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ABSTRACT

Lactic acid bacteria (LAB) are widely used as probiotics in humans and animals to restore the ecological
balance of different mucosa. They help in the physiological functions of newborn calves that are suscep-
tible to a variety of syndromes. The criteria for the selection of strains for the design of probiotic products
are not available. Based in the host-specificity of the indigenous microbiota, 96 LAB isolates from faeces
and oral cavity of calves were obtained. The surface properties were screened showing a small number of
highly hydrophobic or autoagglutinating isolates. Also, a group produced H,0, and were able to inhibit
pathogens, and two strains were bacteriocin-producers. Some grew at very low pH and high bile concen-

Probiotic trations.
Prevention
Diarrhea

The strains sharing some of the specific properties evaluated were identified genetically, assayed their
compatibility and exopolysaccharide production. The results allow going further in the establishment of

criteria to select strains to be included in a multi-strain-probiotic-product to be further assayed in

animals.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

The gastrointestinal microbiota of farm animals is of fundamen-
tal importance and can affect the host in the digestion of fibre (in
ruminants) and act as a barrier against pathogens and toxic sub-
stances, mainly in young or neonates and those experiencing stress
and unfavourable environmental conditions. The indigenous mic-
robiota established after birth interacts with the digestive and im-
mune systems of the host. The colonization of the different
compartments of the intestinal tract by specific commensal bacte-
ria is facilitated initially by their association with the mucus layer
or epithelial cells of the mucosal surfaces to produce a first barrier
against invading microorganisms (Nousiainnen et al., 2004). Lactic
acid bacteria (LAB) and related microorganisms are microbial
groups that initially colonise the intestinal tract of newborns, com-
ing from the vaginal tract during parturition, and later from the
mammary gland and the environment (Long and Swenson, 1977).

In healthy animals, each segment of the intestine is colonized by
a typical microbiota, which are adapted to grow in symbiosis with
the host. The indigenous microbiota is stable for some months of
life, and can be modified by exogenous and endogenous factors,
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exert many different effects in the host, and some scientists suggest
that it acts as a “different organ” interacting permanently with the
host. Also, microbial imbalances during growth might permit the
colonization by pathogens and the appearance of many different
syndromes with deleterious effects on the host (Bauer et al.,
2006; O'Hara and Shanahan, 2006; Guarner and Malagelada,
2003). Diarrhoea is one and causes the calf death and financial loss
in dairy farms (Torsein et al., 2011; Gulliksen et al., 2009; Morrell
et al., 2008; Virtala et al.,, 1996; Azzam et al., 1993; Bellinzoni
et al., 1990; Bellows et al., 1987). Probiotic microorganisms have
been proposed as adjuvant to promote health status in newborn
calves (Ewaschuk et al., 2004; Magalhaes et al., 2008; Timmerman
et al., 2005). Probiotics are defined as “live microorganisms admin-
istered to the host to produce a beneficial physiological effect” (Reid
et al., 2003) and are recognized as GRAS (generally recognized as
safe) microorganisms. Many probiotic products are available in
the market for different purposes, but the bacteria they contain
are sometimes uncharacterized (Saxelin, 2008; Brink et al., 2005).

One of the objectives of our research group was to identify the
lactic acid bacteria to administer to newborn calves, isolated from
this group of animals. We initially isolated bacteria classified as
GRAS from faeces and oral cavity of newborn calves, supported
by the host specificity phenomenon described and exerted by
members of the indigenous microbiota (Kotarski and Savage
1979; Zoetendal et al., 2006). Screening of properties relating to
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beneficial characteristics (potential to adhere to the intestinal tract
or production of inhibitory substances) was performed based in
previous experience (Ocafia et al., 1999; Ocafia and Nader Macias,
2002; Otero et al., 2006). The resistance to the intestinal tract con-
ditions was also evaluated. Selected bacteria were identified by
molecular techniques, included in an international Culture Collec-
tion and assessed for suitability as probiotics for newborn calves.

2. Materials and methods

2.1. Animals, samples collection and enumeration of aerobic
population

Fifty-one samples were obtained from the oral cavities and rec-
tums of 42 healthy young calves (less than four months of age)
from dairy and beef farms in Tucuman and Jujuy provinces
(Argentina). Animals sampled were clinically healthy (based on
body weight gain, daily intake, natural behavior, lack of diarrhoea
symptoms) and had not received antibiotics for the last month
prior to sample collection.

The samples were collected with sterile swabs in MRS 1% agar
pH 4.5 (De Man et al., 1969) (Merck, Darmstadt, Germany) and also
in LAPT (1% yeast extract, 1.5% peptone, 1% tryptone, 1% glucose,
0.1% Tween 80; Fournaud et al., 1964) medium supplemented with
0.7% agar (w./vol.) MRS agar was stored at 4 °C.

