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ABSTRACT

Probiotic microorganisms are gaining popularity because they can improve feed nutrient absorption and
feed conversion. The application of probiotics as an alternative to antibiotics can help improve chicken health
naturally and safely. This can help reduce the risk of antimicrobial resistance and ensure safe consumption of
chicken meat. The purpose of this research is to find, separate, and describe Lactobacillus probiotic strains
believed to have their origins in the digestive systems of Indonesian broiler chickens. Five broiler
chickens were randomly selected, and samples of their digestive contents were collected for additional
investigation. To further characterize the in vitro probiotic potential, only ten isolates, randomly selected
from 190 isolates, were used. Biochemical, morphological, and 16S rRNA gene sequences were used to
test and identify specific isolates. All isolates (1S3, 1S4, 1S6, and 1S7) showed tolerance to 0.3% bile salts
at pH 2 with significant differences (P < 0.05). When ampicillin failed to cure 1S1, 1S2, IS5, IS7, and IS8
isolates, ciprofloxacin, chloramphenicol, and erythromycin were prescribed. These 10 isolates were
shown to be in contact with Salmonella typhimurium, Salmonella enteritidis, Escherichia coli,
Staphylococcus intermedius, and Staphylococcus aureus. The results showed that the chosen
Lactobacillus liurarius can withstand the stress conditions of the gastrointestinal system, making them
ideal probiotic options for broiler. Ten strains of probiotic Lactobacillus bacteria have been identified from
the digestive tracts of broiler chickens in Indonesia, among others Lactobacillus reuteri NR_075036.1;
Lactobacillus reuteri MF_686486.1; Lactobacillus reuteri NR_113820.1; Lactobacillus reuteri NR_1199069.1;
Lactobacillus caviae NR_157747.1; Lactobacillus frumenti NR_025371.1; Lactobacillus aviarius
NR_112691.1; Lactobacillus hayakitensis NR_041498.1; Lactobacillus salivarius NR_028725.2 and
Lactobacillus salivarius NR_112759.1

Keywords: Putative Biological Agent, Lactobacilus issolate, gastrointestinal system.
INTRODUCTION

Probiotics are live microbial feed supplements that improve the host's gut microbial balance, resulting in
beneficial benefits (Sanchez et al., 2017). When administered properly through the digestive tract, these live
bacteria are nonpathogenic and nontoxic, which benefits the host's health (Szydlowska et al., 2022). Probiotic
bacteria may be isolated from food, plants, the environment, as well as humans and animals (Shokryazdan et
al., 2017). Several studies have found that the natural gut microbiota of chicken is a great source of
appropriate probiotic strains (Jha et al., 2022).

In broiler farm, the primary restrictions for exotic chicken production include feed shortages, hot heat, and
illness (Sebho et al., 2022). Furthermore, the pristine hatchery systems of the exotic chick hatching process
might lead to the acquisition of abnormal microbiota in the gastrointestinal tract (GIT) of freshly hatched
chicks (Pan et al.,, 2014). Because of this, the survival and adaptability of newly hatched chicks after
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distribution to local farmers and poultry production firms is poor (Milkias et al., 2016). To close these gaps
and increase the productive performance of exotic broiler chickens, research and development of probiotics
tailored to the local poultry sector might be critical. As an alternative to antibiotics, supplementing freshly
hatched chickens with microbial probiotic formulations is necessary to rebuild the protective gut microbiota
(Donaldson et al., 2017).

In addition to environmental factors, commercial use of antibiotic growth promoters (AGPs) is limited due to
drug resistance in enteric pathogens such as Escherichia coli. Antibiotic residues in feed and the environment
endanger human and animal health (Carvalho and Santos., 2016. Gonzalez et al., 2017). One option to
maximize the productivity and efficiency of raising broiler chickens is to add additional feed or probiotics as
additional feed. This is consistent with the findings of Monifio et al., (2023) showed that the addition of
probiotics impact on the performance of broiler chickens, including feed conversion, mortality, decreased feed
consumption, increased body weight, and increased broiler carcass proportions.

Probiotics can lower mortality and disease rates in chicken by enhancing their health, which will lessen the
financial losses brought on by unfavorable health circumstances. Probiotics supply the digestive system with a
large number of lactic acid bacteria after consumption. It is well known that these microbes can change the
environment in the stomach and introduce enzymes and other healthy materials (Anjana and Tiwari., 2022).
adding considerably more L. acidophilus or mixed Lactobacillus cultures to chickens.

