutrients or the inmunemodulation.

Our research group have isolated, quantified, identified by
pheno and genotypic methods different groups of cultivable
microorganisms from cattle tracts, with special interest in
lactic bacteria, which are predominant in some of these
mucosas and historically used as probiotics [27-29,45]. They
were administered to animals, at the same tract of isolation
supported by the host and mucose specificity of the lately
described microbioma [16,24,25,28-33]. Some of the beneficial
properties were evaluated at that moment by applying the

techniques available at the time of isolation.

As we are interested in go further in the design of a probiotic
formula homologous to the host, to be applied to different
bovine tracts, the objective of this work is to complement the
evaluation of the beneficial properties of the strains previously
selected from different cattle mucose, and the compatibility
between them, in such a way to have available scientific criteria
for the next formulation step.

Materials and methods
Microorganisms and culture conditions

The microorganisms used in this study were selected
previously by our research group and are shown in Table 1.
Strains of lactic acid bacteria (LAB) were isolated from different
bovine ecosystems; vagina and mammary gland of adult cows,
and oral cavity and gastrointestinal tract of calves, and the first
set of beneficial characteristics were previously determined
[26,28,32].

Table 1: Origin of isolation of selected beneficial LAB strains
evaluated

Microorganism Origin
Lb. gasseri CRL 1461 Bovine vagina”
Lb. delbrueckii CRL 1460 Bovine vagina”
Lb. gasseri CRL 1412 Bovine vagina”
Lb. gasseri CRL 1421 Bovine vagina”
Lb. fermentum CRL 1580 Bovine vagina
Lb. fermentum CRL 1577 Bovine vagina
Lb. fermentum CRL 1576 Bovine vagina
Lb. fermentum CRL 1575 Bovine vagina
Lb. fermentum CRL 1574 Bovine vagina
Lb. fermentum CRL 1573 Bovine vagina
Lb. fermentum CRL 1571 Bovine vagina
Lb. fermentum CRL 1570 Bovine vagina
Lb. fermentum CRL 1568 Bovine vagina
Lb. fermentum CRL 1567 Bovine vagina
Lb. fermentum CRL 1566 Bovine vagina
Lb. gasseri CRL 1556 Bovine vagina
Lb. fermentum CRL 1557 Bovine vagina
Lb. fermentum CRL 1558 Bovine vagina
Lb. fermentum CRL 1559 Bovine vagina
Lb. fermentum CRL 1560 Bovine vagina
Lb. fermentum CRL 1561 Bovine vagina
Lb. fermentum CRL 1562 Bovine vagina
Lb. fermentum CRL 1563 Bovine vagina
Lb. fermentum CRL 1564 Bovine vagina
Lb. fermentum CRL 1565 Bovine vagina
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Lb. plantarum CRL 1716 Bovine mammary gland¥
Lb. perolens CRL 1724 Bovine mammary gland’
Lc. lactis subsp lactis CRL 1655 Bovine mammary gland¥
P. pentosaceus CRL 1831 Bovine mammary gland¥
W. cibaria CRL 1833 Bovine mammary gland¥
E. hirae CRL 1835 Bovine mammary gland¥
E. hirae CRL 1842 Bovine mammary gland¥
E. mundtii CRL 1656 Bovine mammary gland¥
E. faecium CRL 1657 Bovine mammary gland¥
Lb. johnsonii CRL 1693 Faecal matter calves*
Lb. murinus CRL 1695 Faecal matter calves*
Lb. mucosae CRL 1696 Faecal matter calves*
Lb. amylovorus CRL 1697 Faecal matter calves
Lb. salivarius CRL 1702 Faecal matter calves*
E. faecium CRL 1703 Oral cavity calves

CRL: Centro de Referencia para Lactobacilos Culture Collection.
*Probiotic properties published by Otero et al (2006).

vy Probiotic properties published by Espeche et al (2012).
+Probiotic properties published by Maldonado et al (2012).

The microorganisms were stored in milk-yeast extract (13%
non-fast milk, 1% yeast extract) (Britania, Argentine) at -20 °C,
inoculated at 2% in MRS broth (de Man et al., 1960) (Biokar,
France) at 37 °C for 24 h, and subcultured twice every 12 h.
The third subculture was washed with sterile saline (0.85% Na
Cl), centrifuged (7.000 rpm, 5 min, Presvac, Argentine) and the
supernatant discarded.

Bacterial surface properties
Degree of hydrophobicity and auto-aggregation test

Surface hydrophobicity was evaluated and quantified by de-
termining the variation of optical density at 600 nm (0D, , nm)
of cell suspensions in physiological solution after partition with
organic solvents [34] adding xylene and toluene, as modified
by Ocafia et al [35-37]. The pellet was washed twice with saline
(0.85% NaCl), centrifuged and resuspended to an OD,, = 0.60
+ 0.06 (Spectronic 20, Bausch and Lomb, Rochester, New York,
USA). The exact value of initial 0D, (ODO) was recorded. 0.6
ml of hydrophobic solvent (xylene and toluene) (Cicarrelli, Ar-
gentine) was added to the tubes with 3.6 ml of bacterial sus-
pension (solvent-bacterial suspension ratio: 1/6). They were
vortexed for 1 minute and the final OD (OD,) determined

600nm
again after 15 min agitation. The values were recorded as OD..