The swabs collected in LAPT medium were resuspended
(10! dilution) in peptone water, followed by serial dilutions. Ali-
quots of each dilution were plated onto LAPTg (1% yeast extract,
1.5% peptone, 1% tryptone, 1% glucose, 0.1% Tween 80), MacConkey
agar (Britania, Buenos Aires, Argentina) and MRS agar, in order to
quantify enterobacteria and LAB members, respectively.

2.2. Isolation and partial identification of lactic acid bacteria strains

For the enrichment and isolation of LAB, MRS agar pH 4.5 was
added with 1 ml of MRS broth and incubated 24 h at 37 °C. Afterincu-
bation, the swabs were spread onto MRS agar and LBS agar
(Lactobacilli Selective Media; Rogosa et al., 1951) (Merck, Darmstadt,
Germany). Plates were incubated in a 5% CO, atmosphere for 48 h at
37 °C. One to three isolated colonies were randomly selected and
transferred to MRS broth for 12 h at 37 °C and later spread onto
MRS agar to assess the purity of the isolated microorganisms. The
isolates were stored in milk yeast extract (13% non fat milk, 1% yeast
extract) containing 20% glycerol (vol./vol.) at —20 °C.

The presumptive identification of the microorganisms was per-
formed by Gram stain, morphology and catalase reaction, reduc-
tion of nitrate and indole production. Gram positive isolates that
resulted negative for catalase reaction, indole and nitrate reduction
were selected for further evaluation and included in the LAB group.
In order to identify the isolates at the metabolic group level, the
gas production from glucose or gluconate was determined. The
gas production from glucose was evaluated in Gibson medium
(Gibson and Abd-El-Malek, 1945). The gas production from gluco-
nate was performed in gluconate medium and sealed with a layer
of vaseline-paraffin (1:1). Gibson and gluconate media inoculated
with lactobacilli were incubated for 48 h at 37 °C.

2.3. Bacterial surface properties

The hydrophobic nature of the cell surface was studied by the
method of microbial adhesion to hydrocarbons, as described by
Ocafia et al. (1999) in all the isolates. The cell suspensions with
n-hexadecane (Merk, Darmstadt, Germany) were gently agitated
for three minutes. After the separation of the two phases, the opti-
cal density of the aqueous phase was determined. The index of

hydrophobicity was the result of the decrease of turbidity of the
aqueous phase calculated by the following expression: Hydropho-
bicity (%) = [(OD final — OD initial)/OD final] x 100.

The extent of bacterial auto-aggregation was assessed according
to the technique described by Ocafia et al. (1999). Briefly, the
ODggonm Variation of cellular suspensions in phosphate buffered
saline (PBS) solution pH 7 was monitored for two hours. The de-
gree of auto-aggregation was calculated using the same expression
as hydrophobicity.

The score of hydrophobicity and auto-aggregation applied was:
high (60-100%), medium (30-60%) and low (0-30%).

2.4. Screening of antagonistic activity against pathogens

2.4.1. H,0, production

The H,0, production was qualitatively determined for isolates
by the plate method described by Juarez Tomas et al. (2004) by
employing horseradish peroxidase (Sigma Chemical Co, St. Louise,
MO, USA) incorporated in tetramethyl-benzidine (TMB) (Sigma
Chemical Co, St. Louise, MO, USA) agar medium. The microorgan-
isms were inoculated in the TMB-MRS plates. A score was assigned
according to the intensity of blue colour of LAB colonies in the
plates: — (negative), + (weakly positive), ++ (moderately positive)
and +++ (strongly positive).

2.4.2. Inhibitory activity

The pathogenic microorganisms used for the detection of antag-
onistic substances were: Salmonella dublin MP/07 (isolated from a
bovine clinical sample in our Laboratory, MP states for Microbio-
logia Preventiva Laboratory), Yersinia enterocolitica 1845/00 pro-
vided by ANLIS (Administracion Nacional de Laboratorios e
Institutos de Salud “Dr. Carlos Malbran”; Buenos Aires, Argentina);
Escherichia coli 3511AD, Streptococcus uberis MP/06 and Streptococ-
cus dysgalactiae 05/84 provided by INTA Rafaela, (Instituto Nacion-
al de Tecnologia Agropecuaria; Santa Fé, Argentina) and Klebsiella
sp. MP/05 (a biofilm producer strain).

