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ARTICLE INFO ABSTRACT

Keywords: Background and aims: Nowadays, probiotic microorganisms are given high attention due to their
ChiCkeﬂ‘ potential for the improvement of animal production and productivity. The natural gut microflora
Lac]tjbagllu.s of poultry can serve as an excellent source of optimum probiotic strains. Therefore, this study
EEOR lotics isolated, identified and characterized potential probiotic Lactobacillus strains from the digestive

tract content of RIR chicken in Ethiopia.

Methods: A total of five RIR chickens were randomly taken and a sample was taken from each
gastrointestinal content for further analysis. For further characterization, among 190 isolates only
10 representative isolates were randomly taken for further in vitro probiotic potential charac-
terization. The selected isolates were screened and identified based on the biochemical,
morphological, and 16S rRNA gene sequences.

Results: Survival isolates of 1S3, 1S4, IS6, and IS7 were significantly different (P < 0.05) at pH 2.
1S3, 1S4, 1S6, and IS7 showed tolerance for 0.3% bile salt. Isolates of IS1, IS2, IS5, IS7, and IS8
were ampicillin-resistant, and chloramphenicol, ciprofloxacin, and erythromycin were used as
antibiotics. All ten isolates showed antagonistic activity against Escherichia coli, Staphylococcus
aureus, Salmonella typhimurium, Staphylococcus intermedius, and Salmonella enteritidis. The opti-
mum temperature for all isolates was 45 °C, and all the isolates could grow at 0.69 mol/L of NaCl.
Using phylogenetic analysis of the 16SrRNA gene sequence; IS3 was identified as Lactobacillus
salivarius, while 1S4, 1S6, and IS7 were identified as Lactobacillus reuteri.

Conclusions: The results indicated that the selected Lactobacillus isolates can survive the stress
conditions of the gastrointestinal tract and can thus be considered potential probiotic candidates
for chickens.

1. Introduction

Probiotics are live microbial feed supplements that beneficially affect the host by improving its intestinal microbial balance [1-3].
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These live microorganisms are nonpathogenic and nontoxic in nature, which is favourable to the host’s health when adequately
administered through the digestive route [1]. Probiotic microorganisms can be isolated from plants, food products, the environment,
and human and animal sources [4]. Different studies have shown that the natural gut microflora of poultry serves as an excellent source
of optimal probiotic strains [5].

In Ethiopia the main constraints for exotic chicken production includes feed shortage, hot climate and diseases [6]. In addition, the
clean hatchery systems of exotic chick hatching process can lead to the acquisition of aberrant microbiota in the Gastrointestinal tract
(GIT) of newly hatched chicks [7]. Due to this reason survival and adaptability of newly hatched chick after dissemination to local
farmers and chicken production companies is low [8]. To fill these gaps and to improve the productive performance of exotic Rhode
Island Red (RIR) chicken in Ethiopia, research and development of probiotics suitable for the local poultry industry may play a sig-
nificant role. As alternative to antibiotics, supplementation of newly hatched chicken with microbial probiotic preparations is
important to restore the protective gut microflora [9].

Different microbial species have been used as probiotics, including; species of Bacillus, Bifidobacterium, Enterococcus, Escherichia,
Lactobacillus, Lactococcus, Streptococcus, various yeast species (mainly Saccharomyces), and Pediococcus [10-13]. Different strains
belonging to similar species have different properties and so effects or benefits can differ from one strain to another within the same
species [14,15]. Depending on the host organism or animal species, ruminant, pig, or poultry, specific microorganisms are preferred as
probiotics [16]. In developed countries, Lactobacillus species are commonly used in broiler chickens [17]. However, in developing
countries like Ethiopia, isolation, and the use of Lactobacillus species have not yet been studied and are not to be given attention.