Numerous microbial species, including Bacillus, Bifidobacterium, Enterococcus, Escherichia, Lactobacillus,
Lactococcus, Streptococcus, numerous yeast species (mostly Saccharomyces), and Pediococcus (Silva et al.,
2020). Diverse strains belonging to identical species have diverse features, and so impacts or advantages
might vary from one strain to another within the same species (Bernardeau et al., 2013). Specific bacteria
are selected as probiotics based on the host organism or animal species, whether ruminant, pig, or poultry
(Masood et al., 2011). In developed countries, Lactobacillus species are commonly used in broiler
chickens (Peng et al., 2016). However, in undeveloped nations, isolation and utilization of Lactobacillus
species have not yet been explored and should not be given attention.

Probiotics are referred to as an alternative to antibiotics (Shin et al., 2008), it has been proposed for usage in
chicken because of its involvement in illness prevention, mortality reduction, environmental stress tolerance,
and higher production (Mahesh et al., 2021). Potential probiotic bacteria can be extracted from the GIT of
well-adapted hens (chickens raised in the research location since day one) and utilized to manufacture
probiotics. As a result, the primary goal of this work was to isolate, identify, and characterize probiotic
Lactobacillus species from broiler chickens.

MATERIALS AND METHODS

Isolation Of Lactobacillus Species From Hens' Digestive Tract

Five strong male broiler chickens aged 10 to 12 months were randomly picked from a nearby hamlet in the
Kediri District. The birds were euthanized aseptically by cervical dislocation according to the method
described by Berg et al. (2015). Lactobacillus was found in the gastrointestinal tracts (Berg et al., 2015) crop,
gizzard, small intestine, and cecum) (Fig. 2). One gram was obtained from each (crop, gizzard, small
intestine, and cecum) immediately after slaughter and placed in sterile test tubes containing Phosphate-
Buffered Saline (PBS) buffer (pH 6.8) for subsequent processing. The sample buffer mixtures were vortexed
for 5 minutes before serial dilutions were performed. The samples were then plated on sterilized deMan,
Rogosa, and Sharpe (MRS) agar medium and cultivated for 48 hours at 37°C in an anaerobic atmosphere. The
anaerobic state was maintained using an anaerobic jar and an anaerobic gas generation kit (OXoid Aneorgen
Gas Kit, UK). Each MRS agar plate had colonies that were classified morphological characteristics (shape,
size, and color). To purify, selected colonies were subcultured on MRS agar

Initial Identification and Screening of Isolates

To identify the isolates, we performed the catalase test, morphological study of colonies, and Gram staining.
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Each isolate was cultured overnight on MRS agar. Gram-stained cells were examined under a light
microscope to determine morphology. Catalase-negative isolates were tested using 3% hydrogen peroxide.
Based on these findings, gram-positive and catalase-negative isolates were selected, stored at -20°C in MRS
broth with 20% glycerol (Jannah et al., 2014), and used for further tests.

The catalase test, morphological study of colonies, and gram staining were used to identify the selected
isolates initially. For these experiments, each isolate was cultured overnight on MRS agar. A light microscope
was used to examine Gram-stained cells and define their morphology. Catalase-negative isolates were chosen
for the catalase test, which used 3% hydrogen peroxide. In following experiments, gram-positive and catalase-
negative isolates were chosen based on findings and stored at 20 °C in MRS broth with 20% glycerol (Jannah
et al., 2014).

Probiotic Potential Characterization Of Bacterial Isolates

Traditional criteria for selecting which microbial strains to use as probiotics include biosafety, strain origin,
resistance to GIT in vivo conditions (lower pH, bile, and pancreatic juice), adherence and colonization of
intestinal epithelium/tissue, antimicrobial activity, immune response stimulation, survival and resistance
during processing and storage (Khalil et al., 2018).

Acid tolerance

The pH tolerance of an external culture impacts its capacity to survive in the Gl tract, which is a crucial
factor to consider when picking probiotics. The isolates were evaluated for acid tolerance (Ehrmann et al.,
2002). MRS broth served as a pH-6.5 control sample. Each treatment was tested three times.