The percentage of hydrophobicity was calculated applying
the following formula [38]: Eq.

(A) % Hydrophobicity: [(ODO - OD,) / 0D Jx100 (1)

The percentage of hydrophobicity of the strains was classi-
fied as low (0-35%), medium (36% -70%) and high (71-100%).

The autoaggregation was determined applying the tech-
nique described by Vandevoorde et al. [38] and modified by
Ocaia and Nader Macias [39]. The microorganisms were centri-
fuged and washed three times in saline and the OD,_, = 0.60

+ 0.05 adjusted (Spectronic 20, Bausch and Lomb, Rochester,
New York, USA). The suspensions were allowed to settle deter-

mining the OD_ at different periods of time (1, 2, 3, 4 and 24
h). The percentage of autoaggregation was calculated applying
an expression similar to that used to determine the percentage
of hydrophobicity. The strains autoaggregation was classified as
low (0-35%), medium (36% -70%) and high (71-100%).

Production of biofilm

To evaluate the ability of the strains to form biofilms, the
technique of quantification of biofilm in polystyrene mi-
croplates [40-42] modified in the Laboratory was applied [43].
The culture media assayed were: A) standard MRS and LAPTg
broths, and B) MRS and LAPTg broths with individual omis-
sion of Tween 80. Lactic bacteria were subcultured in MRS and
LAPTg broths as described before. The cell pellets were resus-
pended in 5 ml of the different culture media, adjusted to 1.5
(OD,,..) corresponding to 2-2,5 x 108 colony forming units per
milliliter (CFU/ml), and distributed in 200 pl aliquots in polysty-
rene microplates wells (bottom U). They were incubated at 37
°C under static conditions for 72 h. The quantification of biofilm
formation was performed after discarding the culture medium
and washing the wells with 200 pul of phosphate buffered saline
(PBS: NaCl 8 g/I; KCI 0.0002 g/I; Na,HPO, 1.15 g/I; KH,PO, 0.2
g/l; pH 7.4). The formed biofilms in the wells were stained with
0.1% (w/v) Crystal Violet for 30 min at room temperature. Each
well was washed with 200 ul sterile distilled water to remove
excess dye. The microplates were left inverted for 14-16 h at
room temperature. The stained biofilm was eluted with 200 pl
of 30% glacial acetic acid and incubated 15 min at room temper-
ature, transfering aliquots (135 pl) to a second microplate (flat
bottom) in which the OD was determined at 570 nm (0D, ) in
a microplate spectrophotometer reader (VERSAmax, Molecular
Devices, Sunnyvale, California, USA).

Production of exopolysaccharides (EPS)
Qualitative determination

The ability of LAB to produce exopolysaccharides was deter-
mined by applying the technique described by Van Geel-Schut-
ten et al. [44]. Strains from different bovine origin (cow repro-
ductive tract, bitch's milk and gastrointestinal tract of calves)
were seeded by spot (5-6 drops of 10 ul) in de Man, Rogosa and
Sharpe (MRS) agar media supplemented with high concentra-
tions (100 g/l) of different sugars: glucose, fructose, maltose,
raffinose, sucrose, galactose or lactose. The plates were incu-
bated at 37 °C for 72-96 h. The EPS producing strains were evi-
denced by observing the appearance of the colonies, collected
with a sterile spatula and the phenotype (ropy/mucous) charac-
teristic of the EPS produced.

Quantitative determination of EPS

To determine the amount of EPS produced by LAB in the
gualitative method, the technique described by Quesada et al.
[45] was applied. The strains were subcultured three times in
MRS broth at 37 °C for 24 h, and later three more times in en-
riched media (MRS glucose and MRS sucrose, sugars at 10%), at
37 °Cfor 10 h, and the last one at 37 °C for 72 h. The tubes were
centrifuged at 15,000 rpm for 30 min at 4 °C, and the superna-
tant transferred to sterile bottles in which 2 volumes of 96° (v/v)
cold ethanol (National Institute of Viticulture, Argentine) were
added, allowed to settle for 48 h in cold room (4 °C), and cen-
trifuged at 15,000 rpm 60 min at 4 °C. The supernatants were
discarded and the pellets allowed to dry at room temperature
and weighed (up to constant weight values) to calculate the
amount of EPS (in milligrams) produced per gram of LAB and
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liter of culture medium.

