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The gastrointestinal tract of fish represents an important reservoir of microorganisms 
adapted to the host environment and therefore provides a useful source for the selection of 
autochthonous probiotic candidates. The present study aimed to isolate lactic acid bacteria 
from the gut of healthy salmon fish, screen the isolates for probiotic-associated traits, and 
identify the most promising isolate by 16S rRNA gene sequencing. Gut material was 
aseptically collected, homogenized and serially diluted before plating on de Man, Rogosa 
and Sharpe (MRS) agar. Four morphologically distinct isolates, designated C1–C4, were 
recovered. Isolate C1 was selected after preliminary characterization because it was a 
Gram-positive rod and showed negative catalase and oxidase reactions. The isolate 
tolerated exposure to pH 2.5 and showed moderate growth in the presence of 0.3% bile 
salts. It also exhibited γ-haemolysis on blood agar. Cell-free supernatant of C1 inhibited 
Salmonella Typhi, Escherichia coli, Proteus vulgaris and Acinetobacter baumannii, with 
inhibition zones of 18.0, 13.5, 13.0 and 10.5 mm, respectively. Molecular characterization 
generated an approximately 1,500-bp 16S rRNA amplicon. BLAST comparison showed 
99.6% identity with Lactobacillus plantarum strain ATCC 14917, 99.4% with strain 
WCFS1 and 99.2% with strain JDM1, and the phylogenetic analysis placed isolate L. 

plantarum clade. The isolate therefore showed a combination of gastrointestinal stress 
tolerance, non-haemolytic phenotype and antagonistic activity that supports its 
consideration as a potential fish-feed probiotic. 
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Introduction 
 
Aquaculture has become a major component of global 
aquatic food production and is increasingly important for 
food security, livelihoods and the supply of animal 
protein. Intensification of production, however, also 
increases the biological pressure on cultured fish. High 
stocking density, repeated handling, artificial feeding, 
fluctuating water quality and exposure to opportunistic 
microorganisms can disturb host–microbe equilibrium 
and increase susceptibility to disease. The expansion of 
aquaculture has consequently been accompanied by 
continued interest in preventive approaches that can 
maintain fish health while reducing dependence on 
antimicrobial chemotherapy. Reviews of aquaculture 
health management have identified probiotics as one of 
the biological tools that can contribute to disease 
prevention, growth and maintenance of intestinal 
microbial balance (Nayak, 2010; Hai, 2015; El-Saadony 
et al., 2021). 
 
The use of antibiotics in aquatic production has also 
raised environmental and public-health concerns. 
Antibiotic residues and resistant bacteria may enter 
aquatic environments and create selective pressure 
favouring resistant populations. Cabello (2006) and 
Martínez (2009) emphasized that intensive antimicrobial 
use in aquaculture can affect environmental microbial 
communities and may contribute to the wider 
antimicrobial-resistance problem. These concerns have 
encouraged the development of non-antibiotic strategies 
based on biological control, improved husbandry, 
vaccination and functional feeds. Probiotics are 
particularly attractive because their activity can occur 
within the intestinal microbial ecosystem rather than 
relying on broad chemical suppression of 
microorganisms. The classical concept of a probiotic 
refers to a live microorganism that, when administered in 
an adequate amount, confers a health benefit on the host.  
 
In aquaculture, the concept is broader in application 
because candidate microorganisms may be administered 
through feed or water and may influence growth, feed 
utilization, disease resistance, immune responses, gut 
microbial communities and, in some cases, water quality 
(Verschuere et al., 2000; Balcazar et al., 2006; Hai, 
2015). The effects are strain dependent. Consequently, 
the presence of a bacterium in the fish gut does not 
automatically make it a probiotic, and a systematic 
screening process is required before a strain is selected 
for application. 