Bile salt tolerance

With few modifications, the bile tolerance experiment was performed as described in Ref. (Jannah et al.,
2014). Using 0.05%, 0.1%, or 0.3% (w/v) Difco oXgall (BD bioscience, USA), one milliliter of each isolate's
overnight culture was introduced to nine milliliters of fresh MRS broth. The combination was then incubated
under anaerobic conditions for four hours at 37 degrees Celsius. As a control, MRS broth without bile salt
(OXgal) was used. Following a 4-hour incubation period, 10-fold serial dilutions up to 10-7 were created
using PBS. The samples were split into 100 ul of 10-5 to 10-7 dilutions and spread-plated onto MRS agar
plates. The plates were then incubated anaerobically at 37 °C for 24 hours before the colonies were
enumerated and quantified as CFU/ml. Viable cell counts in MRS with and without bile (OXgall) were
compared to determine bile tolerance. The assay run consisted of three copies.

small intestine

Fig. 2: Isolation of Lactobacillus from different parts of gastrointestinal digestive tracts (crop, gizzard,
small intestine, and cecum).

Antibiotic sensitivity

Selected Lactobacillus isolates were tested for antibiotic susceptibility in accordance with Ref. (Jannah et al.,
2014) using commercially available antibiotic CDs (Himedia, India). 100 microliters of cell suspension were
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uniformly distributed throughout the Muller Hinton agar (Himedia, India)-containing plates. Next, a paper
disc containing ampicillin (30 pg), ciprofloxacin (30 pg), chloramphenicol (30 pg), and erythromycin (15 pg),
popular antibiotics for chicken, was placed on the plates. The plates were then anaerobically incubated for 24
hours at 37 degrees Celsius. The diameter of the clear zone surrounding the antibiotic discs was utilized to
determine the isolates' antibiotic sensitivity.

Temperature and sodium chloride salt tolerance

Freshly generated Lactobacillus isolates were injected into MRS broth and incubated at various temperatures
for 24 hours to assess growth. The turbidity of the culture medium was utilized to determine how well the
isolates grew at different temperatures. Three copies of the test were distributed. A fresh overnight culture of
bacterial isolates was injected into MRS Broth containing varied concentrations of NaCl (4%, 6%, and 8%) to
determine the bacterial isolates' tolerance to sodium chloride (NaCl). This test was conducted in line with
Ref's instructions (Ehrmann et al., 2017).

Haemolytic activity

The hemolytic activity of Lactobacillus isolates was tested using the technique described in Ref. (Jose et al.,
2015). Streptococcus pyrogen was utilized as a positive control. The experiment was carried out in triplicate.

Antimicrobial activity of the selected isolates

Lactobacillus isolates' antibacterial activity was determined using an excellent diffusion assay method. The
bacterial isolates were cultured in MRS broth and incubated during the test period. Alternatively, previously
isolated pathogens (Escherichia coli, Staphylococcus aureus, Salmonella typhimurium, Staphylococcus
intermedius, and Salmonella enteritidis) from chicken were grown in Diponegoro University Laboratory. The
dangerous bacteria selected were often detected in hens. To examine the isolates' antimicrobial activity, 100
uL of each pathogen was coated on Muller Hinton agar plates. The bacterial cell density was calculated using
McFarland (0.5%). These culture plates were perforated with a cork borer to create wells. The isolated
bacterial culture was centrifuged at 13,000 rpm for one minute to collect the antimicrobial-rich supernatant.
Then, 100 microliters of neutrally pH-adjusted cell-free supernatant (CFS) were added to each well (Karimi et
al., 2008). The plates were then incubated for a full day at 37 degrees Celsius. Based on the development
of inhibition, the antibacterial activity of the bacterial isolates was determined. Zones around the wells.
The diameter (in millimeters) of the clear inhibitory zone surrounding the wells was measured, and it was
shown to be directly proportional to the isolate's antagonistic activity. Isolates exhibiting a broad range of
antibiotic activity were chosen for further investigation (Dowarah et al., 2018).

Cell surface hydrophobicity

The hydrophobicity of the cell surface was evaluated using the method described in reference (Lee et al.,
2015).

