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ABSTRACT

This study explored bacterial diversity in the gastrointestinal tract of the Indian Major
Carp (Labeo catla) using culture-dependent techniques. Results showed notable
differences in bacterial load between the foregut and hindgut. Five bacterial strains were
isolated, four from the hindgut and one from the foregut. Aeromonas (CC3) was the most
prevalent strain, with colony counts from 2 to 53 across plates. Morphological and Gram
stain analyses identified the isolates as belonging to five genera: Serratia,
Staphylococcus, Aeromonas, Bacillus, and Pseudomonas; 75% were Gram-negative, and
25% were Gram-positive. Biochemical tests revealed genus-specific traits, with

19-12-2025 Aeromonas exhibiting the widest metabolic activity, including positive reactions for
citrate, urease, catalase, oxidase, and sulphur reduction. These findings offer foundational
] insights into the focal animal’s gut microbiota, emphasising the dominance of hindgut
Published on: ] . . . . .
bacterial populations and the potential functions of certain strains.
23-01-2026
INTRODUCTION

The gut microflora of riverine fish is a complex and dynamic community of microorganisms,
mainly bacteria, along with contributions from archaea, fungi, protozoa, and viruses. These
microbial populations differ notably among species, habitats, and developmental stages. The
dominant bacterial groups typically include Proteobacteria, Firmicutes, Bacteroidetes, and
Actinobacteria, with genera such as Aeromonas, Pseudomonas, Bacillus, and Clostridium
frequently reported (1, 2). Many studies have examined the indigenous microflora of fish,
especially the microbial ecology of the digestive tract (3, 4, 5). However, the microbial
composition of the gastrointestinal tract varies greatly and is influenced by dietary changes (6,
7, 8). Studies show that facultative anaerobes, such as Enterobacteriaceae, Aeromonas,
Acinetobacter, Pseudomonas, and Flavobacterium, are common, whereas Bacteroides,
Clostridium, and Fusobacterium are obligate anaerobes (3, 4).
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Microflora in the fish gut play essential roles in host physiology, including digestion, nutrient
absorption, immune modulation, and pathogen resistance. Freshwater fish, especially those
from river systems, often harbour more diverse microbiota than their marine counterparts due
to fluctuating environmental conditions and dietary variability (9). In riverine fish, gut
microbes are vital for adapting to seasonal changes in food availability and water quality. For
instance, Bacteroides and Clostridium species ferment plant material in omnivorous fish.
Conversely, herbivorous fish tend to have higher proportions of cellulolytic bacteria. In
carnivorous fish, Pseudomonas and Aeromonas are involved in protein degradation (10).
Moreover, the gut microbiota acts as a barrier against pathogens through competitive exclusion
and the production of antimicrobial compounds.

In recent years, many studies have examined the indigenous intestinal microflora of various
fish species (7, 11, 12, 13, and 14). These studies mainly concern the symbiotic relationship
between fish and intestinal microflora, or the relationship between diet and intestinal microflora
in various fish species. However, only a few studies have examined the gut microbiome of
Indian Major Carps. Carps have been the most widely cultured species in India's freshwater
aquaculture for centuries and account for about 70% of the sector. In 2022, Mondal carried out
an in-depth investigation into the digestive enzyme-producing bacteria associated with the
Indian major carp, Rohu. (15). Sundaray and colleagues (2025) successfully isolated members
of the phyla Proteobacteria, Fusobacteria, Bacteroidetes, and Firmicutes from the intestinal
microbiota of catla (16). The authors observed significant sex-specific differences, with higher
Fusobacteria levels in males and higher y-Proteobacteria levels in females. The gut microflora
of fish varies significantly from place to place. Geographical location, habitat differences, and
environmental factors, including water temperature, salinity, dissolved oxygen, and seasonal
changes, drive distinct microbial compositions across populations (17). This study aims to
explore the microbial communities in the gastrointestinal tracts of Indian Major Carp (Labeo
catla) found in the southern part of Tamil Nadu. L. catla, commonly known as catla, is one of
the three major Indian carps (along with rohu and mrigal) and a key species in freshwater
aquaculture across South Asia, especially in India. This fish thrives in riverine and pond
environments, growing rapidly to over 1 kg within the first year, and accounts for about 20-
30% of polyculture systems due to its surface-feeding habits on zooplankton and insects. The
key findings of this investigation open new avenues for scientific research, particularly
regarding the microbiota’s roles in digestion, nutrient absorption, immune modulation, and
pathogen resistance. This promotes further growth in freshwater aquaculture.

