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Abstract

Given that probiotics always have host-homologous and strain-specific effects on the hosts, lactic acid
bacteria extracted and identified from porcine specimens can be potentially developed as probiotics
for pig production. We aimed to identify lactic acid bacteria that are potentially probiotic, have good
capacity of inhibiting pathogenic bacteria in intestine and are promising to be used as substitutes for
antibiotics in pig production. Potential probiotic strains were extracted from 15 fecal specimens collected
from 15 apparently healthy pigs, and were identified via 16S rDNA sequencing. The antimicrobial
activity, tolerance to acid and bile salts, Caco-2 cell adhesiveness and susceptibility to antibiotics
of the isolates were evaluated in vitro, and oral toxicity of the isolates were evaluated in mice. One
Lactiplantibacillus plantarum (BJR2), two Lacticaseibacillus casei (HID and TH2), one Lacticaseibacillus
rhamnosus (MRS1), and two Enterococcus faecium (S-3 and S-4-H) were extracted from healthy pigs and
underwent 16S rDNA sequencing identification. L. plantarum BJR2 and L. casei HID exhibited broad-
spectrum and higher antimicrobial activity against indicator enteric pathogens, including Salmonella
choleraesuis CVCC 2139, Escherichia coli (0147:K89) CVCC 199, Escherichia coli (0141:K99) CVCC 223
and Escherichia coli (0139) CVCC 1496, among 6 tested strains. In addition, both L. plantarum BJR2
and L. casei HID exhibited good tolerance to low pH (pH 2.5 and pH 3.5) and 0.30% bile salts, had
relatively strong Caco-2 adhesiveness and carried no transferable resistant genes against antibiotics
encoded by plasmid. In safety trials, these two isolates had no a or B-hemolysis activity, and were
proved safe through oral toxicity tests in mice. It is concluded that L. plantarum BJR2 and L. casei HID
are potential probiotic candidate strains and their probiotic effects need to be further studied in pigs.
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INTRODUCTION

In swine industry, antibiotics are effective
in improving feed conversion rate and decreasing
disease-associated mortality."? However, the
immoderate and indiscriminate utilization of
antibiotic growth promoters in the breeding
industry increases the number of pathogenic
strains resistant to antibiotics in animals and
humans.>* And for this reason, the European
Union and China have prohibited antibiotic growth
promoter usage in the breeding industry starting
from January 2006 and January 2020, respectively.
To make the swine industry sustainable, it is
imperative to developing antibiotic substitutes
for animal production. So far, Some potential
antibiotic alternatives, such as probiotics,>® organic
acids,” plant extracts and antimicrobial peptides,®®
have been applied as feed additives for livestock
production and proven beneficial to animal health.
Among these additives, probiotics were considered
to be the promising alternatives to antibiotic
growth promoters because they are safe and can
beneficially affect the health status of hosts through
keeping microbial balance in their intestine.%!
Probiotics refer to living microorganisms that
can benefit the health of hosts when applied at
a sufficient amount.'? Recent investigations have
indicated the benefits of probiotics including their
effects on the inhibition of growth of pathogenic
microorganisms,*** on the improvement of
feed conversion rate and meat quality,’® and
on the enhancement of immune response.'®
Several mechanisms have been suggested to be
the explanation for probiotics’ effects, such as
producing organic acid,'” releasing antimicrobial
substances,’® competitively excluding pathogenic
bacteria,'® producing digestive enzymes, nutrients
and growth factors, and stimulating immune
response.?% 2!

Lactic acid bacteria (LAB) have originally
been defined as Gram-positive, microaerophilic
microorganisms primarily converting hexose
sugars into lactic acid. They are a group of diverse
bacteria belonging to genera Lactobacillus,
Enterococcus, Streptococcus and some other
microbes. LAB have been widely used as probiotics
in swine production.? It was proved that the
probiotic strain Lactobacillus johnsonii L531

could enhance the intestinal health of piglings
within the crucial weaning period because of
its capacity to control Salmonella infection and
maintain metabolic homeostasis.”® Dowarah et
al.>* identified Pediococcus acidilactici FT28 as
probiotics that could improve the physicochemical
characteristics and carcass quality of pork while
maintaining normal levels of blood metabolites.

Although many studies have been
reported on probiotics, only a few kinds of
microorganisms have been applied as probiotics
in swine production, actually more probiotic
strains are available for development. In addition,
probiotics, depending on the strain, can exhibit
varied beneficial effects and characteristics.
Therefore, we first isolated LAB from pig faeces and
evaluated in vitro the potential of these strains as
probiotics for replacement of antibiotics in swine
production. The antibacterial strains were further
investigated for their probiotic characteristics,
including tolerance to acid and bile salts, Caco-2
cell adhesiveness, antibiotic susceptibility, and
safety.

MATERIALS AND METHODS

Bacterial Strains and Caco-2 Cells

We obtained Salmonella choleraesuis
CVCC (China Veterinary Culture Collection Center)
2139, Staphylococcus aureus CVCC 546, Escherichia
coli (0147:K89) CVCC 199, Escherichia coli
(0141:K99) CVCC 223 and Escherichia coli (0139)
CVCC 1496 from CVCC (Beijing, China), Escherichia
coli (0157:H7) CICC (Center of Industrial Culture
Collection) 21530 from CICC (Beiling, China), and
Escherichia coli ATCC 25922 from China Center for
Type Culture Collection (CCTCC) (WuHan, China).
These strains were aerobically cultured in Luria-
Bertani (LB) broth for 24 h at 37°C. Human Caco-
2 cells (a colon epithelial cancer cell line) were
purchased from Shanghai BoGu Biotech Co., Ltd.

