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ABSTRACT This study aimed to assess the effects
of a Lactobacillus helveticus ATCC 15009-derived
postbiotic in mitigating experimental Salmonella Galli-
narum infection. For this purpose, a sample of Lacto-
bacillus sp. was inoculated in 2 different media, each
containing different postbiotics (sensitized and nonsen-
sitized). Both inocula had their antagonistic effect
over S. Gallinarum tested through the spot-on-the-
lawn method. It revealed that the sensitized postbiotic
had a higher action potential over Lactobacillus sp.
than the nonsensitized one (P < 0.05). Then, 48 day
of hatch chicks were divided into 4 groups:
A = Lactobacillus sp. (109 CFU/mL) inoculum on the
18th day; B = Lactobacillus sp. (109 CFU/mL) inocu-
lum on the 18th day and postbiotic inoculum on the
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19th day; C = postbiotic inoculum on the 19th day;
and D = sterile saline inoculum on 18th and 19th
days. On the 21st day, all chicks were infected with S.
Gallinarum (109 CFU/mL). On the 23rd day, the ani-
mals were euthanized by cervical dislocation, and the
ceca and liver were aseptically removed. Bacterial
count of S. Gallinarum with serial decimal dilution
was performed with these organs. It revealed that the
prophylactic treatment with the postbiotic that modu-
lates the intestinal microbiota was as efficient as the
probiotic administration in reducing S. Gallinarum in
the cecum and liver of chicks (P < 0.05). These data
point to a new range of alternatives for preventing S.
Gallinarum, which might help the poultry industry
produce safer food for human consumption.
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INTRODUCTION

Fowl typhoid (FT) is a severe septicemic poultry
disease caused by Salmonella enterica subsp. enterica
serovar Gallinarum biovar Gallinarum. It mainly affects
broiler breeder farms and commercial egg-laying hens
and requires immediate notification and control, usually
through the combination of biosecurity measures and
antibiotic administration (Lourenço and Berchieri,
2015). The use of antibiotics as either a prevention or
control measure has been criticized because S. Gallina-
rum tends to remain permanently in poultry, and also
the use of such substances may influence the microbio-
logical monitoring and epidemiology of the region
(Lourenço and Berchieri, 2015). The misuse of antibiot-
ics might also result in serious collateral effects, such as
dysbiosis, selection of antimicrobial drug resistance
genes, residual antibiotics in animal products, and envi-
ronmental contamination, which are relevant public
health issues (Ewbank et al., 2021).
Thus, new products have been developed as alterna-

tives to antibiotics for poultry, such as bacteriophages,
bacteriocins, organic acids, essential oils, prebiotics,
probiotics, symbiotics, and, more recently, postbiotics
(Humam et al., 2021).
Metabolites produced by Lactobacillus, a lactic acid

bacteria (LAB), and used as feed additives are as effec-
tive as antibiotics when it comes to enhancing the
growth performance of broilers (Humam et al., 2021).
These metabolites, also known as postbiotics, are
defined by Martín and Langella (2019) as “nonviable
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bacterial products or metabolic products from microor-
ganisms that have biologic activity in the host.”

Postbiotics are known for their salutary action on the
poultry microbiome, from improving the zootechnical
performance of broilers to preventing and mitigating
several pathogens in the gut microbiome of poultry
(Abd El-Ghany et al., 2022).

The composition of postbiotics is based on organic
acids and mainly on peptides, which are responsible for
promoting bacterial communication or quorum sensing
(QS) between several bacteria genera, such as Lactoba-
cillus. QS is one of the mechanisms used by LAB to
ensure their survival through gene regulation (Okamoto
et al., 2018). QS might be triggered by intra- and inter-
species of bacteria and differ between gram-negative and
gram-positive microorganisms. When a minimum bacte-
rial density is reached, oligopeptides are produced,
secreted, and recognized, thus regulating gene expres-
sion and collectively modulating the microbiota, guaran-
teeing the survival of salutary microorganisms (Abisado
et al., 2018; Okamoto et al., 2018). Thus, postbiotics
may stabilize the bird’s intestinal microbiome through
the competitive exclusion of pathogenic bacteria and
serves as a stimulus for the host’s specific and unspecific
immune system (Abd El-Ghany et al., 2022).

Lactobacillus is a gram-positive microorganism that
expresses QS through oligopeptides (Abisado et al., 2018)
and might undergo biotic and abiotic stresses, which may
trigger suchbehavior (Papadimitriou et al., 2016).

