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Abstract. Lactic acid bacteria (LAB) are widely recognized as beneficial probiotics in aquaculture because
they enhance host immunity, improve nutrient utilization, and help maintain gut microbial balance. Despite
their importance, data on indigenous LAB associated with fish species from the Agusan River, Philippines,
are scarce. The present study isolated, characterized, and evaluated the probiotic potential of LAB from
the gut of the broadhead sleeper, Eleotris melanosoma Bleeker, 1853, locally known as “burod.” Three
representative isolates (ISO1, ISO5, and ISO8) underwent detailed characterization and were identified as
Lactiplantibacillus plantarum through 16S rRNA gene sequencing. All isolates exhibited optimal growth at
25-37°C and tolerated moderately acidic conditions (pH 4.0-5.0), but did not grow at highly acidic pH (2.0-
3.0). ISO5 and ISO8 demonstrated strong bile salt tolerance (0.5-1.5%), suggesting their potential to
survive gastrointestinal conditions. Antimicrobial susceptibility testing showed high sensitivity to
chloramphenicol and erythromycin, but resistance to vancomycin and amikacin. This study establishes
baseline data supporting the potential of indigenous L. plantarum from E. melanosoma in the Agusan River
as a probiotic candidate for freshwater aquaculture.

Keywords: broadhead sleeper, fish gut microbiome, freshwater aquaculture, Lactiplantibacillus
plantarum.

Introduction. Probiotics, such as Lactobacillus, are beneficial microorganisms that
promote gut health by maintaining microbial balance and inhibiting harmful pathogens,
boosting their demand as a popular dietary supplement (Sadaqat 2024). They function as
bioactive agents that improve digestion in animals and have been shown to enhance
growth, immunity, and disease resistance in aquaculture species, including freshwater fish
(Lingga et al 2023). Probiotics exert their beneficial effects through several mechanisms,
as described by Latif et al (2023). These include competitive exclusion, in which they
outcompete pathogens for nutrients and adhesion sites, and intestinal barrier
enhancement, which strengthens epithelial integrity and mucus production. They also
modulate immune response and may influence gut-brain communication through
neurotransmitter regulation. However, it is important to note that each probiotic strain
exhibits distinct characteristics, underscoring the need for strain-specific research on LAB,
which holds significant value in the food industry (Terpou et al 2019). For their potential
application as probiotics, LAB strains must undergo rigorous evaluation, including
assessments of their survival in the host's gastrointestinal tract, tolerance to acidic pH and
bile salts, antimicrobial activity, and overall safety (Sadiq 2022). These characteristics are
essential in determining their functional efficacy and suitability for probiotic use.
Aquaculture, recognized as one of the fastest-growing food-producing sectors
globally, faces numerous challenges, including disease management and the development
of efficient feed pellets and feeding practices (Kong et al 2020). Thus, the use of probiotics
is increasingly regarded as a promising alternative to antibiotics for minimizing the risk of
infections caused by harmful bacteria in freshwater fishes (Rahayu et al 2024). Moreover,
incorporating probiotics into aquafeeds can help alleviate digestive tract stress, promote
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the development of healthier villi and microvilli, and reduce the risk of pathogen
colonization (Lingga et al 2023). Various studies have demonstrated the successful
isolation of LAB with potential probiotic characteristics from different fish species. For
example, Nile tilapia, Oreochromis niloticus (Linnaeus, 1758), has been recognized as a
source of Pediococcus acidilactici, Pediococcus pentosaceus, and Lactiplantibacillus
plantarum strains that inhibit pathogenic microorganisms and withstand simulated
gastrointestinal conditions (Coulibaly et al 2023). Likewise, LAB strains, similar to the
genus Lactobacillus, isolated from Anguilla bicolor, have shown notable probiotic traits,
including the ability to grow at acidic pH and in the presence of bile salts. These strains
also exhibited antagonistic effects against harmful bacteria such as Staphylococcus aureus
and Pseudomonas aeruginosa (Peristiwati et al 2019). Furthermore, milkfish, Chanos
chanos (Fabricius, 1775), has been reported to host a variety of LAB species, some of
which possess the potential to reduce mercury (Hg) concentration, indicating additional
functional benefits (Dwyana et al 2018).

