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SUMMARY

The health of poultry is closely related to how the animals are raised, and the gut microbiota
plays a key role in the fulfillment of their productive potential. Lactobacillus spp. are bacteria
present in the natural microbiota of poultry that, when employed as probiotic agents, should
present several characteristics. This study aims at performing the in vifro probiotic isolation
and characterization of Lactobacillus spp. Isolates were obtained from ceca content of healthy
turkeys through the isolation and identification of morphological, molecular, and physiologic
characteristics. They were identified through Gram staining, catalase and hydrogen peroxide
production tests, gas production tests during glucose fermentation, and hydrogen sulfide pro-
duction during the triple sugar iron test. The samples were identified molecularly through
polymerase chain reaction tests and were subjected to genetic sequencing. The assessment of
the probiotic potential was conducted through artificial gastric juice tolerance and bile salt
tolerance tests. A hydrophobicity test was used as an indirect method of assessing an isolate’s
probable ability to adhere to the intestinal mucosa. In addition, other analyses were performed,
such as multiplication potential tests, Salmonella Heildelberg antagonism assays, hydrogen
peroxide production tests, and antibiograms, as well as an assessment of the genes responsi-
ble for resistance to antimicrobial agents in /ntegron C. In conclusion, we identified, through
morphologic, physiologic, pathogen antagonism, and antimicrobial resistance tests, 11 strains
of Lactobacillus spp. belonging to species L. reuteri (9), L. johnsonii (1), and L. frumenti (1)
that showed potential as probiotic candidates for in vivo application.

Key words: poultry, microbiota, probiotic, pathogen, resistance

2018 J. Appl. Poult. Res. 27:81-91
http://dx.doi.org/10.3382/japr/pfx045

DESCRIPTION OF PROBLEM report [1], Brazil was ranked the second-largest
turkey exporter in 2012 and the third-largest

The Brazilian turkey occupies a strong posi-  tyrkey producer in 2013.
tion in the international market. According to a In 2013, exports of turkey and its derivatives

from Brazil to the European Union showed 11
cases of contamination by Salmonella spp. Three
!Corresponding author: sakai@fmvz.unesp.br ofthese cases were by S. Agona, one by S. Hadar,
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one by S. Typhimurium, one by S. Schwarzen-
grund, and one by S. Saint Paul [2].

Salmonella spp. are among the most impor-
tant pathogens transmitted through food [3].
Over 2,500 serotypes of Salmonella spp. are
currently known, but only 10% were isolated in
poultry, as the serotype distribution for poultry
varies according to geography and time [4]. Non-
typhoidal serotypes, due to not being specific to
birds, can colonize their intestinal tract without
causing any clinical signs and, as such, represent
a public health hazard by potentially contaminat-
ing carcasses and eggs [5]. In the epidemiology
of human diseases, there is a preponderance of a
few serotypes that are continuously disseminated
and others presenting themselves as emergent
serotypes, such as Salmonella Heidelberg [6].
This pathogen is considered more invasive than
other non-typhoidal serotypes, causing diseases
with more serious profiles in humans [7]. The
antimicrobial resistance of Salmonella Heidel-
berg also has stirred the interest of the scientific
community due to the possible prophylactic and
therapeutic uses of probiotics [8].

Probiotics are living microorganisms that are
beneficial to the host’s health when administered
in adequate quantities [9]. Lactobacillus spp. is
one of the most important probiotic genera. The
main metabolite it produces is lactate, which re-
duces infection rates, modulates the gut micro-
biota, and protects the mucosae against injuries
caused by pathogenic microorganisms [10]. Ac-
cording to Lebeer et al. [11], in order to be
characterized as a probiotic, the microorganisms
must have at least one of the following features:
maintain microbial homeostasis and inhibit
pathogen proliferation through microbial inter-
actions; promote the functioning of the epithelial
barrier; or modulate the immune response.

Due to the lack of probiotic products aimed
at turkeys, this study identified strains of Lac-
tobacillus spp. according to morphological,
molecular, and physiologic characteristics and
selected candidates according to probiotic char-
acterization tests.

