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Simple Summary: Although many countries have eliminated the use of antibiotics as growth
promoters in poultry diets, more than 40 countries still use subtherapeutic antibiotics daily to reduce
bacterial diseases triggered by the intensive production process, which has provoked microbial
resistance and cross-resistance to other microorganisms. Thus, researchers continue to search for
viable and feasible alternatives that also benefit the animals. Unquestionably, probiotics continue
to be the main natural alternative. However, in many cases, the industry has rejected the use of
these beneficial microorganisms due to the slight viability of bacterial strains and inconclusive results
under different production conditions; thus, the use of native lactic acid bacteria from Creole birds,
which have never been used as preventive antibiotics, may open up new tools for their widespread
use in broiler production. This study showed that the isolation of Lactobacillus reuteri from the caeca of
Creole roosters has high viability under different conditions of pH, bile salts, NaCl, and temperature,
and in addition, this isolated bacterial strain strongly reduces the growth of pathogenic bacteria
in vitro and has lower sensitivity to the use of three commonly used antibiotics, which allows their
subsequent in vivo study in broilers.

Abstract: Five strains (CLP2, CLP3, CLP4, CLP5, and CLP6) were isolated from the cecal content of
Creole roosters fed without antibiotic growth promoters. Biochemical and morphological tests (nega-
tive catalase and oxidase) confirmed the presence of lactic acid bacteria. Additionally, considering the
16s RNA, Lactobacillus vaginalis (CLP2, CLP3, CLP5, and CLP6) and Lactobacillus reuteri (CLP4) were
identified. All strains (mainly CLP4 and CLP5) showed variable and significant growth (p < 0.001) at
different levels of pH. Likewise, all bacterial cultures were quantified at 42 ◦C, although only strains
CLP4 and CLP5 managed to grow at 30 ◦C. Additionally, the CLP4, CLP5, and CLP6 strains grew
from 0.05 to 0.30% of biliary salts. However, only the CLP4 isolate grew at different concentrations of
NaCl (2–10%), and CLP5 grew at 2% NaCl. The CLP4 strain was able to inhibit the in vitro growth of
enterobacteria such as Escherichia coli ATCC® 11775TM, Salmonella Typhimurium ATCC® 14028TM,
and Clostridium perfringens ATCC® 13124TM. In addition, CLP4 had lower sensitivity in the presence
of amoxicillin and tetracycline compared to these pathogenic bacteria. Considering these in vitro
results, it is necessary to carry out in vivo studies with the CLP4 strain to test the hypothesis of its
probiotic effect in poultry.

Keywords: Creole bird; lactic acid bacteria; probiotic potential; antimicrobial activity; antimicrobial
susceptibility
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1. Introduction

The growing demand for high-biological-value protein foods has caused the poultry
industry to increase its production and look for efficient ways to improve performance
without affecting animal health [1,2]. However, the growing gastrointestinal infections
caused by pathogenic bacteria have led to an increase in the indiscriminate use of antibi-
otic growth promoters (AGPs), with the aim of preventing the development of diseases,
reducing mortality, and maximizing the genetic potential of poultry (mainly in developing
countries). Nevertheless, this has provoked greater bacterial resistance by transferring
genes by genetic mutation to other pathogenic bacteria capable of colonizing the intestine
and modifying the intestinal microbiota [3,4]. Moreover, these bacteria can be transmitted
to humans, provoking zoonotic diseases such as salmonellosis [5]. Therefore, natural
alternatives such as phytobiotics, organic acids, prebiotics, probiotics, and symbiotics are
considered viable to eliminate or reduce the use of antibiotic growth promoters (AGPs) in
diets, as well as to naturally prevent some gastrointestinal diseases [6,7].

Several studies indicate that lactic acid bacteria (LABs) can be safe alternatives to AGPs
due to their multiple benefits to intestinal health by regulating digestive and metabolic
processes and modulating the immune response and the production of proinflammatory
cytokines, with improvements in the integrity of the intestinal mucosa by competitive
exclusion [8–10].

To select a bacterial strain as a probiotic candidate, it is necessary to know the selection
criteria and the results of in vitro tests that simulate the different conditions of the entire
gastrointestinal tract (GIT) [11–13]. Thus, the bacterial strains must have certain charac-
teristics that provide them with viability and survival in the gastrointestinal tract, among
which are the ability to grow at different levels of pH and concentrations of bile salts [6].
Additionally, evaluations are carried out with different salinity concentrations of sodium
chloride (NaCl) and at temperatures below and above 37 ◦C to ensure their viability in the
environment and/or industrial processes [14]. Likewise, it is necessary to validate that
LABs have antagonistic capacity against pathogenic bacteria as well as to conduct antimi-
crobial susceptibility tests to determine their interaction with antibiotics [15,16], which
would justify their adhesion and colonization capacity in the intestinal walls. Furthermore,
the presence of resistance genes should be investigated to make sure that they are not
carriers of resistance themselves.

In this sense, Rajoka et al. [17] found high survival of some of the isolated LABs at
different pH conditions, which resembled the gastrointestinal tract (GIT) of poultry and
contributed to microbial eubiosis in in vivo tests. Furthermore, Ruben et al. [5] reported that
isolated bacterial strains showed high survival in in vitro tests at different concentrations
of gastric juice and bile salts, and they also increased adhesion to epithelial cells and
stimulated autoaggregation and coaggregation. Moreover, Feng et al. [18] indicated that
three strains of lactic acid bacteria reduced the adhesion and invasion of Salmonella spp.
in vitro due to the antimicrobial effect of bacteriocins.