Altogether, these findings underscore the potential of fish species as promising
sources of novel probiotic LAB with diverse beneficial properties. Although numerous LAB
strains have already been discovered and documented, the ongoing discovery and detailed
characterization of novel strains with targeted beneficial properties remain vital, especially
in addressing emerging issues in aquaculture and food safety. Despite global research
highlighting the probiotic potential of LAB isolated from various fish species, there remains
a notable lack of data on the functional traits and applications of LAB in local Philippine
aquaculture systems. In particular, limited studies have examined indigenous LAB strains
from freshwater fish native to areas such as the Agusan River, underscoring the need for
localized investigations to enhance aquaculture practices in the region. To address this gap,
this study aimed to isolate and characterize LAB from broadhead sleeper, Eleotris
melanosoma Bleeker, 1853, in the Agusan River and identify species using 16S rRNA gene
sequencing, providing foundational data for probiotic applications in local aquaculture.

Material and Method

Sampling area. The sampling site was located along the Agusan River in Butuan City, at
approximately 8.942536° N and 125.545610° E. The coordinates were determined using
Google Maps (https://www.google.com/maps) and are presented in Figure 1. Sample
collection was carried out on August 11, 2025.

_ Cagayan

Figure 1. Map of the Philippines highlighting (A) Mindanao Island, (B) map showing Butuan City
within Mindanao, and (C) detailed map of the sampling site along the Agusan River.
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Sample collection. Fish samples (Figure 2) were collected from the Agusan River in
Butuan City using a fishing net. A total of eleven (11) specimens of E. melanosoma were
collected. The specimens had an average total length of approximately 13.3 cm and an
average body weight of 31.73 g, and were of comparable size and developmental stage.
Morphological identification of the collected specimens was performed and confirmed by
the Bureau of Fisheries and Aquatic Resources (BFAR) Caraga Regional Office.

Immediately after capture, the fish were carefully handled to preserve freshness
and the integrity of their gastrointestinal microbiota. Specimens were stored in an ice box
and transported to the Department of Biology at Caraga State University for laboratory
analysis. This standardized handling protocol minimized post-capture degradation and
prevented the proliferation of opportunistic non-gut microorganisms.

Scm

Figure 2. Eleotris melanosoma from Agusan River, Butuan City.

Isolation of lactic acid bacteria (LAB). To isolate LAB from the gut contents of fish
samples, the collected gut material was first pooled to form a composite sample. Five
grams of this composite were inoculated into 50 mL of de Man, Rogosa, and Sharpe (MRS)
broth supplemented with 25 g L™! of NaCl and incubated at 37°C for 24 to 48 hours under
anaerobic conditions. After incubation, serial dilutions were performed to 10® and 107,
streaked onto MRS agar plates, and incubated under anaerobic conditions at 37°C for 1 to
3 days to obtain well-isolated colonies. Distinct colonies exhibiting varied morphologies
were carefully selected and isolated.

Morphological characterization and catalase test. The bacterial isolates were
identified based on morphological features, including shape, edge, elevation, margin, color,
and surface appearance. Gram staining was subsequently performed according to standard
protocols to confirm their gram-positive nature. Isolates determined to be Gram-positive
and exhibiting rod- or cocci-shaped morphology were classified as LAB.

The catalase activity was tested using 3% hydrogen peroxide (H,O,) solution. The
appearance of bubbles indicated a positive result, while the absence of bubbles indicated
a negative result. Isolates that tested negative for catalase were classified as LAB

Temperature tolerance test. To evaluate the ability of bacterial isolates to grow at
varying temperatures, a standardized LAB culture was added to test tubes containing MRS
broth. These tubes were then incubated at four temperatures: 15°C (low), 27°C (room
temperature), 37°C (optimal incubation), and 40 °C (high). The incubation lasted 48 hours,
after which bacterial growth was assessed by measuring optical density (OD) with a
spectrophotometer.