The fish gastrointestinal tract is a dynamic microbial 
habitat. Its microbial composition is influenced by the 
host species, age, diet, water environment, season, 
rearing system and physiological condition. Gut 
microorganisms participate in nutrient transformation, 
digestion, intestinal barrier function and interactions with 
the host immune system (Ringo et al., 2016). Some 
intestinal bacteria produce extracellular enzymes and 
metabolites that may complement host digestion, 
whereas others can compete with opportunistic 
organisms for nutrients and attachment sites. This 
ecological complexity explains why host-derived 
microorganisms are frequently investigated as sources of 
candidate probiotics. 
 
Lactic acid bacteria have received particular attention 
because many members are associated with carbohydrate 
fermentation, acid production and antagonistic activity. 
Lactobacillus plantarum has been widely studied because 
of its metabolic flexibility and tolerance to environmental 
stresses. De Vries et al., (2006) reviewed the functional 
properties of L. plantarum and highlighted its capacity to 
survive under diverse conditions. Hai (2015) further 
emphasized that intestinal isolates can be evaluated for 
host-specific application through a combination of in 
vitro and in vivo tests. It is important to note that the 
genus Lactobacillus was taxonomically reorganized in 
2020; the species formerly known as Lactobacillus 

plantarum is now placed in the genus Lactiplantibacillus 
(Zheng et al., 2020). The traditional name remains 
widely used in the literature, and both names are 
therefore encountered in aquaculture publications. 
 
An effective probiotic candidate should be able to remain 
viable under conditions that resemble the gastrointestinal 
tract. Acid tolerance is commonly used as an initial 
screening characteristic because microorganisms entering 
the digestive tract may encounter acidic conditions. Bile 
tolerance provides a second functional criterion because 
bile salts can damage bacterial membranes and influence 
microbial survival in the intestine. Gilliland et al., (1984) 
demonstrated the importance of bile tolerance for dietary 
lactobacilli, while Charteris et al., (1998) developed in 
vitro approaches to examine gastrointestinal transit 
tolerance. In fish, these assays should be interpreted as 
preliminary indicators rather than direct simulations of 
the complete digestive process. 
 
Safety screening is equally important. A candidate strain 
intended for feed application should not exhibit obvious 
virulence-associated characteristics. Haemolytic activity 
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is frequently examined because haemolysis may indicate 
production of factors capable of damaging erythrocytes. 
The absence of haemolysis is therefore a useful screening 
observation, although it does not by itself establish 
complete strain safety. FAO/WHO (2002) guidance on 
probiotic evaluation emphasizes the need for a systematic 
characterization process, and contemporary safety 
assessment increasingly includes antimicrobial 
susceptibility, genomic screening and evaluation of 
transferable resistance or virulence determinants. 
Antagonistic activity against pathogens is another 
important functional criterion. Probiotic bacteria may 
inhibit competing microorganisms through acidification, 
production of hydrogen peroxide, bacteriocin-like 
substances and other metabolites, as well as through 
nutrient competition and interference with pathogen 
adhesion. Verschuere et al., (2000) described these 
mechanisms as ecological interactions that can help 
maintain microbial balance. Schillinger and Lucke 
(1989) demonstrated that lactobacilli can produce 
inhibitory activities against other bacteria, illustrating the 
value of cell-free supernatants in preliminary screening. 
In aquaculture, the relevance of antagonism should 
nevertheless be interpreted in relation to the actual 
pathogens affecting the intended fish host. 
 
Phenotypic characterization provides the first level of 
bacterial identification, but phenotypic traits alone are 
not sufficiently discriminatory for species assignment. 
Gram reaction, cell morphology, catalase and oxidase 
reactions are useful screening tests, while molecular 
identification provides a more reliable taxonomic 
framework. The 16S rRNA gene contains conserved and 
variable regions that permit comparison with reference 
sequences and is widely used for bacterial identification 
(Clarridge, 2004). In the present work, a nearly full-
length 16S rRNA amplicon was obtained and compared 
with sequences in the NCBI database. The resulting 
identification was further supported by phylogenetic 
analysis. 
 
The study was therefore designed to follow a sequential 
selection strategy: recovery of gut-associated bacteria on 
MRS agar, preliminary phenotypic screening, assessment 
of acid and bile tolerance, safety screening by 
haemolysis, evaluation of antibacterial activity, and 
molecular identification of the selected isolate. The 
specific objective was to characterize the most promising 
isolate from the salmon fish gut and determine whether 
its observed properties support its further development as 
a fish-feed probiotic candidate. 