On the other hand, few studies have considered the isolation of bacterial strains
as probiotic candidates from the gastrointestinal tract (mainly from the ceca) of Creole
animals. These animals are fed a diverse diet (rich in prebiotics) without subtherapeutic
antibiotics, which should favor the richness and diversity of the intestinal microbiota and
its antimicrobial properties against Enterobacteriaceae, as well as reduce the risk of finding a
potential strain with some resistance genes [19]. Therefore, the objective of this study was
to evaluate the in vitro probiotic potentialities of autochthonous bacteria from the cecal
content of Creole roosters for the substitution of antibiotics as a subtherapeutic alternative
in poultry farming.
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2. Materials and Methods
2.1. Sample Collection and Preparation

Five apparently healthy Creole roosters with an average age of 15 months and an
average weight of 1.85 ± 0.5 kg were selected from the periurban areas of Zamorano,
Francisco Morazán, Honduras, and raised in a natural environment free of AGPs.

Cervically stunning roosters fasted for 12 h were sacrificed, although water was
supplied ad libitum. Then, a necropsy was performed to remove both ceca, which were
placed in sterile bags and stored in a cold compartment. Samples (ceca) were transferred to
the laboratory for in vitro testing. Under a sterile environment, the cecal content of the ceca
was extracted, the pH was measured, and the entire content was placed in an Erlenmeyer
flask with 30 mL of 1% (p/v) peptone water (Acumedia) shaking on the orbital table for
20 min at 150 rpm.

2.2. Isolation, Morphology, and Biochemical Tests

Serial dilutions in peptone water (Acumedia) to a concentration of 107 from the stock
solution were made. From each dilution, 100 µL of the solution was spread on Man, Rogosa,
and Sharpe [20] culture medium (MRS Liufilchem) in duplicate, and plates were incubated
at 37 ◦C for 48 h in a BD GasPakTM EZ anaerobic chamber.

Subsequently, preliminary biochemical tests of oxidase and catalase [21] were carried
out, and the colonies that showed a negative reaction were Gram-stained and observed
under light microscopy to confirm the morphological characteristics and the coloration of
the lactic acid bacteria.

2.3. Genomic Identification

Individual reactions from the duplicate isolates for their amplification were carried
out, using components and conditions established by the Phusion Master Mix (M0531S)
(Thermo Scientific™, Waltham, MA, USA) protocol. Sequences from the 16S ribosomal
region were made using Thermocycler AB 2720 (Applied Biosystems™, Waltham, CA,
USA). The 1465 bp region of the ribosomal gene 16S was amplified by polymerase chain
reaction (PCR) using universal primers F27 (50-AGAGTTTGAT CMTGGCTCAG-30) and
R1492 (50-TACGGYTACCTTGTTACGACTT-30), and its fragments were purified. The
clean product of each sample was used with a modified cycle sequencing protocol for Big
Dye Terminator v3.1.

For sequencing, the PCR product was cleaned with Exo I and rSAP enzymes for
each sample according to the manufacturer’s instructions. Then, to precipitate the cycle
sequencing product, the described protocol was followed using EDTA at 125 mM. The
pellet was resuspended in Hi-Di™ Formamide and read by SeqStudio ABI 3200 sequencer
(Applied Biosystems, Waltham, CA, USA), using the Sanger sequencing methodology of
capillary electrophoresis.

2.4. Tolerance to Different Growing Conditions

To evaluate the in vitro tolerance (to temperature, pH, sodium chloride, and bile salt)
of the isolated strains, they were cultured on an MRS medium. The isolated strains were
inoculated in test tubes containing 10 mL of MRS broth and incubated for 24 h under
anaerobic conditions. For pH tolerance, concentrations of 2, 3, 4, 5.6, 6, and 7 were adjusted,
using 0.1 N hydrochloric acid (HCl) and 0.1 N sodium hydroxide (NaOH). The tolerance
concentrations of sodium chloride (NaCl) were 2, 4, 7, and 10% p/v. The temperatures
evaluated were between 30 and 42 ◦C. For the evaluation of bile salts (catalog no. B8756-50G,
Sigma Aldrich, St. Louis, MO, USA), a pH of 5.6 was adjusted to concentrations of 0.05, 0.1,
0.15, and 0.30% p/v. The strains were inoculated in triplicate, and serial dilutions of 104

to 107 of each sample were made and cultured in Petri dishes with MRS agar (Acumedia).
Survival was determined by quantifying the colonies formed (CFU/mL).
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2.5. Antimicrobial Activity Test
2.5.1. Activation of Strains

The bacterial strain (CLP4) that grew best in the in vitro tests was taken to perform the
antagonism test against bacteria such as E. coli ATCC® 11775TM, Salmonella Typhimurium
ATCC® 14028TM, and Clostridium perfringens ATCC® 13124TM. To activate the pathogenic
strains, a pellet was taken and dissolved in 0.5 mL of peptone water (Acumedia), and
then a swab was saturated with the hydrated content and inoculated on plates with a
selective culture medium for each strain of Hecktoen (Salmonella), McConkey (E. coli), and
Clostridium (Clostridium).

The plates were incubated aerobically at 37 ◦C for 24 h (LYFO DISCTM, Microbiologist),
the most representative colonies of each strain were taken according to a loop and shaken
in TSB broth, and then they were incubated aerobically for 18 h at 37 ◦C. The probiotic
strain (CLP4) was activated by taking fresh colonies and inoculating them in TSB broth
aerobically for 18 h at 37 ◦C [22].

2.5.2. Antimicrobial Effect of the Probiotic Strain against Pathogenic Strains

After the activation of CLP4 and the pathogenic strains, the inhibition assay was
prepared, 10 µL of the probiotic strain was taken and placed in the center of the Petri
dish with MRS agar culture medium, and it was left to dry in the chamber of laminar
flow and incubated at 37 ◦C in aerobiosis for 18 h. Then, 1 mL of each pathogenic strain
was inoculated in duplicate in tubes with 9 mL of semisolid TSB agar at 37 ◦C, and the
content of the tubes was poured into the Petri dishes with the probiotic strain, forming a
double layer; subsequently, they were incubated under aerobic conditions for 18 h. The
antagonistic activity between the probiotic strain and the pathogenic ones was verified by
the formation of the inhibition halo, expressed in millimeters [22].