Acid and bile resistance test. Acid and bile tolerance were evaluated according to the
method described by Khushboo et al (2023). The acid tolerance of the isolates was
assessed in MRS broth adjusted to pH 2-5 and bile tolerance in MRS broth containing 0.5-
2% bile salts. Growth was quantified by OD measurements after 24-48 h incubation.

Carbohydrate fermentation test. To determine the carbohydrate fermentation profile of
the LAB isolates, fermentation tests were conducted in phenol red broth. This pH indicator-
based medium was individually supplemented with different carbohydrates at 5 mg mL™.
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The sugars tested included glucose, lactose, and sucrose. Each carbohydrate was
prepared in a separate test tube containing the phenol red broth. A small amount of actively
growing LAB culture was aseptically inoculated into each carbohydrate-containing tube.
Following inoculation, the test tubes were incubated at 37°C for up to 48 h. Observations
were made at 24 and 48 hours. A color change from red to yellow indicated acid production
due to fermentation of the corresponding sugar, while no color change signified no
fermentation (Das et al 2019).

Antagonistic test. The experiment was carried out by adding 15 mL of Nutrient Agar (NA)
to a Petri dish and allowing it to solidify. A sterile inoculating loop was used to uniformly
streak the agar surface with S. aureus, Escherichia coli, Bacillus subtilis, and Klebsiella
pneumoniae. Wells were then aseptically created in the agar using a sterile cork borer.
Each well was filled with a culture of LAB. The Petri dishes were incubated at 30 °C for 48
hours. After incubation, the presence of a clear zone around each well was measured to
assess the antimicrobial activity of the LAB. The diameter of the inhibition zone was
recorded as an indicator of the isolates' antibacterial activity.

Antibiotic susceptibility test. The antibiotic susceptibility of LAB isolates was assessed
using the disc diffusion method, as described by Huligere et al (2022). The isolates were
tested against several types of antibiotic discs, including chloramphenicol (30 pg disc™),
vancomycin (30 pg disc?), erythromycin (15 pg disc?), and Amikacin (30 pg disc!). The
results were interpreted as resistant (R), susceptible (S), or moderately susceptible (MS)
based on the measured inhibition zone diameters.

Molecular identification of lactic acid bacteria (LAB) isolates. The molecular
identification of the LAB isolates was performed by sending the bacterial cultures directly
to Macrogen, Inc. for 16S rRNA gene sequencing. First, pure colonies of the LAB isolates
were grown overnight on MRS agar to obtain sufficient bacterial biomass. The cultures were
then preserved and stored appropriately until shipment. The isolates were packaged
securely and sent with the necessary documentation required for the molecular
identification process. A final report from Macrogen, Inc. was provided, detailing the precise
identification of each LAB isolate and confirming their identity.

Multiple sequence alignment and phylogenetic analysis. The study employed a
comprehensive approach to analyze the evolutionary relationships among a set of genetic
sequences sent by Macrogen, Inc. Initially, the study used the Staden package to evaluate
the quality of the raw sequence data and conducted essential trimming to eliminate low-
quality bases, adapters, and potential contaminants using Pregap4 and Trev.
Subsequently, Gap4 was used to assemble the trimmed sequences into contigs
(overlapping segments).

The 16S rRNA gene sequences were identified via Basic Local Alignment Search Tool
(BLAST) matches (https://blast.ncbi.nlm.nih.gov/Blast.cgi) in the NCBI database.
Reference sequences used for phylogenetic analysis were downloaded from the NCBI's
GenBank sequence database. The 16S rRNA gene sequences were aligned using the
Clustalw algorithm and manually adjusted to allow maximum sequence similarity. The
alignment file was analyzed using the neighbor-joining criterion in Molecular Evolutionary
Genetic Analysis (MEGA) software, version 10.2.26. The stability of the phylogenetic tree
topology was assessed using the bootstrap method with 1,000 replicates. A distance matrix
was generated using Kimura’s two-parameter model.