Molecular analysis of selected isolates (16S ribosomal Ribonucleic acid (rRNA) gene sequencing)

Following in vitro characterization, four Lactobacillus isolates with the highest probiotic potential were
randomly selected and sequenced using the 16S rRNA gene to determine species. The Bacterial Genomic
DNA lIsolation Kit (Himedia, India) and manufacturer's instructions were used to extract genomic DeoXy
Ribo- nucleic acid from overnight-cultured Lactobacillus cells for 16S rRNA gene sequencing. Following
DNA isolation, the universal primers 27F [S’AGAGTTTGATCCTGGCTCAG 37 and 1492R
[STACGGCTACCTTGTTAGGACTT 37 were used to amplify the 16S rRNA gene the methodology
indicated in Reference. The PCR amplification was carried out by improving the process provided in
Reference (Dowarah et al., 2018). To make a 40 ul PCR miX, add 8 ul FIRE pol master miX, 2 ul DNA (20
ng/ul), 0.4 ul (100pm) of forward and reverse primers, and nuclease-free water. The PCR amplifi- cation
condition was initial denaturation at 95 »C for 3 minutes, followed by 35 cycles of denaturation at 95 °C for 30
seconds, annealing at 60 °C for 45 seconds, extension at 72 °C for 1 minute, and final extension at 72 -C for 7
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minutes. The PCR results were confirmed using 1% agarose gel electrophoresis. The PCR products were
purified and sequenced by submitting them to Macrogen (Europe).

Sequence alignments and phylogenetic tree Construction

The DNA sequence data of each isolate were obtained by sequencing the PCR products. The DNA
sequences were compared with available sequences in the GenBank. Sequence similarity values were
determined using the Basic Local Alignment Search Tool (BLASTN) of the National Center for
Biotechnology Information (NCBI). A greater than 96% sequences similarity value to the pre- viously
published sequences was used as a criterion to indicate species identity. A 16S rRNA gene multiple sequence
alignments were performed using ClustalX2 and the aligned sequences were used to construct the
phylogenetic tree by using Molecular Evolutionary Genetics Analysis (MEGA) version 6. The
evolutionary history of sequences was inferred using the Neighbour-Joining method. Bootstrapping was
performed for 1000 replicates. Computation of evolutionary distances was performed using the Tamura 3-
param-eter method (Irawan et al., 2015).

Data analysis

After entering the data into Excel, it was exported to SPSS for analysis. The quantitative data was analyzed
using IBM SPSS statistics 21.0, using One-way ANOVA and Duncan multiple range tests (P < 0.05) to
estimate means among isolates. Before statistical analysis, the total number of bacteria (measured in CFU/mL)
was converted to a logarithmic value.

RESULTS AND DISCUSSION
Lactobacillus Bacterial Isolation and First Screening.

As many 190 bacterial colonies in all were chosen at random from the cultures of samples extracted from the
five hens' gastrointestinal tracts. The first screening was conducted using many colony morphological traits,
including size, shape, color, and appearance. Based on the Gram reaction, catalase tests, and acid tolerance,
the original Lactobacillus bacteria were identified. Of the 190 isolates tested in the acid tolerance test
preliminary screening, 78 (41%) could grow at pH 4, with 73 of those isolates being gram-positive. There
were two shapes of these gram-positive bacterial cells: round (12 isolates, 16.4%) or rod (61 isolates, 83.6%).
These isolates, all gram-positive, tested negative for catalase. 34 of the 73 isolates were found to survive at pH
3 in further testing for pH tolerance. Seventeen (or fifty percent) of these 34 isolates demonstrated tolerance to
0.05% bile salt.

Probiotics Potential Characteristics Tests
Acid Tolerance

The acid tolerance of Lactobacillus isolates was tested at various pH levels. Table 1 presents the results of the
acid tolerance experiment and bile salt tolerance. Among the 34 isolates tested, only a few survived at pH 2.
Overall, all isolates showed decreased viability at pH 2 and 3 compared to the control pH of 6.5. At pH 2,
fourteen isolates were able to persist. After 48 hours of incubation, Lactobacillus isolates showed favorable
results, although their growth slowed at low pH levels (pH 2 and 3) (Table 1). These results indicate that lactic
acid bacteria can endure low pH conditions, making them potential probiotics for the digestive system
(Manshur and Hidayat, 2019).

Bile Salt Tolerance

The bile salt tolerance assay evaluated the ability of isolates to survive at different bile salt concentrations.
Ten isolates (from the cecum, small intestine, and crop) were able to survive at a bile salt concentration of
0.1%. However, isolates from the gizzard could not grow at pH 2 and 0.1% bile salt concentration, and thus
were not selected. Only the ten isolates that passed both the acid and bile tolerance tests and could tolerate
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0.1% bile salt and pH 2 were chosen for further identification and subsequent analysis. These isolates were
labeled 1S1, 1S2, 1S3, 1S4, 1S5, 1S6, 1S7, IS8, 1S9, and 1S10. Among these ten isolates, only 1S1, 1S3, 1S4, 1S6,
IS7, and 1S9 exhibited resistance to 0.3% bile salt.