2.6. Antimicrobial Susceptibility Test

To perform the antimicrobial susceptibility test, the Kirby–Bauer agar disc diffusion
method [23] was used. The isolated bacterial strain and the pathogenic strains were
subjected to different antibiotics commonly used to treat enteric and respiratory infections,
including 30 µg of amoxicillin, 30 µg of tetracycline, and 30 µg of ampicillin. The probiotic
strain and the pathogenic ones were sown massively in Mueller–Hinton agar. Then,
disks impregnated with each antibiotic were distributed on the surface of the cultures,
refrigerated for 30 min at 15 ◦C, and incubated at 40 ◦C for 24 h under aerobic conditions.
After the incubation, the reading was made by measuring the diameter of the zone of
inhibition expressed in millimeters.

2.7. Statistical Analysis

The study is considered a completely randomized design. To determine the data nor-
mality and the variance uniformity, the Kolmogorov–Smirnov and Bartlett tests were used.
Next, the data were processed by a simple classification analysis of variance (ANOVA).
Where necessary, a post hoc analysis (Duncan) was used. All analyses were performed
according to the statistical software IBM SPSS Statistics version 23.0.

3. Results
3.1. Isolation, Biochemical Test, and Genomic Identification

Of the strains initially isolated, only six strains on MRS agar plates were seen as small,
round, white, and creamy colonies. Additionally, these strains were Gram-positive, reacted
negatively to catalase and oxidase, and had a rod-shaped morphology in short or single
chains. Likewise, the sequencing of the bacterial strains identified five Lactobacillus vaginalis
and one Lactobacillus reuteri with a homology of 97.36% (Table 1), which was registered on
the GenBank website with the accession number: OQ134763.
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Table 1. Sequencing of bacterial isolates by 16s rRNA from cecal content in Creole rooster.

Organisms
Score Similarity Value E Coincidences

NCBI NCBI NCBI NCBI

Lactobacillus vaginalis (CLP2) 260 91.67% 5e-65 44
Lactobacillus vaginalis (CLP3) 1104 95.67% 0 44
Lactobacillus reuteri (CLP4) 1086 97.36% 0 95

Lactobacillus vaginalis (CLP5) 737 97.24% 0 58
Lactobacillus vaginalis (CLP6) 1077 96.51% 0 51

3.2. Evaluation of the Probiotic Characteristics of Bacterial Strains

Table 2 shows the growth of the isolated strains, where four survived the different
pH conditions (CLP4, CLP5, and CLP6), with the best results for CLP4. Additionally, only
the CLP4 and CLP5 strains grew under temperatures of 30 ◦C and 42 ◦C, with the highest
quantifications for the first bacterial culture. Furthermore, this strain (CLP4) showed
the best growth at different concentrations of NaCl and bile salts compared to the other
isolates. Considering the results, the CLP4 strain was taken for the susceptibility and
antagonism tests.

Table 2. In vitro assessment of functional properties of Lactobacillus spp. isolates from the cecal content
of Creole roosters under various pH, bile salt, sodium chloride (NaCl), and temperature conditions.

Items
Growth (Log CFU/mL) of Isolated Bacterial Strains

SEM± p Value
CLP 2 CLP 3 CLP4 CLP5 CLP6

pH
2 7.67 b 7.54 c 7.87 a 6.65 d 7.57 c 0.10 <0.001
3 10.21 a 8.91 d 9.58 b 9.65 b 9.40 c 0.02 <0.001
4 ____ 10.2 a 10.2 a 8.91 c 9.94 b 0.01 <0.001

5.6 ____ 9.94 ab 10.4 a 10.3 b 10.2 c 0.02 <0.001
6 9.31 d 7.98 10.8 a 10.2 b 10.1 c 0.02 <0.001
7 8.56 b 7.43 d 8.79 a 8.54 b 7.70 c 0.02 <0.001

Temperature (◦C)
30 ◦C ____ _____ 10.4 a 7.23 b _____ 0.02 <0.001
42 ◦C 7.63 c 7.24 d 11.0 a 7.99 b 5.89 d 0.05 <0.001

NaCl (%)
2 ____ _____ 8.81 a 5.75 b _____ 0.08 <0.001
4 ____ _____ 9.87 _____ _____ 0.05 >0.999
7 _____ _____ 9.82 _____ _____ 0.05 >0.999

10 _____ _____ 9.17 _____ _____ 0.05 >0.999
Bile salts (%)

0.05 _____ _____ 11.2 a 10.3 b 9.88 c 0.03 <0.001
0.10 _____ _____ 10.7 a 10.3 b 9.82 c 0.07 0.003
0.15 _____ _____ 9.50 a 9.35 a 6.75 b 0.08 <0.001
0.30 _____ _____ 9.15 a 8.14 b 6.78 c 0.04 <0.001

a,b,c,d Means with different letters are significantly different at p < 0.05, n = 6.

3.3. Antagonism Test

Table 3 indicates that the selected strain with probiotic characteristics (CLP4) showed
antagonistic activity against Clostridium perfringens and Enterobacteriaceae, with inhibition
halos of 11.5, 12.5, and 14.00 mm against Escherichia coli ATCC® 11775TM, Salmonella
Typhimurium ATCC® 14028TM, and Clostridium perfringens ATCC® 13124TM, respectively,
and without notable statistical differences (p > 0.05).
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Table 3. In vitro screening of antibacterial activity of CLP4 isolates from the cecal content of Creole
roosters against enteropathogenic bacteria (n = 6).