The cells were maintained at 37°C in
Dulbecco’s modified Eagle’s medium (DMEM)
plus 10% (v/v) fetal bovine serum and 100 U/
mL streptomycin-penicillin mixture in a 5% CO,
incubator

Isolation of LAB
Fifteen fecal specimens were obtained
from 15 apparently healthy pigs fed commercial
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feed without antibiotic growth promoters. Each of
the samples (5 g) was mixed with 45 mL sterile 0.9%
(w/v) NaCl and shaken at 150 rpm for 30 min. The
mixture was filtered with cotton gauze and then
the filtrate was serially 10-fold diluted from 10!
to 10°®. One hundred microliters of serial dilutions
including 10, 10°and 10®were separately plated
on de Man, Rogosa and Sharpe (MRS) agar plates
which were anaerobically or aerobically incubated
for 48 h at 37°C. Different colonies were purified
and stored in MRS broth added with 15% (v/v)
glycerol at -70°C for downstream testing.

Identification of LAB

The isolates were preliminarily
characterized via Gram stain affinity and catalase
assays. For purification of genomic DNA, the
Bacteria Genomic DNA Kit (ComWin Biotech
Co., Ltd., Beijing, China) was utilized. The 16S
rDNA sequence was amplified from extracts
of isolates by the universal primers 16sRpl
(5"-AGAGTTTGATCATGGCTCAG-3’) and 16sRp2
(5’-GTGTGACGGGCG GTGTGTAC-3’). Each 25-uL
PCR system contained 12.5 pyL 2x PCR Master
Mix (ComWin Biotech Co., Ltd., Beijing, China),
0.5 pL upstream and downstream primers (10
uM), 2 pL template DNA, and 9.5 uL ddH,0. The
thermocycling program consisted of an initial step
of 5 min at 94°C; 35 rounds of 30 s at 94°C, 30 s at
57°C, and 2 min at 72°C; and a final step of 72°C
for 10 min. The products (~1,380 bp) of PCR were
purified using a DNA purification Kit (TIANGEN
Biotech, Beijing, China) and sequenced by Sangon
Biotech Co., Ltd., after which the results were
submitted to NCBI GenBank.

Antimicrobial Activity

The isolates’ antimicrobial activity
against Salmonella choleraesuis CVCC 2139,
Staphylococcus aureus CVCC 546, Escherichia coli
(0147:K89) CVCC 199, Escherichia coli (0141:K99)
CVCC 223, Escherichia coli (0139) CVCC 1496
and Escherichia coli (0157:H7) CICC 21530 was
analyzed via agar well diffusion assay according
to a protocol of Argyri et al.”® Briefly, nutrient
agar was melted, mixed with an overnight grown
indicator culture, and filled into petri dishes with
a diameter of 90 mm. When the agar solidified,
four wells (with a diameter of 6 mm) were made

for each dish. The isolates were cultured overnight
and centrifuged for 10 min at 7000 rpm to collect
cell-free supernatants (CFS), which were filtered
with 0.22-um membrane filters. Afterwards, each
well on the agar plates was filled with 200 uL of
the CFS. After incubation for 24 h at 37°C, we
determined the isolates’ antimicrobial activity by
measuring the area of clear zone surrounding each
well on the plates. Each sample was tested three
times independently.

Tolerance to Acidic pH

Tolerance of isolates to acidic pH was
appraised using a protocol of Delgado et al.,*
with some modifications. Briefly, overnight grown
isolates were washed by centrifugation and
incubated for 90 min in sterile 0.9% (w/v) NaCl
with pH adjusted to 2.5, 3.5 and 4.5 using 0.1 mol/L
HCI. One hundred microliters cellular suspensions
treated with different pH were cultured with 10 mL
MRS broth and then inoculums were incubated for
16 hr at 37°C. MRS broth with a pH value of 6.2 £
0.2 was set as the control in this experiment. After
incubation, tolerance of isolates was assessed by
reading 600-nm optical density (OD) values.

Bile Salts Tolerance

The protocol proposed by Bao et al.?” was
utilized to assess bile salts tolerance. Briefly, one
hundred microliters of overnight grown isolates
were cultured in 10 mL MRS broth containing
various concentrations (0.03, 0.3, or 0.5%, w/v)
of porcine bile salts, and then the inoculums
were incubated for 16 h at 37°C. The medium
lacking bile salts served as the control for this
experiment. After incubation, tolerance of isolates
were assessed by reading 600-nm optical density
(OD) values.

Caco-2 Cell Adhesiveness

Cell adhesiveness was tested following
a method of Abhisingha et al.* Briefly, overnight
grown isolates were centrifuged at 7000 rpm for
5min, and the pellets were washed three times
with sterile phosphate-buffered saline (PBS) and
resuspended with DMEM. The number of bacterial
cells in the initial suspension was decided by
plate count. Then 500 uL of the suspensions were
applied onto monolayer Caco-2 cells cultured

Journal of Pure and Applied Microbiology

www.microbiologyjournal.org



Qin et al. | J Pure Appl Microbiol. 2023;17(2):788-798. https://doi.org/10.22207/JPAM.17.2.04