Materials and Methods 

 

Fish sample collection and gut preparation 
 
Healthy Oncorhynchus species (salmon fish) were 
obtained from a local fish market and transported to the 
laboratory under cooled conditions. The external surface 
was washed with sterile distilled water and disinfected 
with 70% ethanol to reduce contamination from the skin 
and surrounding surfaces. Under aseptic conditions, the 
abdominal cavity was opened using sterile instruments 
and the intestinal tract was removed. The gut material 
was transferred to sterile physiological saline and 
homogenized thoroughly to obtain a uniform microbial 
suspension.  
 
Isolation and purification of lactic acid bacteria 
 
The homogenized gut suspension was serially diluted in 
sterile saline to obtain dilutions from 10−1 to 10−6. 
Aliquots from appropriate dilutions, particularly 10−5 and 
10−6, were spread on MRS agar and incubated at 37 °C 
for 24–48 h under anaerobic or microaerophilic 
conditions. Distinct colonies were selected according to 
colony morphology and purified by repeated subculture 
on MRS agar. (De Man et al., 1960; Cappuccino and 
Welsh, 2017). 
 
Colony morphology and preliminary 

characterization 
 
Purified isolates were examined for colony shape, colour, 
margin and elevation. Gram staining was performed and 
cells were observed under oil immersion. Catalase 
activity was assessed using 3% hydrogen peroxide, with 
immediate effervescence interpreted as a positive 
reaction. Oxidase activity was examined using an oxidase 
reagent and interpreted according to the standard 
microbiological procedure (Cappuccino and Welsh, 
2017; MacFaddin, 2000).  
 
Acid tolerance assay 
 
An overnight MRS broth culture of the selected isolate 
was harvested by centrifugation and the cells were 
washed with sterile phosphate-buffered saline. The 
washed cells were resuspended in medium adjusted to pH 
2.5. After incubation at 37 °C, aliquots were serially 
diluted and plated on MRS agar. Growth after exposure 
to the acidic condition was interpreted as evidence of 
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acid tolerance. The assay was based on established 
approaches for evaluating gastrointestinal stress tolerance 
of potentially probiotic lactic acid bacteria (Havenaar et 

al., 1992; Charteris et al., 1998). 
 
Bile salt tolerance assay 
 
The selected isolate was inoculated into MRS medium 
containing 0.3% bile salts and incubated at 37 °C. 
Following exposure, the culture was diluted and plated 
on MRS agar. Growth was compared with the 
corresponding control culture without bile salts. The 
presence of colonies in the bile-containing treatment was 
considered evidence of tolerance to the tested 
concentration. The use of 0.3% bile salt as a screening 
concentration follows the conventional probiotic 
screening approach reported for lactobacilli (Gilliland et 

al., 1984; Charteris et al., 1998). 
 
Haemolytic activity 
 
Safety screening was performed on blood agar containing 
5% sheep blood. The selected isolate was streaked onto 
the medium and incubated at 37 °C for 24 h. Plates were 
examined for no haemolysis. 
 
Antibacterial activity of cell-free supernatant 
 
The selected isolate was grown overnight in MRS broth 
and the culture was centrifuged to remove cells. The 
supernatant was filtered through a 0.22-µm membrane to 
obtain a cell-free preparation. The antibacterial activity 
was evaluated by agar-well diffusion against 
Acinetobacter baumannii, Escherichia coli, Proteus 

vulgaris and Salmonella typhi. Mueller–Hinton agar 
plates seeded with the test organisms were prepared, 
wells were filled with the cell-free supernatant and plates 
were incubated at 37 °C for 24 h. Zones of inhibition 
were measured in millimetres.  
 