The use of probiotics is described as an alternative to antibiotics [18], and it has been advocated for use for chicken as it has roles in
disease prevention, mortality reduction, environmental stress tolerance, and increased productivity [19,20]. For this purpose, po-
tential probiotic bacteria can be isolated from the GIT of well-adapted (chickens grown in the study area from day old) chicken, which
can be used to develop probiotics. Therefore, the main objective of this study was to isolate, identify and characterize probiotic
Lactobacillus species from the GIT of Rhode Island Red (RIR) exotic chickens in Ethiopia.

2. Materials and methods
2.1. Ethical approval

All aspects of animal care and experimentation in this study followed the National Institutes of Health Guide for the Care and Use of
Laboratory Animals and followed the EEC directive of 1986 (86/609/EEC) and the ethical committee approved the study, Institute of
Biotechnology, University of Gondar, Ethiopia.

2.2. Study area

This study was conducted in the University of Gondar animal production farm in Gondar town, Amhara Region, Ethiopia which is
located between 8°45'N and 13°45'N latitudes and 35°46' E and 40°25'E longitudes in northwest Ethiopia (Fig. 1) [21]. In this region,
poultry farming mainly involves domestic chicken production due to less adaptability and the high mortality rate of exotic chickens
[22].
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Fig. 1. Map of the study area.
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2.3. Isolation of Lactobacillus species from the GIT tract of chickens

Five healthy and 10 to 12 months male RIR chickens were randomly selected and purchased from a local community living around
the central Gondar zone. The chickens were killed manually by cervical dislocation and slaughtered aseptically as described by
Ref. [23] to isolate Lactobacillus. The gastrointestinal digestive tracts (crop, gizzard, small intestine, and cecum) were used as
Lactobacillus sources (Fig. 2).

One gram of sample was collected from each sample site (crop, gizzard, small intestine, and cecum) immediately after slaughter and
put into sterile test tubes containing Phosphate-Buffered Saline (PBS) buffer (pH 6.8) for further processing. The sample buffer
mixtures were vortexed for 5 min and serial dilutions were made. Afterwards, samples were plated over sterilized deMan, Rogosa, and
Sharpe (MRS) agar medium (Himedia, India) and incubated under anaerobic conditions at 37 °C for 48 h. An anaerobic jar with an
anaerobic gas generating kit (Oxoid Aneorgen Gas Kit, UK) was used to maintain the anaerobic condition. From each MRS agar plate,
colonies were isolated based on their morphological differences (shape, size, and colour). Purification of colonies was made using sub-
culturing selected colonies on MRS agar.

2.4. Initial identification and preliminary screening of isolates

Morphological examination of colonies, gram staining, and catalase test were used for the initial identification of the selected
isolates. Overnight cultures of each isolate on MRS agar were used for these tests. Gram-stained cells were examined under a light
microscope for morphological characterization. For the catalase test, 3% hydrogen peroxide was used to select catalase-negative
isolates. Based on the results, gram-positive and catalase-negative isolates were selected and stored at —20 °C in MRS broth pro-
vided with 20% glycerol for the remaining experiments [24].

2.5. Probiotic potential characterization of bacterial isolates

According to Refs. [25,26] some of the conventional criteria that can be used for the selection of microbial strains to be used as
probiotics includes; biosafety, the choice of the origin of the strain, resistance to GIT in vivo conditions (lower pH, bile and pancreatic
juice), adherence and colonization of intestinal epithelium/tissue, antimicrobial activity, stimulation of immune response and survival
and resistance during processing and storage.

2.5.1. Acid tolerance

As pH tolerance is one of the important criteria for the selection of probiotic strain as it dictates the probability of survival of an
exogenous culture in the GIT, isolates were subjected to an acid tolerance test as described by Ref. [27]. MRS broth pH 6.5 was used as a
control. Each treatment was tested in triplicates.