MATERIALS AND METHODS

The present study was conducted from August 2024 to December 2024 at the Centre
for Behavioural and Immuno-ecology, PG and Research Department of Zoology, St. John’s
College, Palayamkottai. To explore the gastrointestinal microbiota, healthy, active Labeo catla
fingerlings were collected using mosquito nets in Sirukulam. The captured fish were
immediately transferred to St. John’s College. Subsequently, five fingerlings were selected and
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starved for 12 hrs to clear their digestive tracts. The starved fingerlings were used for the
experiment.

The experimental animals were euthanised, placed on a sterile dissection board, pithed,
and the body surface was cleaned with 1% iodine solution (Trust & Sparrow, 1974). Then, the
animals were dissected aseptically, and the gastrointestinal tract was removed and thoroughly
rinsed in sterile saline solution (0.9%). The digestive tract was divided into two regions (foregut
and hindgut) and was homogenised separately with 5 ml of pre-chilled 1% NaCl solution.

The homogenate was filtered and collected in a sterile vial, labelled and stored at -20
°C. For bacterial isolation, the collected filtrate of each fish was used for serial dilution. After
serial dilutions, 100 pL of the dilutions 107, 10"°, and 10"® were spread using a sterile glass
spreader onto pre-solidified Nutrient Agar (Srichem — SRL) petri plates in triplicate. The plates
were incubated at 37°C for 48 hours.

After 48 hrs of incubation, plates with well-separated colonies were counted. The total
viable bacterial colonies and individual bacterial colonies were counted using a
Microprocessor-based Colony Counter (Deep Vision, Model No. 1363), and plates showing
30-300 colonies were considered countable. The bacterial population was quantified as colony-
forming units per pl (cfu).

The isolated bacterial strains were subjected to morphological and biochemical
characterisation. Morphological identification was conducted using the following criteria: 1.
Shape of the colony, 2. Edge aspects, and 3. Colour. The Gram stain test was performed to
determine whether the bacteria were Gram-positive or Gram-negative. Digital images of
various isolated bacterial species were captured using an Olympus C220i Trinocular
Microscope equipped with a MagVision 5 MP camera. Additionally, the isolated bacterial
strains were identified and confirmed in accordance with Bergey’s Manual of Systematic
Bacteriology, Volumes I and II. After that, the following biochemical tests were performed.

Catalase Test

Catalase is the enzyme that cleaves hydrogen peroxide (H202) into H20 and O2.
Catalase production was tested by adding 1 ml of an aqueous H>O» solution (10%, v/v) to a 24-
hour-old nutrient agar plate. The brisk evolution of gas (oxygen) bubbles indicated the presence
of catalase in the culture.

Sulphur Production Test

H,S production was tested on the slants of peptone-yeast extract-iron agar medium. The
slants were inoculated with bacteria and incubated for 48 hours at 37 + 1 °C. H»S production
was detected by inserting lead acetate paper strips into the neck of the culture tube. Blackening
of the strip was a positive indication of H2S production.

Oxidase Test
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Cytochrome oxidase was detected in an 18-hour-old nutrient broth culture. 5 ml of the
broth culture was taken in a clean tube. 0.3 ml of p-amino-dimethylaniline oxalate (1%) and
0.2 ml of a-napthol (1%) were added, and the mixture was shaken vigorously. The appearance
of'a blue colour indicated a positive test.

Citrate Utilisation Test

Bacteria were grown in citrate medium (Koser’s synthetic medium), and the growth, as
evidenced by turbidity, indicated the utilisation of citrate as the sole carbon source.
Urease Test

Inoculate a microorganism onto a urea-containing medium and incubate it, often at
37°C. A positive result is indicated by a colour change from yellow to pink or magenta,
indicating that the urease enzyme has catalysed the hydrolysis of urea to ammonia, thereby
raising the pH. A negative result remains yellow.

Motility Test

Stab a single colony from a bacterial culture into a semi-solid agar medium using a
sterile straight needle. After incubating the tube for 24-48 hours, check for growth spreading
away from the original stab line, which indicates motility. A non-motile organism will show
growth only along the inoculation line.