Genomic DNA extraction and 16S rRNA 

amplification 
 
Genomic DNA was extracted from the selected isolate 
using a chloroform: isoamyl alcohol procedure. Bacterial 
cells were harvested, lysed and subjected to phase 
separation with chloroform: isoamyl alcohol (24:1). 
DNA in the aqueous phase was precipitated with cold 
isopropanol, washed with 70% ethanol and dissolved in 
nuclease-free water (Sambrook and Russell, 2001). The 

bacterial 16S rRNA gene was amplified using universal 
primers 27F and 1492R. PCR products were separated by 
agarose gel electrophoresis and visualized under 
ultraviolet illumination (Sambrook and Russell, 2001). 
 
Sequencing, BLAST analysis and phylogenetic 

identification 
 
The purified PCR product was submitted for sequencing. 
The resulting sequence was compared with reference 
sequences in the NCBI database using BLAST (Altschul 
et al., 1990). Closest matches, query coverage and 
percentage identity were recorded. A phylogenetic tree 
was generated to assess the relationship between isolate 
and reference sequences. The molecular identification 
was interpreted together with the phenotypic and 
functional observations. 
 
Results and Discussion 

 

Isolation of gut-associated bacterial isolates 
 
The fish specimen and aseptic gut dissection used for 
bacterial isolation are shown in Fig. 1 and Fig. 2, 
respectively. Serial dilution of the homogenized gut 
sample produced dense growth at lower dilutions and 
discrete colonies at 10−5 and 10−6. The recovered colonies 
were predominantly small, smooth and cream to pale 
yellow, demonstrating successful recovery of culturable 
gut-associated bacteria on MRS agar. The spread-plate 
culture showing different colony morphotypes is 
presented in Fig. 3. 
 
Colony morphology and preliminary screening 
 
Four distinct colony types, C1–C4, were obtained on 
MRS agar (Table 1). C1 formed circular, cream-coloured 
colonies with smooth margins and raised elevation. C2 
produced circular pale-yellow colonies with smooth 
margins and a flat elevation. C3 was irregular, cream-
coloured and flat, while C4 formed circular, light-cream 
colonies with smooth margins and slight elevation. 
Representative microscopic images of the four isolates 
are shown in Fig. 4. 
 
Gram staining showed that all four isolates were Gram-
positive rods, although their arrangements differed 
(Table 2). C1 appeared as Gram-positive rods occurring 
singly or in short chains and was catalase-negative and 
oxidase-negative. C2, C3 and C4 were also catalase-
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negative but showed oxidase-positive reactions. On the 
basis of this preliminary profile, C1 was selected for 
further functional and molecular characterization. 
Representative microscopic images are provided in Fig 4. 
 
Acid and bile tolerance 
 
Isolate C1 retained visible growth on MRS agar after 
exposure to pH 2.5, demonstrating survival under the 
tested acidic condition (Fig. 5). Moderate colony 
formation was observed in the presence of 0.3% bile salts 
compared with the corresponding control (Fig. 6). The 
combined acid- and bile-tolerance profile indicated that 
C1 could withstand two important gastrointestinal 
stresses used in preliminary probiotic screening. 
 
Haemolytic phenotype 
 
C1 grew on blood agar without a clear zone around the 
colonies, and the agar remained red (Fig. 7). The isolate 
was therefore classified as γ-haemolytic under the 
conditions tested. The absence of detectable haemolysis 
provided a favourable preliminary safety characteristic 
for further probiotic evaluation. 
 
Antibacterial activity 
 
The cell-free supernatant of C1 produced visible 
inhibition zones against all four test organisms (Fig. 8). 
The largest zone was observed against Salmonella typhi 
(18.0 mm), followed by E. coli (13 mm), P. vulgaris 
(13.0 mm) and A. baumannii (10 mm) (Table 3). The 
pattern demonstrated that the isolate or its extracellular 
products had measurable antagonistic activity under the 
assay conditions. Because replicate numbers and 
variance estimates were not documented in the thesis 
table, the present manuscript reports the measured zone 
diameters descriptively and does not retain the 
unsupported p-value statement from the thesis. 
 