Discussion and Comparison

To function physiologically within the host, probiotic bacteria must be able to withstand gastrointestinal
stresses (Kosin et al., 2006). The ability of probiotic strains to survive low pH in the stomach and high bile
salt concentrations in the gastrointestinal tract determines their probiotic efficacy (Kobierecka et al., 2017).
The Lactobacillus isolates from this study were able to grow at pH 2. In the bile salt tolerance assay, only six
isolates were resistant to 0.3% bile salt, whereas all isolates survived at 0.1% bile salt. Similar results were
observed in the study by Ehrmann et al. (2002), which found that strains of L. reuteri, L. salivarius, and L.
animalis can endure pH 2 for 4 hours. Jannah et al. (2014) also discovered some L. salivarius strains that
survived at pH 2. Jose (2015) reported several Lactobacillus strains, including L. reuteri, that survived 0.3%
bile salt after 6 hours of incubation. Similarly, Ehrmann et al. (2002) demonstrated that L. reuteri is resistant
to 2% oXgall. Bile secreted in the small intestine harms bacteria by disrupting their cell membranes.
Lactobacillus contains bile salt hydrolase (BSH), an enzyme that hydrolyzes bile salts and reduces their
solubility (Jannah et al., 2014).

Table 1: Selected Lactobacillus isolates digestive tract parts, and pH and Bile salt tolerance.

Salectad Lactobacillus isolatas digastive tract parts, and pH and Bdle salt toleranca.

Leolatas Partz Viabla lactic acid bacteria izolatss (Log,, CFU/mL)

pH Tolamanca Eila Zalt Tolaranca

pH .5 i 1 0.05% 0.1% 0.3%
I51 Ca 201 =0.02% 724 =0.08 6.07 =0.21 706 =003 TEL=011* GO0 =011
152 Ca 503 =002 T35 =0.04* 6.93 =0.0F 783 =04 T8 =007 XD
123 Ca B02 =0.03 7.35 =0.00* 6.96 =0.12* TE =004 758 =004* 702 = 0.08*
154 Ca 502 =003 7.43 =0.08* 6.07 =0.03* 785 =004 758 =007* T2 =013*
125 Ca 201 =0.04 736 =0.07 6.01 =0.08 783 =003 718 =014% KD
156 Ca T80 =006 738 =0.13 681 =0.12* .86 =001 T.65 =0.06* T3 =077+
157 &I T80 =0.05* 611 =1.04* 6.84 =0.31* T8 =002 T8 =008 .08 = 060
158 Ca 788 =002 738 =012 6.85 =022 T8 =005+ T10 =0.10% XD
129 Cr 300 =0.04 7.36 =0.05 T30 =047 782 =001 T.70 =0.05 651 =0.24%
1510 5l B02 =002 735 =010 683 =0.02 TAT =02 T.66 =0.06 XD

Tha valuas ara axprassed as maan £ 8D, Maans within the sama column ara significantly diffarant (P < 0.05); ND=Not Datactad; I5=Isolatas; Ca=Carum;
8l=bmall Intastine; Cr=Crop.

Antibiotic susceptibility

IS10 was found to be responsive to all tested medicines, however isolates 1S1, 1S2, IS5, 1S7, and 1S8 were
found to be resistant to all used antibiotics, the results of antibiotic susceptibility tests. Save for 1S10, every
isolate was ampicillin-resistant. Tntermediate resistance was shown by 1S3 to ciprofloxacin and
chloramphenicol. Additionally, 1S9's ciprofloxacin resistance was modest.

The various Lactobacillus spp. patterns shown sensitivity and resistance to various antibiotics, such as
ampicillin, erythromycin, ciprofloxacin, and chloramphenicol (Shakoor et al., 2014) (Jose et al., 2015). shown
that ampicillin has no effect on the population expansion of Lactobacillus. In contrast to the findings of this
investigation (Singh et al., 2014), it was reported that distinct strains of L. reuteri exhibited erythromycin and
chloramphenicol sensitivity.

