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Characterization of Lactic Acid
Bacteria Isolated From the
Gastrointestinal Tract of a Wild Boar
as Potential Probiotics

Miao Lit, Yi Wang?, Hongyu Cui, Yongfeng Li, Yuan Sun* and Hua-Ji Qiu*

State Key Laboratory of Veterinary Biotechnology, Harbin Veterinary Research Institute, Chinese Academy of Agricultural
Sciences, Harbin, China

Lactic acid bacteria (LAB) are major microorganisms used for probiotic purposes and
prime parts of the human and mammalian gut microbiota, which exert important
health-promoting effects on the host. The present study aimed to evaluate and compare
the probiotic potential and safety of LAB strains isolated from the gastrointestinal
tract of a wild boar from the Greater Khingan Mountains, China. Amongst all of the
isolated LAB strains, five isolates identified as Lactobacillus mucosae, Lactobacillus
salivarius, Enterococcus hirae, Enterococcus durans, and Enterococcus faecium, were
remarkably resistant to acid and bile salt. The probiotic characteristics (including adhesion
capability, antimicrobial activities, autoaggregation, and coaggregation abilities), and
safety properties (including hemolytic activity, antibiotic resistance, absence/presence
of virulence factors, and in vivo safety) were evaluated. The results showed that all
five isolates exhibited high adhesive potential, remarkable aggregation capacity, and
antibacterial activities. Upon assessment of the safety, these strains were negative for
hemolytic activity and all tested virulence genes. In vivo safety assessment showed
no adverse effects of isolated strains supplementation on the body weight gain and
organ indices of the treated mice. This study revealed that these LAB isolates, especially
L. salivarius M2-71, possess desirable probiotic properties and have great potentials for
the development of feed additives for animals to promote health.

Keywords: lactic acid bacteria, probiotic, adhesion ability, antimicrobial activity, wild boar intestine

INTRODUCTION

In the past decades, antibiotics abuse in domestic animal feeding has been a major threat to
animal health and welfare as well as the environment (1). Since probiotics have positive effects
on preventing certain diseases and maintaining good health, they have become one of the widely
applied feed additives as an alternative strategy to antibiotics. The positive roles of probiotics for
humans and animals, especially with the development of commercial-scale animal husbandry, have
widely been accepted. Many studies have shown that the supplementation of probiotic products
can improve feed efficiency and growth rate and reduce intestinal infections in many various
animals (2-5).

Lactic acid bacteria (LAB) comprise a great variety of genera, and they are widely used as
probiotics with a long history (6). LAB exist in a wide range of habitats, including gastrointestinal
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(GI) tracts, oral cavities, vaginal tracts of humans and animals,
fermented foods, silages, and composts (7). They possess
various health benefits to the host, such as enhancement of
immune function (8), improved digestion (9), management of
inflammatory bowel diseases (10), alleviation of constipation
(11), and strengthening the mucosal barrier (12). Some LAB
isolates even hold anticancer or antidiabetic effects (13, 14).
Therefore, LAB have been taken as the best candidate probiotics.

LAB are characterized by producing lactic acid and
metabolites, including antioxidants, organic acids, and
antimicrobial compounds, modulating and improving intestinal
microbial balance (15). LAB feed supplementation improves
meat production through growth rate promotion, increased
feed conversion, and disease prevention (2). For example,
probiotics have been used in pig feed for improving the immune
status by reducing harmful microbes in their intestines (16).
Moreover, the administration of probiotics to dairy calves results
in improvement daily weight gain and resolution of diarrhea
(17). Similar results have also been reported in other animals,
including poultry (2, 18), ostriches (19), raccoon dogs (20), and
silver foxes (20). LAB have widely been applied in animal feed.
At present, screening for new probiotics, especially from some
undeveloped species has become an ongoing practice (21).

The Greater Khingan Mountains are located in the
northernmost prefecture administrative region in China.
The area possesses the largest forest, which has rich species,
diversiform ecosystems, and sparse population. It is expected to
isolate probiotic strains with natural and excellent characteristics.
Wild boars could make full use of natural resources in forest areas
and have a strong adaptability to their ecological environment
conditions. However, there are few studies on probiotics
from wild boar. Therefore, the purpose of the current work
is to identify the LAB strains isolated from the wild boar in
the Greater Khingan Mountains and evaluate their probiotic
potentials and safety.