in 24-well plates, which were subsequently
incubated for 90 min at 37°C. After that, the
suspensions were withdrew and the cells were
rinsed thrice by sterile PBS to eliminate dissociative
bacterial cells. A volume of 500 puL 0.1% (v/v) Triton = P
X-100 was supplemented to each well to remove 2 T § NE2IRKE
. S S B
the adherent bacteria, and the number of cell- SRS g g % % % 3
bound bacteria was decided by plate count. Each '§ % o) SsDsssa®
isolate was assessed thrice independently. MY | AN Q
S
Vv
Antibiotic Susceptibility Assay s—0 | A& %% ;‘:
The susceptibility of isolates to antibiotics £ a A Lo 2oy 3
. . . e Ll o
was determined via the Kirby-Bauer method.” The sO¢y | I I HEE |E
. . . . . S =9 N 0 N o =
isolates and quality control strain (Escherichia coli 283 | © m oNoo |?
ATCC 25922) were subjected to treatment with — £
T . . o
beta-lactams (ampicillin, 10 pg/disc; ceftriaxone, g . £
30 pg/disc), macrolides (azithromycin, 15 pg/disc), T s O R |2
. . . . . . 2|lE¥q | Sn—oax 8
lincosamides (clindamycin, 2 ug/disc), aminosugars ElSdRQ | cccscsco |e
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isolates and quality control strain were spread onto o SS0 229219 |3
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MRS and Mueller-Hinton agar plates respectively, 2 €09 | 8883 & £
and a confluent layer was created with sterile 5 & 5913233 S g
. . . . L. . + o =
swabs. After inoculation, the disks with antibiotics 8 o
were placed on the surface of agar plates, which 2 2 ) . S
were subjected to anaerobic or aerobic incubation 7 g, 9 8 & |8
for 24 h at 37°C, followed by measuring inhibition ® 889 199 |2
& =50 PTE T 8E |3
zone diameter. Three replicates were carried out P S°3 U A
for each isolate. In accordance with the guideline & S A
of the Clinical and Laboratory Standards Institute 2 §
(CLSI), the test strains were classified, based on 2 “ s 5 o oo o 2
. . g S539 — O N =W €
their antibiotic susceptibility, as sensitive (S), S T2 | 29 nd £
. . . = SSN | 292F7 ©)
intermediate (1), or resistant (R). = Sso | HaEgAXI | =2
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Plasmid DNA extraction from isolates was 8 Z
performed by utilizing a TIANprep Mini Plamid Kit g N b §
(TIANGEN Biotech, Beijing, China), following the bS] 3 < ¢
. ] . >
provider’s protocol. The extracted plasmid DNA £ S aa § T §
was analyzed by electrophoresis (1%). 8 STEL0Y |2
— ST T E Q
. z S§8sS55 |
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f— ©
Overnight grown isolates were streaked £ S % % % 8 |o
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on MRS agar plates containing 5% (w/v) sheep € é 888 § § 2
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Table 2. Tolerance of the Lactic acid bacteria isolates to acidic conditions represented in mean optical density

after 16h

Isolates

pH

MRS broth

pH2.5 pH3.5 pH4.5

0.235+0.031°¢
0.364+0.024°
0.343+0.026°
0.313+0.0442
0.304+0.016°
0.259+0.019¢

Lactiplantibacillus plantarum BJR2
Lacticaseibacillus casei HID
Lacticaseibacillus casei TH2
Lacticaseibacillus rhamnosus MRS1
Enterococcus Faecium S-3
Enterococcus Faecium S-4-H

0.144+0.012° 0.163+0.010° 0.23540.011°

0.122+0.007° 0.140+0.018® 0.356+0.013°
0.073£0.014° 0.13040.025* 0.309+0.039°
0.128+0.024* 0.155+0.028* 0.310+0.051°
0.007+0.002¢ 0.014+0.005° 0.014+0.006°
0.010+0.005¢ 0.019+0.008° 0.021+0.001°¢

Differences were detected with one-way ANOVA

a,b,c: Values with different superscripts in the same column differ significantly(p<0.05)

Table 3. Growth of the Lactic acid bacteria isolates in MRS broth supplemented with different concentrations of

bile salts represented in mean optical density after 16h

Isolates Bile salts concentration
MRS broth 0.03% 0.30% 0.50%

Lactiplantibacillus plantarum BJR2 0.348+0.024° 0.299+0.010° 0.181+0.012° 0.086+0.004*
Lacticaseibacillus casei HID 0.418+0.032° 0.309+0.015° 0.157+0.024° 0.068+0.002°
Lacticaseibacillus casei TH2 0.372+0.017° 0.245+0.020° 0.188+0.017° 0.102+0.021°
Lacticaseibacillus rhamnosus MRS1 0.404+0.063° 0.313+0.052? 0.201+0.020° 0.104+0.019°
Enterococcus Faecium S-3 0.19740.033¢ 0.052+0.006¢ 0.020+0.005¢ 0.009+0.002¢
Enterococcus Faecium S-4-H 0.371+0.048® 0.092+0.010° 0.082+0.003° 0.049+0.004¢

Differences were detected with one-way ANOVA

a,b,c,d: Values with different superscripts in the same column differ significantly(p<0.05)

was evaluated, with Staphylococcus Aureus CVCC
546 being the positive control. Three types of
hemolysis are classified, for which a clear zone, a
green zone, or no zone respectively indicates -,
a-, or y-hemolysis.

In Vivo Safety Assay

Four-week-old Kunming mice were
obtained from Guangxi Medical University and
housed in plastic cages at room temperature.
After 5 days for environmental adaptation, all mice
were randomly distributed in 7 groups including
6 experimental groups and one negative control
group (6 mice per group with half male and half
female). To prepare inoculums, overnight grown
isolates were washed three times by centrifugation
and resuspended into 1x10° CFU/mL suspensions
by sterile PBS. Each mouse was treated with the
candidate strain at a dose of 10 mL/kg by gavage,
while the negative control group was given PBS.

The experiment lasted 14 days. The mice were
weighed on days 0 and 14, and their appetite,
appearance, mental state, behavior and mortality
were monitored everyday.

Statistical Analysis

We employed SPSS (release 16.0 standard
version; SPAA, Inc., Chicago) for data analysis. The
data were expressed as mean * standard deviation
(SD), and one-way analysis of variance (ANOVA)
and Tukey range test were sequentially performed
for comparison of multiple groups of data. P<0.05
was considered statistically significant.

RESULTS

LAB Extraction and Identification

Six isolates (BJR2, HIJD, TH2, MRS1, S-3,
S-4-H) were picked from MRS agar plates; all of
them were rod or coccus in shape, Gram-positive,
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Table 4. Adhesion rate of the Lactic acid bacteria
isolates to Caco-2 cells

Isolates Adhesion
rate (%)

Lactiplantibacillus plantarum BJR2 44.90+2.732
Lacticaseibacillus casei HID 36.93+3.24°
Lacticaseibacillus casei TH2 27.50+1.89¢
Lacticaseibacillus rhamnosus MRS1 16.00+0.96¢
Enterococcus Faecium S-3 11.09+0.55¢
Enterococcus Faecium S-4-H 47.95+1.57°

Differences were detected with one-way ANOVA
a,b,c,d,e Values with different superscripts in the same column
differ; significantly (p<0.05)

and catalase-negative. 16S rDNA sequencing
analysis showed that BJR2 was Lactiplantibacillus
plantarun, HID and TH2 were Lacticaseibacillus
casei, MRS1 was Lacticaseibacillus rhamnosus,
S-3 and S-4-H were Enterococcus faecium. Their
16S rDNA sequences were uploaded into GenBank
and assigned accession numbers of MZ558169—
MZ558174.