Production of inhibitory substances (organic acids, hydro-
gen peroxide, bacteriocins) of bovine BL against pathogens
causing bovine infections Qualitative determination of H,0,

To determine the production of hydrogen peroxide, the qual-
itative agar plate method was applied, as described by Juarez
Tomas et al. [46]. In this method, the peroxidase enzyme (in-
corporated into the agarized medium) catalyzes the oxidation
of a chromogenic substrate (TMB) in presence of hydrogen per-
oxide. The grown colonies of lactobacilli-H,O, producer strains
were colored blue or brown in the presence of oxygen from
the air. The reagents used were: Solution A: TMB 17.34 mM in
methanol and solution B: 100 U/ml peroxidase. The final con-
centrations in each plate were: TMB 1mM and peroxidase 2 U/
ml. Each strain of lactobacilli was seeded on the surface of the
TMB-MRS plates and incubated in microaerophylic conditions
at 37 °C for 48 h. At the end of the incubation, the plates were
exposed to the air and coloration of the colonies recorded. The
production of H202 was classified according to the color inten-
sity of the colonies, such as: ++, +, + d (some coloured colonies),
and - (negative).

Production of inhibitory substances. Agar diffusion meth-
od

To evaluate the inhibitory activity of lactic acid bacteria
against pathogenic microorganisms, the plate diffusion tech-
nique was used according to Jack et al [47], modified by Ocaia et
al [48]. The cell-free supernatants were centrifuged and filtered
and added to pathogens (different concentrations) inoculated
on soft agar plates. Also the chemical nature of the antagonistic
substances was determined: the supernatants were neutralized
with NaOH 2 mol/I (Cicarrelli, Argentine) to define the organ-
ic acid nature. They were later neutralized (pH: 6.5) and then
treated with catalase 1000 U/ml (Sigma-Aldrich, St Louis, USA)
to decide if they were oxygen peroxide or bacteriocins.

Referred to the pathogen strains, Triptic Soy Broth (TSB),
Brain Heart Infusion (BHI) (Britania, Argentine) and Todd Hewitt
plates (1% agar) were prepared by inoculating 15 pl of active
pathogenic strains (107 - 10° CFU) in 15 ml of culture medium
(specific for each microorganism), melted and cooled to 30 °C.
Once solidified the plates, 6 mm wells were performed in which
30 ul of supernatants (pure, neutralized and neutralized-treat-
ed with catalase) of LAB under study were seeded. The plates
were incubated for 3 h at room temperature and subsequently
at 30 °C for Listeria monocytogenes and at 37 °C for the other
pathogens for 24-48 h. The size of the diameters of inhibition
halos was measured in mm.

Enzymatic activities of LAB isolated from the vagina, mam-
mary gland of adult bovine females, and calves faeces.

The screening of production of different type of enzymes,
some of them related with a specific beneficial characteristic
was performed in all the strains. To determine amylase activ-
ity, LAB were subcultured in MRS broth. 50 pl of each bacte-
rial suspension was added in wells of MRS-agar starch plates,
incubated at 37 °C for 48 h. The positive enzymatic activity was
evidenced by the addition of Lugol, due to the presence of clear
zones around the wells, indicating the enzymatic degradation
of the starch. Producer Lb. amylovorus CRL1949 strain (provid-
ed by Laboratory of Plant Technology Ecophysiology, CERELA-
CONICET) was used as positive control.

To evaluate the xylanase activity, LAB suspensions (50 ul)
were added in wells (6 mm) performed aseptically on MRS-xy-
lan agar plates. They were incubated at 37 °C for 48-72 h. After
that time, a Congo Red solution added on the plate was used as
developer, and allowed to act for 15 min. The dye turned the
xylan to red, then the positive xylanase activity was evidenced
by the presence of clear zones (halos) around the well, indicat-
ing the enzymatic degradation of the xylan.

To study the production of cellulase activity in LAB, cell sus-
pensions were seeded in wells (50 ul) performed in MRS-car-
boxymethyl cellulose (CMC) agar plate. The plates were incu-
bated at 37 °C for 48-72 h without inverting. Then they were
stained by adding Congo Red solution to the plate surface and
allowed to act for 15 min. The dye stains the CMC red, then
the positive cellulase activity was evidenced by the presence of
clear zones around the well, indicating the enzymatic degrada-
tion of carboxymethylcellulose.

Compatibility between BL strains

The compatibility between the LAB strains from the three
tracts under study: vaginal tract and mammary gland of adult
bovine females, and gastrointestinal tract of calves, was evalu-
ated by the agar plate diffusion method [49]. Each one of the
microorganisms was used as an indicator and as a producer of
inhibitory substances. Different LAB concentrations (107 and
10° CFU/ml) were inoculated into semi-soft LAPTg agar plates
(1% agar) as indicators microorganism. In the assays of bacteria
as producers, the treatment of supernatants (with NaOH and
catalase) was applied to determine the nature of the inhibitory
substances (organic acids, hydrogen peroxide or bacteriocins)
as described before. The microorganisms, as producers, were
activated by successive sub-cultures in MRS broth. The third
subculture was centrifuged at 6000 rpm for 10 min. Each super-
natant was distributed in three tubes (pure, neutralized with
NaOH and neutralized-treated with catalase) and pH measured.
Aliquots (25 pl) of the pure and treated supernatants were add-
ed in the wells of agar plates containing the indicator strains.
The plates were incubated at room temperature for 5 h, and
then 24 h at 37 °C.