There are no safety issues with feed or food due to the probiotics' innate resistance to some antibiotics, which
is thought to be a characteristic rather than a transmissible one. One benefit of probiotics is their inherent
resistance to some antibiotics (Khalil et al., 2018). Antibiotics used as therapies for animal health may reveal
probiotic microorganisms in the gastrointestinal system of the animal. Because non-transferable resistance
helps probiotic strains survive in vivo, it is necessary for them to be successful (Jose et al., 2015).
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Antimicrobial activity of selected lactobacillus isolates

Tests were conducted on the isolates' ability to inhibit the growth of E. coli, S. aureus, S. typhimurium, S.
intermedius, and S. enteritidis. Figure 4 shows that the isolates all shown varying degrees of inhibition against
the development of the chosen pathogens. 1S6 demonstrated that the highest size of the inhibition zone (17.83
mm) was against S. typhimurium. The maximal zone of inhibition against S. aureus (16.00 mm), S.
typhimurium (17.83 mm), S. enteritidis (14.50 mm), and E. coli (17.66 mm) was demonstrated by 1S6. With
the exception of E. coli, 1S2 displayed the least size of the zone of inhibition against all employed pathogens.

Figure 5 illustrates the antibacterial efficacy of isolated Lactobacillus against certain pathogenic
microorganisms. 1S6 demonstrated that the inhibition zone's maximal size (17.83 mm) was against S.
typhimurium. One feature of probiotics that helps to keep the gut microbiota balanced and free of infections is
their antagonistic action against pathogens. By producing non-specific antimicrobial substances such short-
chain fatty acids, hydrogen peroxide, and low-molecular-weight proteins, probiotics prevent the development
of harmful bacteria (Karimi et al., 2008).

The antibacterial characteristics of the isolates against E. Coli, S. aureus, S. typhimurium, S. intermedius, and
S. enteritidis were demonstrated by the study's results. The spectrum of inhibition that each isolate showed
against the development of the chosen pathogens varied. In the case of S. typhimurium, I1S6 demonstrated the
largest size of the inhibition zone (17.83 mm). With the exception of E. coli, all used pathogens demonstrated
a minimal zone of inhibition size in 1S2.

Lactobacillus bacteria come in various strains that bind to certain receptors and harm cells to prevent the
growth of bacteria, such as E. Coli, S. typhimurium, S. aureus, C. perfringens, Klebsiella spp., and Proteus
spp. (Cisek et al., 2022). Different strains of L. salivarius were reported by (Jannah et al., 2014) to exhibit
inhibition against S. enteritidis and E. coli. The function of probiotics is to keep the gut microbiota balanced
and free of infections by means of the antagonistic activity of probiotic bacteria against viruses.

Antibiotic Resistance

The antibiotic sensitivity testing revealed that among the ten selected isolates, only 1S1, 1S3, 1S4, 1S6, 1S7, and
IS9 demonstrated resistance to 0.3% bile salt. This subset of isolates was also tested for antibiotic sensitivity
to commonly used antibiotics, including ampicillin, ciprofloxacin, chloramphenicol, and erythromycin. The
presence of resistance or susceptibility to these antibiotics can have significant implications for the practical
use of these probiotics.

Antibiotic resistance in probiotics is a critical factor to consider. Probiotics with resistance to certain
antibiotics may pose a risk of transferring resistance genes to pathogenic bacteria in the gastrointestinal tract,
which could complicate treatment protocols and contribute to the spread of antibiotic resistance (O'Connor et
al., 2006; Cummings et al., 2018). Conversely, the susceptibility of these probiotics to antibiotics can be
advantageous in clinical settings, where probiotics are used alongside antibiotic therapy. Susceptibility
ensures that probiotics do not contribute to the development of resistance and are compatible with ongoing
treatments (Ganzle, 2015).

The effectiveness of probiotics in preventing or treating infections partly depends on their ability to
outcompete pathogenic bacteria. If probiotics are resistant to antibiotics, they may persist in the gut longer,
potentially interfering with the effectiveness of antibiotic treatments (Vinderola et al., 2019). On the other
hand, probiotics that are susceptible to antibiotics may help in maintaining a balance in gut microbiota without
promoting antibiotic resistance (Hammer et al., 2019).

In summary, while the acid and bile tolerance of our Lactobacillus isolates suggest they could be effective
probiotics, their antibiotic resistance profiles require careful consideration. Future research should focus on
the clinical implications of these findings, particularly concerning the risks associated with using these
probiotics in conjunction with antibiotic therapies.
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Temperature and sodium chloride tolerance

All of the isolates in this investigation were able to endure temperatures between 25 and 50 °C. Figure 6
shows that 45 -C was the ideal temperature for every isolate. Different amounts of NaCl were shown to have
varying effects on the survival capacity of the isolated Lactobacillus species. The maximum growth rate for
each isolate was 4% (0.69 mol/L) and 6% of NaCl, but none of the isolates could grow at 8% (1.36 mol/L)
of NaCl..