The LAB Strains’ Antimicrobial Activity

The antimicrobial activity of the isolated
LAB against indicator pathogens is displayed in
Table 1. The growth of E. coli (0141:K99) CVCC 223
and E. coli (0157:H7) CICC 21530 was suppressed
by all the LAB strains, while S. aureus CVCC 546
growth was only suppressed by L. casei TH2. E.
faecium S-3 and E. faecium S-4-H. L. plantarum
BJR2 exhibited the greatest growth-inhibiting
effect against E. coli (0147:K89) CVCC 199 (14.93
mm), E. coli (0141:K99) CVCC 223 (15.08 mm) and
E. coli (0139) CVCC 1496 (16.26 mm) among the
six candidate strains.

Low pH and Bile Salts Tolerance

L. plantarum BJR2, L. casei HJD and L.
rhamnosus MRS1 showed higher tolerance at pH
2.5 and pH 3.5 as compared to the other isolates,
whereas E. Faecium S-3 and E. Faecium S-4-H were
highly sensitive to acidic environment (Table 2).
The selected isolates’ ability to tolerate bile salts
is presented in Table 3. The results showed that L.
plantarum BJR2, L. casei HID, L. casei TH2 and L.
rhamnosus MRS1 tolerated 0.30% bile salts well.
In contrast, E. Faecium S-3 and E. Faecium S-4-H
showed low tolerance to bile salts.

Caco-2 Cell Adhesion Ability of the Test Strains

As revealed by Table 4, The test strains
showed diverse adhesion abilities. E. faecium S-4-H
and L. plantarum BJR2 had higher adhesion rates
(47.95% and 44.90%, respectively) than the other
isolates.

Antibiotic Susceptibility Assay

The test strains’ susceptibility to various
antibiotics is shown in Table 5. E. faecium S-4-H,
L. casei HID and L. rhamnosus MRS1 exhibited
higher sensitivity to antibiotics compared with
other isolates. All test strains were resistant to
streptomycin and nalidixic acid, and L. plantarum
BJR2 was resistant to all antibiotics used in this
study.

Plasmid DNA Isolation of Test Strains

The result of electrophoretic analysis
showed that no plasmids were detected in all
isolates (data not shown).

Hemolysis Assay

The result showed that all the test strains
exhibited no a or B-hemolysis activity when
cultured on agar plates containing sheep blood.

In Vivo Safety Assay

During the animal testing, the mice in
experimental groups showed no adverse effects
in respect to general health conditions compared
with the negative control group. As shown in
Table 6, the group administered with L. casei HID
had significantly higher weight gain (P < 0.05)
compared with the negative control group at
day 14.

DISCUSSION

Intensive pig farming has increased the
risk of intestinal disease. Infection by bacteria
may represent a key pathogenic mechanism of
piglets diarrhea. Neonatal and weaning piglets
are susceptible to potentially pathogenic bacteria
including Escherichia coli and Salmonella spp.?
LAB can release many antimicrobials, such as lactic
acid, bacteriocins and hydrogen peroxide, that
can significantly inhibit pathogenic bacteria.?*3!
Therefore, we herein aimed to screen and identify
potential probiotic LAB strains extracted from
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Table 5. The antibiotic susceptibility of the Lactic acid bacteria isolates

Isolates AMP CEF AZl CLI STR GEN TET VAN CIP NAL
Escherichia coli ATCC 25922 S S R R S S S R S S
Lactiplantibacillus plantarum BJR2 R R R R R R R R R R
Lacticaseibacillus casei HID R | | S R R S R R R
Lacticaseibacillus casei TH2 R R | R R R R R R R
Lacticaseibacillus rhamnosus MRS1 S R | S R R S R R R
Enterococcus Faecium S-3 R R R | R R R R | R
Enterococcus Faecium S-4-H S R R R R | S | | R

AMP ampicillin, CEF ceftriaxone, AZI azithromycin, CLI clindamycin, STR streptomycin, GEN gentamycin, TET tetracycline, VAN
vancomycin, CIP ciprofloxacin, NAL nalidixic acid; R resistant, | intermediate, S sensitive

Table 6. Body weight evaluations of experimental mice inoculated by oral gavage with the Lactic acid bacteria isolates

Groups Body weight (g) Death No.
Day 0 Day 14
PBS 20.87+0.63 31.04+0.60 0
Lactiplantibacillus plantarum BJR2 21.08+1.62 31.36+1.17 0
Lacticaseibacillus casei HID 20.47+0.29 34.99+1.06* 0
Lacticaseibacillus casei TH2 20.6+0.68 31.81+2.29 0
Lacticaseibacillus rhamnosus MRS1 20.99+1.31 32.18+1.38 0
Enterococcus Faecium S-3 20.68+0.43 31.02+0.59 0
Enterococcus Faecium S-4-H 20.37+0.26 32.33+0.96 0

Significant difference compare with PBS,*P<0.05

fecal samples of apparently healthy pigs, which
can exert antimicrobial activity against common
enteric pathogenic bacteria. Selected LAB strains
exhibited antimicrobial activity against different
indicator pathogens. Each of them showed
inhibitory activity against five tested indicator
strains, displaying a broad antimicrobial spectrum.
L. plantarum BJR2 displayed higher inhibitory
activity against E. coli (0147:K89) CVCC 199 (14.93
mm), E. coli (0141:K99) CVCC 223 (15.08 mm)
and E. coli (0139) CVCC 1496 (16.26 mm) than
the other test strains. This is consistent with the
findings of Piyadeatsoontorn et al.,>> who observed
that L. plantarum strains L21 and L80 had strong
inhibition to E. coli using agar spot assays. Similarly,
according to Betancur et al.,** L. Plantarum CAM6
exhibited the greatest inhibitory effect against
E. coli strain NBRC 102203 (19.7 mm). L. casei
HJD exerted a significant growth inhibitory effect
against S. choleraesuis CVCC 2139 (17.83 mm)
and E. coli (0147:K89) CVCC 199 (15.65 mm), was
stronger than the other isolates. Previous studies

revealed that orally-administered recombinant
L. casei could shape the intestinal probiotics and
significantly reduce the incidence of diarrhea in
newborn piglets.?* Yin et al.*® reported that L. casei-
fermented feeds could reduce diarrhea severity
of pigs challenged by Salmonella. L. plantarum
BJR2 and L. casei HID showed good antimicrobial
properties of common intestinal pathogenic
bacteria, and had the potential to prevent and
treat bacterial infections.