MATERIALS AND METHODS
Identification of The Genus Lactobacillus

After cervical dislocation of 150 healthy, 80-
day old female turkeys of the British United
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Turkeys of America (BUTA) lineage obtained
from a commercial poultry farm, both ceca were
collected from each turkey, aseptically stored
under refrigeration in individual sterile plastic
containers, identified by specimen, and immedi-
ately processed at the laboratory. The techniques
applied in this experiment are in agreement with
and were approved by the Ethics Committee on
Animal Use (CEUA) of the College of Veteri-
nary Medicine and Animal Sciences (FMVZ)
under protocol number 21/2015. The entire con-
tent of the ceca was transferred to sterile test
tubes containing 10 mL of DeMan—Rogosa—
Sharpe (MRS) broth and incubated anaerobi-
cally at 37°C for 48 hours. After incubation, the
MRS broth was seeded on MRS agar and rein-
cubated at 37°C for 24 hours. Bacterial iden-
tification was performed based on morpholog-
ical and physiological characteristics through
catalase production tests, potassium hydroxide
production tests, gas production tests during
glucose fermentation, Gram staining, and hydro-
gen sulfide production tests in the triple sugar
iron (TSI) according to a method described by
Barros et al. [12].

After morphological and biochemical iden-
tification of Lactobacillus spp., we obtained
each sample’s DNA with an extraction kit [13]
and subjected it to molecular identification
through polymerase chain reaction (PCR) as-
says, employing the following primer pairs for
the conserved region of the 16S gene: Forw
R16-1 5’-CTT GTA CAC ACC GCC CGT
CA- 3’ and Rev LbLMALI- 5’-CTC AAA ACT
AAA CAA AGT TTC -3°, aiming at am-
plifying a product of approximately 250 pb
[14].

Each 25 ul reaction consisted of 5 pl of each
primer at concentrations of 20 pmol, 12.5 ul
of Gotaq [15], 2.5 wl of ultrapure water, and
5 ul of DNA. The amplification program was
performed at 95°C for 5 min, followed by 20
cycles at 95°C for 30 s (denaturation), 55°C for
30 s (annealing), and 72°C for 30 s (extension),
as well as a final extension for 7minat 72°C[16].
The PCR products underwent electrophoresis in
agarose gel at 1.4% [17] and were viewed in an
ultraviolet transilluminator [18].

The isolated strains that were identified as
belonging to genus Lactobacillus underwent a
probiotic characterization test.
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Probiotic Characterization

In Vitro Gastric Acid and Bile Salt Resis-
tance The in vitro gastric juice resistance test
was conducted according to a procedure de-
scribed by Neumann [19]. Lactobacillus spp.
cultures, in the stationary growth phase (pre-
vious incubation in MRS broth at 37°C/18 h),
were diluted 10x in saline solution (0.9% NaCl)
at pH 7.0 (control) and in artificial gastric juice
(2g.L~" NaCl, pepsin 3.2 g.L~") at pH 2.5 (test).
The cultures were then incubated at 37°C for 3
h, centrifuged at 13,000 rpm for 1 min [20], sus-
pended in MRS broth, placed in microplates, and
incubated at 37°C with 200 ul/well of the con-
trol inoculum and of the cultures treated with
artificial gastric juice. The optical density (OD)
in the 7,620 nm spectrum [21] was assessed
for 10 h at intervals of 30 minutes. The inhibi-
tion rate was calculated according to the formula
(1-ASG/ACT) x 100, in which ASG is sample
absorbance with the artificial gastric juice, and
ACT is sample absorbance with the control iso-
late. The in vitro bile salt resistance test was
conducted according to a procedure described by
Walker and Gilliland [22], in which samples of
Lactobacillus spp. previously incubated in MRS
broth at 37°C for 24 h were inoculated (2% v/v)
in MRS broth (control) and MRS broth with
Oxgall (0.3% v/v) (test) and then incubated at
37°C for 3 hours. The spectrophotometric read-
ings and the inhibition rate were calculated as
explained during the artificial gastric juice re-
sistance test.