RESULTS

The study was conducted to identify potential bacterial strains in the gastrointestinal
tract of Indian Major Carp (Labeo catla).

Colony Enumeration

In the present investigation, the total viable bacterial load was determined in various
dilutions prepared from the foregut and hindgut regions of the gastrointestinal tract. All
dilutions showed considerable variation in bacterial load. The mean viable bacterial count
observed in 10™ dilutions of the foregut and hindgut regions was 12.72 = 5.91 and 20.32+9.15
CFUW/L, respectively. However, the mean viable bacterial counts in 10”6 dilutions of the
foregut and hindgut regions were 8.31 + 4.33 CFU/uL and 4.21 + 1.62 CFU/uL, respectively.
Generally, the highest bacterial populations were observed in the hindgut regions compared to
the foregut. Statistical analysis showed a significant difference in the occurrence of bacterial
colonies between the foregut and hindgut regions (ANOVA, F(2, 24) = 1.957, p=0.015).

Table 1: Total bacterial count in the foregut and hindgut regions of Catla catla

i Bacterial Load (CFU/uL)
S. No R.eglo_ns of the Dilutions
Digestive Tract Mean SD
1 Forequt 10™ 12.72 5.91
' 9 10° 7.33 2.15
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10% 4.21 1.62
10™ 20.32 9.15
2. Hindgut 10™ 13.54 491
10™ 8.31 4.33

Morphological Characterisation of Bacterial Strains

In the present study, five bacterial strains were isolated from the gastrointestinal tract
of carp. They were Serratia (CC1), Staphylococcus (CC2), Aeromonas (CC3), Bacillus (CC4)
and Pseudomonas (CCS5). Serratia species are rod-shaped, motile, peritrichously flagellated,
and often produce smooth, moist colonies with a characteristic red pigment (prodigiosin).
Staphylococcus species form grape-like clusters, are non-motile, and typically form round.
Aeromonas species are also rod-shaped and motile with polar flagella; they form smooth,
convex colonies. Bacillus species are large, often form chains, and can form endospores; their
colonies are usually dry, irregular, and may have a ground-glass appearance. Finally,
Pseudomonas species are rod-shaped and produce flat, irregularly edged colonies. The
morphological characteristics of isolated colonies are given in Table 2. Among the isolated
strains, four strains were isolated in the hind gut region, and only one strain was recovered in
the foregut region. The CC3 isolate was dominant compared to the others. The minimum and
maximum number of CC3 isolates recovered in all plates was 2 to 53. The minimum and
maximum of respective bacterial strains recovered in all the culture plates are given in Figure
1. The results of Gram staining revealed that 75% of isolates were Gram-negative and the
remaining 25% were Gram-positive (Staphylococcus and Bacillus) (Table 3).

Table 2: Morphological characteristics of isolated bacterial colonies

S.  Isolate Morphology
No. Code Shape Edge Colour

1. CCl Rod Smooth/Irregular Red

2. CC2 Round Smooth Golden yellow or white
3. CC3 Rod Circular Greyish

4. CC4 Round Irregular, undulate, or lobate Pale white

5. CC5 Rod Flat/Irregular Greenish blue

Figure 1: Minimum and maximum number of isolated colonies
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Table 3: Results of Gram staining of isolated bacterial colonies

S.No. Isolate Code Strain Gram
1. CC1 Serratia Negative
2. CC2 Staphylococcus  Positive
3. CC3 Aeromonas Negative
4. CC4 Bacillus Positive
5. CC5 Pseudomonas Negative

Biochemical Characterisation

In the present study, various biochemical tests were performed to characterise the
isolated bacterial strains. Serratia species are usually motile and test positive for citrate
utilisation, urease, and catalase, but they are oxidase-negative and do not reduce sulfur. In
contrast, Staphylococcus species are non-motile, catalase-positive, and may have variable
urease activity but generally test negative for citrate utilisation, oxidase, and sulfur reduction.
Aeromonas species are motile and consistently positive for citrate, urease, catalase, oxidase,
and sulfur reduction. Bacillus species are motile, catalase-positive, often utilise citrate, and
exhibit variable urease and sulfur-reduction activity; they are oxidase-negative. Pseudomonas
species are motile, oxidase-positive, and usually positive for citrate utilisation and catalase,

although urease activity varies, and they do not reduce sulfur (Table 4).
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Table 4: Biochemical characteristics of isolated bacterial strains