Acid and bile tolerance is one of the
primary criteria used for selection of a potential
probiotic strain because this property always
reflects the survivability of a strain inside the
host.? In the present research, L. plantarum BJR2,
L. casei HID and L. rhamnosus MRS1 tolerated to
low pH (pH=2.5 and 3.5) and 0.30% bile salts well,
suggesting that they have the potential ability of
surviving the passage through the stomach and
into the intestinal tract. This finding is consistent
with that of Jia et al.,® who found that L. johnsonii
pZL5c and L. animalis pZL8a exhibited good
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tolerance to acidic pH (pH=3.0) and a 0.30%
porcine bile salt solution in PBS. Betancur et
al.® reported that all three L. Plantarum strains
tolerated pH 3.0 and a bile salt concentration as
high as 0.15% well, which is similar to our results.
Intestinal epithelial cell adhesiveness represents
a crucial property of probiotics because it predicts
the residence duration of probiotics in host
intestine, thereby reflects the probiotics’ pathogen
clearance and pro-immunologic effects.’” Among
the currently available animal and human
intestinal cell lines, including Caco-2, T84, HT-29,
IEC-6 and IEC-18,% Caco-2 is widely applied in
analyses of adhesiveness.* In this study, E. faecium
S-4-H and L. plantarum BJR2 had strong adhesion
ability to Caco-2 cells, exhibiting adhesion rates of
47.95% and 44.90%, which were higher than those
of the other test strains, and L. casei HID showed
the second highest adhesion rate (36.93%). These
rates were significantly higher than those reported
in Jia et al.s research,® in which L. Johnsonii pZL8b
and L. animalis pZL8a respectively displayed
relatively lower adhesion rates of 11.52% and
10.25%. One possible explanation is that different
bacterial strains being studied in our work.
Antibiotic susceptibility is a vital criterion
to select bacteria as probiotics, and antibiotic
resistance is a focused issue in world.* The
resistance of LAB to antibiotics can be either
intrinsic resistance, which is not transmissible,
or acquired resistance, which usually arises due
to bacterial DNA mutations that are potentially
transmissible via mobile genetic materials (such
as transposons and plasmids).** Therefore, it
is important to test the presence of antibiotic
resistance genes in plasmids or chromosomes.*
As per our data, all lactobacillus species isolates
including L. plantarum BIR2, L. casei HID, L. casei
TH2 and L. rhamnosus MRS1 were resistant to
streptomycin, vancomycin and ciprofloxacin. Our
findings are consistent with those of Sharma et
al.,** who observed that lactobacillus species
exhibited intrinsic resistance to ciprofloxacin,
streptomycin, sulphamethoxazole-trimethoprim,
and vancomycin. Pei et al.* also found that all
LAB isolates showed resistance to ciprofloxacin
and streptomycin. All tested strains displayed
resistance to nalidixic acid, resembling the findings
of Jia et al.,® who determined that all the isolates

were categorized as nalidixic acid resistance. None
of our tested strains involved any transferable
antibiotic resistance genes carried by plasmid.
Therefore, their antibiotic resistance could be
innate and would not spread through horizontal
gene transfer. The mechanism underlying intrinsic
antibiotic resistance of LAB species remains largely
unclear and warrants further investigation.*

Hemolysis activity could cause anemia,
bacteremia and edema, and is a threat to
host.*® So bacterial strains must be evaluated for
safety before they can be commercially used as
probiotics. We found that all isolates displayed
no a or B-hemolysis activity, agreeing with the
findings of Zoumpopoulou et al.,*” who reported
that no lactobacillus was found to be hemolytic.

Potential probiotics must be evaluated
for safety through oral toxicity tests in animals.
In this study, safety tests for all selected strains in
mice were performed. The results showed that all
mice maintained good physical condition and had
no adverse effects. Furthermore, administration
of L. casei HID significantly enhanced the weight
gain of the mice relative to the control group.
These results indicated that all tested strains are
potentially safe for consumption, and L. casei
HJD has the potential to improve performance
including feed intake and conversion and weight
gain in animals. Further researches are needed in
pigs.

CONCLUSION

Both in vitro and in vivo probiotic
characterization studies and safety assay in
this research suggest that L. plantarum BJR2
and L. casei HID are good probiotic candidate
strains, which exhibit broad-spectrum and high
antimicrobial activity against indicator enteric
pathogens. In future studies, their beneficial
effects on anti-infection, growth performance,
immune and others, and possible negative effects
in pigs should be assessed.

ACKNOWLEDGMENTS

The authors would like to thank Associate
Prof. S.R. at the College of Foreign Language,
Guangxi University, for her help in preparing the
manuscript.

Journal of Pure and Applied Microbiology

www.microbiologyjournal.org



Qin et al. | J Pure Appl Microbiol. 2023;17(2):788-798. https://doi.org/10.22207/JPAM.17.2.04

CONFLICT OF INTEREST
The authors declare that there is no
conflict of interest.

AUTHORS' CONTRIBUTION

LM, SQ and PZ carried out safety
evaluation in mice. WZ, AB, JL and FC performed
assessment in vitro. HD, WZ and JW designed the
experiments. SQ analyzed the data and wrote
the manuscript. JW revised the manuscript. All
authors read and approved the final manuscript
for publication.