Multiplication Potential The multiplication
potential for the Lactobacillus spp. isolates was
assessed through growth in MRS broth at 37°C
and later counted in MRS agar in which 0.1 mL
of the sample was diluted in 0.9 mL of phosphate
buffered saline (PBS) [23], giving us the first di-
lution (10~"), from which we obtained 8 serial
dilutions (1:10). We retrieved 0.1 mL of each so-
lution and transplanted it to MRS agar plates, in
duplicate, for counting the colony-forming units
(CFU) after incubating for 24 h at 37°C. The
initial broth was incubated and the count was
performed at 0 hours. It was then reincubated at
37°C and the CFU count was repeated 3, 6, 9,
14, and 18 h after the initial count.

Cell Surface Hydrophobicity Cell surface
hydrophobicity was assessed according to the

methodology described by Pelletier et al. [24] in
which cultures of Lactobacillus spp. in station-
ary phase were washed twice with PBS adjusted
for 0.4 OD4oonm [21] with 0.1 M of KNOs, pH
6.2 (Ap). A volume of 0.2 mL of hexadecane was
added to a 1.2 mL suspension of Lactobacillus
spp. and, after 10 min of pre-incubation at room
temperature, the sample went through homoge-
nization in the vortex for 2 minutes. The aqueous
phase was removed after 15 min and its OD4ggnm
[21] was measured (A ). The microbial adhesion
rate to solvents was calculated using the formula
(1-A1/Ap) x 100. The isolates were classified as
follows: high hydrophobicity (66.67 to 100%),
medium hydrophobicity (33.37 to 66.66%), and
low hydrophobicity (0 to 33.33%), according to
a method described by Nader-Macias et al. [25].

Production of Hydrogen Peroxide The hy-
drogen peroxide synthesis was assessed through
the colorimetric method described by Rabe
and Hillier [26], in which the stationary phase
isolates were inoculated in plates containing
Tetramethylbenzidine-plus medium (TMB-plus
medium) [27], kept for 18 h at 37°C in anaero-
biosis, and then exposed to air for 30 minutes.
Due to the oxidative nature of the substance pro-
duced, the isolates were classified as hydrogen
peroxide producers if the inoculum acquired blue
or brown tones.

Antimicrobial Resistance The antibiogram
used was adapted according to a method de-
scribed by Charteris et al. [28] and Agéncia Na-
cional de Vigilancia Sanitaria [29]. The samples
were cultivated in 5 mL of MRS broth at 37°C for
48 hours. We then transferred 1 mL of the culture
to a new MRS broth and incubated it at 37°C un-
til a turbidity compatible with the 0.5 McFarland
Standard (1 x 108 UFC/mL) was achieved. We
prepared petri dishes with MRS agar, MRS broth
with 0.65% agar agar, and 800 uL of each sam-
ple. The dishes were kept at room temperature to
solidify. After the agar surface dried, we added
disks of the following antibiotic agents [30] us-
ing sterile tweezers: gentamicin 10 ug, baci-
tracin 10 pg, colistin sulphate 10 g, tetracycline
30 g, ampicillin 25 g, ciprofloxacin 05 ug,
streptomycin 10 pg, sulfametropim 25 g, ery-
thromycin 15 pg, amoxicillin 10 pg, penicillin
10 ng, and cefalotin 30 ug. The cultures were
then incubated at 37°C for 18 hours. The diam-
eter of the halo in each disk was measured with
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a caliper to determine if the bacteria in question
were sensitive (S), moderately sensitive (MS), or
resistant (R) to the antimicrobial agents accord-
ing to the standard table created by Charteris
et al. [28].

After the antimicrobial resistances were as-
sessed, the selected samples underwent an anal-
ysis of the Integron C genes, which are re-
lated to bacterial resistance to antimicrobial
agents. The primers used were Class 1 Inte-
grons 5’-GGCATCCAAGCAGCAA-3’ and 5°-
GAAGCAGACTTGACCTGA-3’ [31-32]. The
method employed was the one described by
Okamoto etal. [33] and Silva et al. [34], in which
bacterial DNA was obtained with an extraction
kit [13] and amplified through PCR. Each reac-
tion consisted of 1.25 uL of each primer, 12.5 uL
of Gotaq [15], 5 uL of ultrapure water, and
5 uL of the DNA sample, for a total volume of
25 puL. The amplification was conducted with an
initial denaturation at 94°C for 10 min followed
by 35 cycles at 94°C for 1 min (denaturation),
hybridization at 54°C for 1 min, and final exten-
sion at 72°C for 10 minutes [16]. The amplified
product was detected through electrophoresis in
agarose gel (1.0%) [35], stained as described by
GelRed™ [17], put through electrophoresis at
100 V for 50 min, and then analyzed under UV
light [18].