MATERIALS AND METHODS

Bacterial Strains, Cells, and Culture

Conditions

The culture medium for isolation of LAB is de Man,
Rogosa and Sharpe (MRS) broth. All pathogenic bacteria were
purchased from the BeNa Culture Collection (BNCC, China)
and cultured according to the instructions. The pathogens
including Staphylococcus aureus (ATCC 6538P, ATCC 25923),
enteropathogenic Escherichia coli (BNCC 337304, ATCC 8379),
and Salmonella typhimurium (ATCC 14028, ATCC 19585) were
used for the evaluation of coaggregation and bacteriostatic
activities. These pathogenic strains, indicator bacteria used in
the antimicrobial assays, were incubated in brain heart infusion
(BHI) medium at 37°C. As a reference strain, Lactobacillus
acidophilus (ATCC 4356) which is able to colonize the intestine of
human was included in the study for comparison (22, 23). Caco-
2 cells were cultured in Minimum Essential Medium (MEM)
(Gibco, USA), 20% of fetal bovine serum (FBS) (Gibco, USA) and
10 mM HEPES (Sigma-Aldrich, Germany). IPEC-]J2 (a porcine

intestinal enterocytes cell line) cells were grown in Dulbecco’s
Modified Eagle Medium (DMEM) (Gibco, USA) with 10% FBS.
The Caco-2 and IPEC-J2 cell lines were incubated at 37°C with
5% CO,.

Animals

The GI tract samples including the duodenum, ileum, cecum,
and colon were obtained from a healthy wild boar of the
Greater Khingan Mountains immediately after slaughter in a
commercial slaughterhouse. The serum sample of the wild boar
was confirmed to be negative for common porcine viruses,
including African swine fever virus (ASFV), porcine reproductive
and respiratory syndrome virus (PRRSV), classical swine fever
virus (CSFV), pseudorabies virus (PRV), and porcine circovirus
type 2 (PCV2) by PCR. For safety evaluation of LAB, 6-7-
week-old BALB/c mice (purchased from Liaoning Changsheng
Biotechnology Co., Ltd.) were randomly divided into six groups
(5 mice per group). The mice were kept in an environmentally
controlled room maintained in a cycle of 12 h of light and 12 h of
dark. The approval for animal experiments was obtained from the
Experimental Animal Ethics Committee of Harbin Veterinary
Research Institute (HVRI), Chinese Academy of Agricultural
Sciences with the license SYXK (Heilongjiang) 2011022.

Bacterial Isolation From Wild Boar

All the GI tract samples were transported directly to the
laboratory for microbial analysis at 4°C. The LAB were isolated
and grown overnight in MRS medium and spotted onto MRS
agar plates. All the isolated bacteria were incubated at 37°C
for 24-48 h.

Molecular Identification of LAB

The LAB were grown overnight and the genomic DNA
was extracted from 1.5ml cultures using a bacterial genome
extraction kit (Tiangen, China) following the manufacturer’s
protocols. The identification of isolates was analyzed based on
the 16S rDNA gene amplification with primer pair: 16S rDNA-F
(5'-AGA GTT TGA TCC ATG GCT CAG-3/)/16S rDNA-R (5'-
AAG GAG GTG ATC CAG CC-3). Then PCR was performed
using a previously described method (24). The sequences for
the amplified 16S rDNA were searched using Blast in the NCBI
databases to compare with the registered sequences.

Acid and Bile Salt Resistance Assays

Acid survivability of the identified species was assessed on the
basis of the method described by Dowarah et al. (25). To evaluate
the tolerance capacity under acidic pH condition, the acidic pH
of MRS broth was adjusted to pH 3.0 and 6.5 using 1 M HCl. One
hundred pl of overnight grown LAB was added into 5 ml MRS
medium with different pH and incubated for 4 h at 37°C. Optical
density at 600 nm (ODggonm) Was measured for monitoring the
growth kinetics. The above tests were carried out in triplicate for
each strain.