Fig. 3: Antibiotics susceptibility pattern of different Lactobacillus isolates to various antibiotics. (a) =
antibiotic sensitive isolate and (b) = anti-biotic resistance isolate.

Table 2: Results of the chosen Lactobacillus isolates' antibiotic susceptibility tests for different
antibiotics.

IEl 152 133 154 [83 [56 [T Jits 158 I510
Erpthteamycin E R R b R 3 R E 3 3
Chloramphaicol R R I R R R R R R 3
Ampicillin R R R R R R R R R b
CiprofloXacin R R I R R b R R I b
Wara K = rasistance; [ = intarmadiata’ § = sensitiva,
P-— Clear zones

Fig. 4: Some isolates have antagonistic action against S. Aureus
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Fig. 5: The ability of isolated Lactobacillus to fight certain harmful microorganisms.

All of the isolates in this investigation were able to endure temperatures between 25 and 50 °C. For every
isolate, a temperature of 45 °C was ideal. Because of their capacity to withstand different temperatures,
isolates will be able to withstand processing, storage, and transportation (Cabello et al., 2020). Different
amounts of NaCl were found to have varying effects on the survival capacity of the lactic acid bacteria species
isolated in this investigation. At 4% (0.69 mol/L) of NaCl, all of the isolates were able to develop; however, at
8% (1.36 mol/L), none of the isolates expanded. The animal's digestive system could support the most
resistant isolates to elevated NaCl concentrations. The gastrointestinal system has an osmolarity of 0.3 mol/L,
thus probiotic bacteria must be able to withstand high salt concentrations in order to maintain their osmotic
balance and proliferate (Kobierecka et al., 2017).
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Fig. 6: Temperature tolerance of the isolated Lactobacillus bacteria. For every isolate, a temperature of
45 °C was ideal.
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Lactobacillus isolates may survive at 1.5%-6% NaCl and 25-40 °C (Pundir et al., 2013). Kobierecka et al.,
2017 reports that no L. reuteri strain survived on 0.69 mol/L NaCl, but other strains of L. salivarius exhibited
varying resistance to 1 and 0.69 mol/L NaCl. Bacteria pump alkali outside and change the free acid to its salt
form to stop the pH lactic acid from dropping too far. As a result, the bacterial cells' osmotic pressure is
increased. As a result, the high osmotolerance characteristic is crucial for the separation of viable lactic acid
bacteria strains, particularly for commercial production (Kobierecka et al., 2017).

Cell surface hydrophobicity and haemolytic activity

The isolates’ hydrophobicity values varied, ranging from 26.4 to 79.3% (Fig. 7). The most hydrophobic
activity (P < 0.05) against toluene was demonstrated by the 1S2 isolate. Less than 30% hydrophobicity was
demonstrated by 1S1, IS8, and IS 10. When the isolates in this investigation were cultured on blood agar, none
of them displayed any hemolysis. Probiotics must not injure the host in order to be safe (Demir et al., 2019),
and one test used to determine this is the hemolytic activity test (Jose et al., 2015). When cultivated on blood
agar, none of the isolates in our investigation displayed any symptoms of hemolysis. Comparable outcomes
were noted (Balamurugan et al., 2014). As a result, the isolates pose no threat to their host.
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Fig. 7: Assay for cell surface hydrophobicity of isolated Lactobacillus bacteria

The hydrophobicity values of the isolates varied, ranging from 26.4 to 79.3%, as seen in Fig. 2. Adhesion
to the intestinal mucosa is thought to be a necessity for colonization, making it one of the most
significant selection criteria for probiotics (Demir et al., 2019). Lactobacillus may adhere to enterocytic
cells lines; this is shown by its cellular hydrophobicity. Probiotics have the most advantageous impact on
colonizing the host intestine when they have a high adhesiveness (Balamurugan et al., 2014).

Molecular Identification Of Selected Isolates

Table 3: Molecular identification of isolates using 16S rRNA gene sequencing.