Statistical analysis

Statistical analysis was performed by applying the Minitab
(version 16) software.

Results and discussion
Surface properties

The strains used in this work were selected previously by
their beneficial characteristics [27,28,50], planning at that time
their use in each specific homologous tract or ecological sys-
tem and host. But, when planning to go further in the selec-
tion of those strains with higher or more outstanding properties
to be used as a single formula, some specific techniques and
complementary studies were required. In this sense, the benefi-
cial strains used to complement the probiotical characteristics
screening are included in Table 1, being isolated from three dif-
ferent bovine ecosystems.

The evaluation of the surface properties of the strains, re-
lated to their adhesion capability has shown that most of the
strains from the vaginal tract were not able to autoaggregate.
The strain with higher index was Lb. gasseri CRL1461 as shown
in Figure 1. Similar pattern was observed in the autoaggrega-
tion values of the mammary gland strains, most of them with
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low indexes, except Lb. plantarum CRL1716 with 51% (Table 2).
Referred to the hydrophobicity capability, most of the strains
from vagina were non-hydrophobic, being Lb. gasseri CRL1461
(60%), Lb. delbrueckii CRL1460 (58%), Lb gasseri CRL1421 (64%)
and CRL1412 (72%) the strains with higher indexes.

0 40 a0

40 {

201 Mutoaggregation

| 80

: Toluene * e

40
Xylene

0 | e o
0 20 40 0 40 a0

Figure 1: Surface characteristics of selected LAB isolated from
vaginal tract. Self-aggregation and hydrophobicity index (in tolu-
ene and xylene). Facultative heterofermentative (®), obligate het-
erofermentative (X) and obligate homofermentative (#) strains

Table 2: Surface characteristics of LAB strains selected from the
bovine mammary gland

Strains Au'foaggrega- Hydrophobicity

tion (%) ® Hexadecane (%)°
Lb. plantarum CRL1716 51,95 96,87
Lb. perolens CRL 1724 5,55 75,09
Lc. lactis subsp lactis CRL 1655 14,37 13,51
P. pentosaceus CRL 1831 10,00 0,00
W. cibaria CRL 1833 8,41 82,91
E. hirae CRL 1842 4,69 13,33

ZAutoaggregative capability (Ocafia and Nader-Macias, 2002).
Determined by MATH in hexadecane (Otero et al, 2004).

In the mammary gland strains, three of the strains: Lb. plan-
tarum CRL1716, Lb. perolens CRL1724 and W. cibaria CRL1833
showed high hydrophobicity indexes. These results indicate that
the two characteristics related with the adhesion capability of
the strains are not directly correlated, or expressed together in
one strain: in some strains only one of them is expressed, while
in other strains the other. This type of behavior was also ob-
served in feedlot isolated strains, where some strains showed
to be autoagregants, while some other were hydrophobic [26].
In human host isolated strains, this differential activity was also
evidenced [51].

Biofilm forming strains

The capability to form biofilm is also a characteristic more
frequently and strongly related to the mucosal adhesion and
permanence capabilities of the strains under evaluation [43].
From the biofilm formed strains, a different behavior was also
obtained. The vaginal strains showed that some of them were
able to form biofilm in most of the media assayed. Lb. fermen-
tum CRL1573/1574/1575 and 1576 formed biofilm in LAPTg,
MRS and MRS without tween 80. Lb. gasseri CRL1412/1421, Lb.
delbrueckii CRL1460, Lb. fermentum CRL1556/1559/1560/1563

and 1564 strains formed biofilm only in complete MRS broth,
while Lb. fermentum CRL1560/1561 and 1564 formed slightly
lower biofilm in this media without tween added. In LAPTg with
not tween, most of the strains did not form biofilm, as observed
in Figure 2a.

Referredtothe mammaryglandisolatedstrains, Lb. plantarum
CRL1716 showed to form biofilm only in MRS media (Figure 2b).

In the case of calves faeces origin (Figure 2c) the strains did
not form biofilm in the assayed media.
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Figure 2: Formation of biofilms of lactic bacteria strains isolat-
ed from the reproductive tract (a), mammary gland (b) of cows,
and gastrointestinal tract (c) of lactating calves in MRS and LAPTg
broths with (0.1%) or without Tween 80. The data are expressed as
the mean values of OD, + standard error of the biofilms formed
in microplates stained with crystal violet and solubilized with
ethanol. The rows with different capital letters indicate significant
differences (p <0.05) in the formation of biofilms of the different
strains in the same culture medium. The columns with different
lowercase letters indicate significant differences (p <0.05) in the
formation of biofilms of the same strains in different culture media
according to the Tukey test. Methods are described in the text
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These results indicate that the capability to form biofilm in
different culture media is again a characteristic of each strain,
and must be assayed individually in each specific case. These
results are similar to the ones described by [43], showing
different behavior of the strains isolated from human vagina in
different culture media.