FUNDING

This study was supported by the Science
and Technology Major Project of Guangxi (Guike
AA18118051), Open Project Foundation of Guangxi
Key Laboratory of Veterinary Biotechnology
(19-50-40-B-06), and Guangxi Pig Innovation
Team Construction Project of National Modern
Agricultural Industrial Technology System
(nycytxgxcxtd-15-01).

DATA AVAILABILITY
All datasets generated or analyzed during
this study are included in the manuscript.

ETHICS STATEMENT

This study was approved by Animal
Ethics Committee of the Guangxi Veterinary
Research Institute. In this study, all experimental
animals used were dealt according to the Animal
Ethic Procedures and Guidelines of the People’s
Republic of China (SYXK2010-0001).

REFERENCES

1. Wu Z. Antibiotic use and antibiotic resistance in
food-producing animals in China. OECD Food,
Agriculture and Fisheries Paper. 2019;134. doi:
10.1787/4adba8cl-en

2. Cromwell GL. Why and how antibiotics are used in
swine production. Anim Biotechnol. 2002;13(1):7-27.
doi: 10.1081/ABIO-120005767

3. Stoica C, Cox G. Old problems and new solutions:
antibiotic alternatives in food animal production. Can
J Microbiol. 2021;67(6):427-444. doi: 10.1139/cjm-
2020-0601

4, Sirichokchatchawan W, Pupa P, Praechansri P, et al.
Autochthonous lactic acid bacteria isolated from

10.

11.

12.

13.

14.

15.

16.

pig faeces in Thailand show probiotic properties
and antibacterial activity against enteric pathogenic
bacteria. Microb Pathog. 2018;119:208-215. doi:
10.1016/j.micpath.2018.04.031

Shi'S, Cheng B, Gu B, et al. Evaluation of the probiotic
and functional potential of Lactobacillus agilis 32
isolated from pig manure. Lett Appl Microbiol.
2021;73(1):9-19. doi: 10.1111/lam.13422

Jia D, Wang Y, Wang J, et al. Lactobacillus animalis
pZL8a: a potential probiotic isolated from pig feces
for further research. 3 Biotech. 2021;11(3):132.doi:
10.1007/s13205-021-02681-3

Rathnayake D, Mun HS, Dilawar MA, Baek KS, Yang CJ.
Time for a Paradigm Shift in Animal Nutrition Metabolic
Pathway: Dietary Inclusion of Organic Acids on the
Production Parameters, Nutrient Digestibility, and
Meat Quality Traits of Swine and Broilers. Life (Basel).
2021;11(6):476. doi: 10.3390/1ife11060476

Chen J, Kang B, Zhao Y, Yao K, Fu C. Effects of
natural dietary supplementation with Macleaya
cordata extract containing sanguinarine on growth
performance and gut health of early-weaned piglets. J
Anim Physiol Anim Nutr (Berl). 2018;102(6):1666-1674.
doi: 10.1111/jpn.12976

Rodrigues G, Maximiano MR, Franco OL.
Antimicrobial peptides used as growth promoters
in livestock production. Appl Microbiol Biotechnol.
2021;105(19):7115-7121. doi: 10.1007/s00253-021-
11540-3

Fuller R. Probiotics in man and animals. J Appl Bacteriol.
1989;66(5):365-378. doi: 10.1111/j.1365-2672.1989.
tb05105.x

Suda Y, Villena J, Takahashi Y, Hosoya S, Tomosada Y,
Tsukida K, et al. Immunobiotic Lactobacillus jensenii as
immune-health promoting factor to improve growth
performance and productivity in post-weaning pigs.
BMC Immunol. 2014;15:24. doi: 10.1186/1471-2172-
15-24

FAO/WHO. Health and nutritional properties of
probiotics in food including powder milk with live lactic
acid bacteria. FAO/WHO, Rome. 2001.

Trevisi P, Latorre R, Priori D, et al. Effect of feed
supplementation with live yeast on the intestinal
transcriptome profile of weaning pigs orally challenged
with Escherichia coli F4. Animal. 2017;11(1):33-44. doi:
10.1017/51751731116001178

Abhisingha M, Dumnil J, Pitaksutheepong C.
Selection of Potential Probiotic Lactobacillus with
Inhibitory Activity Against Salmonella and Fecal
Coliform Bacteria. Probiotics Antimicrob Proteins.
2018;10(2):218-227. doi: 10.1007/s12602-017-9304-8
Czech A, Grela ER, Kiesz M. Dietary fermented rapeseed
or/and soybean meal additives on performance and
intestinal health of piglets. Sci Rep. 2021;11(1):16952.
doi: 10.1038/s41598-021-96117-w

Ma T, Suzuki Y, Guan LL. Dissect the mode of action
of probiotics in affecting host-microbial interactions
and immunity in food producing animals. Vet Immunol
Immunopathol. 2018;205:35-48. doi: 10.1016/j.
vetimm.2018.10.004

Journal of Pure and Applied Microbiology

www.microbiologyjournal.org


https://doi.org/10.1081/ABIO-120005767
https://doi.org/10.1139/cjm-2020-0601
https://doi.org/10.1139/cjm-2020-0601
https://doi.org/10.1016/j.micpath.2018.04.031
https://doi.org/10.1016/j.micpath.2018.04.031
https://doi.org/10.1111/lam.13422
https://doi.org/10.1007/s13205-021-02681-3
https://doi.org/10.1007/s13205-021-02681-3
https://doi.org/10.3390/life11060476
https://doi.org/10.1111/jpn.12976
https://doi.org/10.1007/s00253-021-11540-3
https://doi.org/10.1007/s00253-021-11540-3
https://doi.org/10.1111/j.1365-2672.1989.tb05105.x
https://doi.org/10.1111/j.1365-2672.1989.tb05105.x
https://doi.org/10.1186/1471-2172-15-24
https://doi.org/10.1186/1471-2172-15-24
https://doi.org/10.1017/S1751731116001178
https://doi.org/10.1017/S1751731116001178
https://doi.org/10.1007/s12602-017-9304-8
https://doi.org/10.1038/s41598-021-96117-w
https://doi.org/10.1016/j.vetimm.2018.10.004
https://doi.org/10.1016/j.vetimm.2018.10.004