2.5.2. Bile salt tolerance

The bile tolerance assay was performed as described according to Ref. [24] with modifications. One milliliter of an overnight
culture of each isolate at a final concentration of 7-8 log CFU/ml was inoculated into 9 ml of fresh MRS broth with 0.05%, 0.1%, or
0.3% (w/v) of Difco oxgall (BD bioscience, USA) and incubated anaerobically at 37 °C for 4 h. MRS broth without bile salt (Oxgal) was
used as a control. After 4hrs incubation, 10-fold serial dilutions of up to 10~/ were prepared using PBS. Then 100 pl of 107 to 1077
dilutions from each sample was spread plated on MRS agar plates and incubated anaerobically at 37 °C for 24 h, and colonies on the
plates were counted and enumerated as CFU/ml. Bile tolerance was estimated by comparing viable cell counts in MRS with and

small intestine

Fig. 2. Isolation of Lactobacillus from different parts of gastrointestinal digestive tracts (crop, gizzard, small intestine, and cecum).
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without bile (Oxgall). The assay was performed in triplicates.

2.5.3. Antibiotic sensitivity

Antibiotic susceptibility of selected Lactobacillus isolates was determined according to Ref. [24] using commercial antibiotic discs
(Himedia, India) 100 pl of cell suspensions were spread over the entire surface of Muller Hinton agar (Himedia, India) containing
plates. Then, a paper disc containing antibiotics commonly used antibiotics for chicken of; ampicillin (30 pg), ciprofloxacin (30 pg),
chloramphenicol (30 pg), and erythromycin (15 pg) were placed on the plates. Subsequently, the plates were incubated anaerobically
at 37 °C for 24 h. The antibiotic sensitivity of the isolates was determined by measuring the diameter of the clear zone around the
antibiotic discs.

2.5.4. Temperature and sodium chloride salt tolerance

For the determination of growth at various temperatures, freshly grown Lactobacillus isolates were inoculated into MRS broth and
incubated at 25, 30, 35, 40, 45, and 50 °Cs for 24 h. The growth of the isolates at each temperature was evaluated by observing the
turbidity of the culture medium. The test was performed in triplicates. To determine the sodium chloride (NaCl) tolerance of bacterial
isolates, MRS Broth adjusted with different concentrations of NaCl (4%, 6%, and 8%) was inoculated with a fresh overnight culture of
bacterial isolates. This test was performed as described by Ref. [28].

2.5.5. Haemolytic activity
The haemolytic activity of Lactobacillus isolates was determined by following the method described by Ref. [29]. Streptococcus
pyrogen was used as a positive control. The assay was performed in triplicate.

2.5.6. Antimicrobial activity of the selected isolates

The antimicrobial activity of Lactobacillus isolates was determined using the good diffusion assay technique. For this test, the
bacterial isolates were cultured in MRS broth and incubated overnight. Alternatively, the pathogens (Escherichia coli, Staphylococcus
aureus, Salmonella typhimurium, Staphylococcus intermedius, and Salmonella enteritidis) obtained from the Microbiology laboratory,
College of Veterinary Medicine, the University of Gondar previously isolated from chicken were grown in Brain Heart Infusion broth
(Himedia, India). The selected pathogenic bacteria were common pathogenic bacteria for chicken. To determine the antimicrobial
activity of isolates, 100 pL of the test pathogens was spread onto the surface of Muller Hinton agar (Himedia, India) plates. McFarland
(0.5%) was used to estimate the bacterial cell density. On these culture plates, wells were punctured using a cork borer. To get the
antimicrobial-containing supernatant from the isolated bacterial culture, the cultures were centrifuged at 13,000 rpm for 1min. Then,
100 pL of cell-free supernatant (CFS) whose pH was adjusted to neutral, was added to each well [29,30]. After that, the plates were
incubated at 37 °C for 24hrs. The antimicrobial activity of the bacterial isolates was determined based on the formation of inhibition
zones around the wells. The diameter (in millimeters) of the clear inhibition zone around the wells was measured and the size of the
clear zone was directly proportionate to the antagonistic activity of the isolate. Isolates that show a wide spectrum of antimicrobial
activity were selected for further analysis [31].

