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Abstract
Aquaculture is a highly productive and fast-growing agricultural sector. The occurrence of epidemic or sporadic 
disease outbreak is a major limiting factor in this sector, thus better alternatives are the need of the hour. Use of 
indigenous probiotics is a promising strategy to control infectious diseases. Thus, the present study was aimed to screen 
and characterize potent indigenous probiotics from marine fish, Moolgarda seheli, towards enhancing sustainable 
aquaculture production. Totally 347 bacterial isolates were obtained from M. seheli gastrointestinal tract, out of these, 
four isolates (KAF121, 124, 135, 136) were confirmed as potent probiotics in terms of biosafety, highly resistant 
to acidic pH, gastric juice, bile salt, high hydrophobicity to solvents, auto and co-aggregation potential. These four 
isolates also exhibited virtuous antioxidant activity. Further the isolates, KAF124 and 135 proved their efficiency 
in growth and survival of fish after challenged againt Aeromonas hydrophila. The isolates were identified based 
on their 16S rRNA gene sequence and the data were submitted to Genbank as Pseudomonas aeruginosa KAF121 
(MH393516), Bacillus cereus KAF124 (MH393226), Bacillus thuringiensis KAF135 (MH393230), and Pseudomonas 
otitidis KAF136 (MH393230). The results conclude that two isolates, KAF124 and KAF135 are highly safe and potent 
probiotics which are first time isolated from the marine fish M. seheli. The two Bacillus strains could be used as better 
alternatives to antibiotics and other chemical-based drugs to prevent/control infectious diseases in aquaculture.
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Introduction

Aquaculture has become a promising food sector to sustain 
the global demand for nutritional and protein-rich diet to the 
continuously rising human population. The consumption 
of fish and fish products is rapidly increasing in both 
developed and developing countries due to high-quality 
protein content and existence of essential nutrients such as 
vitamins, minerals, polyunsaturated fatty acids, etc. India 
follows China in contributing 6.3% of global fish production 
(Mo et al. 2018). Nevertheless, the growth of aquaculture 
industries is hampered by unpredictable mass mortalities 
due to sudden infectious disease outbreaks (Hai 2015). 
The worldwide economic loss due to disease outbreaks in 
aquaculture industries has been estimated as more than US 
$ 6.0 billion per annum (Vijayan et al. 2017). Patil et al. 
(2021) reported that probability of disease outbreaks in 
India was about 49% with 0.21 million ton shrimp lost 
per annum including the cost of US 1.02 billion. Most of 
the disease outbreaks are caused by bacterial pathogens 
belonging to Edwardsiella, Pseudomonas, Aeromonas, 
Vibrio, and Streptococcus (Anbarasu et al. 1998; Austin 
2015; Austin and Austin 2012).

Conventional  approaches l ike the usage of 
chemotherapeutics and chemical additives have a 
significant role in treating infectious diseases (Newaj-
Fyzul et al. 2014) during aquaculture pond preparation 
and rearing conditions. However, their extensive and 
indiscriminate use has led to harmful consequences like 
the development of multi-drug resistance, accumulation 
of antibiotic residues in aquatic habitats and in fish 
muscles (Bachere 2000), besides causing alteration in the 
microbiota of aquatic environments (de Azevedo et al. 
2015) and food web. Vaccination and immunostimulant 
supplementation are proved as the best measures to 
prevent microbial diseases. However, due to various 
management difficulties and cost-effectiveness their usage 
remains very limited in aquaculture industries especially 
in South Asia (Anbarasu and Chandran 2001; Loh 2017). 
Hence, the development of alternative strategies to control 
infectious diseases has been a foremost alarm nowadays in 
order to improve aquaculture production.

Similarly, probiotics have also been identified as a better 
alternative to combat a wide range of infectious agents 
including bacteria, fungi, parasitic and viral pathogens. 
The application of probiotics in aquaculture is not only 
limited to gastrointestinal diseases/disorders, it is also 
involved in the overall health of the host organisms via 
acting as a growth promoter (Gobi et al. 2018), decreasing 
feed conversion ratio (Hoseinifar et al. 2017), preventing 
microbial diseases (Meidong et al. 2018), enhancing the 
innate immunity (Chauhan and Singh 2019) and improving 

water quality (Ma et al. 2009; Kolndadacha et al. 2011). 
They are known to act both as prophylactic and therapeutic 
agents either via competitive exclusion of specific target 
pathogens or directly inhibiting their adherence, survival, 
and colonization non-specifically (Meena et  al. 2014; 
Newaj-Fyzul et al. 2014).

Indigenous probiotics are more advantageous than any 
other origins in terms of their ability to adhere and to 
colonize the intestinal wall of the host. Feeding habits 
and trophic levels of fish are the major influencing 
factors that determine the gut microflora (Li et  al. 
2016). Probiotics have been characterized from the 
gut of freshwater fish such as Osphronemus goramy 
(Ghosh et al. 2007), Oreochromis niloticus (Lara-Flores 
and Olvera-Novoa 2013; Putar 2015), Channa striatus 
(Allameh et  al. 2014), Catla catla (Muthukumar and 
Kandeepan 2015), Labeo rohita (Thankappan et  al. 
2015), and the digestive tract of shrimp - Litopenaeus 
vannamei (Widanarni et al. 2015) and molluscs - Anadara 
tuberculosa (Sanchez et al. 2015). However, only limited 
studies revealed the significance and characterization of 
marine probiotics (Wanka et al. 2018). In fact, there is 
an increasing demand for native probiotics since others 
could cause many immunological complications. In this 
pipeline, the present study was designed to isolate and 
characterize their probiotics attributes towards managing 
disease outbreaks in mariculture.

Materials and methods

Sampling

The marine fish, Moolgarda seheli (> 25 g) were collected 
from the Bay of Bengal, India (10.7672° N, 79.8449° E), 
and transported to the laboratory by keeping in an icebox 
for further processing.