Molecular identification of the selected isolate 
 
Genomic DNA extracted from C1 produced an intact 
preparation suitable for amplification (Fig. 9). PCR using 
universal 16S rRNA primers 27F and 1492R produced an 
amplicon of approximately 1,500 bp. Agarose gel 
electrophoresis showed a distinct band in the sample 
lane, with a corresponding positive control band and no 
visible product in the negative control (Fig. 10). These 

observations supported successful and specific 
amplification of the bacterial 16S rRNA gene. 
 
BLAST comparison showed that the sequence of isolate 
005_FISLAC matched Lactiplantibacillus plantarum 

reference strains with high identity. The closest match 
was L. plantarum ATCC 14917 (NR_104927.1) with 
100% query coverage and 99.6% identity, followed by 
strain WCFS1 (NR_075041.1) with 100% coverage and 
99.4% identity and strain JDM1 (CP001617) with 99% 
coverage and 99.2% identity (Table 4). Phylogenetic 
analysis placed the isolate within the L. plantarum cluster 
(Fig. 11). On the basis of the combined BLAST and 
phylogenetic evidence, isolate 005_FISLAC was 
identified as Lactiplantibacillus plantarum. 
 
The present study followed a stepwise strategy for 
selecting a potentially useful probiotic bacterium from 
the fish gastrointestinal tract. The initial isolation of four 
morphologically distinct colonies on MRS agar confirms 
that the sampled gut contained culturable bacteria able to 
grow under the selected conditions. MRS agar is widely 
used for the recovery of lactic acid bacteria because its 
nutrient composition and selective characteristics favour 
these organisms. The recovery of several colony 
morphotypes also illustrates an important point in 
probiotic discovery: a host gut is not a single-organism 
habitat, and selection must proceed through several levels 
of screening rather than assuming that the first recovered 
colony is beneficial. 
 
The C1 isolate was selected because it combined a Gram-
positive rod morphology with negative catalase and 
oxidase reactions. This phenotypic profile is compatible 
with lactic acid bacteria and provided a logical basis for 
additional testing. Gatesoupe (2008) described LAB as 
important members of fish-associated microbiota and 
noted that their occurrence and abundance vary among 
fish species and environmental conditions. The current 
findings are consistent with the use of fish intestinal 
material as a source of candidate LAB, although 
phenotypic characteristics alone cannot distinguish L. 

plantarum from closely related taxa. 
 
The acid-tolerance result was one of the most relevant 
functional observations. C1 retained growth following 
exposure to pH 2.5, indicating that a viable population 
survived the tested acidic stress. 
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Table.1 Colony morphological characteristics of bacterial isolates recovered from the fish gut. 
 

Isolate Shape Colour Margin Elevation 

C1 Circular Cream Smooth Raised 
C2 Circular Pale yellow Smooth Flat 
C3 Irregular Cream Irregular Flat 
C4 Circular Light cream Smooth Slightly raised 

 
Table.2 Phenotypic screening of bacterial isolates recovered from the fish gut. 

 
Isolate Gram reaction Cell morphology Arrangement Oxidase Catalase 

C1 Positive Rod Single/short chains Negative Negative 
C2 Positive Rod Single/short chains Positive Negative 
C3 Positive Short rod Single Positive Negative 
C4 Positive Rod Short chains Positive Negative 

 
Table.3 Antibacterial activity of cell-free supernatant from isolate C1 against selected bacterial test 

organisms. 
 

Test organism Zone of inhibition (mm) 

Salmonella Typhi 18 
Escherichia coli 13 
Proteus vulgaris 13 
Acinetobacter baumannii 10 

 
Table.4 BLAST comparison of the 16S rRNA sequence of isolate 005_FISLAC with reference sequences. 

 
Closest match Accession number Query coverage Identity 

Lactiplantibacillus plantarum ATCC 14917 NR_104927.1 100% 99.6% 
Lactiplantibacillus plantarum WCFS1 NR_075041.1 100% 99.4% 
Lactiplantibacillus plantarum JDM1 CP001617 99% 99.2% 

 
Figure.1 Salmon Fish (Oncorhynchus sp) specimen used for isolation of gut-associated bacteria. 
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Figure.2 Aseptic dissection and removal of the intestinal tract. 
 