The plate diffusion technique was used to evaluate the produc-
tion of inhibitory substances in the supernatant fluid of the isolates
(Jacketal., 1995). Briefly, LAPTg 1% agar plates with 10-107 CFU/ml
of each pathogen were prepared. Standardized aliquots (35 pl) of
cell-free supernatant obtained from the third subculture of the
microorganisms grown in LAPTg broth were placed into holes
(4 mm diameter) of pathogens plates. The plates were incubated
for 2 h at room temperature and then 24 h at 37 °C. An inhibition
zone of at least 6 mm diameter was considered positive. Positive
supernatants were neutralised with sterile 1 N NaOH, and later trea-
ted with catalase (1000 U/ml) (Sigma-Aldrich, St. Louise, MO, USA)
to determine the nature of the inhibitory substances (organic acids,
hydrogen peroxide or bacteriocin).

2.5. Resistance to bile salts

MRS plates with bovine ox-bile (Fluka, Signa-Aldrich, St. Louise,
MO, USA) at concentrations of 0.5%, 1% and 2% (wt./vol.) were pre-
pared. Samples of the third subcultures of LAB (2 pl corresponding
to 5 x 108 CFU/ml) were spotted onto MRS- ox-bile plates and
incubated aerobically for 48 h at 37 °C.

2.6. Criteria for selection of the isolates

The selection of isolates with beneficial properties was per-
formed based on their surface pattern (high values of hydrophobic-
ity and self-aggregation), expression of antagonistic activity
against calf pathogens (production of hydrogen peroxide, lactic
acid or bacteriocin) and functional properties such as resistance
to high bile salts concentration.
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2.6.1. Genetic identification of the selected strains

Those LAB isolates sharing some of the screened properties
were further identified by molecular biology using 16S ribosomal
RNA gene sequencing. Amplifications of DNA were carried out by
colony PCR. Microorganisms were cultured on LAPTg agar. The
reaction was performed with PCR Buffer (1x) (Invitrogen, Carlsbad,
CA, USA), 2.5 mM MgCl, (Invitrogen, Carlsbad, CA, USA), 0.2 mM
dNTPs (Invitrogen, Carlsbad, CA, USA), 1 uM MLB16 (5'GGCT-
GCTGGCACGTAGTTAG) and PLB16 (5'AGAGTTTGATCCTGGCTCAG)
primers (Hébert et al., 2000), Taq DNA polymerase (2.5 U) (Invitro-
gen, Carlsbad, CA, USA) and Milli-Q water. The final volume was
50 pl. The PCRs were performed in a Biorad MyCycle thermal cycler
(BioRad Laboratories, Hercules, CA, USA) under the following con-
ditions: 4 min at 94 °C of initial denaturation, 30 cycles consisting
of 30 s at 94 °C, 45 s at 52 °C and 45 s at 72 °C and a final extension
at 72 °C for 7 min. The PCR products were electrophoresed in 0.8%
agarose gels, purified and sequenced using the DNA sequencing
service of RURALEX FAGOS (Capital Federal, Buenos Aires,
Argentina). Identification was performed by comparing our 16S
rDNA sequences with those deposited in Genbank database by
using the BLAST algorithm.

2.6.2. Complementary evaluation of selected strains

2.6.2.1. Bacterial aggregation and exopolysaccharide (EPS) produc-
tion. The agglutination of the selected LAB strains that left a clear
supernatant after incubation was further studied. The autoaggre-
gation test previously described was modified by the addition of
10% (vol./vol.) of the spent culture supernatant of each microor-
ganism (Schachtsiek et al., 2004).

The production of EPS by LAB strains was evaluated in 16 h cul-
ture in skim milk (10%, w./vol.) at 37 °C, according to the technique
described by Mozzi et al. (2004). Capsular polysaccharides forma-
tion was determined by the Indian ink negative staining technique
(Mozzi et al., 2004).

2.6.2.2. Inhibitory activity against different pathogens. Different
pathogens were used to further evaluate the inhibitory spectrum
of the selected LAB strains: Staphylococcus aureus MP/08, and Liste-
ria sp. MP/08 (isolated from dairy products) and Salmonella thy-
phimurium MP/08, Salmonella infantis 1533/00 and Staphylococcus
epidermidis 3267, isolated from clinical samples were evaluated.

2.6.2.3. Compatibility between LAB strains. The screening assay to
evaluate the compatibility between different lactobacilli was ap-
plied only in six LAB strains by using the plate diffusion technique
(Jack et al., 1995). Aliquots (35 pul) of cell-free supernatant obtained
from early stationary phase of the third subculture of the microor-
ganisms grown in MRS broth were placed into holes (4 mm diam-
eter) of MRS 1% agar plates with 10° CFU/ml, 107 CFU/ml and
10° CFU/ml with the indicator lactobacilli strains. The plates were
incubated for 2 h at room temperature and then 48 h at 37 °C,
when inhibition was assessed.