The survivability of these isolates in bile salt was measured
according to Nami et al. (26). Briefly, the MRS medium was
prepared with 0.3% and without bile salt. Two media inoculated
with 1% of culture were incubated for 4 h at 37°C. ODggonm Was
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measured using a BioSpectrometer (Eppendorf, Germany). The
growth rate was calculated as follow: % of growth = Growth in
bile salt medium/Growth in control medium x 100.

Autoaggregation and Coaggregation

Assays

Autoaggregation properties were determined following the
method described by Collado et al. (27), with some modifications.
In short, the isolates were cultured in MRS medium at 37°C
for 18 h. The cultures were harvested by centrifugation at 5,000
x g for 15min, washed 3 times using phosphate-buffered saline
(PBS), and resuspended in 2ml PBS to an ODgyonm of 0.25
£ 0.05. Then the bacterial solution was incubated at room
temperature (RT) and was measured at different time points (0,
2, 4, 6, 10, and 24h). At each time point, 100 .l of the upper
part of the bacterial suspension was transferred to a disposable
cuvette and the absorbance (A) was measured at 600 nm. The
autoaggregation rates were determined as follows: [(Ax - Ay)/Ax]
x 100 (where Ay denotes the absorbance at time (t) = 0, Ay
denotes the absorbance at t = 2, 4, 6, 10, or 24 h).

The bacterial suspensions for coaggregation were prepared
in the same way as above. Then, 2 ml suspension of different
isolated strains and the three pathogenic strains (Staphylococcus
aureus ATCC 6538P, enteropathogenic Escherichia coli BNCC
337304, and Salmonella typhimurium ATCC 14028) were mixed
and incubated at RT. At different time points (0, 2, 4, 6, 10,
and 24h), the absorbance of the mixture was monitored and
determined. The coaggregation (%) was calculated as follows:
[(Apro + Apat)-Amix]/(Apro + Apat) x 100, where Apro +
Apat represents the absorbance of the mixture of the LAB and
the pathogen at time Oh, and Amix denotes the absorbance of
the LAB mixture and the pathogen at different time points (28).

Adhesion Assay

The Caco-2 cells and IPEC-]2 cells were cultivated as described
by Dowdell et al. (29). Briefly, the cells were plated into 24-
well plates. The bacterial pellets from an overnight culture
were washed 3 times in PBS and then each pellet was finally
resuspended to a concentration of 108 CFU/ml in PBS with
fluorescein isothiocyanate (FITC) (100 pg/ml) at 37°C for 1h
in dark. For removing unattached FITC, labeled bacteria were
washed 4 times with PBS. The monolayers of cells were washed
3 times with PBS. About 105 CFU/ml labeled bacteria were
added to the cells and the fluorescence intensity was measured by
a micro-volume spectrophotometer, with an optical absorption
wavelength of 485nm and an emission wavelength of 530 nm.
The cells were cultured at 37°C with 5% CO, for 1h and then
washed 3 times using PBS to remove unattached bacteria. Each
well of 24-well tissue culture plates was added 0.1 ml of trypsin
and the plates were incubated for 10 min to digest the cells
completely. Finally, the cell culture medium with 20% FBS was
added to stop the reaction and the fluorescence intensity was
measured. The adhesion rate was calculated by the equation
described as A/A0 x 100, where AQ represents the fluorescence
intensity before adhesion and A is the fluorescence intensity
after adhesion.

Detection of Anti-pathogenic Activities

The antimicrobial activities of the LAB isolates against three
kinds (six strains) of pathogenic bacteria were tested using the
Oxford cup assay as described previously (30). Briefly, 15 ml of
1.5% (w/v) agar medium was poured onto a plate and solidified.
Then 1% of each pathogen strain (107 CFU/ml) was inoculated
into 15ml of 0.8% (w/v) of BHI agar at 45-50°C. The mixture
was poured onto the agar medium and solidified. Four Oxford
cups (6 mm) were put on the BHI agar surface and 100 pl of
culture was poured into three, while the fourth was used as a
control (100 pl of sterile water). The supernatant was diffused
for 4h at RT, followed incubating for 20 h at 37°C. The bacterial
inhibition rings on plates were measured using a vernier caliper.
The experiments were performed in triplicate.