2.5.7. Cell surface hydrophobicity
Cell surface hydrophobicity was determined using the method described by Ref. [32].

2.6. Molecular characterization of selected isolates (16S ribosomal Ribonucleic acid (rRNA) gene sequencing)

After in vitro characterization of Lactobacillus isolates, four isolates with the best probiotic potential were randomly selected and
subjected to 16S rRNA gene sequencing to identify them at the species level. For 16S rRNA gene sequencing, genomic Deoxy Ribo-
nucleic Acid was extracted from overnight cultured Lactobacillus cells using the Bacterial Genomic DNA Isolation Kit (Himedia, India)
following the manufacturer’s instructions. After DNA isolation, the 16S rRNA gene was amplified using the universal primer, 27F
[5’AGAGTTTGATCCTGGCTCAG 3’] and 1492R [5’TACGGCTACCTTGTTAGGACTT 3’] as described by Ref. [31]. The PCR amplifi-
cation was performed by optimizing the procedure described by Ref. [31]. That was; a 40 ul PCR mix was prepared by adding 8 pl FIRE
pol master mix, 2 ul DNA (20 ng/pl), 0.4 pl (100pm) of each forward and reverse primer and nuclease-free water. The PCR amplifi-
cation condition was initial denaturation at 95 °C for 3mins followed by 35 cycles consisting of denaturation at 95 °C for the 30s,
annealing at 60 °C for 45s and extension at 72 for 1min, and final extension at 72 °C for 7 min. Confirmation of PCR products was done
through agarose gel electrophoresis using 1% agarose gel. The PCR product purification and sequencing were conducted by sending
the PCR products to Macrogen (Europe).

2.7. 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.
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Bootstrapping was performed for 1000 replicates. Computation of evolutionary distances was performed using the Tamura 3-param-
eter method [33,34].

2.8. Data analysis

The data were entered into excel and then exported to SPSS for analysis. The quantitative data were analyzed using One-way
analysis of variance (ANOVA) with the Duncan multiple range tests (P < 0.05) to distinguish the means between isolates using IBM
SPSS statistics 21.0. The total bacteria cell (CFU/mL) counted was converted to a logarithmic value before statistical analysis.

3. Results and discussion
3.1. Isolation and preliminary screening of Lactobacillus bacteria

A total of 190 bacterial colonies were randomly selected from the cultures of samples taken from the GIT of the five chickens. Initial
screening was done based on different colony morphological characteristics such as shape, colour, appearance, and size. The initial
Lactobacillus bacteria were identified based on Gram reaction, catalase tests, and acid tolerance. In the preliminary screening of the
acid tolerance test, among the 190 isolates, 78 (41%) could grow at pH 4, of which 73 isolates were gram-positive. These gram-positive
bacterial cells were either rod (61 isolates, 83.6%) or round shape (12 isolates, 16.4%). All these gram-positive isolates were catalase
negative. Further pH tolerance tests revealed that 34 of the 73 isolates survived at pH 3. Of these 34 isolates, 17 (50%) isolates showed
tolerance to 0.05% bile salt.

3.2. Probiotics potential characteristics tests

3.2.1. Acid and bile tolerance

Table 1 shows selected Lactobacillus isolates digestive tract parts, and pH and Bile salt tolerance. A survival assay under acidic
conditions showed that 34 isolates survived at pH 3. However, viability was decreased at pH 3 and 2 compared with the control (pH
6.5). Fourteen isolates could survive at pH 2. Lactobacillus isolates survived at low pH (pH 2 and 3) and grew more slowly and the
positive results were recorded after 48hrs incubation (Table 1).

The bile salt tolerance assay revealed that 10 isolates (isolated from cecum, small intestine and crop) survived at 0.1% bile salt
concentration. However, the isolates taken from gizzard were not selected due to being unable to grow at pH2 and 0.1% bile salt
concentration. After the acid and bile tolerance test, only 10 isolates that tolerate 0.1% bile and pH2, were selected for detailed
identification and these were the ones used in downstream analyses. These 10 isolates were designated as IS1, 1S2, IS3, 1S4, IS5, IS6,
I1S7, IS8, 1S9, and IS10. Of these 10 isolates, only IS1, IS3, IS4, 1S6, IS7, and IS9 showed resistance to 0.3% bile salt.