2.6.2.4. Organic acids quantification. To determine the concentration
of the lactic acid produced, the supernatants of the third subculture
incubated in LAPTg for 16 h at 37 °C were analyzed by using HPLC. A
Knauer Smartline System chromatographer (Knauer, Berlin,
Germany) with a column for organic acids (BioRad HPX-87H
300 x 7.8 mm) was employed at 41°C. The flow-rate was
0.6 ml/min. The eluent used was 5mM H,SO4 (pH 2) and the
detection was carried out with an RI detector Knauer K-2301.

2.6.2.5. Bacteriocin characterization and genetic identification. From
the screened isolates, one strain that produced a bacteriocin-like
substance was obtained, and its chemical nature was studied: the
effect of some enzymes on the activity was evaluated: proteinase

K (10 mg/ml) (Sigma-Aldrich, St. Louise, MO, USA), a-chymiotryp-
sin (10 mg/ml) (Sigma-Aldrich, St. Louise, MO, USA) and trypsin
(10 mg/ml) (Sigma-Aldrich, St. Louise, MO, USA) by the plate diffu-
sion technique. Briefly, the protease solutions were placed in holes
next to the bacteriocin and the modifications in the size of the halos
were considered as sensitive to the proteases.

The identification of the bacteriocin structural genes was per-
formed by PCR amplification by using primers designed for entero-
cin A (Aymerich et al., 1996), enterocin L50, enterocin P, enterocin
B, mundticin KS or enterocin CRL 35 (Saavedra et al., 2004) and
LanB and LanC primers that were able to amplify lantibiotic bio-
synthesis genes (Wirawan et al., 2006). Amplicons of the expected
size were cloned or directly sequenced. Enterococcus mundii CRL35,
Enterococcus faecium ATCC 19434 and  Lactobacillus lactis
ATCC11454 were used as positive controls for mundticin, enterocin
A and nisin A genes, respectively.

2.7. Statistical analysis

The Kruskal-Wallis test was applied to determine the statistical
significance of the mean data obtained for the different aerobic
population of the faecal samples.

3. Results
3.1. Isolation of microorganisms

The mesophilic bacteria recovered from faecal samples of calves
of different age was from 107 to 10° CFU/g, without any significant
differences between them (p < 0.05, Kruskal Wallis test) as shown
in Fig. 1. There were differences statistically significant between
the numbers of LAB and enterobacteria isolated from newborn
calves (from O to 1 month age) and those from older animals (2-
4 months age) as indicated in the same Fig. 1.

Ninety-six isolates were identified as LAB: 81% of the bacilli and
cocci were isolated from well-nourished calves; the majority of
cocci (30 isolates) being isolated from animals on dairy farms,
while bacilli were isolated from both dairy (27 isolates) and beef
farms (26 isolates) (data not shown). Most of the bacilli and cocci
were isolated from rectal swabs (94%); cocci were isolated from
faecal (70%) and oral samples (30%). Oral cocci were isolated
mainly from dairy-farms, while only few bacilli were isolated from
the oral cavity. The majority of the bacilli from beef and dairy
farms were isolated from faeces. The isolates classified as LAB were
also separated by their metabolic activities. Most of the LAB were
facultative heterofermentative (48%) or obligate homofermenta-
tive (40%) and only a few were obligate heterofermentative. Bacilli
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Fig. 1. Bacteria isolated from rectal swabs of newborn calves of different ages. The
data are expressed as log CFU/g: [, total mesophilic bacteria; |, LAB; and M,
enterobacteria. Different superscripts represent statistical differences (p < 0.05)
between the CFU/g of each bacterial populationat different ages.



Q

Percentage of isolates

T

Percentage of isolates

N.C. Maldonado et al./Research in Veterinary Science 92 (2012) 342-349

100+

804

60

40-

Beef—lfarms Dairyl-farms
bacilli

T
Beef-farms
cocci

Dai ryl-farms

100+

804

60

40+

T
faeces oral cavity

bacilli

faeces
cocci

oral cavity

Fig. 2. Characteristics and distribution of the population of the BAL isolates
according to the farm, source of isolation and metabolic group. 2a

oral cavity; 2b

and M, homofermentative.

, faeces and |,

, facultative heterofermentative, |, obligate heterofermentative

Q 2‘0 4p QO 8‘0
o | 80
L] (]
60
L]
- ' . k40
Autoaggregation
Py L]
‘.:. 3 % o N r 20
" [ ]
L’J ©sd" ° Lo
L]
804 °
(]
604
e [ ] ° . .
401 4o . Hidrophobicity
t .
201 . e " .
LI °
04 *--9'0-'- e °e
0 20 40 60 80
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showed a similar distribution between heterofermentative and
homofermenative groups in faeces, and there were no homofer-
mentative bacilli from the oral cavity. Most of the isolated cocci
from oral and fecal samples belong to the heterofermentative

group (Fig. 2).
3.2. Evaluation of potentially beneficial properties

3.2.1. Surface properties

When evaluating the surface characteristics of the LAB isolates,
most showed a low degree of hydrophobicity and autoaggregation.
In the lactobacilli group only a few isolates expressed high or mean
hydrophobicity. Autoaggregation was observed in lactobacilli more
commonly than in cocci. Overall, there was no correlation between
the two surfaces properties evaluated, which was in agreement
with the Pearson correlation factor (0.148) obtained. Nevertheless,
there was a group of three LAB isolates that expressed a hydropho-
bicity value higher than 60% and eight isolates showing autoaggre-
gation index higher than 30%. Fig. 3 summarizes the individual
values of all the isolates and their relationships.