Pathogenic Strains
Lactobacillus reuteri (CLP4)

Inhibition Halo (mm)

Escherichia coli ATCC® 11775TM 12.50
Salmonella Typhimurium ATCC® 14028TM 14.00

Clostridium perfringens ATCC® 13124TM 11.50
SEM± 0.850
p value 0.193

3.4. Evaluation of the Antibiotic Susceptibility of the Probiotic Candidate

Selected strains were analyzed for their susceptibility to three antibiotics commonly
used in the poultry industry (Table 4). All bacterial strains were susceptible to antibiotics
such as amoxicillin, ampicillin, and tetracycline at a concentration of 30 µg. Additionally,
the Clostridium perfringens ATCC 13,124 strain had the highest susceptibility to amoxicillin
compared to the other bacterial strains. Likewise, the use of antibiotics such as ampicillin
and tetracycline showed the greatest inhibition halo for the growth in plates of Salmonella
Typhimurium ATCC 14028. It is important to note that the strain of Lactobacillus reuteri
(CLP4) isolated from the caeca of Creole roosters had low susceptibility compared to
pathogenic bacteria against three antibiotics.

Table 4. Evaluation of the antibiotic sensitivity of the Lactobacillus spp. isolates from the cecal content
of Creole roosters (n = 6).

Strains
Antibiotics (mm) *

Amoxicillin Ampicillin Tetracycline

Lactobacillus reuteri (CLP4) 32.00 b 34.00 b 31.00 b

Escherichia coli ATCC 11775 33.00 b 35.00 b 35.67 ab

Salmonella Typhimurium ATCC 14028 36.00 b 39.00 a 40.00 a

Clostridium perfringens ATCC 13124 41.00 a 32.00 b 33.00 b

SEM± 1.443 1.155 1.509
p value 0.009 0.015 0.015

* Inhibition halo (mm). a,b Means with different letters in the same row differ at p < 0.05. SEM: standard error of
the mean

4. Discussion

The aim of the study was to isolate bacterial strains with possible probiotic character-
istics from the cecal content of Creole roosters that have not consumed growth-promoting
antibiotics to be used later in broilers. The proper selection of probiotic strains has a
direct effect on the intestinal health of poultry, either through an antimicrobial or anti-
inflammatory effect [23]. In this sense, LABs are known for their efficiency and safety as
probiotics in animals; however, in vitro evaluation is necessary because their properties
and mechanisms of action in the gastrointestinal tract depend on the strain used [23,24].
Therefore, the probiotic properties of several bacterial isolates were investigated, and out
of a total of nine isolated and cultivated strains, five showed the highest viability in growth
at the beginning of the biochemical tests (Table 2).

In the present study, it was found that the isolated strains corresponded to the genus
Lactobacillus due to the negative results of the catalase and oxidase tests and the positive
results of the Gram stain as well as the morphology of the colonies [10]. Likewise, 16S rRNA
sequencing confirmed the Lactobacillus genus, which identified four Lactobacillus vaginalis
strains and one Latobacillus reuteri. Specifically, it is described that the largest number of
probiotics in the poultry industry comes from the Lactobacillaceae family; due to their multi-
ple benefits for the health and productivity of the host animal, these bacterial strains can
colonize the gastrointestinal tract and increase competitive exclusion, with immunomodu-
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latory, anti-inflammatory, and antioxidant activities, which cause a natural effect of growth
promotion [23,25].

Tolerance to different concentrations of pH and bile salts is one of the decisive criteria
for selecting probiotic strains, especially to predict the probability of surviving adverse
conditions in the GIT [26,27]. The pH in the GIT of poultry ranges between 1.8 and 7.0;
thus, the bacterial strains that are candidates for probiotics must be able to survive during
their journey through the digestive tract [23,28]. It is known that the viability of strains
to changes in pH is highly variable and depends on the characteristics of the isolated
bacterial colonies [27]. In this sense, of the six isolates, only five showed growths at pH
levels between 2 and 7 (Table 2). The Lactobacillus reuteri strain (CLP4) showed the highest
viability at different concentrations compared to the other isolates. Generally, lactic acid
bacteria, due to their acidophilic condition, tolerate low pH concentrations as well as a
high concentration of free acid (H+), which inhibits growth [28]. García-Hernandez [10]
and Neethu et al. [29] found that the bacterial strains identified as Lactobacillus pentosus,
Lactobacillus reuteri, Lactobacillus rhamnosus, and Lactobacillus plantarum survived at pH
concentrations between 2 and 3; this is because lactic acid bacteria (mainly Lactobacillus spp.)
produce organic acids such as acetic, butyric, propionic acids and lactic acid that reduce
the pH by the emission of protons, which contributes to the tolerance of bacterial strains to
different pH levels [28,30,31].

On the other hand, three of the isolated strains showed good tolerance to different
concentrations of bile salts; however, the growth capacity decreased with increasing salt
concentration (0.05–0.30%; Table 2). Bacterial growth at an exposure of 0.30% bile salts
translates into high survival in the GIT and good probiotic potential of the candidate
strains [10]. It is known that the concentration of bile salts in the poultry gut ranges between
0.2% and 0.3% [7]; thus, the isolated bacterial cultures (mainly Lactobacillus reuteri strain
CLP4) showed significant growth (p < 0.001) up to a concentration of 0.30% of bile salts. The
survival of bacterial strains at high concentrations of bile salts favors the ability to colonize
the intestinal wall of the host as well as improves metabolic capacity because probiotics
can participate in the hydrolyzation of conjugated bile salts and, in turn, the digestion of
lipids [32,33]. Similar results were found by Reuben et al. [5], who observed significant
growth at a high concentration of bile salts; on the contrary, studies by Dowarah et al. [34]
did not find tolerance of the bacterial strains isolated up to a concentration of 0.30% of
bile salts, even though they had survived at low pH concentrations. Betancur et al. [19]
recommended isolating bacterial strains from the large intestine (mainly from the cecum)
because the viable lactic acid bacteria in this intestinal portion have survived different
conditions of pH and concentrations of bile salts, which could guarantee their viability in
in vivo studies.