Indicator pathogens and positive control probiotic

Antimicrobial potential of marine fish bacterial isolates 
was evaluated against common fish pathogens such as 
Aeromonas hydrophila, Vibrio alginolyticus, Vibrio para-
haemolyticus and Staphylococcus aureus were obtained 
from Central Marine Fisheries Research Institute (CMFRI), 
Mandapam, Tamil Nadu, India, and other strains, Shigella 
flexneri MTCC 1457, Enterococcus. faecalis MTCC 439, 
A. hydrophila MTCC 1739, Escherichia coli MTCC 40, 
Pseudomonas aeruginosa MTCC 4679, S. aureus MTCC 
737, Klebsiella pneumoniae MTCC 39 and Proteus vulgaris 
MTCC 426 were purchased from Microbial Type Culture 
Collection (MTCC), Chandigarh, India.
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The Bacillus subtilis culture was purified from the com-
mercially available fish probiotic product and confirmed by 
morphological and biochemical characterization. A single 
colony of purified B. subtilis was cultured and used as posi-
tive control.

Screening of bacterial isolates

The marine fish M. seheli gastrointestinal tract was excised, 
crushed, and serially diluted in peptone water (1%). The 
sample was inoculated on nutrient agar and brain heart 
infusion (BHI) agar plates and incubated at 37 °C for 24 h. 
Based on the colony morphology, discrete colonies were 
randomly selected and sub-cultured 3-4 times to get the pure 
culture of each isolate. The isolates were preliminarily iden-
tified by Gram’s staining, endospore staining, and motility 
test, besides screening for their probiotic’s attributes.

At the outset, the well-grown bacterial isolates were 
checked for their antimicrobial activity against fish patho-
gens and MTCC strains intended for screening purposes as 
described by Nandi et al. (2017). Shortly, Muller Hinton 
agar plates were swabbed evenly with 50 μL of a logarith-
mic broth culture of the above-mentioned indicators con-
taining 2.3 ×  108 CFU/mL. After 5 min, wells of 8 mm 
were cut, 25 μL of a log phase probiotics culture containing 
1.6 ×  108 CFU/mL was loaded onto the wells and incubated 
at 37 °C for 12-14 h. The zone of inhibition was measured 
in diameter and recorded.

Preliminary biosafety assessment (production 
of hemolysin, gelatinase, lipase, and profiling 
of antibiotic sensitivity)

The isolates showing antimicrobial activity were further 
evaluated for their biosafety by assessing the virulence fac-
tors such as hemolytic activity, gelatin liquefaction, lipase 
production, and antibiotic sensitivity. All the tests were 
performed at different incubation temperatures and time to 
check the presence of virulence factors, as detailed in the 
following three different trials.

The hemolytic activity of the selected isolates was 
checked using nutrient agar enriched with human blood 
(5%). After 48 h of incubation, the plates were observed for 
a clear zone around the growth (β-type hemolysis), irregular 
or partial and greenish zone (α- type hemolysis), and no 
zone or reaction (γ- hemolysis).

Gelatinase production was tested by following Perin 
et al. (2014) with minor modifications. Shortly, nutrient 
agar plates supplemented with 3% gelatin (w/v) was spot-
ted with 3 μL of bacterial isolates (1.8 ×  107 CFU/mL) and 
incubated at different temperatures such as 37 °C for 2 days, 
25 °C for 3 days and 4 °C for 10 days to observe a clear halo 
zone around the colony.

Lipase production was assessed by spotting 3 μL cul-
ture of bacterial strains (2.4 ×  107 CFU/mL) on the sur-
face of nutrient agar enriched with 1% (v/v) of tween 
80 and 0.2% (w/v) of calcium chloride, incubated at 
different temperatures such as 37 °C for 2 days, 25 °C 
for 3 days and 4 °C for 10 days. The clear halo zone 
observed around the colony indicates positive for lipase 
production.

The bacterial isolates were checked for their antibiotic 
sensitivity against the following antibiotics by disc diffu-
sion assay: chloramphenicol (25 μg), tobramycin (10 μg), 
erythromycin (15 μg), streptomycin (10 μg), tetracycline 
(10 μg), methicillin (10 μg), ampicillin (10 μg), cetoxim 
(30 μg), ciprofloxacin (10 μg), vancomycin (10 μg), trimeth-
oprim (5 μg), sulfamethoxazole (10 μg), norfloxacin (10 μg), 
rifampicin (5 μg) and amikacin (30 μg). The disc of each 
antibiotic was placed on the surface of the Muller Hinton 
agar plate swabbed with 25 μL of logarithmic phase culture 
(2.8 ×  107 CFU/mL). The antibiotic sensitivity/ resistance 
pattern was measured by the zone of inhibition following 
CLSI 2017 guidelines.

Probiotic characterization

Tolerance to pH, bile salt (sodium cholate) and simulated 
gastric juice

The pH tolerance of the isolates was performed under acidic 
conditions according to the method of Jang et al. (2018) with 
minor modifications. Briefly, 1% of logarithmic phase bac-
terial cultures (1.6 ×  107 CFU/mL) with 0.5 OD at 595 nm 
was inoculated into the nutrient broth adjusted to various 
pH such as 1.0, 2.0, 3.0 and 7.0, and incubated at 37 °C in 
different time points such as 30, 60, 120 and 180 min by 
measuring the OD at 595 nm.

Bile salt tolerance was assessed in vitro to mimic the abil-
ity of the isolates survival in the small intestine. About 1% of 
the logarithmic phase culture containing 0.5 OD at 595 nm 
was inoculated into the nutrient broth supplemented with 
0.3 and 1% (w/v) sodium cholate and incubated at 37 °C. 
Survival was measured by checking OD at 595 nm after 30, 
60, 120 and 180 min. Nutrient broth containing 0% sodium 
cholate was served as control.

Simulated gastric juice tolerance of the bacterial 
isolates was assessed to determine the ability of the 
bacteria to survive in acidic and gastric juices in the 
fish stomach. The logarithmic phase culture (1%) with 
0.5 at OD 595 nm was inoculated into the nutrient broth 
supplemented with pepsin (0.3%) and  NaCl2 (0.5%), at 
pH 2 and 3. Absorbance was recorded at 595 nm after 
incubating 30, 60, 120 and 180  min. Nutrient broth 
without any supplementation at pH 7 was considered as 
a control.
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The survival rate was determined as follows:

where A1: Absorbance of control, A0: Absorbance of 
sample.