An in vitro experiment was carried out to verify 2
hypotheses. The first hypothesis is that a postbiotic pro-
duced by a specific Lactobacillus helveticus ATCC
15009 may meliorate the inhibition of S. Gallinarum by
another Lactobacillus sp. The other hypothesis is that a
biotic stress induced in L. helveticus ATCC 15009 by S.
Gallinarum may lead to the production of a more effi-
cient postbiotic, further improving the inhibition poten-
tial of Lactobacillus sp. The in vivo experiment aimed at
evaluating the postbiotic with the best results in the in
vitro section, in mitigating S. Gallinarum infection in
layer chicks and comparing it to the administration of
probiotics.
MATERIALS AND METHODS

Ethics Committee

This research was approved by the Ethics Committee
on Animal Use (CEUA, FMVZ, UNESP), under proto-
col number 0017/2020.

Bacterial Samples

Salmonella Gallinarum The sample of S. Gallinarum
resistant to rifampicin (Rif) and nalidixic acid (Nal)
used in this study belongs to the Avian Pathology
Service’s Bacteria Collection at the S~ao Paulo State Uni-
versity (UNESP), in Botucatu, S~ao Paulo (SP), Brazil.
It was collected from commercial egg-laying hens with
clinical signs of salmonellosis.
Lactobacillus Sp. and Lactobacillus Helveticus
ATCC 15009 The sample of Lactobacillus sp. used as a
probiotic in this study also belongs to the Avian Pathol-
ogy Service’s Bacteria Collection at UNESP, in Botu-
catu, SP, Brazil. It was collected from cloacal swabs of
healthy broiler chickens. The sample of L. helveticus
ATCC 15009 used as a donor for the postbiotic produc-
tion was donated by the Oswaldo Cruz Foundation
(FIOCRUZ), in Rio de Janeiro, RJ, Brazil.
In Vitro Experiment

Experimental Design Three experimental groups were
submitted to a spot-on-the-lawn (Okamoto et al., 2018)
antagonism plate inhibition test: Lactobacillus sp. with
no postbiotic, Lactobacillus sp. added to a sensitized
postbiotic, and Lactobacillus sp. added to a nonsensi-
tized postbiotic. A total of 3 replicates and 3 inhibition
halos in each replicate were performed.
Postbiotic Production Two different postbiotics were
produced. To produce the sensitized postbiotic (Postbi-
otic A), 5 colony-forming units (CFU) of L. helveticus
ATCC 15009 and 5 CFU of S. Gallinarum were both
inoculated in the same 10 mL of sterile media containing
1/2 De Man, Rogosa, and Sharpe (MRS; Acumedia,
Neogen, Lansing, MI) broth and 1/2 brain heart infusion
(BHI; Acumedia, Neogen, Lansing, MI), followed by
incubation at 38°C for 24 h. To eliminate metabolites
possibly produced by S. Gallinarum, 1 mL of this culture
was inoculated in 9 mL of MRS broth and incubated
under the same conditions. Finally, the culture of sensi-
tized L. helveticus ATCC 15009 was submitted to centri-
fugation (10,000 £ g, 10 min, 4°C) and the supernatant
was sterilized with a 0.22-mm cellulose membrane filter.
The nonsensitized postbiotic (Postbiotic B) was

produced by inoculating 5 CFU of L. helveticus ATCC
15009 in 10 mL of MRS broth, followed by incubation at
38°C for 24 h. The culture was then submitted to centri-
fugation (10,000 £ g, 10 min, 4°C) and the supernatant
was sterilized with a 0.22-mm cellulose membrane filter.
Prior to use, both postbiotics were inoculated in dishes
containing nutrient agar to verify absence of contami-
nant microorganisms.
Plate Inhibition Test To evaluate the postbiotics’
potential for enhancing the inhibition of S. Gallinarum
by Lactobacillus sp., 200 mL of each postbiotic sample
was separately added to 120 mL of a Lactobacillus sp.
strain previously cultivated in MRS broth (0.5 tube on
the MacFarland scale) and 200 mL of a sterile MRS broth
and then incubated at 38°C for 24 h. Both inocula were
submitted to the spot-on-the-lawn antagonism plate test
as described by Okamoto et al. (2018). The pure Lactoba-
cillus sp. culture was also submitted to this test to verify
its natural inhibition against S. Gallinarum.
In Vivo Experiment

This section aims to evaluate the postbiotic with the
best results in the in vitro section in modulating the gut



Table 1. Median (Q1−Q3) (in mm) of the inhibition halos of Sal-
monella Gallinarum by Lactobacillus sp. in the spot-on-the-lawn
antagonism test.