Data analysis. All experimental measurements, including growth kinetics (ODgoo) and
antibiotic susceptibility (zone of inhibition), were performed in triplicate (n = 3) to ensure
reproducibility and accuracy of the results. The collected data were expressed as the mean
+ standard deviation (SD). Descriptive statistics were used to summarize the phenotypic
characteristics and stress tolerance of the isolates.
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Results

Isolation and characterization of lactic acid bacteria (LAB). A total of ten (10)
presumptive LAB isolates were obtained from the gastrointestinal tract of E. melanosoma.
The isolates exhibited heterogeneous colony morphologies, predominantly white, circular
colonies with entire margins, although some yellow-pigmented colonies were also
observed. Colony sizes ranged from small to moderately sized.

Gram staining revealed that eight (8) isolates were Gram-positive and rod-shaped,
displaying both short and elongated morphologies. Based on phenotypic variation, three
representative isolates (ISO1, ISO5, and ISO8) were selected for further characterization
(Figure 3). All selected isolates were catalase-negative, consistent with typical LAB
characteristics.

Figure 3. Colony (A. ISO1; B. ISO5; C. ISO8) and Gram stain (D. ISO1; E. ISO5; F. ISO8)
morphology of LAB isolates from the gut of Eleotris melanosoma.

Temperature tolerance. All isolates demonstrated growth across the tested temperature
range (5°C, 25°C, 37°C, and 40°C), except ISO5 at 15°C, which showed no detectable
growth (Figure 4A). Optimal growth was observed between 25 and 37°C, with ISO5
reaching the spectrophotometric detection limit at both temperatures. In contrast, growth
was reduced at 40°C for all isolates. Specific peaks were observed at 25°C for ISO1 and
37°C for ISOS8.

Bile salt tolerance. Exposure to bile salts resulted in reduced growth across all isolates
relative to the control. ISO5 and ISO8 demonstrated tolerance at concentrations ranging
from 0.5 to 1.5%, as indicated by OD increases exceeding the threshold defined by Safi et
al (2023). In contrast, ISO1 exhibited minimal growth and failed to meet the tolerance
criterion at all tested concentrations. At a 2% bile salt concentration, all isolates showed
markedly reduced growth, indicating a loss of tolerance to high bile stress.
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Figure 4. Growth response of bacterial isolates (ISO1, ISO5, and ISO8) under varying
environmental conditions. (A) Effect of temperature on bacterial growth; (B) Growth response of
isolates across different bile salt concentrations; (C) Growth response at different pH levels. Growth
is measured by Optical Density (OD40), and the dashed line indicates the detection limit.

Acid tolerance. All isolates exhibited inhibited growth under highly acidic conditions (pH
2 and 3). However, at pH 4 and 5, substantial growth was observed, with OD values
approaching the detection limit. These results indicate tolerance to moderately acidic
conditions. This observation is consistent with Safi et al (2023), who defined resistance as
an increase in OD after incubation.

Antagonistic activity. None of the isolates demonstrated inhibitory activity against the
tested pathogenic strains, as no zones of inhibition were observed. In contrast, positive
controls produced distinct inhibition zones, confirming the assay's validity.

Antibiotic susceptibility. All isolates were susceptible to Chloramphenicol and
Erythromycin but exhibited resistance to Amikacin, Cefixime, and Vancomycin. ISO5
displayed intermediate susceptibility to Cefixime. The interpretation of resistance and
susceptibility followed the criteria described by Agustina et al (2022).

Table 1
Antibiotic susceptibility profiles of bacterial isolates against antibiotics (diameter zone of inhibition
in mm)
Isolate AK (30ug) C (30ug) E (15ug) CFM (5ug) VA (30ug)
Iso1 10.4 (R) 28.7 (S) 27.1 (S) 12.8 (R) 6 (R)
ISO5 8.4 (R) 27.2 (S) 27.9 (S) 14.9 (I) 6 (R)
1SO8 9.3 (R) 25.5 (S) 25.3 (S) 11.5 (R) 6 (R)

Note: AK- Amikacin; C- Chloramphenicol; E- Erythromycin; CFM- Cefixime; VA- Vancomycin; R- Resistant; I-
Intermediate; S- Susceptible.