 
 

Figure.3 Recovery of morphologically distinct gut-associated bacterial colonies on MRS agar. 
 

 
 

Figure.4 Gram-stained preparations of isolates C1, C2, C3 and C4. 
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Figure.5 Acid tolerance of isolate C1 at pH 2.5. 
 

 
 

Figure.6 Bile salt tolerance of isolate C1 in the presence of 0.3% bile salts. 
 

 
 

Figure.7 C1 on blood agar showing absence of a visible haemolytic zone. 
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Figure.8 Antibacterial activity of isolate C1 cell-free supernatant against (A) Salmonella Typhi, (B) 
Escherichia coli, (C) Proteus vulgaris and (D) Acinetobacter baumannii. 

 

 
 

Figure.9 Genomic DNA preparation from the selected probiotic candidate. 
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Figure.10 Agarose gel electrophoresis of the approximately 1,500-bp 16S rRNA PCR product from isolate 
005_FISLAC. 

 

 
 

Figure.11 Phylogenetic placement of isolate 005_FISLAC within the Lactobacillus plantarum group based 
on 16S rRNA sequence comparison. 
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Similar pH values are routinely used in screening studies 
of potentially probiotic lactobacilli, and L. plantarum 
strains are known for relatively broad environmental 
tolerance. Corcoran et al., (2008) showed that survival of 
probiotic lactobacilli can vary substantially under acidic 
conditions, demonstrating why tolerance should be 
assessed experimentally rather than inferred from species 
identity. In the present study, the observation should 
therefore be interpreted as evidence that the selected 
isolate has the physiological capacity to withstand the 
specific acid challenge used in vitro. 
 
Bile tolerance provided a second line of evidence. C1 
showed moderate colony formation in the presence of 
0.3% bile salts. Bile salts can alter bacterial membranes 
and impose a significant physiological stress on 
microorganisms entering the intestine. Gilliland et al., 
(1984) established the relevance of bile tolerance for 
dietary lactobacilli, and later probiotic-screening 
protocols have commonly used approximately 0.3% bile 
as a practical challenge concentration. The present result 
indicates that C1 survived the tested bile exposure, 
although quantitative survival data such as log CFU 
reduction were not recorded. Future work should 
therefore quantify the percentage survival or change in 
viable counts rather than relying only on qualitative 
colony formation. 
 
The haemolysis assay showed no detectable haemolytic 
activity. This is an important preliminary observation 
because haemolytic strains are less desirable for 
probiotic development. Nevertheless, the absence of 
haemolysis cannot by itself establish that an isolate is 
non-pathogenic. Modern probiotic safety evaluation 
considers antimicrobial resistance, virulence 
determinants, toxin-associated genes, mobile genetic 
elements and genome-level characteristics in addition to 
basic phenotypic tests. Accordingly, C1 should be 
described as non-haemolytic under the conditions tested 
rather than categorically declared safe solely from the 
blood-agar result. 
 
The antibacterial assay showed that the C1 cell-free 
supernatant inhibited all four test organisms. The largest 
zone was recorded against Salmonella typhi, while the 
smallest was observed against A. baumannii. Such 
variation is biologically plausible because susceptibility 
to organic acids, bacteriocin-like compounds, hydrogen 
peroxide and other metabolites differs among bacterial 
species. Schillinger and Lucke (1989) demonstrated that 
lactobacilli can produce extracellular inhibitory 

activities, while Verschuere et al., (2000) described 
antimicrobial production and competitive exclusion as 
important probiotic mechanisms. However, the present 
experiment did not fractionate the supernatant or 
neutralize organic acids; therefore, the inhibition cannot 
be attributed specifically to bacteriocins. Further studies 
using pH-neutralized supernatant, catalase treatment and 
protease sensitivity assays would help distinguish acid-
mediated activity from proteinaceous antimicrobial 
compounds. 
 