3.2.2. Hydrogen peroxide production
The 20% of bacilli and 8% of cocci were strong and moderate
producers of hydrogen peroxide.

3.2.3. Inhibition of pathogens by BAL supernatants

The BAL isolates from faeces showed a wider spectrum of inhi-
bition compared with those from the oral cavity (data not shown).
The 80-100% of BAL with inhibitory activity against E. coli 3511AD,
Y. enterocolitica 1845/00, S. dublin MP/07 and Klebsiella sp. MP/05
were bacilli isolated from faecal samples (Table 1). Moreover, some
bacteria of this group showed inhibition of Gram positive cocci: S.
dysgalactiae and S. uberis MP/06. On the other hand, most of the
cocci (n =44) did not show inhibitory activity against the entero-
pathogenic microorganisms evaluated. 13% of the isolates with
activity against Y. enterocolitica 1845/00 and 10% of those active
against E. coli 3511AD were cocci from faecal samples. 7% of the
BAL isolates active on Y. enterocolitica 1845/00 were cocci (Table 1).

The inhibitory substances produced by the bacilli were acid in
nature. However, two cocci isolated from the oral cavity and faeces
were able to produce bacteriocin-like substances, active against
different bovine and food-borne pathogens. The isolates that
showed the widest inhibitory spectrum and the supernatants with
lower pH were bacilli; however, only three isolates of this group
were able to inhibit the growth of all the pathogens assayed.
Fig. 4 includes the final pH and the antagonist activity of all the
isolates.

3.2.4. Characterization and genetic identification of bacteriocin

The bacteriocin produced by E. faecium was inactivated by pro-
teinase K, a-chymiotrypsin and trypsin, as shown in Fig. 5. The ge-
netic identification of the bacteriocin produced by E. faecium CRL
1692 showed identity with the class Ila peptide enterocin A
(Aymerich et al., 1996).

Inhibitory activity of LAB isolates from newborn calves against pathogens responsible of infections in cattle, by the plate-diffusion technique. The samples were taken from faecal

swabs and oral cavity.

Escherichia coli 3511AD (%) Yersinia enterocolitica

Klebsiella sp.

Salmonella dublin Streptococcus dysgalactiae Streptococcus uberis

1845/00 (%) MP/05 (%) MP/07 (%) 05/84 (%) MP/06 (%)
Fecal bacilli 90 80 100 100 22 26
Oral bacilli - - - - 12 -
Fecal cocci 10 13 - - 44 52
Oral cocci - 7 - - 22 22

The numbers indicate de percentage of isolates from each group of LAB that show inhibition against the pathogens. (-) No inhibition detected.



346 N.C. Maldonado et al./Research in Veterinary Science 92 (2012) 342-349

6,5
.
6,0 [
%_
*g 5,5 0.
g SR
5507 8™ e =
Qo ° [}
G |8
4,5 \’ i ° “. ]
° L] F [ )
‘ " = « °
404 % ° [ )
0. ° .
- ° ~ °
° ° °
3'5- T T T T T T
1 2 3 5 6

Number of inhibited pathogens
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enterocolitica, Escherichia coli 3511AD, Streptococcus uberis MP/06 and S. dysgalactiae
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Fig. 5. Agar plate showing the inhibitory activity of Enterococcus faecium CRL 1703
against Listeria sp.: (a) E. faecium cell free supernatant and (b) neutralized
supernatant. In the centre of the plate the effect of proteinase K (c), a-chimiotrypsin
(d) and trypsin (e) is shown. The modified holes on the right contain Enterococus
faecium CRL 1703 neutralized supernatant.

3.3. Functional properties

3.3.1. Resistance to bile

Most of the BAL isolates were able to grow in media added with
0.5%, 1% and 1.5% bile and only 10 were sensitive to the three con-
centrations of bile evaluated. While the bacilli were able to resist
0.5% bile concentration, most of the cocci grew at the highest con-
centration (1.5%) (Fig. 6).