Exopolysaccharides production

The production of exopolysaccharides is highly related to
the formation of a mucous coverage in a way to promote the
approach of the strains to the animal cells or mucosal surfaces.
The importance of EPS production in specific strains is also being
studied more recently, due to the close relationship between
the EPS production and the immune stimulation. Chabot et al.
[52] have shown that exopolysaccharides from Lactobacillus
rhamnosus RW-9595M stimulate TNF, IL-6 and IL-12 in human
and mouse cultured immunocompetent cells, and IFN-in mouse
splenocytes, acting as adjuvants or stimulators of the immune
system. These immunomodulatory polysaccharides exert their
action through cell membrane receptors whose nature, density
and cellular distribution contribute to the response. EPS are
well known as mitogens for a wide variety of cells [53].

From the 17 strains evaluated, only 6 (18%) were able to
produce EPS (Figure 3a), being 2 of them mucous-EPS, and 4
ropy-EPS. The quantification of EPS of the 6 producer strains
in sugar-added media have shown that the amount of EPS is
different, and depends on the sugar used as main source of
production. Lb. gasseri CRL1412 and Lb. fermentum CRL1576
were the strains showing higher EPS production on MRS
glucose (Figure 3b up). When sucrose was the carbon source,
Lb. fermentum CRL1580/1576 and W. cibaria CRL1833 were the
higher EPS producer strains, indicating that this characteristic
is also related to each specific strain (Figure 3b low). Previous
studies indicated that the carbon source added to the culture
media plays an important role in the phenotype and total
amount of polysaccharide produced. The use of single sugar
does not promote a higher EPS production in all the strains,
because it depends on the metabolic capability of the strain
under assay. Cerning et al. [54] showed that EPS production by
Lb. casei CG11 in basal medium containing glucose was higher
than in the same medium with lactose or galactose. Lb. casei
CRL87 was able to produce 1.7 times more EPS in galactose
than in glucose, according to Mozzi et al. [55].
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Figure 3: Production of exopolysaccharides (EPS) in lactic acid
bacteria strains isolated from different bovine ecosystems. (a) EPS
classification according to phenotype, and (b) quantitative deter-
mination in MRS broth (10% glucose added) and MRSs (10% su-
crose added). The rows with different capital letters indicate sig-
nificant differences (p <0.05) in EPS production of different strains
in the same culture medium tested. The columns with different
lowercase letters indicate significant differences (p <0.05) in the
EPS production of the same strain in two culture media tested ac-
cording to the Tukey test

Inhibitory substances production

The assays performed to determine the production of in-
hibitory substances have shown different degree of H202 pro-
duction in agar media, according to the oxidized colour of the
colonies, indicating that all the strains were able to produce
H,0,. Lb. gasseri CRL1412, Lb. fermentum CRL1575, P. pentosa-
ceus CRL1831, Lb. johnsonii CRL 1693 and Lb. mucosae CRL1696
strains were the ones showing higher production levels (Table
3). When looking at the other inhibitory substances produced
from strains isolated from the three ecosystems, the results
indicated in Figure 4 were obtained. The strains isolated from
vagina only were able to inhibit Listeria monocytogenes (shown
as a photo example in Figure 5), while those isolated from the
mammary gland and calves faeces have shown a wider spec-
trum of pathogen inhibition. The quantitative determination of
the size of haloes is indicated in Tables 4a and 4b. The calves’
strains showed to inhibit L. monocytogenes, E. faecium, S. dys-
galactiae, S. uberis, S. aureus, S. dublin, S. Tiphymurium, E. coli
and S. infantis. The mammary gland strains inhibited L. mono-
cytogenes, E. faecium, S. dysgalactiae, S. agalactiae, Staphylo-
coccus coagulase-negative and S. bovis. The inhibitory potential
of the LAB strains under evaluation indicates that each strain
shows a specific inhibition pattern that must be assayed when
studying each particular strain. The ability of various LABs to
inhibit the growth of pathogenic microorganisms has been
documented, as well as the antimicrobial activities of cell-free
supernatants of LAB isolates of different origins. Bacteriocins
are a group of potent antimicrobial peptides produced by some
microorganisms, including LAB, active against closely related or-
ganisms, mainly gram-positive bacteria to obtain a competitive
advantage for nutrients in the environment [56]. The LAB strains
that produce bacteriocins are protected from their own toxins
by the expression of a specific immune protein, encoded in the
bacteriocin operon [57]. LABs isolated from bovine ecosystems
show various antimicrobial activities, through the production of
different metabolites, including lactic acid, hydrogen peroxide
and bacteriocins.
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Table 3: Qualitative determination of hydrogen peroxide pro-