Inoculum Median (Q1−Q3) mm

Lactobacillus sp. + Postbiotic A 7 (6.5−8)a
Lactobacillus sp. + Postbiotic B 5 (4.2−6)b
Lactobacillus sp. 2.25 (1.62−3)c

Different lowercase letters indicate a statistically significant difference
(P < 0.05) in the Kruskal-Wallis test adjusted by Dunn’s multiple compar-
ison test.
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microbiome of laying chicks to inhibit S. Gallinarum.
For this reason, the Postbiotic A was chosen for this sec-
tion.
Experimental Design A total of 48 d of hatch laying
chicks (Hy-Line W80) were randomly distributed into 4
experimental groups (A, B, C, and D) with 12 chicks
each. The chicks were placed in 4 cages (0.5 £ 0.8 m)
within an acclimated environment. The animals were
provided ad libitum, the same water and feed, specifi-
cally formulated solely to fulfill their macro and micro-
nutrient requirements, as outlined by Rostagno et al.
(2017). Each chick was considered an experimental unit,
and each group was considered the experimental group.

The Lactobacillus sp. inoculum was prepared a day in
advance, by adding 5 CFU of Lactobacillus sp. to a ster-
ile Erlenmeyer flask containing 50 mL of sterile MRS
broth. The mixture was then incubated at 37°C for 24 h.

The experiment started with the arrival of the chicks
at day of hatch and ended on 23rd day of age of the
birds. On the 18th day, Groups A and B received Lacto-
bacillus sp. inoculum at a concentration of 1.6 £ 109

CFU/mL, while groups C and D received sterile saline
inoculum. On the 19th day, Groups A and C received
Postbiotic A inoculum, and Groups B and D received
sterile saline inoculum. On the 21st day, all Groups (A,
B, C, and D) were challenged with S. Gallinarum at a
concentration of 7.0 £ 109 CFU/mL. On the 23rd day,
all groups were submitted to euthanasia and had their
liver and ceca aseptically removed for assessment of S.
Gallinarum quantification.

All inocula of bacteria, sterile saline, and postbiotic
were made intraesophageally, through oral gavage nee-
dle at a dose of 1 mL per chick.

Bacterial quantifications of the inocula were made
through serial decimal dilutions with phosphate-buff-
ered saline (PBS), from 10�1 to 10�8. Each dilution was
poured on petri dishes containing MRS agar for Lactoba-
cillus sp. and Brilliant Green Agar (BGA; Acumedia,
Neogen, Lansing, MI) for S. Gallinarum, followed incu-
bation at 38°C for 24 h.
Bacterial Enumeration of S. Gallinarum in Ceca and
Liver The assessment of the treatments was performed
by bacterial quantification of S. Gallinarum in the liver
and ceca of the chicks. After collection, each organ
was separately weighed and diluted (1:10) in PBS, and
serial decimal dilutions were performed as previously
described. Then each dilution was poured on BGA sup-
plemented with Nal (100 mg/mL) and Rif (100 mg/mL)
and incubated at 38°C for 24 h. After this period, CFU
were counted, and the results are expressed in CFU/g of
organ.
Statistical Analysis This research underwent a ran-
domized design. GraphPad’s Prism (8.0.1) and SAS
(9.04.01) were used for the data analysis. The assump-
tions of normally distributed data from both experi-
ments were graphically analyzed through histograms
and QQ plots and were numerically analyzed through a
Shapiro-Wilk test. The data were logarithmically trans-
formed, but no normal distribution could be reached.
The variables with abnormal distribution were
evaluated through the Kruskal-Wallis test with Dunn’s
multiple comparison adjustment. The data are displayed
as medians (Q1−Q3). For all results, a statistical differ-
ence was considered significant when P < 0.05.
RESULTS AND DISCUSSION

In Vitro Experiment

The Lactobacillus sp. possesses an intrinsic inhibition
potential against S. Gallinarum, considering its median
halo formed when confronted with S. Gallinarum (2.25
[1.62−3]) in the spot-on-the-lawn antagonism plate test
(Table 1 and Figure 1A). Lactobacillus spp. is widely
used in the animal industry as an alternative to antibiot-
ics, given its innate antagonism against pathogenic
bacteria, such as Shigella spp., Clostridium spp., Cam-
pylobacter spp., Escherichia coli, Staphylococcus aureus,
Yersinia spp., and Salmonella spp. (Vuyst, 1994).
The inhibition potential of the Lactobacillus sp. strain

more than doubled after the addition of Postbiotic B
when compared the medians from both Lactobacillus sp.
inocula with and without Postbiotic B (5 vs. 2.25,
Table 1 and Figure 1A vs. B). These data suggest the
presence of substances produced by L. helveticus ATCC
15009 that induce bacterial communication and there-
fore enhance the antagonism of Lactobacillus sp. over S.
Gallinarum. In the microenvironment, gram-positive
bacteria regularly secrete QS-promoting molecules (oli-
gopeptides), which trigger changes in bacterial gene
expression when a threshold is reached. This behavior
modulates the virulence, bacteriocin production, prolif-
eration, and biochemical behavior of the microbiome
(Abisado et al., 2018; Tonkin et al., 2021) promoting
host health.
Furthermore, greater halos were found when Postbi-

otic A was added to Lactobacillus sp. (P < 0.05, Table 1
and Figure 1C), due to the significant increase in the
inhibition halo medians, which were 3 times higher
(2.33 vs. 7; Table 1). These findings confirm the assump-
tion that previous biotic stress caused by S. Gallinarum
in L. helveticus ATCC15009 could enhance or even
increase the production of QS-inducing substances. The
biotic stress is a natural process in which LAB such as
Lactobacillus spp. suffer when it settles in the host
microbiome or in complex communities where other
microorganisms are present (Papadimitriou et al.,
2016).