Qin et al. | J Pure Appl Microbiol. 2023;17(2):788-798. https://doi.org/10.22207/JPAM.17.2.04

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Servin AL. Antagonistic activities of lactobacilli and
bifidobacteria against microbial pathogens. FEMS
Microbiol Rev. 2004;28(4):405-440. doi: 10.1016/j.
femsre.2004.01.003

Strompfova V, Laukova A. Enterococci from piglets-
-probiotic properties and responsiveness to
natural antibacterial substances. Folia Microbiol.
2009;54(6):538-544. doi: 10.1007/512223-009-0078-6
Li XJ, Yue LY, Guan XF, Qiao SY. The adhesion of
putative probiotic lactobacilli to cultured epithelial
cells and porcine intestinal mucus. J Appl Microbiol.
2008;104(4):1082-1091. doi: 10.1111/j.1365-
2672.2007.03636.x

Roselli M, Pieper R, Rogel-Gaillard C, et al.
Immunomodulating effects of probiotics for microbiota
modulation, gut health and disease resistance in
pigs. Anim Feed Sci Technol. 2017;233:104-119. doi:
10.1016/j.anifeedsci.2017.07.011

Patel S, Shukla R, Goyal A. Probiotics in valorization
of innate immunity across various animal models.
J Funct Foods. 2015;14:549-561. doi: 10.1016/j.
jff.2015.02.022

Yang F, Hou C, Zeng X, Qiao S. The use of lactic Acid
bacteria as a probiotic in Swine diets. Pathogens.
2015;4(1):34-45. doi: 10.3390/pathogens4010034
He T, Zhu YH, Yu J, et al. Lactobacillus johnsonii L531
reduces pathogen load and helps maintain short-chain
fatty acid levels in the intestines of pigs challenged
with Salmonella enterica Infantis. Vet Microbiol.
2019;230:187-194. doi: 10.1016/j.vetmic.2019.02.003
Dowarah R, Verma AK, Agarwal N, Singh P. Efficacy
of species-specific probiotic Pediococcus acidilactici
FT28 on blood biochemical profile, carcass traits
and physicochemical properties of meat in fattening
pigs. Res Vet Sci. 2018;117:60-64.doi: 10.1016/j.
rvsc.2017.11.011

Argyri AA, Zoumpopoulou G, Karatzas KA, et al.
Selection of potential probiotic lactic acid bacteria
from fermented olives by in vitro tests. Food Microbiol.
2013;33(2):282-91. doi: 10.1016/j.fm.2012.10.005
Delgado S, O’Sullivan E, Fitzgerald G, Mayo B. Subtractive
screening for probiotic properties of lactobacillus
species from the human gastrointestinal tract in the
search for new probiotics. J Food Sci. 2007;72(8):M310-
5. doi: 10.1111/j.1750-3841.2007.00479.x

Bao Y, Zhang YC, Zhang Y, et al. Screening of
potential probiotic properties of Lactobacillus
fermentum isolated from traditional dairy products.
Food Control. 2010;21(5):695-701. doi: 10.1016/j.
foodcont.2009.10.010

Bauer AW, Kirby WM, Sherris JC, Turck M. Antibiotic
susceptibility testing by a standardized single disk
method. Am J Clin Pathol. 1966;45(4):493-496. doi:
10.1093/ajcp/45.4_ts.493

Williams BA, Verstegen MW, Tamminga S. Fermentation
in the large intestine of single-stomached animals
and its relationship to animal health. Nutr Res Rev.
2001;14(2):207-228. doi: 10.1079/NRR200127

Azizi F, Habibi Najafi MB, Edalatian Dovom MR. The
biodiversity of Lactobacillus spp. from Iranian raw
milk Motal cheese and antibacterial evaluation

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

based on bacteriocin-encoding genes. AMB Express.
2017;7(1):176. doi: 10.1186/s13568-017-0474-2
Wang S, Wang Q, Yang E, Yan L, Li T, Zhuang H.
Antimicrobial Compounds Produced by Vaginal
Lactobacillus crispatus Are Able to Strongly Inhibit
Candida albicans Growth, Hyphal Formation and
Regulate Virulence-related Gene Expressions. Front
Microbiol. 2017;8:564. doi: 10.3389/fmicb.2017.00564
Piyadeatsoontorn S, Taharnklaew R, Upathanpreecha
T, Sornplang P. Encapsulating Viability of Multi-strain
Lactobacilli as Potential Probiotic in Pigs. Probiotics
Antimicrob Proteins. 2019;11(2):438-446. doi:
10.1007/s12602-018-9418-7

Betancur C, Martinez Y, Tellez-Isaias G, Avellaneda
MC, Velazquez-Marti B. In Vitro Characterization of
Indigenous Probiotic Strains Isolated from Colombian
Creole Pigs. Animals. 2020;10(7):1204. doi: 10.3390/
anil0071204

Qin D, Bai Y, Li Y, et al. Changes in Gut Microbiota by
the Lactobacillus casei Anchoring the K88 Fimbrial
Protein Prevented Newborn Piglets From Clinical
Diarrhea. Front Cell Infect Microbiol. 2022;12:842007.
doi: 10.3389/fcimb.2022.842007

Yin F, Farzan A, Wang QC, et al. Reduction of Salmonella
enterica serovar typhimurium DT104 infection
in experimentally challenged weaned pigs fed a
lactobacillus-fermented feed. Foodborne Pathog Dis.
2014; 11(8):628-34. doi: 10.1089/fpd.2013.1676
Shokryazdan P, Faseleh Jahromi M, Liang JB, Ho
YW. Probiotics: From Isolation to Application.
J Am Coll Nutr. 2017; 36(8):666-676. doi:
10.1080/07315724.2017.1337529

Fontana L, Bermudez-Brito M, Plaza-Diaz J, Munoz-
Quezada S, Gil A. Sources, isolation, characterisation
and evaluation of probiotics. BrJ Nutr. 2013;109(Suppl
2):535-50. doi: 10.1017/50007114512004011