duction by lactic bacteria®

Strains Hydrogen peroxide®
Lb. gasseri CRL 1412 o+
Lb. gasseri CRL 1421 +
Lb. gasseri CRL 1460 ++
Lb. delbrueckki CRL 1461 +
Lb. fermentum CRL 1574 ++
Lb. fermentum CRL 1575 +++
Lb. gasseri CRL 1566 ++
Lc. lactis subsp lactis CRL 1655 ++
Lb. plantarum CRL 1716 +
Lb. perolens CRL 1724 +
P. pentosaceus CRL1831 +++
W. cibaria CRL 1833 ++
E. hirae CRL 1842 +
Lb. johnsonii CRL1693 +++
Lb. murinus CRL 1695 ++
Lb. mucosae CRL 1696 +++
Lb. salivarius CRL 1702 ++
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Figure 4: Production of inhibitory substances by lactic bacteria
isolated from vagina and mammary gland of adult bovine females
and feces of lactating calves. The pathogens tested were: L. mono-
cytogenes, E. faecium, S. dysgalactiae, S. uberis, S. aureus, S. aga-
lactiae, SCN, S. bovis, S. dublin, S. tiphymurium, E. coli and S. infan-
tis. The quadrants in different trace correspond to the tracts from
which the lactic bacteria were isolated. Each rectangle represents
one of the selected strain

Figure 5: Inhibition of Listeria monocytogenes by neutralized
supernatants of LAB strains isolated from bovine mammary gland

Table 4: Inhibitory activity of LAB isolates from gastrointestinal tract (4a) of suckling calves and mammary gland (4b) of adult
cows against pathogens responsible for infections in cattle, using the plate diffusion technique (Inhibitory Halos in mm)

4a L. monocytogenes E. coli S. aureus E. faecium
strain Neut N.N Neut N.N Neut N.N Neut N.N
Lb. johnsonii CRL 1693 0 0 2 0 1 0 0 0
Lb. murinus CRL 1695 0 0 0 0 0 0 0 0
Lb. mucosae CRL 1696 0 0 0 0 0 0 0 0
Lb. salivarius CRL 1702 0 0 0 0 0 0 0 0
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4b L. monocyto- i . . . .
E. coli S. aureus E. faecium S. dysgalactiae S. agalactiae S.C.Negat S. bovis
genes
Strain
Neut N.N Neut N.N Neut N.N Neut N.N Neut. N.N Neut N.N Neut N.N Neut N.N
Lb. plantarum CRL 1716 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
E. mundtii CRL 1656 9 11 0 0 0 0 7 8 5 4 0 0 0 0 0 0
W. cibaria CRL 1833 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
E. faecium CRL 1657 8 7 0 0 0 0 4 4 1 1 0 0 0 0 0 0
Lb. perolens CRL 1724 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Lc. lactis subsp lactis CRL
8 7 0 0 4 5 0 0 2 5 4 4 6 6 2 5
1655
E. hirae CRL 1835 5 6 0 0 0 0 6 6 3 5 0 0 0 0 0 0
E. hirae CRL 1842 4 4 0 0 0 0 1 2 2 0 0 0 0 0 0 0
P. pentosaceus CRL 1831 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Beneficial enzymes

As the strains under evaluation are planned to be included in
a multi-strain formula, the evaluation of the beneficial enzymes
produced were also of main interest. The enzymes screened
were amylase, cellulose and xylanase supported by the possi-
bilities of administration to different aged animals. The adult
cows are fed with different type of grains, where the three en-
zymes evaluated could exert some type of fiber-degradation.
Amylase catalyzes the hydrolysis of 1-4 bonds of a-amylase, by
digesting glycogen and starch to form simple sugars. When in-
corporated into the diet of ruminants, starch is degraded mainly
by the amylolytic bacteria, which ferment the reserve carbohy-
drates (starch) present in grains. The digestibility of the starch
in the rumen is high and the fraction that manages to pass to
the intestine can be degraded by the pancreatic amylase of the
animal and thus absorbed as glucose, which favors the rumi-
nant by providing a direct source of glucose. Hence the impor-
tance of isolating lactic bacteria with amylolytic properties as
potential probiotics for ruminants, since they would favor the
digestive process in diets with a high concentration of energy
compounds, favoring weight gain. All the strains under study,
independently of the isolation origin, were not able to produce
xylanase, amylase and celullase enzymes under the conditions
assayed.

Compatibility of the strains

The ideal formula to be applied in the three areas of bovines
could be designed or formulated with one or two strains iso-
lated from each mucosal tract or ecosystem. When determining
the compatibility of the selected strains (with beneficial charac-
tersitics), Lc. lactis subsp lactis CRL1655 (bacteriocin producer)
can be combined only with Lb. fermentum CRL1575 and Lb.
gasseri CRL1566, because inhibits all the other strains. It was
observed that Lb. gasseri CRL1412 and CRL1421 were the most
sensitive strains, since they were inhibited by most of the as-
sayed strains. The other strains show some type of inhibition
only to specific strains, and in higher dilutions as shown in Table
5. Then, a mixed probiotic formula can de designed or formu-
lated by combining most of the strains, except Lc. lactis subsp
lactis CRL1655 that must be used individually. Although the use
of probiotic products in animals formulated with a combination
or multiple-strains is very frequent [58,59], the evaluation of
the degree of interactions or compatibility between potentially
probiotic LAB strains has not been reported to date, to be ap-
plied to different bovine ecosystems. In this assay, the lactoba-
cilli evaluated showed different spectra of inhibition between
them. This study, therefore, allows the selection of compatible
strains for their potential inclusion in a probiotic / pharmaco-
logical product.