Safety Assessment of LAB

Hemolytic Activity Analysis

The LAB isolates were cultured in MRS medium for 18-24h
at 37°C. Streak plate methods were performed on sheep blood
agar plates (Oxoid, Germany) to analyze hemolytic activity. And
then the plates were incubated at 37°C. The appearance of
clear zones around the bacteria colonies was indicated as a-, B-,
or y-hemolysis.

Detection of Potential Virulence Factors

Since Enterococcus emerge as the major opportunistic pathogen
of humans and animals, the occurrence of virulence determinants
was detected. The absence/presence of virulence factor genes
for the isolated strains M2-3, M5-8, and M6-29 was performed
using PCR amplification with primers and conditions reported
previously (26, 31). The primers and reaction conditions of PCR
for the virulence factors were listed in Table 1 (32-39).

Screening of Antibiotic Resistance of LAB

The antibiotics employed in this study were erythromycin (15
ig), streptomycin (10 pg), cefotaxime (30 pg), kanamycin (30
Lg), cefradine (30 pg), gentamicin (10 pg), ciprofloxacin (5 pg),
amoxicillin (10 pug), chloramphenicol (30 pg), clindamycin (2
ig), ampicillin (10 pg), cotrimoxazole (25 pg), tetracycline (30
ng), ceftazidime (30 pg), and ceftriaxone (30 pg) (Oxoid, UK).
The antibiotics susceptibility was tested for all the isolated LAB
using Kirby-Bauer disk diffusion test (40). Plates were incubated
at 37°C for 24 h and then the diameters of the inhibition zones
were measured. The resistance of the LAB strains was interpreted
using the guiding principles of the Clinical and Laboratory
Standards Institute (CLSI 2014).

In vivo Safety Evaluation

Five groups of 5 mice each were orally administered with isolates
M5-8, M6-29, M4-7, M2-71, or M2-3 at a concentration of 10°
CFU/100 pl, and a control group of mice were fed with 100
pl PBS. After 21 days of continuous LAB supplementation, the
parameters of general health status including body weight gain
(BWG) and organ index were calculated to assess the safety of
the LAB. The spleen, liver, and kidney of the mice were collected
and determined for organ index as follows: weight of organ/
bodyweight of the mice (41).
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TABLE 1 | PCR primers and the annealing temperatures used to detect the
putative virulence genes in the isolated LAB strains.

TABLE 2 | The acid and bile salt tolerance of the LAB isolates of various origins
and species.

Primers Sequences (5'-3') Amplicon Tm References

size (bp) (°C)