Probiotic microorganisms must survive under gastrointestinal stress factors to maintain their biological function within the host
[35,36]. The ability of probiotic strains to act as probiotics is also determined by their ability to survive in the low pH of the stomach
and the high concentration of bile salt in the gastrointestinal tract [37]. In this study, Lactobacillus isolates could grow up to pH 2.
However, the bile salt tolerance assay showed that all isolates survived at 0.1% bile salt concentration and only 6 isolates were resistant
to 0.3% bile salt. Similar results were reported in the study of [27] who found that the strains of L. reuteri, L. salivarius, and L. animalis
that tolerate pH 2 for 4hr.

[24] also found different L. salivarius strains that survived at pH 2. (Jose, 2015 #13) found different Lactobacillus strains, including
L. reuteri that exhibited 0.3% bile after 6hr incubation. Similarly [27], reported L. reuteri that resists 2% ox gall. Bile released in the
small intestine damages bacteria by destroying the bacterial cell membrane. Lactobacillus has a bile salt hydrolase enzyme (BSH),
which hydrolyzes bile salts and reduces their solubility [24].

Table 1
Selected Lactobacillus isolates digestive tract parts, and pH and Bile salt tolerance.
Isolates Parts Viable lactic acid bacteria isolates (Log;o CFU/mL)
pH Tolerance Bile Salt Tolerance
pH 6.5 pH 3 pH 2 0.05% 0.1% 0.3%
181 Ce 8.01 + 0.02* 7.24 £ 0.08 6.97 + 0.21 7.96 £+ 0.03 7.62 £ 0.11* 6.99 + 0.11*
1S2 Ce 8.03 £ 0.02 7.36 £ 0.04* 6.93 £+ 0.08 7.93 £ 0.04 7.09 £ 0.07 ND
1S3 Ce 8.02 £ 0.03 7.35 £+ 0.09* 6.96 + 0.12* 7.92 £ 0.04 7.59 + 0.04* 7.02 £+ 0.08*
1S4 Ce 8.02 + 0.03 7.43 £ 0.08* 6.97 + 0.03* 7.96 £+ 0.04 7.58 + 0.07* 7.22 £ 0.13*
1S5 Ce 8.01 £ 0.04 7.36 £ 0.07 6.92 £+ 0.08 7.93 £ 0.03 7.19 £ 0.14* ND
1S6 Ce 7.99 + 0.06 7.39 £ 0.13 6.91 + 0.12* 7.96 + 0.01 7.65 + 0.06* 7.03 £ 0.77*
187 SI 7.99 + 0.05* 6.22 £+ 1.94* 6.84 + 0.32* 7.92 £ 0.02 7.69 + 0.08 7.09 £+ 0.69*
1S8 Ce 7.98 £ 0.02 7.39 £0.12 6.85 + 0.22 7.91 £ 0.05* 7.10 £ 0.10* ND
1S9 Cr 8.00 £+ 0.04 7.36 £ 0.05 7.30 £+ 0.47 7.92 £ 0.01 7.70 £ 0.06 6.51 £+ 0.24*
1S10 SI 8.02 £ 0.02 7.35 £ 0.10 6.93 + 0.92 7.97 £ 0.02 7.66 + 0.06 ND

The values are expressed as mean + SD. Means within the same column are significantly different (P < 0.05); ND=Not Detected; IS=Isolates; Ce=
Cecum; SI=Small Intestine; Cr=Crop.
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3.2.2. Antibiotic susceptibility

Antibiotic resistance assay of the Lactobacillus isolates was tested using ampicillin, chloramphenicol, ciprofloxacin, and erythro-
mycin antibiotic discs (Fig. 3a and b). IS10 was found to be sensitive to all used antibiotics (diameter >21 mm) (Fig. 3a, b). Isolate IS1,
1S2, 1S5, 1S7, and IS8 were resistant (diameter <15 mm) to all used antibiotics (Fig. 3b).