Similar to the other in vitro tests, the CLP4 strain showed the best results when a
concentration between 2 and 10% NaCl was used. Reuben et al. [5] found no bacterial
growth in vitro when using up to 10% NaCl, with the best results corresponding to a
concentration of 6.5%. Similarly, Gandhi et al. [35] concluded that high concentrations of
NaCl significantly decrease the viability of Lactobacillus spp., and they indicated that the
maximum tolerable concentration was 3.5% NaCl. On the other hand, Betancur et al. [19]
obtained high viability of bacterial culture isolated from the cecum of a Creole pig when
they used up to a concentration of 10% NaCl, and they suggested that these strains can be
used as preservatives for the meat, vegetables, and dairy industry and as probiotics used
directly in drinking water or feed [36]. In this sense, our results indicated that the bacterium
Lactobacillus reuteri isolated from the caeca of a Creole rooster has high viability at a high
concentration of NaCl, which means that it could be used for industrial purposes and
survive in more hostile environments [11]. However, other studies are needed to confirm
this hypothesis.

Likewise, the viability of the CLP4 and CLP5 strains indicated the ability of these pro-
biotic candidates to grow at hostile temperatures (30 and 42 ◦C), while the other bacterial
strains had variable viability (Table 2). To achieve colonization of lactic acid bacteria in the
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GIT and improve the intestinal health of the animal host, they must be stable and proliferate
in the intestine at temperatures above 37 ◦C [19]. In addition, the increase in temperatures
due to microbial fermentation could decrease the contamination of pathogenic microorgan-
isms, which is beneficial for the animal organism [37]. Furthermore, these results suggest
that Lactobacillus reuteri CLP4 (mainly) could maintain its viability at different temperatures
considering various vehicles and technological procedures where high temperatures are
applied, with greater emphasis on drinking water, because elevated pelleting temperatures
could decrease the viability of bacterial strains [38]. Reuben et al. [5] indicated that all
isolated bacterial cultures grew at an optimal temperature of 37 ◦C after 24 h of incubation;
however, under other temperature conditions, bacterial viability decreased significantly.
Likewise, García-Hernández [11] found that Lactobacillus pentosus strain LB-31 grew at high
temperatures, and the authors justified that proliferation under these conditions could
benefit the growth of LABs in the GIT and the production of metabolites (bacteroids) in
in vivo tests (broilers).

On the other hand, infections by Gram-positive pathogens such as Clostridium and
Gram-negative pathogens such as E. coli and Salmonella spp. can provoke high mortality
and significant economic losses in the poultry industry; thus, one of the main require-
ments for the selection of a probiotic strain is its ability to inhibit the growth of pathogenic
bacteria [39], and in vitro studies can predict its possible antimicrobial effect on the host
microbiota. Our results showed that the strain L. reuteri CLP4 showed antagonistic activity
(Table 3), inhibiting common pathogenic strains in the poultry industry such as E. coli (ATCC
11775), Salmonella Typhimurium (ATCC 14028), and Clostridium perfringens (ATCC 13124).
Other studies [10,32,40] have indicated antagonistic activity by strains of Lactobacillus spp.
against different pathogens in broilers. However, some studies showed that LABs had
antagonistic activity against Clostridium but not against Salmonella spp. and E. coli [36]. This
antagonistic capacity of LABs is due to the production of different acids by the action of the
fermentation process, such as lactic acid, short-chain fatty acids, and propionic and acetic
acids, which prevents or reduces the growth of pathogenic bacteria in the gut. In addition,
bacteriocins have antimicrobial properties by producing peptides synthesized in the ribo-
some of probiotic bacteria, with specific mechanisms to inhibit pathogenic strains [41,42].
Likewise, Betancur et al. [19] reported that Lactobacillus plantarum strains isolated from
Creole animals decreased the growth of E. coli strain NBRC 102203, S. enterica serovar Ty-
phimurium 4.5.12, Klebsiella pneumoniae ATCC BAA-1705D-5, and Pseudomonas aeruginosa
ATCC 15442 due to the production of primary metabolites such as lactic acid, CO2 C2H5OH,
and other bactericidal compounds.

Similarly, the poultry industry is interested in knowing the interaction of probiotic
bacterial strains with subtherapeutic and therapeutic antibiotics commonly used in diets
and drinking water [8]. Additionally, there is high intrinsic resistance and susceptibility of
the different probiotic microorganisms; thus, it is important to know the activity against
various antibiotics, mainly penicillin derivatives [43], with the aim of elucidating which
antibiotics could be used to maintain the survival capacity of the probiotics to different envi-
ronments [8,44]. In this study, it was shown that the probiotic candidate Lactobacillus reuteri
(CL4) had a lower susceptibility than the pathogenic strains of E. coli ATCC 11775 and
Salmonella ATCC 14028 (Table 4) to the antibiotics such as amoxicillin and tetracycline
and also had a similar response to Clostridium ATCC 13,124 when ampicillin was used.
Dowarah et al. [34] reported high susceptibility to penicillin and ampicillin in Lactobacillus
spp. isolated from pigs and broilers. Furthermore, 78% of bacterial isolates have been
reported to be resistant to tetracycline such as L. reuteri, L. gallinarum, L. crispatus, and
L. salivarius [45,46]. Likewise, Betancur et al. [19] mentioned that strains isolated from
Creole animals showed susceptibility to amoxicillin (24.3–26.7 mm); otherwise, when
ciprofloxacin and tetracycline were used, the strains were resistant (6.8–8.1 mm). Con-
sidering that many countries currently use daily subtherapeutic antibiotics in apparently
healthy animals (mainly the US and Latin America), these authors recommend the use of
viable probiotic bacterial strains against these antibiotics (growth promoters or therapeutic
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antibiotics) [6,7]. Moreover, probiotic studies against antibiotics allow us to know their
interaction in the host animal, since many antibiotics are increasingly ineffective in the
control of diseases caused by some bacterial pathogens. Furthermore, the use of high
concentrations of antibiotics provokes bacterial resistance when transferring resistance
between bacteria of different genes through conjugated plasmids or chromosomes [47,48];
thus, probiotic strains are an alternative by showing efficiency and safety for animals [49].