Antimicrobial Activity against Salmonella
Heidelberg Antimicrobial activity was as-
sessed using 5 distinct techniques to verify
antagonism between Lactobacillus spp. and
Salmonella Heidelberg (SH), which was ob-
tained from the Ornitopathology Laboratory at
the Veterinary Medicine College FMVZ Unesp-
Botucatu/Brazil, to confirm the antagonistic
potential.

The first technique employed was the Spot
on the Lawn method, which consists of seed-
ing isolates of Lactobacillus spp. (AC) in MRS
broth for 48 h at 37°C. The cultures were added
as spots on petri dishes containing MRS agar
(10 nL) and, after drying completely, were incu-
bated at 37°C for 18 hours. The sample of SH
was seeded in brain-heart infusion (BHI) broth
and incubated at 37°C for 18 hours. It was then
transferred to new BHI tubes with 0.75% agar
agar [36]. The previously incubated AC dishes
received the inoculum over their surfaces and,
after complete solidification, were reincubated
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at 37°C for 12 hours. The inhibition halo was
then measured starting from the edge of the Lac-
tobacillus spp. colony.

The second technique employed was a mod-
ified cross-streak test to assess antimicrobial
activity as described by Fang et al. [37], in which
we made 1 x 2 cm rectangles with AC (10° UFC
mL~') in MRS dishes. After being incubated at
37°C for 24 h, the colonies were removed and
we applied chloroform with a swab. The dishes
were then incubated for 1 h for drying before we
spread 100 nL of SH over them. The dishes were
reincubated at 37°C for 24 h, and the antagonism
was assessed through the measurement of the
inhibition zone around the rectangular growth
[38].

The third technique was a radial streak test
to observe microbial interactions [39]. The AC
(108 UFC mL~") was inoculated in a circular
area at the center of the MRS dish and, following
incubation at 37°C for 48 h, was inoculated with
the pathogen (103 UFC mL™") in radial streaks
and reincubated at 37°C for 24 hours. The in-
hibitory activity was assessed using a modified
version of the methodology described by Bosch
et al. [40], measuring the diameter of the inhi-
bition zone observed between the AC and the
pathogen.

The fourth technique was the agar well diffu-
sion method to test whether the inhibitory effect
of the culture’s supernatant is caused by acid pH
or by other mechanisms [39]. AC was grown in
MRS broth for 24 h, incubated at 37°C, cen-
trifuged [20] at 12,000 x g for 20 min, and ster-
ilized through filtration with a 0.20 wm porous
membrane. After overnight incubation in station-
ary phase, the pathogen (10’-10% UFC mL™!)
was inoculated into the MRS dishes. We then
made 10 mm wells in the dishes and placed 100
uL of the sample’s filtrated product in each well.
The dishes were incubated at 37°C for 24 h, and
the antimicrobial activity (growth-free zones)
around the wells were measured in milliliters.

The fifth technique employed was the liguid
co-culture assay to assess the isolates’ antago-
nistic potential [39]. For the test, we inoculated
100 pL of each AC together with the pathogen
(108 mL UFC mL™!") in a medium consisting
of 2 mL of MRS broth and tryptone soya broth
(TSB) at a 1:1 proportion and incubated at 37°C
for 24 hours. To verify the inhibition, 50 uL
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of the suspension was seeded in TSB agar and
incubated at 37°C for 48 hours. We compared
the growth presented with a positive control and
a negative control. Agar dishes that presented
growth were categorized as having 25, 50, or
75% inhibitory activity, while dishes that did not
present growth were categorized as presenting
bactericidal activity (100% inhibition).