3.3.2. Strains Selected by beneficial properties

Fourteen BAL strains sharing beneficial properties (hydropho-
bicity, autoaggregation) were selected and identified by genetic
methods. The lactobacilli included in this group were genetically
identified as: Lactobacillus johnsonii, Lactobacillus mucosae, Lactoba-
cillus murinus, Lactobacillus salivarius and Lactobacillus amylovorus.
The strains that produced the bacteriocin were identified as
E. faecium and Streptococcus bovis. S. bovis was excluded from the

404

301

20

Number of isolates

ol I

C5 0.5% 1% 2%
Bile concentration

sensible

Fig. 6. LAB resistance to different concentration of bile. The symbols indicate bacilli,
and cocci, .

group of selected strains to be used as a probiotic, since it may pro-
duce ruminal acidosis in calves. The results of the individual prop-
erties of each LAB strain are included in Tables 2a and 2b.

Among the selected strains, only L. murinus CRL 1695 showed a
high autoaggregative pattern. Low or medium autoaggregation in-
dex strains, but able to settle down after long periods of incuba-
tion, were further studied. They were subjected to a second
autoaggregation test, where 10% (vol./vol.) of their depleted cul-
ture supernatants were added to PBS. L. johnsonii CRL 1693, L.
johnsonii CRL 1701 and L. johnsonii CRL 1706 showed an increased
aggregative index by this technique.

L. johnsonii CRL 1692, L. johnsonii CRL 1693, L. johnsonii CRL
1694, L. johnsonii CRL 1701 and L. salivarius CRL 1702 showed
hydrophobic properties. On the other hand, E. faecium CRL 1703
did not exhibit autoaggregation or hydrophobicity.

The concentration of lactic acid produced in LAPTg broth after
16 h incubation showed that the strains identified as L. johnsonii
and L. amylovorus produced the highest amounts of lactic acid, in
agreement with their low pH values and inhibitory spectrum (Ta-
ble 2b). L. johnsonii CRL 1692, L. johnsonii CRL 1699 and L. johnsonii
CRL 1700 inhibited the growth of all the Salmonella strains, Y.
enterocolitica 1845/00, Klebsiella sp. MP/05 and some Gram positive
cocci tested.

Although all the bacilli selected produced hydrogen peroxide in
low amounts, only L. mucosae CRL 1696, L. mucosae CRL 1698, L.
johnsonii CRL 1692 and L. johnsonii CRL 1706 were strong
producers.

Among the selected strains, L. johnsonii CRL 1692 produced rop-
iness in liquid media, while capsular exopolisaccharides were ob-
served in L. salivarius CRL 1694, L. amylovorus CRL 1697, L.
murinus CRL 1705, L. johnsonii CRL 1700 and L. johnsonii CRL 1693.

Only the L. murinus strain was inhibited by L. salivarius, L. muco-
sae, L. johnsonii and L. amylovorus in the compatibility assay. The
inhibition was observed as a partial decrease of the growth around
the spot inoculated with 107 and 10° CFU/ml of L. murinus CRL
1695.

4. Discussion

The increased use of uncharacterised probiotics in animals to
modify weight gain and resistance to infections led us to study
the characteristics of LAB strains that might be included in the de-
sign of a probiotic for calves. This product could increase the health
status of this group of animals, and also might be used for the
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Table 2a
Origin of isolation and surface properties of selected strains of LAB.
Selected strains Source of isolation Hydrophobicity Autoaggregation Autoaggregation index Autoaggregation index in
index (%) score® in PBS (%)¢ depleted supernatant (%)¢
Lactobacillus johnsonii CRL 1692 Rectal swabs 69 - 6 0
Lactobacillus johnsonii CRL 1693 Rectal swabs 82 o+ 15 60
Lactobacillus salivarius CRL 1694 Rectal swabs 67 ++ 22 ND
Lactobacillus murinus CRL 1695 Rectal swabs 18 o+ 72 64
Lactobacillus mucosae CRL 1696 Rectal swabs 19 + 14 26
Lactobacillus amylovorus CRL 1697 Rectal swabs 9 - 15 23
Lactobacillus mucosae CRL 1698 Rectal swabs 19 + 16 18
Lactobacillus johnsonii CRL 1699 Rectal swabs 11 - 0 ND
Lactobacillus johnsonii CRL 1700 Rectal swabs 15 - 4 ND
Lactobacillus johnsonii CRL 1701 Rectal swabs 48 +++ 18 73
Lactobacillus salivarius CRL 1702 Rectal swabs 38 - 6 0
Enterococcus faecium CRL 1703 Oral cavity 1 - 1 0
Lactobacillus murinus CRL 1705 Rectal swabs 5 + 22 ND
Lactobacillus johnsonii CRL 1706 Rectal swabs 25 o+ 14 73

ND, no determined.
2 The index was determined by MATH in hexadecane (Ocaiia et al., 1999).

b The autoaggregation score was defined as the visual observation of the culture after the incubation. The score for the strain was: —, no aggregative; +, weak; ++, mean;

+++, strong.