Ace F: CAGGCCAACATCAAGCAACA 125 65 32)
R: GCTTGCCTCGCCTTCTACAA

Agg F: AAGAAAAAGAAGTAGACCAAC 1553 53 (39)
R: AMACGGCAAGACAAGTAAATA

Asal  F: GCACGCTATTACGAACTATGA 375 56 (34)
R: TAAGAAAGAACATCACCACGA

ApA  F: CCAGGTCGTGAAGCTTATCC 110 63 (35)
R: GGTAAGGCCGTCATTGAACC

Cfal  F: ACGACCTGTTGTTCGACCTG 150 63 (35)
R: ACGACCTGTTGTTCGACCTG

Cpd  F: TGGTGGGTTATTTTTCAATTC 782 50 (36)
R: TACGGCTCTGGCTTACTA

CylA  F: ACTCGGGGATTGATAGGC 688 60 (34)
R: GCTGCTAAAGCTGCGCTT

ClyB  F: ATTCCTACCTATGTTCTGTTA 843 56 (34)
R: AATAAACTCTTCTTTTCCAAC

Ebp F: AATGTGTTAAACCATCAAGGGAAT 372 62 (37)
R: ACTCCTTTTTGAACTTCACCAATC

EspA  F: TTTGGGGCAACTGGAATAGT 407 60 (32)
R: CCCAGCAAATAGTCCATCAT

EfaAfs  F: GACAGACCCTCACGAATA 705 56 (36)
R: AGTTCATCATGCTGTAGTA

FsrA  F: TGATGATGATTGATTGATGGAC 744 60 (38)
R: ATTACAAGTGGCACACCAGGAC

FsrB  F: TGGACAAAGTATTATCTAACCG 729 57 (39)
R: CACACCATCACTGACTTTTGC

FsrC  F: ATCGTGTGTTAGAAAATAGC 1344 52 (39)
R: ACGAATCACAACCACTAAGTC

GelE  F: CGAAGTTGGAAAAGGAGGC 372 50 @2
R: GGTGAAGAAGTTACTCTGA

GroEL  F: GTTTGATCGCGGCTATCTGA 150 55 (39)
R: CCTTGTTGMACGATTTCTTG

HisD  F: TGAACCACTCGGTGACTACG 150 62 (35)
R: GGAGCTTCCTTAGCCAAAGC

Hyl F: ACAGAAGAGCTGCAGGAAATG 2716 62 (34)
R: GACTGACGTCCAAGTTTCCAA

MieS  F: ACAAGGTCTCAGCGTTCAGC 140 64 (35)
R: GACTGGGATTCCAGCTGATG

SprE F: GGTAAACCAACCAAGTGAATC 300 57 32)

R:R: TTCTTCCGATTGACGCAAAA

Statistical Analysis

The data analysis was performed using the program SPSS
22 Statistics. A one-way analysis of variance (ANOVA) was
used to compare the data. Statistical significance was defined
at P < 0.05.

RESULTS
Isolation of LAB

In this study, 192 pure bacterial colonies were obtained from
various GI compartments of wild boar. These colonies were

Isolates  Origin Species Survival rate Survival rate
(Gut (%) at pH 3.0 (%) at 0.3%
compartment) bile salt

M2-3 Duodenum E. durans 80.01 56.32

M2-71 L. salivarius 70.67 88.11

M4-7 lleocecal L. mucosae 58.45 61.20
aperture

M5-8 Cecum E. hirae 53.99 62.79

M6-29 Colon E. faecium 55.93 67.88

isolated from the jejunum and duodenum (71 isolates), the ileum
(2 isolates), the ileocecal apertures (23 isolates), the cecum (35
isolates), and the colon (61 isolates), respectively. To identify
these selected isolates, 16S rDNA gene sequencing analysis
was performed. The results revealed that there are 156 LAB
isolates that belonged to five species, including Lactobacillus
mucosae, Lactobacillus salivarius, Enterococcus hirae, E. durans,
and E. faecium.

Acid and Bile Salt Tolerance of LAB

Isolates

The survivability in stomach and intestine is an important
characteristic needed for probiotics. The acidic and bile salt
conditions had different effects on the growth of all 156 selected
isolates. Five isolates showed well-tolerance in both bile salt and
low pH (Table 2). The sequences for the amplified 16S rDNA
of five candidate strains were listed in Supplementary Material.
Thus, we selected these five isolates for further investigation.

Autoaggregation and Coaggregation

The results of autoaggregation and coaggregation detected
for these five LAB were shown in Figurel. The results
indicated that each strain can autoaggregate and the
percentage of autoaggregation increased over time. Among
these probiotic strains, L. salivarius M2-71 showed the
highest autoaggregation percentage of 95.6 &+ 4.61% at 24h
(Figure 1A). Coaggregation analysis was tested using three
different indicator strains at different time points. All the
tested probiotic strains showed the capacities for aggregation
with the tested pathogenic bacteria, but the coaggregation
rates were confirmed to be strain-specific and time-dependent.
Compared to the tested strains, M2-71 showed the maximum
coaggregation percentages with enteropathogenic E. coli
and S. typhimurium (Figures1B,C), and E. durans M2-3
exhibited the highest coaggregation percentage with S. aureus
(Figure 1D).

Adhesion to Cells by LAB

The adhesion ability to Caco-2 cells by these five selected isolates
was shown in Figure 2A. The percentages of adhesion changed
according to the isolate strains, ranging from 34.49 4 0.81% to
61.49 £ 4.23%. Compared with the reference strain ATCC 4356,
L. salivarius M2-71 and E. faecium M6-29 exhibited significantly
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FIGURE 1 | The percentage of autoaggregation (A) and coaggregation with enteropathogenic Escherichia coli (B), Salmonella typhimurium (C), or Staphylococcus
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higher adhesion rates (P < 0.001), while the adhesion rate of
E. hirae M5-8 was relatively lower (P < 0.001) (Figure 2A).
Figure 2B showed the adhesion capacity of the isolates to
IPEC-J2 cells. The adhesion rates of M2-71 and M6-29 were
significantly higher than that of reference strain (P < 0.001),
while E. durans M2-3 exhibited relatively lower adhesion rate
(P < 0.05).