The inhibition of Salmonella typhi is particularly notable 
from a food and aquaculture perspective because 
Salmonella is an important enteric pathogen. However, 
the test organism used in the thesis was identified as 
Salmonella typhi, and the experimental system was an in 
vitro agar diffusion assay. The result should not be 
interpreted as proof of disease prevention in fish. Rather, 
it demonstrates that extracellular products from C1 can 
inhibit the growth of the selected test organism under 
laboratory conditions. Challenge experiments using 
relevant fish pathogens, such as Aeromonas hydrophila 
or Vibrio species according to the host system, would be 
more directly informative for aquaculture application. 
 
Molecular identification strengthened the phenotypic 
classification. The approximately 1,500-bp 16S rRNA 
product and the high sequence identity to L. plantarum 
reference strains supported placement of the isolate 
within the L. plantarum group. Clarridge (2004) 
described 16S rRNA sequencing as a valuable approach 
for bacterial identification because it provides a 
standardized sequence marker for comparison among 
taxa. The current nomenclature should also be considered 
when preparing the manuscript. Zheng et al., (2020) 
reorganized the Lactobacillus genus into multiple genera 
and placed L. plantarum in the genus Lactiplantibacillus. 
 
An important limitation is that 16S rRNA sequencing 
alone may not always provide definitive species-level 
resolution among closely related lactobacilli. Species-
specific markers or whole-genome approaches can 
provide stronger discrimination. Lee et al., (2021), for 
example, highlighted limitations of 16S rRNA for 
distinguishing closely related Lactiplantibacillus taxa and 
discussed more discriminatory sequence targets. 
Consequently, the present molecular result should be 
reported as a strong 16S-based identification rather than 
as complete genomic confirmation. This distinction is 
especially important if the strain is intended for 
regulatory or commercial development. 
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The combination of host origin, acid tolerance, bile 
tolerance, non-haemolytic phenotype, antibacterial 
activity and molecular identity gives C1 a coherent 
preliminary probiotic profile. The results are also 
consistent with the broader literature showing that 
probiotic selection should integrate origin, safety, stress 
tolerance, antagonistic activity and molecular identity. 
Hai (2015) emphasized that probiotic screening should 
be species- and strain-conscious and should include both 
in vitro and in vivo evaluation. Dawood et al., (2016) 
similarly stressed that probiotic efficacy is influenced by 
strain characteristics, dosage, host species and 
experimental conditions. 
 
The principal value of the present study therefore lies in 
the identification of a fish-gut-derived L. plantarum 
strain with multiple desirable preliminary properties. The 
isolate is not yet fully validated as a commercial 
probiotic because the study did not include a complete 
antimicrobial-resistance profile, genome-based safety 
assessment, quantitative adhesion testing, enzyme 
profiling, defined viable-cell dosage, intestinal 
colonization analysis or a pathogen challenge trial. These 
are logical next steps for strengthening the evidence 
base. Nevertheless, the strain is sufficiently characterized 
to justify subsequent feed-incorporation experiments, 
which form the second research component derived from 
the thesis. 
 
In conclusion, A lactic acid bacterial candidate was 
successfully recovered from the gut of healthy salmon 
fish and screened through phenotypic, functional and 
molecular approaches. Four colony types were obtained, 
of which isolate C1 was selected because of its Gram-
positive rod morphology and negative catalase and 
oxidase reactions. C1 survived the tested acidic condition 
of pH 2.5, showed moderate tolerance to 0.3% bile salts, 
and exhibited no detectable haemolysis on blood agar. Its 
cell-free supernatant inhibited Salmonella typhi, 

Escherichia coli, Proteus vulgaris and Acinetobacter 

baumannii, with the greatest inhibition against 
Salmonella typhi. 16S rRNA sequencing generated an 
approximately 1,500-bp amplicon, and BLAST analysis 
showed up to 99.6% identity with reference 
Lactiplantibacillus plantarum sequences.  
 
Phylogenetic analysis further placed the isolate within 
the L. plantarum clade. Collectively, these observations 
support the selection of isolate 005_FISLAC as a 
promising fish gut-derived probiotic candidate for 
subsequent feed-based evaluation.  
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