Isolates of 1S4, IS6, and IS9 were shown to be sensitive to erythromycin (Table 2). The results of the antibiotics susceptibility test
showed that isolates IS1, 1S2, IS5, IS7, and IS8 were resistant to all used antibiotics and IS10 was found to be sensitive to all the tested
antibiotics. Apart from IS10, all isolates were ampicillin-resistant. IS3 showed intermediate resistance to ciprofloxacin and chlor-
amphenicol. Additionally, IS9 showed intermediate resistance to ciprofloxacin.

According to the reports of [29] the different Lactobacillus spp. patterns showed resistance and sensitivity to different antibiotics,
including ciprofloxacin, erythromycin, ampicillin, and chloramphenicol [28]. reported that no influence of ampicillin on the growth of
Lactobacillus population. Unlike the result of this study [38], reported different strains of L. reuteri were sensitive to erythromycin and
chloramphenicol.

The resistance of the probiotics isolated to some antibiotics is considered an intrinsic property rather than transmissible, presenting
no safety concerns in feed or food. Intrinsic resistance to some antibiotics is an advantage of probiotics [26]. Probiotic strains may be
exposed to antibiotics in the animal gastrointestinal tract when antibiotics are used as animal health therapeutics. As a result, to be
effective probiotics, the probiotic strains should possess non-transferable resistance, which aids them in vivo survival [29].

3.2.3. Antimicrobial activity of selected lactobacillus isolates

The antimicrobial activity of the isolates was tested against E. coli, S. aureus, S. typhimurium, S. intermedius, and S. enteritidis. All the
isolates exhibited a variable range of inhibition against the growth of the selected pathogens (Fig. 4). The maximum size of the in-
hibition zone (17.83 mm) was shown to be against S. typhimurium by IS6. IS6 showed the maximum zone of inhibition against E. coli
(17.66 mm), S. aureus (16.00 mm), S. typhimurium (17.83 mm), and S. enteritidis (14.50 mm). IS2 showed the minimum size of the zone
of inhibition against all used pathogens except E. coli.

The antimicrobial activity of Lactobacillus isolates against selected pathogenic bacteria is shown in Fig. 5. The maximum size of the
inhibition zone (17.83 mm) was shown to be against S. typhimurium by IS6. Antagonistic activity of probiotic microorganisms against
pathogens is a characteristic of probiotics that maintain the gut microflora balanced and keep the gut rid of pathogens. Probiotics
inhibit the growth of pathogenic bacteria through the production of nonspecific antimicrobial compounds such as short-chain fatty
acid, hydrogen peroxide, and low-molecular-weight proteins [30]. The results of this study showed the antibacterial properties of
isolates against E. coli, S. aureus, S. typhimurium, S. intermedius, and S. enteritidis. All the isolates exhibited a variable range of inhibition
against the growth of the selected pathogens. The maximum size of the inhibition zone (17.83 mm) was shown against S. typhimurium
by IS6. IS2 showed the minimum size of the zone of inhibition against all used pathogens except E. coli.

Different strains of Lactobacillus bacteria inhibit the growth of bacteria including E. coli, S. typhimurium, S. aureus, C. perfringens,
Klebsiella spp., and Proteus spp. by bonding to the specific receptors and causing cell damage [39]. [24] reported different L. salivarius
strains that showed inhibition against E. coli and S. enteritidis. This antagonistic activity of probiotic microorganisms against pathogens
is the role of probiotics to maintain the gut microflora balanced and to keep the gut rid of pathogens.