Antibacterial Activities of LAB

The strains were tested for their antimicrobial activities against
different bacterial pathogens and the results were shown in
Table 3. Among the five LAB isolates, L. salivarius M2-71
exhibited the strongest antimicrobial activity (inhibition zone
diameters > 17 mm) toward all of the six indicator bacteria.

Safety Evaluation

All the isolates showed no hemolytic activity and none of the
isolated Enterococcus strains harbored virulence factors genes
(data not shown).

The antibiotic resistance of the LAB isolates against 15
tested antibiotics were shown in Table 4. In view of the results,
all the five LAB exhibited the capacity to resist the impact
of cotrimoxazole and tetracycline. On the other hand, they
were all susceptible to chloramphenicol and amoxicillin. These
strains were characterized by multiple resistances to at least
three antibiotics. The E. faecium M6-29 strain was resistant to
eleven antibiotics.

A 80- ;
E= E. hirae
oy S B3 E. faecium
. 60+ E3 L. mucosae
:J [ L. salivarius
é‘ 40 2 E. durans
g 3 L. acidophilus
Lol
£ 204
0-
B
100+
E=A E. hirae
= B E. faecium
9 E3 L. mucosae
5 IO L. salivarius
> E. durans
‘é * [ L. acidophilus
5
A~
FIGURE 2 | Adhesion abilities of selected lactic acid bacteria to Caco-2 cells
(A) and IPEC-J2 cells (B). Data are represented as means =+ standard
deviations. *P < 0.05; **P < 0.001.

Compared with control group, no significant difference was
observed in BWG of mice treated with various isolates on
days 7 and 14 (data not shown). The percentage of BWG
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TABLE 3 | The inhibitory effects of selected LAB strains against pathogenic microorganisms.

Isolates Indicator pathogens
E. coli E. coli S. typhimurium S. typhimurium S. aureus S. aureus

BNCC 337304 ATCC 8379 ATCC 14028 ATCC 19585 ATCC 6538P ATCC 25923
E. durans 1419 + 0.31 14.03 + 0.09 14.67 +0.43 14.78 £0.28 13.76 £ 0.39 14.33 £ 0.66
L. salivarius 17.16 £ 0.21 18.93 + 0.31 19.31 £ 0.28 18.87 £0.37 17.97 £0.15 17.05 £ 0.30
L. mucosae 16.11 £0.39 15.61 +0.11 14.30 + 0.51 13.58 £0.19 14.79 £ 0.14 15.86 + 0.28
E. hirae 12.88 £ 0.45 13.23 £ 0.29 14.73 £ 0.20 13.32 £ 0.46 13.24 £0.27 13.63 £ 0.08
E. faecium 13.35 £0.12 13.09 £ 0.32 14.77 £0.38 15.12 £ 0.31 13.68 £0.43 12.64 £ 0.26
L. acidophilus 14.99 £ 0.25 15.76 £ 0.34 14.37 £ 0.36 156.13 £ 0.34 12.77 £ 0.21 14.12 £0.20
Values are means + standard deviations of triplicates (mm).
TABLE 4 | Distribution of inhibition zone diameter range (mm) of LAB isolates using the disk diffusion testing of 15 antimicrobial agents.
Isolates Inhibition zone diameter (mm)

CTX E K S vi AMX (&7 CcC CIP P GM SXT TE CAZ CRO

E. durans | R R | S S R S S R R R S |
L. salivarius S | R R S S S | | S R R R R R
L. mucosae R R R R R S S R | S R R R R R
E. hirae R | | S | S S S | S R | R | |
E. faecium | R R R R S S R | R R R R R R

Interpretation of the inhibition zone diameters are the resistance (R), susceptibility (S), and intermediate (I) according to CLSI (2014).
Cefotaxime (CTX), erythromycin (E), kanamycin (K), streptomycin (S), cefradine (Vl), amoxicillin (AMX), chloramphenicol (C), clindamycin (CC), ciprofloxacin (CIP), ampicillin (P), gentamicin

(GM), cotrimoxazole (SXT), tetracycline (TE), ceftazidime (CAZ), and ceftriaxone (CRO).