Identification of the Species Lactobacillus

Isolates presenting satisfactory results for
a probiotic agent in all analyses underwent
SANGER sequencing [21]. The results were
analyzed with the software Bioedit [22] and
Mega7.0 [23], and readings were compared with
the database maintained by the National Center
for Biotechnology Information.

RESULTS AND DISCUSSION
Identification of the Genus Lactobacillus

Of the 170 isolates, 74 presented positive
results in phenotype tests with the following
standards: positive in the Gram staining test in
the form of a non-spore forming Gram-positive
bacilli; positive in gas production in the glu-
cose test; negative in the catalase production test,
in the potassium hydroxide production test, and
in hydrogen sulfide production in the TSI test.
These isolates advanced to the DNA extraction
stage. However, of these 74 isolates, only 30 were
positive for gas production in the glucose test, a
finding similar to the one described by Collins
and Hartlein [41] in which not all Lactobacillus
spp. isolates studied were positive for the test.

Isolates that were compatible with the other
mentioned requisites, but negative for gas pro-
duction in the glucose test also were considered
part of the genus Lactobacillus. All pre-selected
isolates underwent confirmation through PCR.
Samples presented a profile compatible with the
characterization of the control specimen of Lac-
tobacillus spp. rather than the one aimed at pro-
biotic analysis.

Probiotic Characterization

To promote beneficial effects, the probiotic
agent must be able to persevere and remain vi-

able under the adverse conditions imposed by
the host’s organism. The first challenge is gas-
tric juice, which has digestive enzymes that re-
main functional in environments with very low
pH. Several bacteria cannot survive in acidic pH
[42]. In the case of turkeys, there is a relation-
ship between the protein value in the bird’s diet
and gastric juice secretion, revealing the gas-
tric phase is in control of secretions. However,
when the digested food reaches the proventricu-
lus, the organ stimulates gastric secretion (gastric
or mechanic phase). Gastric juice pH varies be-
tween 0.5 and 3.0, as a pH level around 2 is ideal
for transforming pepsinogen into pepsin. In the
small intestine, the pH level of the bird’s enteric
juice averages 6.7, since the pancreatic and in-
testinal enzymes are particularly active in this
area and function better with pH levels between
6.4 and 7.2 [43-44].

For this study, we conducted 20 readings over
a period of 10 hours. However, only the data ob-
tained after incubating the isolates in artificial
gastric juice for 3 h were used to define the inhi-
bition rate of an isolate. This is the case because,
as described by Macari et al. [43], this time is
enough for the food to be under the action of
gastric juice in the case of poultry species. The
isolates were exposed to 2 types of pH: a control
with pH around 7.0 and a pH of 2.5, similar to
the one found in the digestive system of turkeys.

Of the isolates analyzed, 3 presented inhibi-
tion rates of 23% or higher, revealing that gas-
tric juice had a certain impact over them. One
sample did not present any result in the test.
The remaining 70 isolates did not present any
changes due to the action of the gastric juice and
were considered resistant to pH 2.5, which is one
of the desirable characteristics for Lactobacillus
spp. to be used as a probiotic agent. These re-
sults support those reached by Morelli [45] and
Silva [46], who observed that intestinal bacteria
tend to be more resistant to the stomach acids.
In their experiment, the number of viable cells
decreased 14.33% after 3 h of incubation in pH
2.5. In pH 3.0, the decrease was below 11.35%.
In their study, Feng et al. [47] reported that, of
the 101 samples tested, 13 presented inhibition
rates exceeding 23% when exposed to pH 2.5 for
3 hours.