3.3. Temperature and sodium chloride tolerance

In this study, all isolates could survive from 25 to 50 °C. The optimum temperature for all isolates was 45 °C (Fig. 6). The isolated
Lactobacillus species showed a variable capacity to survive at different concentrations of NaCl. All the isolates could grow at 4% (0.69

AntibioTic discs

Fig. 3. Antibiotics susceptibility pattern of different Lactobacillus isolates to various antibiotics. (a) = antibiotic sensitive isolate and (b) = anti-
biotic resistance isolate.
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Table 2

Antibiotics susceptibility test results of the selected Lactobacillus isolates for various antibiotics.
Antibiotic Discs Isolates

IS1 1S2 1S3 1S4 1S5 1S6 1S7 1S8 1S9 1S10

Erythromycin R R R S R S R R S S
Chloramphenicol R R I R R R R R R S
Ampicillin R R R R R R R R R S
Ciprofloxacin R R I R R S R R I S

Were R = resistance; I = intermediate’ S = sensitive.

Fig. 4. Antagonistic activity of selected isolates against S. aureus.

Tested Pathogens
W E .coli
S.aursus
1S, enteritidis
[l <. intermediu
s typhimurium

18.0

12.0

Diameter of inhibition zone(mm)

9.0

6.0~

Isolates

Fig. 5. Antimicrobial activity of Lactobacillus isolates against selected pathogenic bacteria.

mol/L) and 6% of NaCl, but none of the isolates could grow at 8% (1.36 mol/L) of NaCl.

In this study, all isolates could survive from 25 to 50 °C. The optimum temperature for all isolates was 45 °C. This ability of isolates
will enable them to survive under various temperatures during processing, storage, and transport [36,40]. In this study, the isolated
lactic acid bacteria spp. showed a variable capacity to survive at different concentrations of NaCl. All the isolates could grow at 4%
(0.69 mol/L) of NaCl, but none of the isolates could grow at 8% (1.36 mol/L) of NaCl. The most tolerant isolates to high NaCl con-
centrations could survive in the gastrointestinal tract of the animal. The ability to resist high salt concentrations is important for
probiotic bacteria to maintain their osmotic balance to survive and grow in the gastrointestinal tract, which has an osmolarity
equivalent to 0.3 mol/L [37].
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Fig. 6. Temperature tolerance of isolated Lactobacillus bacteria. The optimum temperature for all isolates was 45 °C.

According to Ref. [41] Lactobacillus isolates can survive at temperatures between 25 and 40 °C and 1.5%-6% NaCl. According to
Ref. [37] different strains of L. salivarius showed variable resistance to 0.69 and 1 mol/L NaCl, and no L. reuteri strain showed survival
on 0.69 mol/L NaCl. To prevent excessive reduction of pH lactic acid, bacteria pump alkali outside and convert the free acid to its salt
form. This elevates the osmotic pressure on the bacterial cells. For this reason, the isolation of potential lactic acid bacteria strains
especially for commercial production depends on the high osmotolerance feature [37].

3.3.1. Cell surface hydrophobicity and haemolytic activity

The isolates showed different hydrophobicity results ranging from 26.4 to 79.3% (Fig. 7). The IS2 isolate showed the highest (P <
0.05) hydrophobic activity against toluene. IS1, IS8, and IS10 exhibited showed less than 30% hydrophobicity. In this study, none of
the isolates showed any sign of hemolysis when grown on blood agar.

As a safety requirement, probiotics should be harmless to the host [42] and a test used to assess the safety of probiotics is the
hemolytic activity test [29]. In this study, none of the isolates showed any sign of haemolysis when grown on blood agar. Similar results
were recorded [43]. This makes the isolates harmless to their host.
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Fig. 7. Cell surface hydrophobicity assay of Lactobacillus isolates.
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As shown in Fig. 2, the isolates showed different hydrophobicity results ranging from 26.4 to 79.3%. The ability to adhere to the
intestinal mucosa is one of the more important selection criteria for probiotics because adhesion to the intestinal mucosa is considered
a prerequisite for colonization [42,44]. Cellular hydrophobicity indicates the adhesion ability of Lactobacillus to enterocytic cellular
lines. The high-adhesive ability of probiotic bacteria has the greatest beneficial effects on colonizing the host gut [43].