¢ The autoaggregation index was determined as described by Ocafia and Nader Macias (2002).
4 The autoaggregation index was performed in a PBS solution added with 10% of the strain depleted supernatant.

Table 2b
Inhibitory substances produced by selected LAB strains isolated from newborn calves.
Selected strains H,0, production®  Lactic acid (g/1)®  DO(seonm)" pH Supernatant!  Inhibited pathogens®
Lactobacillus johnsonii CRL 1692 +++ 15.95 1.53+0.04 3.70+0.02 Escherichia coli 3511AD, Salmonella typhimurium

MP/08, S. dublin MP/07, S. infantis 1533/00,
Klebsiella sp. MP/05, Yersinia enterocolitica 1845/
00, Staphylococcus aureus MP/08, S. epidermidis

3267

Lactobacillus johnsonii CRL 1693 + 10.56 1.36+0.15 3.99+0.13 Escherchia coli 3511AD, Salmonella dublin MP/07,
Staphylococcus aureus MP/08

Lactobacillus salivarius CRL 1694 + 8.41 1.15+0.13  4.09+0.08 Escherichia coli 3511AD, Salmonella typhimurium
MP/08, Staphylococcus aureus MP/08

Lactobacillus murinus CRL 1695 + 6.38 0.88+0.16 4.23 £0.09 Salmonella typhimurium MP/08

Lactobacillus mucosae CRL 1696 +++ 5.7 0.55+0.05 5.25+0.16 NI

Lactobacillus amylovorus CRL 1697  + 12.87 1.45+0.07 3.60%0.32 Escherichia coli 3511AD, Salmonella typhimurium

MP/08, S. dublin MP/07, S. infantis 1533/00,
Streptococcus dysgalactiae 05/84

Lactobacillus mucosae CRL 1698 +++ 5.9 0.60+£0.05 4.98+0.14 NI
Lactobacillus johnsonii CRL 1699 + 14.56 1.5+0.15 3.75%0.02 Escherichia coli 3511AD, Salmonella typhimurium

MP/08, S. dublin MP/07, S. infantis 1533/00, Yersinia
enterocolitica 1845/00, Klebsiella sp. MP/05,
Staphylococcus aureus MP/08, S. epidermidis 3267

Lactobacillus johnsonii CRL 1700 ++ 16.39 1.63+0.16 3.79+0.15 Escherichia coli 3511AD, Salmonella typhimurium

MP/08, S. dublin MP/07, S. infantis 1533/00, Yersinia
enterocolitica 1845/00, Klebsiella sp. MP/05,
Staphylococcus aureus MP/08, Streptococcus uberis
MP/06, S. epidermidis 3267

Lactobacillus johnsonii CRL 1701 ++ 10.67 1.36+0.15 3.97+0.10 Salmonella dublin MP/07, Yersinia enterocolitica
1845/00

Lactobacillus salivarius CRL 1702 + 8.12 093+0.10 4.18%0.25 Salmonella typhimurium MP/08

Enterococcus faecium CRL 1703 - 7.79 09+0.07 434+0.03 Listeria sp. MP/08, Streptococcus uberis MP/06

Lactobacillus murinus CRL 1705 ++ 6.52 0.7+0.19 4.26+0.16 NI

Lactobacillus johnsonii CRL 1706 +++ 8.18 1.30+£0.10 4.07+0.28 NI

NI, no inhibition was observed.

@ The production of H,0, in TMB-plates was performed according to Juarez Tomads et al. (2004). A score was assigned as the intensity of the blue colour of the colonies was

increasing: —, negative; +, weak positive; ++, moderate and +++, strong.
b The lactic acid production was obtained by HPLC in a 16 h culture in LAPTg broth.
¢ The Optical density DO(sgonm) Was measured in a 16 h culture in LAPTg medium.
4 The pH of the supernatant was determined by using a pH meter.
¢ Analyzed by the plate diffusion method described by Juarez Tomas et al. (2004).

prevention of diarrhoea responsible for high mortality and morbid-
ity in neonates (Morrell et al., 2008; Azzam et al., 1993; Bellinzoni
et al.,, 1990; Bellows et al., 1987). The beneficial use of probiotics
for calves has been reported by groups investigating the use of po-
tential probiotic bacteria in swine and poultry (Ross et al., 2010;

Frizzo et al,, 2008; De Angelis et al., 2006; Timmerman et al.,
2005, 2006; Patterson and Burkholder, 2003; Abe et al., 1995).
However, there are no data available to document the characteris-
tics of effective probiotic isolates. Additionally, strains must be
classified as GRAS (Generally Regarded as Safe) and FGM
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(Food-Grade Microorganisms), groups where most of the lactic
acid bacteria are included.