Bile salt hydrolase activity

The bacterial isolates bile salt hydrolase (BSH) activity was 
checked as described by Jayashree et al. (2014). Briefly, 
bile salt agar plates were supplemented with sodium cho-
late (0.3%) and  CaCl2 (0.375 g/L). About 8 mm wells were 
cut and 50 μL of the broth culture (1.8 ×  107 CFU/mL) was 
loaded, and incubated at 37 °C for 72 h. The formation of 
opaque granular white precipitate around the well was con-
sidered as positive.

Cell surface hydrophobicity, auto aggregation 
and co‑aggregation with pathogens

The modified method of Rosenberg et al. (1980) was used to 
assess bacterial adhesion to various solvents. Briefly, loga-
rithmic phase bacterial culture containing 1.5 ×  107 CFU/
mL was centrifuged at 4000 rpm, washed twice in sterile 
PBS and resuspended in PBS. About 3 mL of cell suspen-
sion was transferred to 3 separate fresh tubes and 1 mL of 
ethyl acetate (monopolar; basic solvent), xylene (nonpolar; 
neutral) and chloroform (monopolar; acidic) were separately 
added. This mixture was then vortexed for 2 min followed 
by incubation at 37 °C until two distinct layers were formed 
(@ 2 h). The clear liquid was carefully pipetted out into 
fresh tubes and absorbance was measured at 595 nm. The 
percentage of cell adherence was calculated by the following 
formula (Darlimaz et al. 2012; Valeriano et al. 2014)

where A0 is the absorbance of suspension before incubation 
and A1 is the absorbance of suspension after incubation.

Auto aggregation of the bacterial isolates was determined 
according to the method described by Darilmaz et al. (2012). 
Briefly, 18 h bacterial cultures were pelleted by centrifuga-
tion at 4000 rpm for 10 min, washed twice with PBS and 
re-suspended in PBS to get absorbance of 0.5 at 595 nm. The 
suspension was centrifuged and the pellet was resuspended 
in an equal volume of PBS. After 1 and 2 h incubation, 
aggregation was determined by measuring the absorbance 
of upper clear suspension at 595 nm and the percentage was 
calculated as follows (Darlimaz et al. 2012):

Survival rate% =
A0

A1
× 100

Hydrophobicity% = ((A0 − A1)∕A0) × 100

Auto aggregation% = (1 − A1∕A0) × 100

where  A1 = absorbance of upper aqueous phase;  A0 = absorb-
ance of the control.

Similarly, co-aggregation was performed by following 
Zárate et al. 2002with minor changes. Shortly, bacterial culture 
suspensions were prepared as mentioned in the auto aggre-
gation study. Equal quantity of isolated bacterial suspension 
and pathogenic bacteria (A. hydrophila, V. alginolyticus and 
S. aureus) were vortexed and incubated at 37 °C as alone and 
mixture. The absorbance  (OD595) was recorded after 1 and 2 h 
incubation. The percentage of co-aggregation was calculated 
by the following formula

where A1: Absorbance at1h incubation, A2: Absorbance at 
2 h incubation, A mix: Absorbance of culture added with 
probiotic and pathogen.

Antioxidant assay

The first three methods given below were followed by Jang 
et al. (2018) with minor modifications to determine the anti-
oxidant activity of the bacterial isolates.

2, 2‑diphenyl‑1‑picryl‑hydrazyl (DPPH) radical 
scavenging activity

About 125 μL of the bacterial isolates (1.3 ×  107 CFU/mL) was 
mixed with 120 μL of 400 μM DPPH solution as described by 
Das and Goyal (2015). The mixture was vortexed and incu-
bated at 37 °C for 30 min in dark condition. The absorbance 
was measured at 517 nm and the percentage of scavenging 
DPPH radicals was calculated using the following formula:

2‑Azinobis‑(3‑ethylbenzothiazoline‑6‑sulfonic acid) 
di‑ammonium salt (ABTS) radical scavenging activity

The  ABTS+ solution was produced by mixing 14 mM ABTS 
in water with 5 mM potassium persulfate in the dark at room 
temperature for 16 h. The  ABTS+ solution was diluted with 
distilled water until it reached an absorbance of 0.7 at 734 nm. 
150 μL of the bacterial isolates (1.3 ×  107 CFU/mL) was added 
into an equal amount of  ABTS+ solution, vortexed for 1 min 
and incubated at 37 °C for 10 min. The absorbance was read at 
734 nm. The percentage of ABTS radical scavenging activity 
was calculated as follows:

%of Co − aggregation =

[

(A1 + A2) −
2(Amix)

A1 + A2
× 100

]

DPPH radical scavenging activity% =

[

1 −
Absorbance of sample

Absorbance of control

]

× 100
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β ‑ carotene bleaching inhibitory activity

About 2 mg of β –carotene was dissolved in 44 μL of linoleic 
acid and 0.2 mL of tween 80 in 10 mL of chloroform. The 
mixture was thoroughly vortexed and allowed to stand until 
chloroform was fully evaporated and immediately diluted 
to 100 mL with distilled water. About 4.5 mL emulsion was 
mixed with 0.5 mL bacterial isolates (1.3 ×  107 CFU/mL), 
vortexed and incubated in a water bath at 50 °C for 2 h. The 
absorbance of the emulsion was recorded at 470 nm and the 
remaining β -carotene in the mixture was calculated accord-
ing to the following formula:

Reducing power

The assay was carried out according to Das and Goyal 
(2015). Bacterial isolates (200 μL containing 1.3 ×  107 CFU/
mL) was mixed with 0.2 mL of 0.2 M sodium phosphate 
buffer (pH 6.6) with 0.2 mL of 1% potassium ferricyanide, 
and incubated at 50 °C for 20 min. Then, 0.2 mL of 10% 
trichloroacetic acid was added and centrifuged at 7000 rpm 
for 10 min. About 0.5 mL of an upper layer was mixed 
with 0.1 mL of 0.1% ferric chloride and 0.4 mL of distilled 
water, reacted for 10 min and its absorbance was measured 
at 700 nm using a spectrophotometer. L-Cysteine was used 
as a control standard.