Another challenge probiotic agents face are
the intestinal bile salts, which are molecules
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Figure 1. Antagonism testing of Lactobacillus spp. (L)
against Salmonella Heidelberg (SH), (A) Spot on the
Lawn, (B) radial streak, (C) agar well diffusion, (D) lig-
uid coculture assay without inhibition of SH, (E) liquid
coculture assay with inhibition of SH, and (F) modified
cross-streak.

presenting antimicrobial activity and capable of
breaching biological membranes [11]. In the bile
salt resistance test, we verified that 58.11% of
the isolates presented inhibition rates between 25
and 51%, contrasting with the results obtained by
Macari [43], Sturkie [44], and Morelli [45], who
reported inhibition rates between 25 and 33%.
Twenty-three isolates presented inhibition rates
below 25%, and 8 isolates were not affected by
the bile salts, which is the desirable result for a
probiotic isolate. In their study, Feng et al. [47]
reported that only 13 isolates (12%) presented
bile salt inhibition rates of 21.2% or lower, be-
ing considered samples with the best probiotic
potential. Higher initial bacterial counts in the
sample result in higher absorbance rates during
incubation, pointing towards the need to stan-
dardize the inoculum, which is not noted in sci-
entific studies. Therefore, the interpretation of
results obtained regarding the isolate’s capacity
to survive in the presence of bile salts may vary
from study to study [48].

Isolates compatible with the genus Lacto-
bacillus spp. were initially selected for their re-
sistance or immunity to gastric acid or bile salts,
remaining viable in the digestive tract of the bird
after evaluating these isolates for their antago-
nistic potential against the SH pathogen.

Probiotic agents may act through direct antag-
onism, producing bactericins, organic acids, and
hydrogen peroxide with antibacterial action [49].
Of the antagonism tests conducted, the Spot on
the Lawn test (Figure 1A) revealed antagonism
for SH due to the formation of halos in 94.60%
of the isolates. We observed that, from the 74
isolates tested for SH with the radial streak
(Figure 1B), agar well diffusion (Figure 1C),
liquid co-culture assay (Figure 1D), and modi-
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fied cross-streak (Figure 1E) techniques, 31 iso-
lates (41.89%) presented the best possible results
only in the modified cross-streak test, with 7 iso-
lates presenting inhibition zones < 2.5 x 3 cm,
classified as good, and 31 isolates presenting in-
hibition zones > 2.5 x 3 cm, classified as excel-
lent. These results support the ones obtained by
Coman et al. [39], who reported that the cross-
streak test is the most efficient for studying an-
timicrobial activity using live cells from probi-
otic strains in comparison with the radial streak
and liquid co-culture assays, which also use live
cells, and the agar well diffusion test, which
uses a supernatant. The agar well diffusion test
yielded the worst results, with only 10.81% of
the samples showing any reaction, highlighting
the fact that more than one antagonistic activity
assessment test should be employed to classify a
sample as having probiotic potential.

Resilience and multiplication are important
properties for a probiotic agent, given that they
aid the agent’s establishment in the host, which
is essential for the activity or composition of the
host’s microbiota to be altered [S0-51]. The pro-
biotic agent must compete with the microbiota
for the needed nutrients and find favorable con-
ditions for multiplication [52].

In Brazil, according to the Technological and
Scientific Advisory Commission for Functional
Food Products and New Food Products, linked
to the Brazilian National Sanitary Surveillance
Agency, for the final product of a probiotic agent
to be approved for daily consumption, it must
present a minimal level of viable microorgan-
isms around 10® to 10° CFU/g. However, lower
values are also accepted if the product’s effec-
tiveness is demonstrated [53]. In this study, the
multiplication rate obtained after 3 h of incuba-
tion was 82.43%, showing that the samples mul-
tiplied at a fast rate, which means they would
keep multiplying in the host’s digestive system
when administered to the poultry.

Adhesion to the digestive system’s epithe-
lial cells is also an important requirement for
the colonization of probiotic strains, prevent-
ing their immediate elimination through peri-
stalsis and offering a competitive advantage
in that environment [49—-50]. Auto-aggregation
is needed for probiotic strains, promoting
the adhesion to the intestinal epithelial cells
and the formation of a barrier that prevents
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Figure 2. Test for the hydrogen peroxide production of
Lactobacillus isolates.

colonization by pathogenic microorganisms
[54-56]. The physical and chemical character-
istics of the cell surface, such as hydrophobicity,
may affect auto-aggregation and bacterial adhe-
sion to different surfaces [56—57]. In this study,
32 isolates (41.89%) presented low hydropho-
bicity, which, according to Pelletier et al. [24],
indicates that the samples have a hydrophilic sur-
face and would be easily eliminated through peri-
stalsis. Thirty-four isolates (45.94%) presented
negative results. There are few reports of this
type of result in the literature, but according to
Schmidt et al. [58], increasing concentrations of
ammonium sulfate may be used to convert these
results and obtain the real hydrophobicity rate.
In this study, 4 isolates (5.40%) presented inter-
mediate hydrophobicity, and 4 isolates (5.40%)
presented high hydrophobicity. These isolates
would likely remain adhered to the gastroin-
testinal tract for a longer period. In their study,
Pelletier et al. [24] reported that most isolated
strains, regardless of the animal species, pre-
sented low hydrophobicity levels.