5. Conclusions

Of the strains isolated from the cecal content of Creole roosters, only the Lactobacillus
reuteri strain (CLP4) identified by biochemical and molecular tests indicated good growth
under different conditions of pH, bile salts, NaCl, and temperature. Additionally, this
bacterial culture (CLP4) inhibited the growth of pathogenic bacteria in vitro as well as
showed lower susceptibility compared to pathogenic bacteria against several antibiotics
commonly used in the poultry industry. Based on these findings, a study of the effect of
the microbial isolate (CLP4) in the drinking water of broilers was carried out to verify the
probiotic effects under production conditions.

Author Contributions: Conceptualization, E.G.M. and Y.M.; methodology E.G.M., M.C.A. and Y.M.;
software, E.G.M. and Y.M.; validation, E.G.M., M.V. and Y.M.; formal analysis, E.G.M., M.C.A. and
Y.M.; investigation, E.G.M. and Y.M.; resources, Y.M.; data curation, E.G.M. and Y.M.; writing—original
draft preparation, E.G.M., M.C.A., M.V., A.J.R., M.R. and Y.M.; writing—review and editing, E.G.M.,
M.C.A., M.V., A.J.R., M.R. and Y.M.; visualization, E.G.M. and Y.M.; supervision, M.C.A. and Y.M.;
project administration, M.C.A. and Y.M.; funding acquisition, Y.M. All authors have read and agreed
to the published version of the manuscript.

Funding: This scientific work was financed by the Master of Sustainable Tropical Agriculture and
Nippon funds, Zamorano University, Honduras.

Institutional Review Board Statement: The Department of Science and Agricultural Production of
the University of Zamorano, Honduras reviewed and approved all the standardized procedures
performed in this experiment (reference number: MATs2021).

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Henchion, M.; Hayes, M.; Mullen, A.M.; Fenelon, M.; Tiwari, B. Future Protein Supply and Demand: Strategies and Factors

Influencing a Sustainable Equilibrium. Foods 2017, 6, 53. [CrossRef] [PubMed]
2. Gado, A.R.; Ellakany, H.F.; Elbestawy, A.R.; Abd El-Hack, M.E.; Khafaga, A.F.; Taha, A. Herbal Medicine Additives as Powerful

Agents to Control and Prevent Avian Influenza Virus in Poultry A Review. Ann. Anim. Sci. 2019, 4, 905–935. [CrossRef]
3. Agyare, C.; Etsiapa Boamah, V.; Ngofi Zumbi, C.; Boateng Osei, F. Antibiotic Use in Poultry Production and Its Effects on Bacterial

Resistance. In Antimicrobial Resistance—A Global Threat; Yashwant, K., Ed.; IntechOpen: London, UK, 2018; pp. 33–50. [CrossRef]
4. Vieco-Saiz, N.; Belguesmia, Y.; Raspoet, R.; Auclair, E.; Gancel, F.; Kempf, I.; Drider, D. Benefits and Inputs from Lactic Acid

Bacteria and Their Bacteriocins as Alternatives to Antibiotic Growth Promoters During Food-Animal Production. Front. Microbiol.
2019, 10, 57. [CrossRef] [PubMed]

5. Reuben, R.C.; Roy, P.C.; Sarkar, S.L.; Alam, R.-U.; Jahid, I.K. Isolation, characterization, and assessment of lactic acid bacteria
toward their selection as poultry probiotics. BMC Microbiol. 2019, 19, 253. [CrossRef] [PubMed]

6. Ryan, M.P.; O’Dwyer, J.; Adley, C.C. Evaluation of the Complex Nomenclature of the Clinically and Veterinary Significant
Pathogen Salmonella. BioMed Res. Int. 2017, 2017, 3782182. [CrossRef]

7. Hu, P.-L.; Yuan, Y.-H.; Yue, T.-L.; Guo, C.-F. Bile acid patterns in commercially available oxgall powders used for the evaluation of
the bile tolerance ability of potential probiotics. PLoS ONE 2018, 13, e0192964. [CrossRef] [PubMed]

8. Tellez-Isaias, G.; Vuong, C.N.; Graham, B.D.; Selby, C.M.; Graham, L.E.; Señas-Cuesta, R.; Barros, T.L.; Beer, L.C.; Coles, M.E.;
Forga, A.J.; et al. Developing probiotics, prebiotics, and organic acids to control Salmonella spp. in commercial turkeys at the
University of Arkansas, USA. Ger. J. Vet. Res. 2021, 1, 7–12. [CrossRef]

9. Riaz Rajoka, M.S.; Shi, J.; Zhu, J.; Shao, D.; Huang, Q.; Yang, H. Capacity of lactic acid bacteria in immunity enhancement and
cancer prevention. Appl. Microbiol. Biotechnol. 2017, 101, 35–45. [CrossRef]

http://doi.org/10.3390/foods6070053
http://www.ncbi.nlm.nih.gov/pubmed/28726744
http://doi.org/10.2478/aoas-2019-0043
http://doi.org/10.5772/intechopen.79371
http://doi.org/10.3389/fmicb.2019.00057
http://www.ncbi.nlm.nih.gov/pubmed/30804896
http://doi.org/10.1186/s12866-019-1626-0
http://www.ncbi.nlm.nih.gov/pubmed/31718570
http://doi.org/10.1155/2017/3782182
http://doi.org/10.1371/journal.pone.0192964
http://www.ncbi.nlm.nih.gov/pubmed/29494656
http://doi.org/10.51585/gjvr.2021.3.0014
http://doi.org/10.1007/s00253-016-8005-7