Proteolytic, amylolytic and cellulolytic activity 
of the bacterial isolates

These in vitro experiments were conducted to check the abil-
ity of bacterial isolates to hydrolyze proteins, carbohydrates, 
and cellulose as described by Thankappan et al. (2015) with 
minor modifications. Briefly, 2 μL of 18 h old broth culture 
was spotted on the surface of tryptic soy agar (TSA) sup-
plemented with 2% skimmed milk powder for proteolysis, 
2% starch for amylolysis and 1% carboxymethyl cellulose 
(CMC) for the cellulolytic activity. After incubation at 37 °C 
for 48 h, the plates were observed for a clear halo zone 
around the colony for proteolysis, after being flooded with 
Lugol’s iodine solution for amylolytic and with 1% potas-
sium iodide solution for cellulolytic activity.

ABTS radical scavenging activity%

=

(

1 −
Absorbance ofsample − Absorbance of blank

Absorbance of control

)

× 100

� − Carotene bleaching inhibitory activity%

=
Absorbance of sample, 2h − Absorbance of control, 2h

Absorbance of sample, 0h − Absorbance of control, 0h
× 100

Determination of probiotics efficiency in fish 
survival and blood parameters

Based on the above probiotic characterization, the KAF124 
and 135 were selected for evaluating their impact on fish 
survival and blood parameters.

Experimental diet

To check the efficiency of probiotics, 4 groups in triplicates 
each containing 20 fish (L. rohita) of 10.8 ± 1.0 g, were 
separately maintained in 4 fish tanks with constant aera-
tion. The basal fish feed was given to all fish during accli-
matization. The first and second group was fed with fish 
feed supplemented with KAF124 and KAF135 respectively 
(2.2 ×  108 CFU/g). The third group was fed with a fish diet 
supplemented with commercial B. subtilis (2.4 ×  108 CFU/g) 
and the fourth group was given a diet without any bacterial 
supplementation (control). The fish from all the groups were 
fed with a diet at 5% of the body weight and the fish weight 
was measured for every week and the feed ratio was changed 
accordingly. The survival rate was recorded till 30 days. Fish 
body weight gain was estimated as the difference between 
the initial weight and end of the experiment.

Hematological and biochemical parameters analysis

Fish were randomly chosen from all the above groups. 
Then they were immersed in water added with 0.1 ppm 
tricaine methane sulfonate in order to anesthetize before 
collecting blood. About 500 μL of blood was collected 
via heart puncture using one mL syringe with 5 μL of 
10% EDTA solution to count of red blood cells (RBC), 
and white blood cells (WBC), and to determine the level 
of haemoglobin (HGB), haematocrit (HCT), mean cor-
puscular volume (MCV), mean corpuscular haemoglobin 
(MHC) and mean corpuscular haemoglobin concentration 
(MCHC). All these parameters were analysed as described 
by Tachibana et al. (2020).

Furthermore 500 μL of blood was collected and centri-
fuged to separate serum. The serum was used to analyse 
serum protein, albumin, globulin and blood glucose using 
fully automated chemistry analyser, Erba EM 200 (Transasia 
Bio-medicals Ltd., India).

Challenge test against A. hydrophila

Challenge test was conducted, in duplicate, for all the four 
groups treated as mentioned in the probiotic diet experiment. 
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All the four groups of fish (20 Nos.) were divided into two 
subgroups (each containing 10 Nos.) and infected via feed 
as given earlier A. hydrophila containing 2.2 ×  108 CFU/
mL and PBS (pH 7) as control. All the infected fish were 
observed for 10 days and survival rate was recorded.

Phenotypic characterization of the probiotics 
isolates

The selected probiotics were identified by morphological 
characterization viz; Gram’s staining, endospore staining 
and motility test and biochemical analysis viz; production 
of indole, acid, alkalene,  H2S, oxidase, catalase, urease, 
nitrite from nitrate and utilization of citrate. Carbohydrate 
fermentation tests using sugars such as sucrose, lactose, 
mannitol, glucose, maltose, fructose, xylose, rhamnose, 
sorbitol and cellulose were also carried out to character-
ize the isolates.

Molecular characterization of isolates

Genomic DNA of the all four fish origin bacterial isolates 
showing safety characteristics was extracted by the phenol-
chloroform method and confirmed in 1% agarose gel.

Gene sequencing (16S rRNA) and phylogenetic 
analysis

The 16S rRNA gene was amplified by universal primers, 
27F (5’-AGA GTT TGATGMTGG CTC AG-3′), and 1492R 
(5′– GGT TAC CTT GTT ACG ACT T-3′) at the following 
PCR conditions: Initial denaturation at 94 °C for 5 min 
followed by 34 cycles of 94 °C for 1 min (denaturation), 
55 °C for 1 min (annealing) and 72 °C for 3 min (exten-
sion), and a final extension at 72 °C for 7 min and cooled 
at 4 °C. The amplified products were extracted using the 
QIA-quick PCR extraction kit (QIAGEN) and sequenced. 
The sequences were analyzed using BLASTn and aligned 
against reference sequences using CLUSTAL W. Rooted 
phylogenetic trees based on the 16S rRNA gene sequences 
were constructed using the neighbor-joining method in 
MEGA X (Kumar et  al. 2018), combined with boot-
strap analysis. The sequences were submitted to NCBI 
GenBank.

Statistical analysis

All the experiments in this study were conducted in tripli-
cates and analyzed by the one-way variance of analysis and 
Student’s‘t’ test using Graph pad Prism 6. The data were 
given as mean ± SD of triplicates. The significance was ana-
lysed at P < 0.05, P < 0.01, P < 0.001.