The production of hydrogen peroxide was ini-
tially employed to select catalase-positive bacte-
ria during the identification of the Lactobacil-
lus spp. samples, but it was assessed again at
this stage in a modified medium (TMB-Plus),
which allowed us to quantify the intensity of the
hydrogen peroxide production (Figure 2) The
isolates were classified as having no production
when no color alterations were noted after in-
cubation, low production when the samples ac-
quired a light blue tone, intermediate produc-
tion when the isolates acquired blue tones, and
high production when the isolates acquired dark
blue and/or brown tones, as described by Feng
et al. [47]. In the study conducted by Charteris
et al. [28], the results obtained for growth and
color change were equal or better in TMB-Plus

than in TMB agar for 98% of the isolates. In
general, 70% of the isolates tested presented
better growth and 47% acquired more intense
colors. Correlating the antagonism tests and the
hydrogen peroxide production tests conducted
for this study, 14 samples (18.92%) did not pro-
duce hydrogen peroxide but presented antago-
nism for SH in one of the tests, indicating that
the antagonistic activity may be related to the
production of other substances. Sixty samples
(81.08%) presented high hydrogen peroxide pro-
duction and acquired brown tones. These iso-
lates presented antagonism for SH in at least
one of the antagonism tests, pointing towards
the molecule’s bactericidal activity.

The problem of bacterial resistance to antimi-
crobial agents has been widely discussed in the
human and veterinary medicine fields, but one
thing is certain: the resistance may be transferred
among bacteria through their genes. Therefore,
further research regarding the genetics of pro-
biotic bacteria is needed to prevent a possible
source of antimicrobial resistance genes. Resis-
tance to antimicrobial drugs is defined as the
ability of an organism to resist a chemotherapeu-
tic agent to which it was previously susceptible.
The resistance genes are transferred through ge-
netic exchange with other microorganisms and,
as such, the isolated bacteria should undergo
tests to determine their sensitivity to antimicro-
bial agents, such as the agar diffusion test [59].

This study tested 12 antimicrobial agents. In
the study conducted by Charteris et al. [28], most
of the samples presented resistance to penicillins
and cephalosporins, differing from our results,
which saw ampicillin and cefalotin with the low-
est resistance rates (12.16% for penicillin and
29.73% for cefalotin) and bacitracin with one
of the highest rates at 90.54%. The same au-
thors reported that all samples were resistant
to aminoglycosides, supporting the results ob-
tained by this study, in which 100% of the sam-
ples were resistant to this category of antibacte-
rial agents (gentamicin and streptomycin). The
strains tested in this study were also sensi-
tive to tetracycline (91.89%) and ciprofloxacin
(98.65%). Most of the strains were also sensi-
tive to amoxicillin (44.59%), cefalotin (29.73%),
and ampicillin (12.16%). The aforementioned
authors also reported that their samples were re-
sistant to sulfadiazine/trimethoprim and colistin
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Table 1 Characterization of selected probiotic strains in their ability to inhibit Salmonella Heidelberg.