Animals 2023, 13, 455 10 of 11

10. García-Hernández, Y.; Pérez-Sánchez, T.; Boucourt, R.; Balcázar, J.L.; Nicoli, J.R.; Moreira-Silva, J.; Rodriguez, Z.; Fuertes, H.;
Nunez, O.; Albelo, N.; et al. Isolation, characterization and evaluation of probiotic lactic acid bacteria for potential use in animal
production. Res. Vet. Sci. 2016, 108, 125–132. [CrossRef]

11. Prado-Rebolledo, O.F.; de Jesus Delgado-Machuca, J.; Macedo-Barragan, R.J.; Garcia-Márquez, L.J.; Morales-Barrera, J.E.;
Latorre, J.D.; Hernandez-Velasco, X.; Tellez, G. Evaluation of a selected lactic acid bacteria-based probiotic on Salmonella enterica
serovar Enteritidis colonization and intestinal permeability in broiler chickens. Avian. Pathol. 2017, 46, 90–94. [CrossRef]

12. Kers, J.G.; Velkers, F.C.; Fischer, E.A.J.; Hermes, G.D.A.; Stegeman, J.A.; Smidt, H. Host and environmental factors affecting the
intestinal microbiota in Chickens. Front. Microbiol. 2018, 9, 235. [CrossRef] [PubMed]

13. Blajman, J.; Gaziano, C.; Zbrun, M.V.; Soto, L.; Astesana, D.; Berisvil, A. In vitro and in vivo screening of native lactic acid bacteria
toward their selection as a probiotic in broiler chickens. Res. Vet. Sci. 2015, 101, 50–56. [CrossRef] [PubMed]

14. Gancel, F.; Dzierszinski, F.; Tailliez, R. Identification and characterization of Lactobacillus species isolated from fillets of vacuum-
packed smoked and salted herring (Clupea harengus). J. Appl. Microbiol. 1997, 82, 722–728. [CrossRef]

15. Liao, S.F.; Nyachoti, M. Using probiotics to improve swine gut health and nutrient utilization. Anim. Nutr. 2017, 3, 331–343.
[CrossRef] [PubMed]

16. Tuyarum, C.; Songsang, A.; Lertworapreecha, M. In vitro evaluation of the probiotic potential of Lactobacillus isolated from
native swine manure. Vet. World 2021, 14, 1133–1142. [CrossRef]

17. Rajoka, M.S.R.; Hayat, H.F.; Sarwar, S.; Mehwish, H.M.; Ahmad, F.; Hussain, N.; Shah, S.Z.H.; Khurshid, M.; Siddiqu, M.; Shi, J.
Isolation and evaluation of probiotic potential of lactic acid bacteria isolated from poultry intestine. Microbiology 2018, 87, 116–126.
[CrossRef]

18. Feng, J.; Wang, L.; Zhou, L.; Yang, X.; Zhao, X. Using in vitro immunomodulatory properties of lactic acid bacteria for selection of
probiotics against Salmonella infection in broiler chicks. PLoS ONE 2016, 11, e0147630. [CrossRef]

19. Betancur, C.; Martínez, Y.; Tellez-Isaias, G.; Avellaneda, M.C.; Velázquez-Martí, B. In vitro characterization of indigenous probiotic
strains isolated from Colombian creole pigs. Animals 2020, 10, 1204. [CrossRef]

20. De Mann, J.C.; Rogosa, M.; Sharpe, M.E. A medium for the cultivation of lactobacilli. J. Bacteriol. 1960, 23, 130–135. [CrossRef]
21. Prastiyanto, M.E.; Tama, P.D.; Ananda, N.; Wilson, W.; Mukaromah, A.H. Antibacterial Potential of Jatropha sp. Latex against

Multidrug-Resistant Bacteria. Int. J. Microbiol. 2020, 2020, 8509650. [CrossRef]
22. Bauer, A.W.; Kirby, W.M.; Sherris, J.C.; Turck, M. Antibiotic susceptibility testing by a standardized single disk method. Am.

J. Clin. Pathol. 1966, 45, 493–496. [CrossRef] [PubMed]
23. Suissa, R.; Oved, R.; Jankelowitz, G.; Turjeman, S.; Koren, O.; Kolodkin-Gal, I. Molecular genetics for probiotic engineering:

Dissecting lactic acid bacteria. Trends Microbiol. 2021, 30, 293–306. [CrossRef] [PubMed]
24. Bhat, M.I.; Singh, V.K.; Sharma, D.; Kapila, S.; Kapila, R. Adherence capability and safety assessment of an indigenous probiotic

strain Lactobacillus rhamnosus MTCC-5897. Microb. Pathog. 2019, 130, 120–130. [CrossRef] [PubMed]
25. Zheng, J. A taxonomic note on the genus Lactobacillus: Description of 23 novel genera, emended description of the genus

Lactobacillus Beijerinck 1901, and union of Lactobacillaceae and Leuconostocaceae. Int. J. Syst. Evol. Microbiol. 2020, 70, 2782–2858.
[CrossRef] [PubMed]

26. Feng, Y.; Qiao, L.; Liu, R.; Yao, H.; Gao, C. Potential probiotic properties of lactic acid bacteria isolated from the intestinal mucosa
of healthy piglets. In. Ann. Microbiol. 2017, 67, 239–253. [CrossRef]