Results

Antimicrobial screening

A total of 347 distinct bacterial isolates were collected from 
the gastrointestinal tract of healthy marine fish Moolgarda 
seheli. The pure culture of all the isolates was stored in 5% 
glycerol at −80 °C for further characterization. Well grown 
121 isolates were checked for their antimicrobial screen-
ing against 4 fish pathogens and 8 MTCC strains including 
both Gram-positive and negative bacteria as mentioned ear-
lier. Amongst these, 26 isolates showed antagonistic activ-
ity against all the bacterial pathogens tested (100% activ-
ity) including Gram-negatives such as V. alginolyticus, A. 
hydrophila, V. parahaemolyticus, S. flexneri 1457, E. coli 
40, A. hydrophila 1739, P. aeruginosa 4679, K. pneumoniae 
39, P. vulgaris 426 and Gram positives such as S. aureus, 
Enterococcus faecalis 439 and S. aureus 737. Similarly, 44 
strains showed 66% antimicrobial activity, another 18 strains 
showed 25% activity and the remaining 33 isolates didn’t 
inhibit (0% activity) any pathogen tested by agar well diffu-
sion assay (Fig. 1).

Biosafety assay

The isolates showing efficient (100%) antimicrobial activity 
(26/121) was considered as effective and further underwent 
various biosafety experiments such as hemolytic activity, 
gelatin liquefaction and lipase production. In the hemolytic 
activity, only the isolates KAF121, 124, 135 & 136 were 
not produced in any type of zone around their colonies on 
blood agar plates. All the remaining isolates were not con-
sidered for further characterization as they showed α- type 
of hemolysis (Table 1).

Antimcrobial activty of bacterial isolates
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Fig. 1  Profiling of bacteria isolated from Moolgarda seheli based on 
their antimicrobial spectrum
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Similarly, among the 26 isolates, 22 produced a clear halo 
zone around their colonies in gelatin liquefaction and lipase 
production assays. Moreover, these isolates showed positive 
results at all incubation temperatures (4, 25 and 37 °C). The 
remaining four isolates (KAF121, 124, 135 & 136) were 
negative for gelatin liquefaction and lipase production at all 
the tested conditions (Table 1).

For antibiotic sensitivity assay, the isolates such as 
KAF121, 124, 128, 135, 136 and 141 were resistant to 
methicillin and ampicillin, and highly sensitive to all other 
remaining antibiotics tested viz; chloramphenicol, tobramy-
cin, erythromycin, streptomycin, tetracycline, cetoxim, cip-
rofloxacin, vancomycin, trimethoprim, sulfamethoxazole, 
norfloxacin, rifampicin and amikacin (Table 1). Based on 
the above results, the four isolates namely, KAF121, 124, 
135 and 136 were successfully proved their biosafety facets 
and their probiotic attributes were assessed.

Effect of acidic pH, gastric juice and bile salt 
concentration

For the acid tolerance assay, a gradual reduction in sur-
vival rate was observed after 30 min at all pH (1–3) in 
relation to increased incubation time. Nevertheless, all the 
four isolates survived after 180 min, in specific to the iso-
late KAF124 showed the highest percentage of survivabil-
ity (61, 67 & 70%) at pH 1, 2 and 3 respectively, followed 
by KAF135, 121, 136, and B. subtilis detailed results were 
shown in Table 2.

Similarly, in bile salt tolerance in vitro assay results 
illustrate that B. subtilis showed the highest survival of 
70 and 58% after 180 min incubation at 0.3 and 1% of 
sodium cholate respectively and followed by KAF124 and 
135 with marginal difference. (Table 2).

Table 1  Biosafety assessment of bacteria isolated from Moolgarda seheli towards screening of potent probiotics

Bacterial Isolates Phenotypes

Activities Antibiotic resistance

Haemolysin Gelatinase Lipase

4 °C
10 days

25 °C/
3 days

37 °C/
2 days

4 °C/
10 days

25 °C/
3 days

37 °C/
2 days

KAF009 α + + + + + + Chl, Ery, Str, Amp, Met, Van, Ami
KAF040 α + + + + + + Ery, Str, Amp, Met, Van
KAF110 α + + + + + + Ery, Str, Amp, Met, Van
KAF119 α + + + + + + Ery, Str, Amp, Met, Van
KAF121 γ – – – – – – Amp, Met
KAF122 α + + + + + + Chl, Ery, Str, Amp, Met, Van, Ami
KAF124 γ – – – – – – Amp, Met
KAF126 α + + + + + + Ery, Str, Amp, Met, Van, Ami
KAF128 α + + + + + + Amp, Met
KAF131 α + + + + + + Ery, Str, Amp, Met, Rif
KAF134 α + + + + + + Ery, Str, Amp, Met, Van, Rif
KAF135 γ – – – – – – Amp, Met
KAF136 γ – – – – – – Amp, Met
KAF139 α + + + + + + Ery, Str, Amp, Met, Rif
KAF141 α + + + + + + Amp, Met
KAF142 α + + + + + + Ery, Str, Amp, Met, Van, Rif
KAF167 α + + + + + + Ery, Str, Amp, Met, Rif
KAF190 α + + + + + + Chl, Ery, Str, Amp, Met, Rif
KAF204 α + + + + + + Ery, Str, Amp, Met, Rif
KAF208 α + + + + + + Chl, Str, Amp, Met, Rif
KAF209 α + + + + + + Chl, Str, Amp, Met, Rif
KAF213 α + + + + + + Str, Amp, Met, Rif, Sxt,Amk
KAF217 α + + + + + + Chl, Str, Amp, Met, Rif
KAF222 α + + + + + + Chl, Str, Amp, Met
KAF239 α + + + + + + Ery, Str, Amp, Met, Rif
KAF247 α + + + + + + Chl, Str, Amp, Met
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Table 2 also depicts the simulated gastric juice toler-
ance rate of isolates at pH 2 and 3. The KAF124 exhibited 
the highest tolerance rate of 59 and 65% at pH 2 and 3 
respectively when compared to the other 3 isolates and 
commercial probiotics (KAF121, 135, 136 and B. subti-
lis) after 180 min of incubation. Likewise, the KAF121 
showed the least tolerance rate of 50 and 54% at pH 2 and 
3 respectively after 180 min.