Figure 1. Antagonistic effect of Lactobacillus sp. against Salmonella Heidelberg on the spot-on-the-lawn method. Diameters of the inhibition
halos formed by: (A) pure Lactobacillus sp.; (B) Lactobacillus sp. + Postbiotic B; (C) Lactobacillus sp. + Postbiotic A.
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In Vivo Experiment

The control group of chicks presented higher median
of CFU of S. Gallinarum per gram of cecum and liver
(P < 0.05) compared with the other groups (Table 2).
This finding confirms the assumption that birds with no
treatment prior to S. Gallinarum infection are suscepti-
ble to higher concentrations of the pathogen in their
organism. They are subject to higher morbidity, lower
zootechnical performance, and greater environmental
excretion of the pathogen, leading to the perpetuation of
the disease in the flock (Milbradt et al., 2017; Gut et al.,
2018).

Groups “A” and “C,” in which preventive treatments
were inoculated (Lactobacillus sp. and/or Postbiotic A)
presented the lowest medians of CFU of S. Gallinarum
per gram of cecum and liver (P < 0.05) when compared
with the control group (Table 2). Bacteria are unicellu-
lar microorganisms that have existed for at least 3.7 bil-
lion yr and have been in a constant evolutionary process
ever since (Pearce et al., 2018; Granato et al., 2019).
This bacterial process of selection and evolution, summa-
rized by the “Game Theory,” made it possible for bacte-
ria to develop and improve their cellular communication
or QS (Granato et al., 2019).

QS is a complex system that collectively modulates
microbial behavior through gene expression regulation.
In LAB such as Lactobacillus, this system is related to
the production and secretion of bacteriocin (Miller and
Bassler, 2001), a short-chain peptide that presents both
antimicrobial and signaling activity, which modulate
Table 2. Median (1° quartile−3° quartile) of colony-forming units of S

Groups Inoculum

A Lactobacillus sp. + Postbiotic A
B Lactobacillus sp.
C Postbiotic A
D Control 5 £

Different lowercase letters in the same column indicate a statistically signifi
multiple comparison test.
cell behavior in a beneficial way, promoting survival of
the genus and species.
The inocula of Postbiotic A, possibly containing

short-chain peptides that promote QS, were probably
responsible for the decrease in CFU of S. Gallinarum in
the cecum and liver of chicks (P < 0.05; Table 2). The
addition of postbiotic may have changed the chick’s
microbiota in a healthy way, modulating the bacterial
behavior in favor of LAB and inhibiting S. Gallinarum,
as occurred in the in vitro experiment.
The median (and quartiles) values of 0 found in CFU

per gram of liver (Table 2), in groups “A” and “C” (inoc-
ula of Postbiotic A + Lactobacillus sp. and Postbiotic A,
respectively) could be biologically relevant. However, it
would require a characteristic group with at least
252 chicks/group (G*Power 3) (Faul et al., 2007), for a
statistical difference (P < 0.05) to be detected when com-
pared with the group inoculated only with Lactobacillus
sp.
The in vitro experiment made it possible for our

research group to conclude that biotic stress improves
QS among LAB, whether by producing more and/or dif-
ferent oligopeptides. Furthermore, the in vivo experi-
ment allowed us to conclude that the administration of
postbiotics is equivalent to the administration of probi-
otics, which makes it a viable alternative for the preven-
tion of S. Gallinarum. Although the literature over S.
Gallinarum inhibition through microbiota modulation
by postbiotic administration is scarce, results may be
extended to other serovars, however more studies
approaching such theme are needed.
almonella Gallinarum per gram of cecum and liver.

Medians of CFU (Q1−Q3) per organ

Cecum Liver

5 £ 104 (0−105)a 0 (0−0)a
103 (0−9 £ 104)a 0 (0−5 £ 102)a

2 £ 104 (0−3 £ 104)a 0 (0−0)a
105 (1 £ 105−1.5 £ 106)b 2 £ 106 (9 £ 105−4.5 £ 106)b

cant difference (P < 0.05) in the Kruskal-Wallis test adjusted by Dunn’s
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