AACL Bioflux, 2026, Volume 19, Issue 3. 1406
bioflux.com.ro/aacl



Carbohydrate fermentation. All isolates were capable of fermenting glucose, lactose,
and sucrose, as evidenced by the acid-induced color change in phenol red broth. This
confirms their metabolic capacity to utilize multiple carbohydrate substrates, consistent
with the findings of Das et al (2019).

Molecular identification. 16S rRNA gene sequencing identified all isolates (ISO1, ISO5,
and IS08) as L. plantarum, with sequence similarity ranging from 99 to 100%. According
to Carvalho et al (2023), sequence identities = 97% are considered reliable for species-
level identification (Table 2). Phylogenetic analysis further confirmed clustering with
reference L. plantarum strains (Figure 5).

A —— NR 112690.1 Lactiplantibacillus plantarum

w

2 —— NR 117813.1 Lactiplantibacillus plantarum

——— NR 113338.1 Lactiplantibacillus plantarum
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7 ISO1

NR 042254.1 Lactiplantibacillus argentoratensis

NR 025447.1 Lactiplantibacillus paraplantarum

1 —— NR 029133.1 Lactiplantibacillus pentosus

¢L—— NR 115605.1 Lactiplantibacillus plantarum

NR 179286.1 Lactiplantibacillus daowaiensis
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66
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NR 112116.2 Bacillus subtilis
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Figure 5. Phylogenetic analysis of the 16S rRNA gene sequences of the bacterial isolates (A. ISO1;

B. ISO5; C. IS08). The trees were constructed using the Maximum-likelihood method. Evolutionary

distances were computed using the Kimura 2-parameter. Bacillus subtilis was used as the outgroup
to root the trees.

Table 2
The analysis results of the test sequences used in the NCBI BLAST method
. Max Total uer E Per ident
Description Isolate score score G 08 or ({/o ) value (%) Acc. No
Lactiplantibacillus  1SO1 1125 1125 97 0.0 100 NR_104573.1
plantarum strain I1SO5 1131 1131 96 0.0 99.52 NR_104573.1
CIP 103151 16S I1S0O8 1125 1125 95 0.0 100 NR_104573.1
Lactiplantibacillus  1SO1 1125 1125 97 0.0 100 NR_11338.1
plantarum strain ISO5 1131 1131 96 0.0 99.52 NR_11338.1
NBRC 15891 16S I1SO8 1125 1125 95 0.0 100 NR_11338.1
Lactiplantibacillus  1SO1 1125 1125 97 0.0 100 NR_025447.1
plantarum strain ISO5 1127 1127 96 0.0 99.68 NR_025447.1
DSM 10667 16S I1SO8 1125 1125 95 0.0 100 NR_025447.1
Lactiplantibacillus  1SO1 1125 1125 97 0.0 100 NR_115605.1
plantarum strain I1SO5 1131 1131 96 0.0 99.52 NR_115605.1
JCM 1149 16S 1S08 1125 1125 95 0.0 100 NR_115605.1
Discussion

Phenotypic and biochemical characterization. The successful isolation of Gram-
positive, catalase-negative, rod-shaped bacteria confirms the presence of LAB in the
gastrointestinal tract of E. melanosoma. The identification of all isolates as L. plantarum is
consistent with previous reports of its occurrence in freshwater fish, including tilapia (Jiang
et al 2022) and catfish (Kumaree et al 2014).