All the four isolates possessed the BSH activity but the 
precipitation zone was significantly (p < 0.5) varied among 
the isolates. KAF124 produced the largest precipitation zone 
(7.2 mm) followed by KAF135 and B. subtilis with 6.8 mm. 
The other two isolates (KAF121 and 136) produced low BSH 
activity by producing less than 2.0 mm zone around the wells.

Bacterial adherence to solvents

The bacterial adherence activity in the gastrointestinal tract 
was evaluated under in vitro condition by their hydropho-
bicity to various solvents. It was denoted by high adher-
ence to xylene (apolar solvent) and ethyl acetate (polar 
and basic). KAF135 showed a higher hydrophobicity to 
xylene (76.9 ± 2.3%) and ethyl acetate (67.8 ± 3.42%) than 

chloroform (24.3 ± 2.7%). Similarly, KAF124 also showed 
better hydrophobicity with xylene (71.5 ± 1.3%) and ethyl 

Table 2  Potential probiotic isolates viability in acidic, bile salt and gastric juice exposure at different time points in various pH and bile salt con-
centration

Values are given as mean ± SD. Asterisks indicate the significant difference from commercial probiotic (positive control) and test probiotics 
(KAF 121, 124, 135 & 136). *P < 0.05, **P < 0.01, ***P < 0.001, #: nonsignificant

Bacterial isolates Time points 
(min)

Survival (%) at low pH Survival (%) at bile condition Survival (%) at simulated 
gastric juice

pH 1 pH 2 pH 3 0.3% 1% pH 2 pH 3

KAF121 30 66 ± 1.3* 74 ± 2.4** 76 ± 3.4# 70 ± 1.5*** 65 ± 1.3** 70 ± 1.5*** 74 ± 2.3#

60 61 ±  2# 71 ± 3.1** 73 ± 3.3* 67 ± 1.5*** 57 ± 1.5*** 69 ± 2.3*** 70 ± 1.3**

120 57 ± 2.3# 64 ± 3.3** 67 ± 1.7* 62 ± 1.1*** 50 ± 2.3# 57 ± 2.0# 62 ± 2.2**

180 54 ± 1.5*** 56 ± 4.1# 61 ± 2.0*** 57 ± 1.5*** 45 ± 2.3* 50 ± 1.1*** 54 ± 1.8**

KAF124 30 70 ± 2.0*** 75 ± 3.4** 77 ± 3.1* 75 ± 2.4# 70 ± 1.4* 68 ± 1.5*** 72 ± 1.3#

60 67 ± 3.1*** 72 ± 1.3*** 75 ± 2.0*** 74 ± 1.5# 63 ± 2.2# 65 ± 2.0*** 70 ± 1.0**

120 64 ± 3.3** 70 ± 3.1*** 72 ± 3.4# 71 ± 1.3** 62 ± 2.1** 62 ± 2.3** 67 ± 1.5***

180 61 ± 1.3** 67 ± 2.7*** 70 ± 1.3*** 68 ± 1.4# 50 ± 2.3# 59 ± 1.5*** 65 ± 2.0**

KAF135 30 68 ± 2.5** 74 ± 3.4* 75 ± 2.5# 73 ± 1.3# 68 ± 2.2# 67 ± 1.3*** 73 ± 1.5#

60 65 ± 3.4** 70 ± 3.2** 71 ± 1.5# 71 ± 1.5* 60 ± 1.5* 64 ± 2.3** 71 ± 1.3**

120 63 ± 2.0*** 67 ± 1.6** 70 ± 1.7# 68 ± 2.0# 55 ± 2.4* 61 ± 2.0** 65 ± 2.0*

180 59 ± 3.3*** 65 ± 2.5*** 67 ± 2.0# 63 ± 1.5** 50 ± 1.1# 58 ± 1.3*** 63 ± 2.0*

KAF136 30 71 ± 1.3*** 74 ± 1.1* 76 ± 3.3# 68 ± 2.7*** 66 ± 1.5# 70 ± 1.3*** 72 ± 1.5#

60 58 ± 3.1# 70 ± 3.3** 71 ± 1.5# 64 ± 2.4*** 55 ± 2.0*** 61 ± 2.3# 65 ± 1.3*

120 54 ± 1.4# 66 ± 3.1*** 68 ± 3.1# 58 ± 1.3*** 48 ± 2.3*** 57 ± 3.0# 61 ± 2.3*

180 50 ± 2.0# 62 ± 1.3*** 65 ± 2.0# 50 ± 1.5*** 41 ± 1.3*** 51 ± 1.3** 56 ± 2.0#

Positive control 30 64 ± 1.7 70 ± 2.5 74 ± 2.4 74 ± 1.1 68 ± 2.3 64 ± 1.1 72 ± 3.1
60 60 ± 1.3 64 ± 3.4 70 ± 1.1 73 ± 1.5 62 ± 1.7 60 ± 1.7 67 ± 2.1
120 56 ± 3.4 59 ± 1.4 70 ± 3.1 70 ± 2.0 58 ± 2.0 57 ± 2.5 63 ± 1.3
180 49 ± 2.0 56 ± 1.0 66 ± 1.5 67 ± 3.1 49 ± 2.7 53 ± 1.1 59 ± 3.1
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Fig. 2  Adhesion of bacterial isolates to various hydrocarbons after 
1 h incubation. Values shown as mean ± SD. Asterisks indicate signif-
icant differences from positive control and test probiotics (KAF121, 
124, 135 & 136). *P < 0.05, ***P < 0.001, #: nonsignificant
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acetate (60.5 ± 1.7%) than chloroform (46 ± 1.8%). But, 
KAF121 and 136 showed a higher percentage of hydro-
phobicity towards ethyl acetate than xylene. There was a 
significant difference (P < 0.05) was observed between test 
probiotics and B. subtilis (Fig. 2).