. E=& E. hirae
B E. faecium
E3 L. mucosae
0 L. salivarius
E. durans
[ PBS

ght (%)

Gain in body wei

FIGURE 3 | Effect of probiotic supplementation on body weight gain of
experimental mice. Data are represented as means =+ standard deviations.
*P < 0.05.

of the mice treated with L. salivarius M2-71 or E. faecium
M6-29 was significantly higher (P < 0.05) than that of the
control mice on day 21 (Figure 3). In addition, no significant
difference in organ index among the different groups was
found, including spleen (Figure 4A), liver (Figure 4B), or kidney
(Figure 4C).

DISCUSSION

As an increasing consumer demand for livestock products,
there has been a great interest in probiotics application for
health promotion and performance improvement of livestock

(31). Currently, LAB have been used as probiotics to treat
intestinal diseases in humans and animals since they promote
host intestinal health by developing a balance of intestinal
microbes (42). And in recent years, researches have confirmed
that the addition of probiotics to feed supplements is a promising
approach for exerting a positive effect on the pigs in different
growth stages (43). However, to ensure the efficiency and safety
of these bacteria, they must be systematically identified and
characterized. The purpose of our research was to analyze the
potential probiotic characteristics and evaluate the safety of the
LAB isolated from the wild boar in order to explore potentials
for the development of feed additives for animals. This is the
first report, to our best knowledge, to evaluate the probiotic
characteristics of the LAB strains isolated from wild boar.

The bile salt in the duodenum and the acid condition of the
stomach has been reported as the biggest obstacles to the survival
of LAB in the GI tract of host (44). In the study, the different
levels of resistance to bile salt of five isolates may depend on
the expression of bile resistance-related proteins in the LAB cells
(45). The isolates were also found to vary in the survivability in
acidic conditions. These results are probably due to the species-
and/or strain-dependent acid-tolerance mechanism (26) with
certain bacterial proteins that might provide the resistance (46).

In this study, the five LAB strains screened by acid and bile salt
resistance test belong to different species and correspond to those
commonly found in pigs. L. mucosae, the well-known inhabitants
of the GI of domestic pigs, are also frequently isolated from the
digestive tract of wild boar (47). The L. mucosae LM1 strain
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FIGURE 4 | The indices analysis of spleen (A), liver (B), and kidney (C) in all
the experimental groups. Data are represented as means +
standard deviations.

isolated from pig feces has been considered as potential probiotic
because of its adhesion to pig ileum mucous and inhibition of
intestinal pathogens in vitro (28, 48). Lactobacillus salivarius as
common gut inhabitants of raised pigs have been proven to
offer benefits for gut health of pigs (49). The LAB isolated from
wild boar in this study colonized in their host intestinal tract.
Therefore, it is expected that these LAB isolates could be more
adaptable to internal environment than other LAB. Enterococcus
are also autochthonous flora in the GI tract of host and have
different useful functions in dairy industry. Beneficial effects of
the addition of Enterococcus to diets include improvement of
the pig’s intestinal microbiota and performance, and immune
modulation (50).

Autoaggregation and coaggregation of probiotics play
important roles in preventing pathogens from surface
colonization (21). Autoaggregation can enable microorganisms
which belong to the same species to join self-forming groups,
and this phenomenon usually associated with microorganisms
binding to intestinal mucosa (51). And coaggregation is the
intercellular adhesion between different strains, which is also
bound up with the ability of interacting with pathogens.

Therefore, aggregation may constitute one kind of defense
mechanisms of host for anti-infection (52). In this study, five
LAB isolated from the same wild boar were observed to have
different levels of autoaggregation and coaggregation. This
may be a result of complex interplay among bacteria surface
molecules, such as proteins, and secreted factors, etc. A previous
study has confirmed that any potential aggregation phenotype
depends on possible internal factors and the environment
(53). The components related to the aggregation phenotype of
these isolates need to be identified. Moreover, LAB expressing
the aggregation-promoting factors could further promote
eliminating pathogens via balancing gut microbial ecosystems
and the coaggregation mechanism. Thus, the isolated LAB in
this work possessing the ability to autoaggregate and coaggregate
pathogens could be beneficial to the intestinal health. Likewise,
the high coaggregation level can facilitate the presence of these
strains in the intestinal tract of animals.