3.4. Molecular identification of selected isolates

The molecular identification of isolates using 16S rRNA gene sequencing is shown in Table 3. Based on the above results, IS3, IS4,
IS6, and IS7 isolates were selected for molecular identification. These isolates showed the best probiotic properties based on their
survival at pH 2 (P < 0.05), tolerance to 0.3% bile salt, cell surface hydrophobicity, and antimicrobial activity. Genotypically, the four
selected Lactobacillus isolates, namely IS3, IS4, IS6, and IS7, were identified based on sequence analysis of the 16S rRNA gene.

The 16S rRNA gene sequence results were successfully aligned and compared with known sequences obtained from GenBank. Based
on the 16S rRNA sequence result, one isolate (IS3) was 98.4% similar to Lactobacillus salivarius NR_112759.1, and two isolates, namely
IS4 and IS7 were 97%, similar to Lactobacillus reuteri NR_075036.1. IS6 was 96.5% similar to Lactobacillus reuteri NR_113820.1. All
accession numbers were obtained from GenBank. The 16S rRNA gene sequences of the four isolates (IS3, 1S4, 1S6, and IS7) are
deposited in the GenBank database under the accession numbers MK764683 to MK764686 (Table 3). The sequences of these isolates
are published in GenBank as Lactobacillus salivarius strain CEL1 (IS3), Lactobacillus reuteri strain CEC2 (IS4), Lactobacillus reuteri strain
CEC3 (IS6) and Lactobacillus reuteri strain CEC4 (IS7).

Fig. 8 shows the phylogenetic tree based on the 16S rRNA gene sequence analysis, depicting the phylogenetic relationships among
the four Lactobacillus strains and 10 Lactobacillus-type strains obtained from the GenBank. Clostridium perfringens (M59103.1) were
used as an outgroup. Strains 1S4 (MK764684), IS6 (MK764685), and IS7 (MK764686) were closest to Lactobacillus reuteri NR_075036.1
with a bootstrap value of 96%. However, 1S3 (MK764683) was clustered together with Lactobacillus salivarius NR_112759.1 with a
bootstrap value of 72%.

Generally, microorganisms with potential probiotic advantages share common characteristics [46]. Lower pH tolerance, salt
tolerance, bile acid resistance, use of different carbon sources (degradation of oligosaccharides), hemolytic properties, antibiotic
sensitivity, antimicrobial activity, and in vitro adherence properties are the major tests used to isolate probiotic microorganisms from
different sources [47].

This study shows, chickens reared under tropical African conditions are considered to have a wide diversity of uncharacterized GIT
microbiota that can be a good source of probiotics. Thus, the isolation of endogenous probiotic microorganisms is considered a po-
tential probiotic source to alleviate the main problems related to chicken production [15].

In previous studies, various species of probiotic bacteria such as L. reuteri [37,48], L. salivarius [4,24,37,49] Enterococcus faecium
and Enterococcus durans [49] were isolated from the chicken digestive tract.

4. Conclusion
In this study, ten potential probiotic Lactobacillus bacterial strains were isolated from the GIT content of Rhode Island Red chickens
in Ethiopia. All isolates demonstrated resistance to low pH and high bile salt, strong hydrophobicity to hydrocarbon, and antagonistic

activity against E. coli, S. aureus, S. typhimurium, S. intermedius, and S. enteritidis. Based on the above-indicated potential probiotic
characteristics, the isolates may be used as probiotic candidates in poultry farms.

5. Limitations
The limitation of the present study was a small number of samples were taken to isolate bacteria from chickens for probiotics

formulation. The other limitation was the lack of financial resources for further study on in vivo assays to evaluate the isolates as a
probiotic supplement for chicken.
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Table 3
Molecular identification of isolates using 16S rRNA gene sequencing.
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