Based on the host-specificity showed by members of the indig-
enous microbiota (Kotarski and Savage, 1979; Zoetendal et al.,
2006), the isolation of LAB from the same ecological niche where
they will be applied was carried out as a first step, taking into con-
sideration the homologous host. As there are no established crite-
ria to select the suitable strains to be included in the design of a
probiotic or beneficial product, some characteristics assayed in
strains from different hosts and origins were applied. Hydropho-
bicity and autoaggregation, as surface properties, were assessed
for all isolates, based on the principle that adhesion to the epithe-
lial surface is the first step required for colonization of probiotic
microorganisms, to allow the later formation of a biofilm (Ocafia
and Nader Macias, 2002; An et al., 2000). Only a few isolates
showed these characteristics. Similar results were also reported
by other researchers in strains isolated from the intestinal tract
of calves and piglets (Ifiiguez Palomares et al., 2007; Frizzo et al.,
2006) or in bovine vaginal samples (Otero et al., 2006). Regarding
the hydrophobicity and autoaggregation indices, some isolates or
strains identified into the same specie did not exhibit the same de-
gree or index, evidencing again that these properties are present in
specific strains, but not in all the strains of the same specie. When
evaluating the expression of the two properties, it is possible to
determine that they are not exhibited by the same strain. Similar
findings have been reported by Espeche et al., 2009 in bovine
strains. On the other hand, the probiotic adhesion of the strains
to intestinal mucus has been correlated with the ability to produce
exopolysaccharides (Ruas-Madiedo et al., 2007). The capsular poly-
saccharide was only observed in a few of selected strains and only
one showed the ropy characteristic.

The production of inhibitory substances is an in vitro assay used
widely to select beneficial bacteria from different origins. The nat-
ure of the inhibitory substances can be organic acids, hydrogen
peroxide or bacteriocin. The lactic acid produced and the low pH
are inhibitory to susceptible microorganisms such as enterobacte-
ria (Rodriguez-Palacios et al., 2009; Vandenbergh, 1993). The re-
sults indicate that the LAB isolates inhibited the pathogens
mainly by production of lactic acid, bacilli showing the highest de-
gree. Only two strains morphologically identified as cocci were
shown to produce a bacteriocin like substance.

The production of high levels of hydrogen peroxide was de-
tected in a small number of isolates. The strains identified as L.
mucosae were the highest producers. The same specie was also re-
cently isolated from healthy calves (Busconi et al., 2008), but the
beneficial characteristics in this particular ecological niche were
not reported. This property was also studied in many strains iso-
lated from bovine vaginal environments (Otero et al., 2006), where
they may have ecological function in the maintenance of a healthy
vaginal tract, or in bovine mammary gland (Espeche et al., 2009).
The significance of the bactericidal effect from “in vitro” assays
was not determined in the gastrointestinal tract of animals.

In the screening performed to determine the resistance to bile,
some isolates were able to grow, including cocci, at very high con-
centrations. All the microorganisms assayed were able to grow at
0.5% bile concentration which is physiological in calves (Frizzo
et al., 2006; Timmerman et al., 2005).

According to the molecular identification of the selected strains,
some of these LAB species are used or proposed as probiotic bacte-
ria for humans and farm animals. For example, L. johnsonii NC533
(formerly Lactobacillus acidophilus Lal with completely sequenced
DNA), a human isolate that showed inhibitory properties, immuno-
modulation and adhesion to epithelial cells (Pridmore et al., 2004)
is used as a probiotic bacterium. On the other hand, previous stud-
ies in pigs indicated that L. amylovorus, a highly acid-producer
strain, showed inhibitory properties against diarrhoeal pathogens

(Klose et al., 2010). L. salivarius DSPV 315T, a bovine microorgan-
ism, was also proposed as a probiotic product for administration
during the feeding of calves by Frizzo et al. (2006).

Bacteriocin-producing strains were identified as E. faecium and
S. bovis. Some strains of the genus Enterococcus are being evaluated
as probiotics, which opens a new possibility, mainly in the produc-
tion of bacteriocins (enterocins) as inhibitory substances in veter-
inary medicine (Diez-Gonzalez, 2007; Strompfova et al., 2006; Veir
et al., 2007).

The results of this work provide a preliminary study directed to
establish valid criteria that may be applied for the selection of iso-
lates that might be used as probiotics in newborn calves. They can
be further studied as single or combined strains in colonization as-
says, or for the stimulation of the immature newborn immune sys-
tem in animal models. They should be also tested to detect the
production of adverse effects, and also the prevention of diarrhoeal
disease.
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