Auto and co‑aggregation

The auto-aggregation result shows that all the four isolates 
showed good aggregation potential. KAF135 (75.3 ± 2.2%), 
124 (71.1 ± 2.0%), KAF 136 (61.7 ± 1.8%) showed higher 
aggregation potential than the positive control, B. subtilis 
(59.5 ± 1.5%). While KAF121 showed least aggregation 
(58.5 ± 2.4%) with marginal difference at 2 h incubation 
(Fig. 3). Similarly, the co-aggregation property of the bacte-
rial isolates was analyzed at 37 °C using 3 different fish path-
ogens. All the strains tested showed good aggregation ability 
with all three pathogens but the percentage of aggregation 
significantly varied (P < 0.05) from each pathogen. The 
highest co-aggregation percentage was observed in KAF135 
with V. alginolyticus (32.6 ± 2.2%), S. aureus (29.6 ± 2.0%) 
and A. hydrophila (26.1 ± 1.8%) than B. subtilis. Likewise, 
the least co-aggregation was observed from KAF136 with 
V. alginolyticus (5.4 ± 1.8%), S. aureus (10.1 ± 2.0%) and A. 
hydrophila (13.7 ± 2.2%) (Fig. 4).

Antioxidant assay

The antioxidant activity of bacterial isolates was deter-
mined by four different methods and the results are shown 
in Fig. 5. All the isolates were found to be possessing high 

antioxidant activity. The isolate, KAF135 showed a high 
potential of scavenging DPPH (93.3 ± 3.4%), followed by 
B. subtilis (87 ± 2.7%), KAF124 with 83 ± 3.0%. For the 
ABTS method, all the four tested isolates exhibited the abil-
ity to scavenge the radical ABTS with a range of inhibitory 
percentage from 61.4 to 52.8 ± 2.4%. Among the isolates, 
KAF135 showed maximum activity (61.4 ± 1.5%) and 
KAF136 showed the least activity (52.8%). The inhibitory 
activity of β -carotene bleaching results are highly promis-
ing and KAF135 (95.1%) showed the maximum than all 
other isolates, KAF121 (56.1 ± 2.3%), 124 (65.3 ± 2.1%), 
B. subtilis (60.4 ± 2.1%) and 136 (58.5 ± 2.2%). Accord-
ing to the reducing power, the positive control, B. subtilis 
(60.3 ± 2.5 μM) showed the highest reducing power ability 
than the isolates, KAF121, 124, 135 and 136.

Characterization of probiotics for extracellular 
enzymes

The ability of isolates to produce various extracellular 
enzymes including protease, amylase and cellulase were 
checked by the plate assay method. All the four isolates and 
B. subtilis were found to be positive for protease, amylase 
and cellulose as a clear zone was observed around the col-
ony in skim milk agar, starch agar and CMC respectively.
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Fig. 3  Auto aggregation potential of bacterial isolates after incu-
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and asterisks indicate significant difference from positive control 
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Fig. 4  Co-aggregation potential of bacterial isolates with fish patho-
gens (Aeromonas hydrophila, Staphylococcus aureus & Vibrio algi-
nolyticus) after 2  h incubation. Values are given as mean ± SD of 
three replicates. Asterisks indicate significant differences from posi-
tive control and test probiotics (KAF121, 124, 135 & 136). *P < 0.05, 
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Characterization of probiotics by challenge test

There was no mortality observed when the fish were fed 
with KAF124, 135, B. subtilis and control group; perhaps a 
notable weight gain of 23.84, 23.13, 22.14 and 11.12 were 
observed respectively after 30 days of the experiment.

Blood was collected at the end of the experiment (30th 
day) from fish fed with KAF124, 135, B. subtilis and basal 
diet only (control). Overall results revealed the significant 
difference (P < 0.05) between probiotics supplemented feed 
and basal feed given fish. Among the four groups, maximum 
WBC count was recorded from KAF124 supplemented fish 
(350 ± 3.46 ×  106/μL), followed by KAF135 (300 ± 3.33 ×  106/
μL) and B. subtilis (280 ± 4.24 ×  106/μL). The results for the 
remaining parameters (RBC, HCT, MCV, MCH, MCHC) fol-
lowed in the same hierarchy. However, maximum HGB was 
recorded from KAF135 added tank (17.8 ± 0.94 g/dL) and was 
followed by commercial probiotic (B. subtilis) (16.7 ± 1.23 g/
dL) and KAF124 (15.1 ± 0.78 g/dL) supplemented tanks with 
marginal difference (Table 3).

According to serum biochemical parameters, highest 
serum protein concentration was estimated from fish fed 
with diet mixed KAF124, 135 (10.4 ± 1.49, 10.1 1.13 g/dL 
respectively) and commercial probiotic (8.8 ± 1.04 g/dL) 
than the control (5.2 ± 0.53 g/dL). Likewise, albumin level 
was also higher in probiotic supplemented groups (4.4-4.6 g/

dL) than control group (2 ± 0.58 g/dL). High serum globulin 
was observed from KAF124 supplemented fish (5.9 ± 0.63 g/
dL), followed by KAF135 (4.2 ± 0.84 g/dL) and B. subtilis 
(4.0 ± 0.56 g/dL) (Table 3).

The survival percentage was higher in KAF124 supple-
mented fish after challenging with A. hydrophila and there 
were no mortalities observed on the 10th day of the experi-
ment. In the KAF135 supplemented fish group, 100% sur-
vival was observed till the 7th day and it was reduced to 80% 
on the 10th day. The same survival rate was observed from 
the fish group given the commercial B. subtilis diet. Whereas 
in the control group, only 40% of survival was observed on 
the 7th day and it was suddenly reduced to 10 and 0% on the 
consequent days.