Cencic A, Langerholc T. Functional cell models of the
gut and their applications in food microbiology--a
review. IntJ Food Microbiol. 2010; 141 (Suppl 1):54-14.
doi: 10.1016/j.ijfoodmicro.2010.03.026

Dicks LM, Botes M. Probiotic lactic acid bacteria in
the gastro-intestinal tract: health benefits, safety and
mode of action. Benef Microbes. 2010;1(1):11-29. doi:
10.3920/BM2009.0012

Stefanska |, Kwiecien E, Jozwiak-Piasecka K, Garbowska
M, Binek M, Rzewuska M. Antimicrobial Susceptibility
of Lactic Acid Bacteria Strains of Potential Use as
Feed Additives - The Basic Safety and Usefulness
Criterion. Front Vet Sci. 2021;8:687071. doi: 10.3389/
fvets.2021.687071

Patel AR, Shah NP, Prajapati JB. Antibiotic resistance
profile of lactic acid bacteria and their implications in
food chain. World J Dairy Food Sci. 2012;7(2):202-211.
Gama JA, Zilhao R, Dionisio F. Impact of plasmid
interactions with the chromosome and other plasmids
on the spread of antibiotic resistance. Plasmid.
2018;99:82-88. doi: 10.1016/j.plasmid.2018.09.009
Sharma P, Tomar SK, Goswami P, Sangwan V, Singh R.
Antibiotic resistance among commercially available
probiotics. Food Res Int. 2014;57:176-195. doi:
10.1016/j.foodres.2014.01.025

Journal of Pure and Applied Microbiology

www.microbiologyjournal.org


https://doi.org/10.1016/j.femsre.2004.01.003
https://doi.org/10.1016/j.femsre.2004.01.003
https://doi.org/10.1007/s12223-009-0078-6
https://doi.org/10.1111/j.1365-2672.2007.03636.x
https://doi.org/10.1111/j.1365-2672.2007.03636.x
https://doi.org/10.1016/j.anifeedsci.2017.07.011
https://doi.org/10.1016/j.anifeedsci.2017.07.011
https://doi.org/10.1016/j.jff.2015.02.022
https://doi.org/10.1016/j.jff.2015.02.022
https://doi.org/10.3390/pathogens4010034
https://doi.org/10.1016/j.vetmic.2019.02.003
https://doi.org/10.1016/j.rvsc.2017.11.011
https://doi.org/10.1016/j.rvsc.2017.11.011
https://doi.org/10.1016/j.fm.2012.10.005
https://doi.org/10.1111/j.1750-3841.2007.00479.x
https://doi.org/10.1016/j.foodcont.2009.10.010
https://doi.org/10.1016/j.foodcont.2009.10.010
https://doi.org/10.1093/ajcp/45.4_ts.493
https://doi.org/10.1093/ajcp/45.4_ts.493
https://doi.org/10.1079/NRR200127
https://doi.org/10.1186/s13568-017-0474-2
https://doi.org/10.3389/fmicb.2017.00564
https://doi.org/10.1007/s12602-018-9418-7
https://doi.org/10.1007/s12602-018-9418-7
https://doi.org/10.3390/ani10071204
https://doi.org/10.3390/ani10071204
https://doi.org/10.3389/fcimb.2022.842007
https://doi.org/10.1089/fpd.2013.1676
https://doi.org/10.1080/07315724.2017.1337529
https://doi.org/10.1080/07315724.2017.1337529
https://doi.org/10.1017/S0007114512004011
https://doi.org/10.1016/j.ijfoodmicro.2010.03.026
https://doi.org/10.3920/BM2009.0012
https://doi.org/10.3920/BM2009.0012
https://doi.org/10.3389/fvets.2021.687071
https://doi.org/10.3389/fvets.2021.687071
https://doi.org/10.1016/j.plasmid.2018.09.009
https://doi.org/10.1016/j.foodres.2014.01.025
https://doi.org/10.1016/j.foodres.2014.01.025

Qin et al. | J Pure Appl Microbiol. 2023;17(2):788-798. https://doi.org/10.22207/JPAM.17.2.04

44,

45.

Pei L, Yang H, Qin S, et al. Isolation and Evaluation of
Probiotic Potential of Lactic Acid Strains From Healthy
Equines for Potential Use in Salmonella Infection.
J Equine Vet Sci. 2021;96:103312. doi: 10.1016/j.
jevs.2020.103312

Gevers D, Huys G, Devlieghere F, Uyttendaele M,
Debevere J, Swings J. Isolation and identification
of tetracycline resistant lactic acid bacteria from
pre-packed sliced meat products. Syst Appl
Microbiol. 2000;23(2):279-284. doi: 10.1016/S0723-
2020(00)80015-6

46.

47.

Vesterlund S, Vankerckhoven V, Saxelin M, Goossens
H, Salminen S, Ouwehand AC. Safety assessment
of Lactobacillus strains: presence of putative risk
factors in faecal, blood and probiotic isolates. Int J
Food Microbiol. 2007;116(3):325-331. doi: 10.1016/j.
ijffoodmicro.2007.02.002

Zoumpopoulou G, Foligne B, Christodoulou K,
Grangette C, Pot B, Tsakalidou E. Lactobacillus
fermentum ACA-DC 179 displays probiotic potential
in vitro and protects against trinitrobenzene sulfonic
acid (TNBS)-induced colitis and Salmonella infection in
murine models. Int J Food Microbiol. 2008;121(1):18-
26. doi: 10.1016/j.ijfoodmicro.2007.10.013

Journal of Pure and Applied Microbiology

798

www.microbiologyjournal.org


https://doi.org/10.1016/j.jevs.2020.103312
https://doi.org/10.1016/j.jevs.2020.103312
https://doi.org/10.1016/S0723-2020(00)80015-6
https://doi.org/10.1016/S0723-2020(00)80015-6
https://doi.org/10.1016/j.ijfoodmicro.2007.02.002
https://doi.org/10.1016/j.ijfoodmicro.2007.02.002
https://doi.org/10.1016/j.ijfoodmicro.2007.10.013