Table 5: Compatibility between strains of Lactobacillus isolated from vagina and mammary gland of adult bovine females, and

gastrointestinal tract of calves

Inhibitory substances producer strains® (inhibition halos, mm)
Indicator | Dilu- ' cpL CRL CRL  CRL CRL CRL CRL CRL CRL CRL  CRL CRL CRL CRL | CRL CRL CRL
Strains® | tion | 1412 | 1421 | 1460 | 1461 1574 1575 1566 = 1655 | 1716 | 1724 | 1831 1833 1842 1693 1695 & 1696 1702
-1 0,00 | 000 | 000 000 000 | 200 000 235 | 000 000 | 000 000 000 000 | 000 | 000 | 000
crLia 2 1,20 200 350 550 230 300 300 556 | 250 000 | 555 553 500 | 500 550 | 000 | 540
-1 230 | 440 | 350 020 540 | 300 550 345 | 200 | 200 | 555 453 200 340 | 200 | 230 | 340
e 2 200 | 232 | 230 240 440 | 540 550 556 | 550 | 555 | 536 556 500 533 |532 553 | 555
-1 000 | 000 | 000 000 000 | 000 320 556 | 000 000 | 000 000 000 000 | 000 000 | 000
cRL 1460 2 0,00 | 000 | 000 000 000 | 000 000 000 | 000 000 | 000 000 000 000 | 000 | 000 | 000
-1 0,00 000 | 000 030 000 | 000 000 8107 | 000 | 000 | 300 400 000 000 | 000 | 000 | 000
cRu et 2 0,00 000 | 000 11,0 000 | 000 000 1089 | 000 | 000 | 1,12 11,1 000 000 | 010 | 320 | 1,20
-1 0,00 000 | 000 000 000 | 500 400 000 | 000 000 | 000 000 000 000 | 000 | 000 | 000
Rt 2 000 | 000 | 000 000 000 | 640 200 200 | 000 000 | 000 000 000 000 | 000 | 000 | 000
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-1 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,00 | 0,00 0,0,0 0,0,0 0,0,0 0,0,0

LT -2 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 3,0,0 3,00 0,0,0 0,0,0 0,0,0 0,0,0 0,00 | 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0
-1 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 5,0,0 3,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,00 | 0,00 0,0,0 0,0,0 0,0,0 0,0,0

cRL 1568 -2 0,0,0 0,0,0 1,4,0 0,0,0 5,0,0 4,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,00 | 0,00 0,0,0 0,0,0 0,0,0 0,0,0
-1 0,0,0 2,0,0 2,00 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,00 | 0,00 0,0,0 0,0,0 0,0,0 0,0,0

cRL1ess -2 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 2,00 3,0,0 0,0,0 0,0,0 1,0,0 1,0,0 0,00 | 0,00 0,0,0 0,0,0 0,0,0 0,0,0
-1 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 1,1,2 0,0,0 0,0,0 0,0,0 0,00 | 0,00 0,0,0 0,0,0 0,0,0 0,0,0

creine -2 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 54,7 0,0,0 0,0,0 0,0,0 0,00 | 0,00 0,0,0 0,0,0 0,0,0 0,0,0
-1 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 52,1 0,0,0 0,0,0 0,0,0 0,00 | 0,00 0,0,0 0,0,0 0,0,0 0,0,0

i -2 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 8,53 0,0,0 0,0,0 0,0,0 0,00 | 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0
-1 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 4,4,2 0,0,0 0,0,0 0,0,0 0,00 | 0,00 0,0,0 0,0,0 0,0,0 0,0,0

crList -2 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 6,3,2 0,0,0 0,0,0 0,0,0 0,00 | 0,00 0,0,0 0,0,0 0,0,0 0,0,0
-1 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 10,6,3 0,0,0 0,0,0 0,0,0 0,00 | 0,00 0,0,0 0,0,0 0,0,0 0,0,0

cruiess -2 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 6,4,2 0,0,0 0,0,0 0,0,0 0,00 | 0,00 0,0,0 0,0,0 0,0,0 0,0,0
-1 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 6,2,2 0,0,0 0,0,0 0,0,0 0,00 | 0,00 0,0,0 0,0,0 0,0,0 0,0,0

crLise -2 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 6,3,2 0,0,0 0,0,0 0,0,0 0,00 | 0,00 0,0,0 0,0,0 0,0,0 0,0,0
-1 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 7,32 0,0,0 0,0,0 0,0,0 0,00 | 0,00 0,0,0 0,0,0 0,0,0 0,0,0