The ability to remain viable and adhere to the intestine of host
is considered to be a key factor in many of the recommendations
for the health benefits of probiotics (54). Adherence not only
enables probiotics to live longer in the GI tract and enhances
the interactions of bacteria and host, but also helps itself to
overcome gastric motility (55). Therefore, the adhesion ability
to mucosal surfaces and epithelial cells is a crucial feature of
probiotics. A possible explanation to the adhesive ability of
isolates varying from strain to strain in our study is that each
of the strains has specific cell-surface molecules to play roles in
the ability of adhesion. These molecules may mediate attachment
to intestinal mucosa and regulate the immune system. Al Seraih
et al. previously reported that high autoaggregation ability is
correlated with strong adhesion (56). Similar results have been
observed in the current study that the L. mucosae M6-29 and L.
salivarius M2-71, with strong aggregation ability, have stronger
capacity to adhere to cells than other isolates. It is supposed that
aggregation factors which favorably increase H-bonding between
and among cell surfaces have correlation with increased general
adhesion ability (29). Our results support the hypothesis that
a notable correlation was observed between aggregation and
adhesion. Although the relation of the aggregation and adhesion
was not characterized in this study, it would be an interesting
topic for the next project.

A large amount of evidences suggest that certain probiotic
strains can confer the ability of anti-infection with intestinal
pathogenic microbes (57-59). As more and more concerns
have been paid to the prevalence of antibiotic resistance, the
antibacterial activity against pathogenic bacteria has attracted
extensive attention (60). These strains as putative probiotics
should have antimicrobial activities against both Gram-negative
and Gram-positive pathogenic microorganisms. Among our
LAB isolated from wild boar, L. salivarius M2-71 had the
strongest antibacterial activity and a significant co-aggregation
ability. Actually, antimicrobial activities are also related to
coaggregation. The intimate contact between probiotics and
pathogenic bacteria occurs during co-aggregation and the anti-
microbial substances produced by the former can inhibit
pathogens (61). In addition, the reports of the antiviral and
anticancer activities are good examples of much broader than
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originally considered health-promoting activities attributed to
probiotic LAB (62, 63). Although the antiviral and anticancer
abilities of the isolated LAB were not characterized in this study,
it would be an interesting topic for further studies.

Although LAB as food-grade microorganisms are safe to use
with a long history, potential virulence-associated factors must
be considered and assessed. In this research, none of the three
Enterococcus isolates causes the lysis of erythrocytes of sheep
blood or harbors virulence factors, and thus they can be regarded
as the candidates for safe probiotics. The effects on the general
health of animals are used to evaluate the safety profile of
probiotic isolates. In order to assess the effects of probiotics on
overall health condition, body weight gain and organ indices have
been established and measured. No differences in organ indices,
noticeable abnormal behavior, and loss in body weight were
monitored after 3-week feeding with the LAB strains, indicating
that these five isolates administered did not adversely affect
the general health of mice. At the same time, M6-29 and M2-
71 supplementation can increase growth performance to some
extent. Our results further support the increasing evidence that
LAB supplementation may have a healthy and beneficial effect on
the animals.

Probiotics are known to contain mobile and intrinsic genetic
factors that enable them to develop resistance to various
antibiotics (64). The antibiotic resistance in these beneficial
microbes is thought to be beneficial to the survival of antibiotics
in the GI tract. The probiotics with endogenous resistance
can restore intestinal flora after antibiotic treatment (65). The
resistance of LAB against different antibiotics is one of the most
important factors for safety assessment (66). Klose et al. described
for the first time selective isolation of intrinsically vancomycin-
resistant Lactobacillus species from the intestine of wild boar,
and determined the prevalence of antibiotic resistance (47). The
similar results were found in current study that the isolates were
resistant to tetracycline, while susceptible to chloramphenicol.
The most probable encounter route of domestic pigs with
antibiotics will be through feed, water, and antibiotics used as
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