27. Fernández, S.; Fraga, M.; Silveyra, E.; Trombert, A.; Rabaza, A.; Pla, M.; Zunino, P. Probiotic properties of native Lactobacillus spp.
strains for dairy calves. Benef. Microbes 2018, 9, 613–624. [CrossRef]

28. Chen, S.; Li, Y.; Chu, B.; Yuan, L.; Liu, N.; Zhu, Y.; Wang, J. Lactobacillus johnsonii L531 Alleviates the Damage Caused by
Salmonella Typhimurium via Inhibiting TLR4, NF-κB, and NLRP3 Inflammasome Signaling Pathways. Microorganisms 2021,
9, 1983. [CrossRef] [PubMed]

29. Neethu, J.M.; Bunt, C.R.; Hussain, A.M. Comparison of Microbiological and Probiotic Characteristics of Lactobacilli Isolates from
Dairy Food Products and Animal Rumen Contents. Microorganisms 2015, 3, 198–212. [CrossRef]

30. Sayan, H.; Assavacheep, P.; Angkanaporn, K.; Assavacheep, A. Effect of Lactobacillus salivarius on growth performance, diarrhea
incidence, fecal bacterial population and intestinal morphology of suckling pigs challenged with F4+ enterotoxigenic Escherichia
coli. Asian Australas. J. Anim. Sci. 2018, 31, 1308–1314. [CrossRef]

31. Pringsulaka, O.; Rueangyotchanthana, K.; Suwannasai, N.; Watanapokasin, R.; Amnueysit, P.; Sunthornthummas, S.; Sukkhum, S.;
Sarawaneeyaruk, S.; Rangsiruji, A. In vitro screening of lactic acid bacteria for multi-strain probiotics. Livest. Sci. 2015, 174, 66–73.
[CrossRef]

32. Yulianto, A.B.; Lokapirnasari, W.P.; Najwan, R.; Wardhani, H.; Rahman, N.; Huda, K.; Ulfah, N. Influence of Lactobacillus casei
WB 315 and crude fish oil (CFO) on growth performance, EPA, DHA, HDL, LDL, cholesterol of meat broiler chickens. Iran.
J. Microbiol. 2020, 12, 148–155. [CrossRef] [PubMed]

33. Secher, T.; Kassem, S.; Benamar, M.; Bernard, I.; Boury, M. Oral administration of the probiotic strain Escherichia coli Nissle 1917
reduces susceptibility to neuroinflammation and repairs experimental autoimmune encephalomyelitis-induced intestinal barrier
dysfunction. Front. Immunol. 2017, 8, 1096. [CrossRef] [PubMed]

34. Dowarah, R.; Verma, A.K.; Agarwal, N.; Singh, P.; Singh, B.R. Selection and characterization of probiotic lactic acid bacteria
and its impact on growth, nutrient digestibility, health and antioxidant status in weaned piglets. PLoS ONE 2018, 13, e0192978.
[CrossRef]

http://doi.org/10.1016/j.rvsc.2016.08.009
http://doi.org/10.1080/03079457.2016.1222808
http://doi.org/10.3389/fmicb.2018.00235
http://www.ncbi.nlm.nih.gov/pubmed/29503637
http://doi.org/10.1016/j.rvsc.2015.05.017
http://www.ncbi.nlm.nih.gov/pubmed/26267089
http://doi.org/10.1046/j.1365-2672.1997.00150.x
http://doi.org/10.1016/j.aninu.2017.06.007
http://www.ncbi.nlm.nih.gov/pubmed/29767089
http://doi.org/10.14202/vetworld.2021.1133-1142
http://doi.org/10.1134/S0026261718010150
http://doi.org/10.1371/journal.pone.0147630
http://doi.org/10.3390/ani10071204
http://doi.org/10.1111/j.1365-2672.1960.tb00188.x
http://doi.org/10.1155/2020/8509650
http://doi.org/10.1093/ajcp/45.4_ts.493
http://www.ncbi.nlm.nih.gov/pubmed/5325707
http://doi.org/10.1016/j.tim.2021.07.007
http://www.ncbi.nlm.nih.gov/pubmed/34446338
http://doi.org/10.1016/j.micpath.2019.03.009
http://www.ncbi.nlm.nih.gov/pubmed/30862560
http://doi.org/10.1099/ijsem.0.004107
http://www.ncbi.nlm.nih.gov/pubmed/32293557
http://doi.org/10.1007/s13213-017-1254-6
http://doi.org/10.3920/BM2017.0131
http://doi.org/10.3390/microorganisms9091983
http://www.ncbi.nlm.nih.gov/pubmed/34576878
http://doi.org/10.3390/microorganisms3020198
http://doi.org/10.5713/ajas.17.0746
http://doi.org/10.1016/j.livsci.2015.01.016
http://doi.org/10.18502/ijm.v12i2.2620
http://www.ncbi.nlm.nih.gov/pubmed/32494349
http://doi.org/10.3389/fimmu.2017.01096
http://www.ncbi.nlm.nih.gov/pubmed/28959254
http://doi.org/10.1371/journal.pone.0192978


Animals 2023, 13, 455 11 of 11

35. Gandhi, A.; Shah, N.P. Effect of salt on cell viability and membrane integrity of Lactobacillus acidophilus, Lactobacillus casei and
Bifidobacterium longum as observed by flow cytometry. Food Microbiol. 2015, 49, 197–202. [CrossRef] [PubMed]

36. Kizerwetter-Swida, M.; Binek, M. Selection of potentially probiotic Lactobacillus strains towards their inhibitory activity against
poultry enteropathogenic bacteria. Pol. J. Microbiol. 2005, 54, 287–294. [PubMed]

37. De Filippis, F.; Troise, A.D.; Vitaglione, P.; Ercolini, D. Different temperatures select distinctive acetic acid bacteria species and
promotes organic acids production during Kombucha tea fermentation. Food Microbiol. 2018, 73, 11–16. [CrossRef]
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