L1083 -2 0,0,0 0,0,0 0,0,0 0,0,0 2,2,1 2,0,0 2,0,0 10,6,5 3,33 3,2,0 4,0,0 3,00 | 222 0,0,0 0,0,0 0,0,0 0,0,0
-1 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 6,3,2 0,0,0 0,0,0 0,0,0 0,00 | 0,00 0,0,0 0,0,0 0,0,0 0,0,0

cRL 1093 -2 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 10,4,2 0,0,0 0,0,0 0,0,0 0,00 | 0,00 0,0,0 0,0,0 0,0,0 0,0,0
CRL1696 | -1 0,0,0 0,0,0 0,0,0 0,00 | 00,0 0,0,0 0,0,0 10,3,1 0,0,0 0,0,0 0,00 | 0,00 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0
-2 0,0,0 0,0,0 0,0,0 0,00 | 00,0 0,0,0 1,2,0 54,3 0,0,0 0,0,0 0,00 | 0,00 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0

CRL1702 | -1 0,0,0 0,0,0 0,0,0 0,00 | 00,0 0,0,0 0,0,0 10,6,4 0,0,0 0,0,0 0,00 | 0,00 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0
-2 0,0,0 0,0,0 0,0,0 0,00 | 0,00 0,0,0 0,0,0 6,3,2 0,0,0 0,0,0 0,00 | 0,00 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0

3\Vaginal and mammary gland lactobacilli from adult bovine female and gastrointestinal tract of calves used as indicator (sensitive) strains of in-
hibitory substances produced by Lactobacilli.
®Vaginal and mammary gland lactobacilli from adult bovine female and gastrointestinal tract of calves used as inhibitory substances producers

against Lactobacilli.
The results represent the size of the inhibition halos (in mm) produced by the Lactobacillus supernatant (untreated, neutralized and neutralized
and treated with catalase).

Table 6: Homologous beneficial LAB strains selected by their probiotic characteristics for the design of a cattle formula

Surface properties Antimicrobial properties
. - Auto Hydro Biofilm EPS Inhibition of | Hydrogenper-
Strain Origin . v .. (oD, ) (mg/Itmedim) v g P Lactic acid®
aggregation | phobicity 570nm! g pathogens® oxide' &/
(%) (%) (Mm de H202) &
MRS MRS-T LAPTg LAPTE-T MRSg MRSs
Lb. gasseri CRL
0 72 1,48 0,73 0,28 0,01 17,1710 5,500 1 0,27 n.d
1412
Lb. gasseri CRL
0 64 1,37 0,81 0,19 0,16 - - 0,27 n.d
1421 Vaginal
Lb. gasseri CRL Mucosa
2 58 0,72 0,59 0,27 0,13 - - 0 n.d
1460
Lb. delbrueckii 0,11
28 58 0,60 0 0,41 - - 0,12 n.d
CRL 1461
P. pentosaceus 0,21
10 0 0,73 0,05 0,13 4,500 5,500 - 0,20
CRL 1831 Mammary n.d
W. cibaria CRL gland
8 83 0 0,35 0 0 8,450 11,560 - 0,50 n.d
1833
Lb. johnsonii
13 79 0,31 0,18 0,21 0,20 - 2,3,4 0 10.56
CRL 1693
Lb. murinus 0,35
70 18 0,17 0,25 0,21 - 5 0 6.38
CRL1695
Calf feces
Lb. mucosae
16 18 0,14 0,23 0,22 0,22 - - 0,82 5.7
CRL1696
Lb. salivarius 0
6 35 0 0,15 0,31 - 5 0,37 8.12
CRL1702
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MRS-T, LAPTg-T: culture medium without Tween 80; MRSg: culture medium enriched with glucose 10%; MRSs: MRS enriched with sucrose 10%;
1: L. monocytogenes FBUNT; 2: E. coli ATCC12900; 3: S. dublin MP/07; 4: S. aureus FBUNT; 5: S. typhimurium MP/08. N.d: undetermined.

@ Autoaggregative capability (Ocaiia and Nader-Macias, 2002).
®Determined by MATH in hexadecane (Otero et al, 2004).

¢ Determined by technique of quantification of biofilm in polystyrene microplates modified (Leccese Terraf et al., 2016).

4 Technique described by Quesada et al, 1993 / Gomez, 2005.

¢ Analyzed by the plate diffusion method described by Ocafia et al, 1999 and Judrez Tomds et al, 2004.
fDetermined by spectrophotometric method of o-dianisidine and peroxidase (Juarez Tomas et al, 2004).
& The lactic acid production was obtained by HPLC in a 16 h culture in LAPTg broth (Maldonado et al, 2012).

Conclusions

The results obtained allow to go further in the design of a
homologous, host-specific multi-strain probiotic formula to be
applied at different tracts in cattle. From 38 LAB strains with
potential probiotic properties, only 10 strains showed to share
properties or to express different beneficial characteristics were
selected, in such a way to complement their effect. Table 6
shows the compatible strains with beneficial properties, hat will
be further evaluated in their technological characteristics.
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