Isolates

L. L. L. L. L. L. L. L. L. L.
Analyzed Sfrumenti  reuteri reuteri reuteri reuteri reuteri reuteri reuteri reuteri  johnsonii  reuteri
Gastric acid! 15.12 4.51 0 2.06 131 0 0 13.76 0 1.33 8.81
Bile salts' 22.01 11.60 16.69 13.57 0 23.80 22.03 18.58 35.19 45.37 0
Spot on the Lawn®>  0.60 0.53 0.70 0.60 0.60 0.60 0.60 0.50 0.27 0.47 0.50
Radial streak’ 2.30 1.80 2.80 2.53 0.53 2.85 0.45 2.53 2 0.50 3.07
Agar well diffusion® 0 2.5 2.2 0 0 0 0 1.8 0 0 1.7
Liquid coculture 50 50 25 0 25 75 10 50 75 25 50
assay’
Cross streak’ 75 100 75 75 75 75 25 100 25 100 100
Multiplication 8.0 x 10° 8.6 x 10* 9.5 x 10° 8.0 x 10% 6.5 x 10® 6.2 x 10° 5.5 x 107 7.3 x 107 9.5 x 107 8.0 x 107 6.5 x 107
potential’
Hydrophobicity' 0 0 7.40 0 11.13 5.88 3.40 0 0 0 0
Hydrogen peroxide  high high high high high high high high high little high
production
!Percentage.
2Centimeters.

3Colony-forming units/mL.

sulfate, results supported by this study (81.08
and 100% respectively).

The variable regions from class 1 Integrons
have been associated with antibiotic resistance
[60—61]. According to data collected by the
World Organization for Animal Health [62],
antimicrobial agents reduce the gastrointesti-
nal tract microbiota and increase colonization
by Salmonella spp. The gene that expresses re-
sistance to antimicrobial agents (class 1 Inte-
gron) was not observed in any of the isolates
selected for PCR analysis. The study conducted
by Okamoto et al. [33], which analyzed positive
isolates with an antibiogram, also had no sam-
ples with the Integron resistance genes, support-
ing the notion that there is no correlation with the
antimicrobial resistance gene (Class 1 Integron).
In this study, samples presented over 50% resis-
tance to the antimicrobial agents tested, but did
not present any antimicrobial resistance genes in
the technique that assesses the Integron C genes.
This shows that Integrons are not directly related
with resistance to multiple antimicrobial agents
in Lactobacillus spp.

Identifying the Species of Selected Samples

The identification of lactic acid bacteria
through phenotypical characteristics is often in-
conclusive and requires complimentary tests to
precisely determine the species being studied.

The 11 isolates that showed satisfactory
results for a probiotic agent by presenting

resistance to gastric juice and bile salts, high po-
tential for multiplication and/or high hydropho-
bicity, production of hydrogen peroxide, and the
ability to inhibit SH (Table 1) were identified by
sequencing one Lactobacillus frumenti, 9 Lac-
tobacillus reuteri, and one Lactobacillus john-
sonii. According to Barros et al. [12], in commer-
cial probiotic products available for birds, pigs,
cows, sheep, horses, dogs, and cats, the most
common species of Lactobacillus spp. are: L.
bulgaricus, L. acidophilus, L. casei, L. lactis, L.
salivarius, L. plantarum, L. reuteri, and L. john-
sonii. These microorganisms are non-pathogenic
and are derived from the normal microbiota of
the species the product is aimed at [63].

Turkey Production and Selection of Probiotic
Bacteria

The growing use of probiotics in broiler pro-
duction is a well-known fact and it is not different
in the case of turkey production. Improving per-
formance mainly through the complex and dy-
namic process that occurs at the intestinal level
by selecting the microbioma promotes benefits
in the digestion process, the absorption of nu-
trients, and the prevention of undesirable agents
such as SH. Moreover, the international pressure
for quality in exported products free of chemical
residues demands more health controls. There-
fore, a careful selection of bacteria with probiotic
potential has a fundamental importance, as was
shown with Lactobacillus spp. in this project.
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CONCLUSIONS AND
APPLICATIONS

1. Inthis experiment 11 isolates of Lactobacil-
lus spp. were identified and selected with
probiotic characteristics.

2. For antagonism tests directed against SH,
the modified cross-streak test proved the
most effective.

3. The Lactobacillus spp. isolates that were
tested in this study demonstrated resistance
to the majority of the antimicrobials tested
but did not present Integron C resistance
genes, thus reducing the possibility of trans-
ferring resistance genes to other bacteria.
Therefore, these isolates are possible candi-
dates for making a product with probiotic
potential for further evaluation through in
vivo efficiency studies.
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