Stress tolerance. The temperature tolerance profile observed in this study indicates that
the isolates are mesophilic, with optimal growth between 25 and 37°C. These findings are
consistent with previous reports that L. plantarum grows optimally at 30 to 37°C but
exhibits reduced growth at elevated temperatures (Kim et al 2019; Katiku et al 2022).
Similarly, Lactobacillus acidophilus has been reported to exhibit optimal growth between
35 and 38°C and limited growth below 20°C (Gao et al 2022).
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Tolerance to bile salts and acidic conditions is a critical determinant of probiotic
potential. The ability of ISO5 and ISO8 to tolerate bile concentrations up to 1.5% suggests
their potential to survive intestinal conditions. However, the absence of tolerance in ISO1
and the lack of tolerance at higher bile concentrations highlight strain-specific variability.
The limited survival of the isolates under highly acidic conditions (pH 2-3) further suggests
potential constraints during gastric transit. These findings align with reports indicating that
LAB generally exhibits optimal growth within moderately acidic environments but reduced
viability under extreme acidity (Yeboah et al 2023).

Antimicrobial activity. The absence of antagonistic activity observed in this study may
be attributed to environmental conditions that were unfavorable for antimicrobial
metabolite production. Research indicates that optimal growth conditions do not
necessarily coincide with maximum production of antimicrobial compounds, and production
can be significantly inhibited at pH levels below 6.4 (Lepecka et al 2021). Furthermore,
while environmental stress can sometimes stimulate metabolite production (Nezhad et al
2015), the specific conditions in this study may not have triggered such a response.

Antibiotic profile and safety. The antibiotic resistance profiles observed in this study are
consistent with previous findings. Resistance to Amikacin and Cefixime has been reported
in various Lactobacillus strains (Anisimova et al 2022; Sharma et al 2022), while resistance
to Vancomycin is frequently observed within this genus (Floris et al 2025; Sukmawinata et
al 2025). Conversely, susceptibility to Chloramphenicol and Erythromycin is also well
documented. Despite the generally recognized safety of LAB, the presence of antibiotic
resistance genes raises concerns regarding potential horizontal gene transfer (Nandi &
Mandal 2025; Sukmawinata et al 2025), emphasizing the need for careful safety
evaluation.

Carbohydrate fermentation. The ability of the isolates to ferment multiple carbohydrates
confirms their metabolic versatility, which is a defining characteristic of LAB (Gunkova et
al 2021; Rhaiem et al 2016). Similar fermentation profiles have been reported for L.
acidophilus, Lactobacillus delbrueckii (Khusboo et al 2023), and L. plantarum (Cui et al
2021).

Ecological relevance and innovation. Although all isolates were identified as L.
plantarum, they exhibited notable differences in functional traits, including bile tolerance,
acid resistance, and antimicrobial activity. This supports previous findings that strains
within the same species can exhibit diverse physiological responses to environmental stress
(Ferenci & Spira 2007). Therefore, strain-level characterization remains essential in
accurately assessing probiotic potential.

Importantly, this study represents the first documented isolation of L. plantarum
from E. melanosoma in the Agusan River. This finding contributes to the growing body of
knowledge on host-associated LAB and provides new insights into the microbial diversity
of freshwater fish in the Philippines.

Conclusions. This study reports the first isolation and characterization of gut-derived LAB
from E. melanosoma in the Agusan River, Philippines. Three representative isolates (ISO1,
ISO5, and IS08) were identified as L. plantarum based on phenotypic, biochemical, and
molecular analyses.

The isolates exhibited key LAB traits, including carbohydrate fermentation and
growth at moderate temperatures (25-37°C) and pH (4-5). ISO5 and ISO8 demonstrated
greater bile tolerance (up to 1.5%) compared to ISO1, indicating strain-dependent
variability. However, the absence of antagonistic activity and limited survival under highly
acidic conditions suggest constraints in their probiotic performance under gastrointestinal
stress.

While susceptibility to Chloramphenicol and Erythromycin supports their safety
profile, resistance to certain antibiotics highlights the need for further genomic evaluation.
These findings expand knowledge on freshwater fish-associated LAB and emphasize the
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importance of strain-level characterization. Further studies, including genomic analysis and
in vivo validation, are recommended to fully assess their probiotic potential for aquaculture
applications.
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