Biochemical Tests

NSC', Iéoolg';e Citrate Sulphur . .
- Utilisation Urease Catalyst Reduction Oxidase  Motility
1. ccl + + + - - +
2. Cc2 - + + - - -
3. CC3 + + + + + +
4. CC4 + - + - - +
5. CC5 + + + - + +
DISCUSSION

The study aims to examine the extensive bacterial populations in the foregut and
hindgut regions of the alimentary tract of the Indian Major Carp (Labeo catla). In the present
study, we isolated five bacterial strains from the digestive tract. Our study aligns with Dutta’s
2018 study. The authors isolated several bacterial strains from the proximal and distal segments
of Labeo rohita (18). Bacteria are generally abundant in aquatic environments, making it
nearly impossible to avoid them in fish diets (19). These bacteria enter the fish's diet via
ingestion and may colonise the gastrointestinal tract, forming a symbiotic relationship (4). Most
of the available literature reports that the digestive tract of fish harbours a large number of
microbes (see 20, 21, 22). Some study reported that the digestive tract of endothermic animals
was colonised mainly by obligate anaerobes (23). However, some investigations reported that
most fish guts contained aerobes or facultative anaerobes (24, 9).

The comparison of bacterial populations in the foregut and hindgut sections of the
gastrointestinal tract revealed distinct microbial distributions, consistent with the known
anatomical and functional differences between these areas. The highest colony-forming units
(CFU) were observed at the 1074 dilution, with a notable decrease at 10”6, indicating a
dilution-dependent decline in viable bacteria. This pattern is consistent with typical
microbiological expectations: higher dilutions yield fewer colonies because the bacterial
concentration per unit volume is lower.

Furthermore, the analysis of viable bacterial counts in the gastrointestinal tract of Catla
catla revealed a distinct regional variation, with the hindgut exhibiting significantly higher
microbial populations than the foregut. This observation aligns with established patterns in fish
gut microbiology, in which the hindgut serves as a more favourable niche for microbial
colonisation due to its anaerobic environment, slower transit time, and greater substrate
availability (25). In the present study, the mean viable bacterial count at a 10"* dilution in the
foregut was 12.72 + 5.91 CFU/uL, compared to 20.32 + 9.15 CFU/uL in the hindgut. However,
at higher dilutions (10"¢), the foregut dropped to 4.21 + 1.62 CFU/uL, while the hindgut

e
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retained 8.31 = 4.33 CFU/pL, indicating a more stable microbial load in the hindgut across
dilutions. These findings align with the study made by Mukerjee and his colleagues, the authors
reported that the total intestinal microflora in L. catla averaged 4.62 x 10° CFU/g, with higher
densities typically found in the distal gut segments (26).

This observed variation in bacterial load between the two regions may reflect the
functional specialisation of the hindgut, which supports dense microbial communities through
fermentation and nutrient recovery (8). Most studies have also shown that the hindgut harbours
a diverse array of anaerobic and facultatively anaerobic bacteria that contribute to the
production of short-chain fatty acids, vitamin synthesis, and immune modulation (27, 28).
However, region-specific variation in bacterial load has also been documented in other Indian
Major Carps (Labeo rohita and Cirrhinus mrigala) (16). The authors reported that the hindgut
microbiota play a vital role in host metabolism and health. The region-specific variation was
influenced by factors such as diet, environmental conditions, host physiology, and hormonal
regulation (29, 30). Additionally, studies in ruminants and hindgut fermenters have consistently
demonstrated that hindgut regions, such as the cecum and colon, harbour more diverse and
abundant microbiota than foregut regions, such as the stomach or crop (31, 32) The hindgut
provides a stable, anaerobic environment that supports microbial proliferation, especially of
obligate anaerobes involved in fibre degradation and short-chain fatty acid production (33).

CONCLUSION

In  conclusion, the study underscores the importance of anatomical
compartmentalisation in shaping microbial ecology within the gastrointestinal tract of the study
animal. The hindgut's higher bacterial load and greater variation relative to the foregut support
its role as a microbial fermentation chamber, with implications for host nutrition, immunity,
and gut health.
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