Tsolata Acczsion mumber Noarst matched sparios fiom GenPenk Similarity [41]
153 MET64683 Lactohactiiur sumdlles ¥R, 1127301 0143

154 METHEH Lactobactiiur reutari NE._073036.] o8

156 MET64623 Lactobactiiur peutari NB._113820.] o761

157 MET64626 Lactobacilius reuters B, (730361 08.33
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Table 3 illustrates the isolates’ molecular identification by 16S rRNA gene sequencing. Using the data
above as a guide, isolates 1S3, 1S4, 1S6, and IS7 were chosen for molecular identification. Based on their
antibacterial activity, resistance to 0.3% bile salt, survival at pH 2 (P < 0.05), and hydrophobicity of the
cell surface, these isolates demonstrated the best probiotic qualities. The 16S rRNA gene sequence
analysis was used to identify the genotypes of the four Lactobacillus isolates that were chosen, which are
1S3, 1S4, 1S6, and 1S7.

Aligning and comparing the 16S rRNA gene sequence data with known sequences from GenBank was
accomplished with success. Lactobacillus salivarius NR_112759.1 and Lactobacillus reuteri NR_075036.1
were found to be 98.4% and 97% identical, respectively, among the isolates 1S3 and 1S4. lactobacillus reuteri
NR_113820.1 and IS6 were comparable in 96.5% of the cases. GenBank was the source of all accession
numbers.

Table 3 displays the accession numbers MK764683 to MK764686 for the 16S rRNA gene sequences of the
four isolates (1S3, 1S4, 1S6, and 1S7) that have been submitted in the GenBank database.

These isolates' sequences have been released in GenBank under the names Lactobacillus salivarius strain
CEL1 (IS3), Lactobacillus reuteri strain CEC2 (I1S4), Lactobacillus reuteri strain CEC3 (IS6), and
Lactobacillus reuteri strain CEC4 (I1S7).

The phylogenetic connections between the four Lactobacillus strains and the ten Lactobacillus-type strains
that were retrieved from the GenBank are shown in Fig. 8, which is based on the 16S rRNA gene sequence
analysis.

The outgroup utilized was Clostridium perfringens (M59103.1). Lactobacillus reuteri NR_075036.1 was most
closely related to strains 1S4 (MK764684), 1S6 (MK764685), and 1S7 (MK764686), with a bootstrap value of
96%. Nevertheless, a bootstrap score of 72% indicated that 1S3 (MK764683) and Lactobacillus salivarius
NR_112759.1 were grouped together.

Microorganisms with possible probiotic benefits typically have similar traits (Koenen et al., 2004). The
main tests used to separate probiotic microorganisms from various sources are lower pH tolerance, salt
tolerance, bile acid resistance, use of different carbon sources (oligosaccharide degradation), hemolytic
properties, antibiotic sensitivity, antimicrobial activity, and in vitro adherence properties (Sanni et al.,
2013).

Hens raised in tropical Africa are thought to have a diverse range of unidentified GIT microbiota, which
makes them a potential source of probiotics. As a result, it is anticipated that isolating endogenous probiotic
bacteria may be a viable probiotic source for addressing the fundamental difficulties related with chicken
production (Lahtinen et al., 2011).

In earlier research, numerous types of probiotic bacteria were recovered from the chicken digestive system,
including L. reuteri, L. salivarius (Kobierecka et al., 2017), Enterococcus faecium, and Enterococcus durans
(Buahom et al., 2018).

CONCLUSION AND RECOMMENDATIONS

Ten putative probiotic Lactobacillus bacterial strains were identified from the Gl tract of Rhode Island Red
hens in Indonesia. All isolates showed tolerance to low pH and high bile salt levels, as well as strong
hydrophobicity to hydrocarbons and antagonistic activity against E. coli, S. aureus, S. typhimurium, S.
intermedius, and S. enteritidis. Based on the possible probiotic properties listed above, the isolates might be
employed as probiotic candidates in chicken farms.

A recommendation that can be followed up is to use probiotics as an alternative to antibiotics in broiler
chicken feed to improve health and productivity effectively and efficiently. policy on the use of probiotics in
broiler chickens in Indonesia, including regulations and standards that must be met.
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Fig. 8: phylogenetic tree constructed using Lactobacillus isolates' 16S rDNA gene sequencing data.

The tree was created using the neighbor-joining technique. C. perfringens was the outgroup member. At
the nodes of the tree, bootstrap values based on 1000 replications are displayed. 0.02 substitutions were
shown for each nucleotide position on the scale bar. Sequence accession numbers derived from the NCBI
database.
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