Identification of potent probiotics

The isolates were primarily characterized by their pheno-
typic features such as morphological, physiological and 
carbohydrate fermentation patterns and compared with 
Bergey’s Manual of Systematic Bacteriology. The genomic 
DNA was extracted, purified and amplified for their 16S 
rRNA sequences and confirmed their presence by showing 
1.5 kb in 1.2% agarose gel electrophoresis. The BLASTn 
analysis of 16S rRNA gene sequences of KAF121, 124, 135 
and 136 showed that 98.3, 100, 97.4 and 98% similarity 

Fig. 5  Antioxidant activity of 
bacterial isolates determined by 
different methods: (a) DPPH 
radical scavenging activity, (b) 
ABTS radical scavenging activ-
ity, (c) β carotene bleaching 
inhibitory activity, (d) Reducing 
power. Values are given as 
mean ± SD of three replicates. 
Asterisks indicate significant 
differences from positive control 
and test probiotics (KAF121, 
124, 135 & 136). *P < 0.05, 
**P < 0.01, ***P < 0.001, #: 
nonsignificant
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with P. aeruginosa, B. cereus, Bacillus thuringiensis and 
Pseudomonas otitidis respectively. The sequences of P. aer-
uginosa KAF121, B. cereus KAF124 and B. thuringiensis 
KAF135 and P. otitidis KAF136 were submitted to NCBI 
and their accession numbers are MH393516, MH393226, 

MH393230 and MH393232 respectively. The phylogenetic 
tree was constructed from the sequences with the sum of 
branch length for P. aeruginosa KAF121 (0.15), B. cereus 
KAF124 (0.00), B. thuringiensis KAF135 (0.01) and P. 
otitidis KAF136 (0.01) (Fig. 6).

Table 3  Effect of probiotics supplemented diet on blood and serum parameters of Labeo rohita (30 days experiment)

Values are given as mean ± SD. Asterisks indicate the significant difference from control group and probiotics treated groups for 30 days of the 
experiment. *P < 0.05, **P < 0.01, ***P < 0.001, #: nonsignificant

Parameters KAF124 supple-
mented group

KAF135 supple-
mented group

Commercial probiotic sup-
plemented group

Control fed 
with basal 
diet

Hematological
  RBC (×106 /μL) 2.8 ± 0.36** 2.5 ± 0.51* 2.4 ± 0.42# 1.8 ± 0.12
  WBC (×106 /μL) 350 ± 3.46*** 300 ± 3.33*** 280 ± 4.24*** 180 ± 3.03
  Hemoglobin (HGB) (g/dL) 15.1 ± 0.78*** 17.8 ± 0.94*** 16.7 ± 1.23*** 8.7 ± 0.45
  Hematocrit (HCT) (%) 40.2 ± 1.43*** 37.6 ± 1.72*** 34.7 ± 1.42*** 20 ± 2.49
  Mean corpuscular volume (MCV) (fL) 245 ± 3.14*** 220 ± 3.36*** 232 ± 4.63*** 180 ± 2.13
  Mean corpuscular hemoglobin (MCH) (pg) 118 ± 2.40*** 110 ± 2.64*** 107.6 ± 3.42*** 70 ± 2.26
  Mean corpuscular haemoglobin concentration 

(MCHC) (g/dL)
62.2 ± 2.01*** 60.4 ± 2.75*** 52.6 ± 1.23*** 35.8 ± 2.31

Biochemical
  Serum protein (g/dL) 10.4 ± 1.49*** 10.1 ± 1.13*** 8.8 ± 1.04*** 5.2 ± 0.53
  Serum Albumin (g/dL) 4.6 ± 0.86*** 4.4 ± 0.71*** 4.4 ± 0.4*** 2 ± 0.58
  Serum Globulin (g/dL) 5.9 ± 0.63*** 4.2 ± 0.84* 4.0 ± 0.56# 3 ± 0.35
  Albumin/ globulin ratio 1.3 ± 0.21*** 1.1 ± 0.08*** 0.8 ± 0.09** 0.5 ± 0.04
  Blood glucose (mg/100 mL) 149.7 ± 2.14*** 150.4 ± 1.91*** 137.5 ± 1.36*** 90 ± 1.48

Fig. 6  Phylogenetic tree to analyse the evolutionary relationship of probiotic isolates (a) Pseudomonas aeruginosa KAF121, (b) Bacillus cereus 
KAF124, (c) Bacillus thuringiensis KAF135, (d) Pseudomonas otitidis KAF136
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Discussion

Mariculture is a highly fascinating and profitable agricul-
tural sector, developed all over the coastal line, to meet 
sustainable aquaculture production. In India, the total fish 
production during the period of 2017-18 is around 12 mil-
lion metric tons, in which 50% of the production is from 
culture fisheries (http:// nfdb. gov. in/ about- indian- fishe ries. 
html). Nevertheless, this industry is continuously facing 
many challenges including infectious disease outbreaks 
due to the emergence of drug-resistant pathogens, which 
leads to major loss to the industry in terms of heavy mor-
tality, loss of food scarcity and economic crisis. To over-
come this issue, scientifically proven advanced preventive, 
therapeutic and environmentally safe approaches are the 
need of the hour.

Fish gut consists of an unexplored and dynamic micro-
bial ecosystem (Nayak 2010), besides which gut microbes 
are mirrors of the host’s health status and potent defend-
ers of infectious pathogens. In order to make use of these 
beneficial aspects of these unexplored gut microbes, it is 
indispensable to characterize them completely. Probiotics 
are living microbes when acquired adequately provide a 
number of benefits to the host by reshaping the gut micro-
environment. Recent research findings illustrate that pro-
biotics supplementation has the ability to prevent/control 
microbial infections including SARS-CoV-2 (Gohil et al. 
2021). The majority of probiotics available in the mar-
ket for aquaculture originated from terrestrial livestock 
(Martínez et al. 2012) which have not completely dem-
onstrated their successful persistence and colonization in 
the fish gut. So, native probiotics must be identified and 
characterized, being considered for better adaptation to the 
fish gut microenvironment. At this point, the present study 
illustrates the marine fish, Moolgarda seheli GI microbe’s 
characteristics towards identifying them as probiotics. 
Among the several isolated autochthonous bacterial com-
munities, closely associated with the fish gut region, a few 
pathogenic strains also existed with antagonism towards 
aquatic pathogens including A. hydrophila, V. alginolyti-
cus, Vibrio parahemolyticus, and S. aureus.

Earlier reports are evidence that several potential pro-
biotics bacteria exhibiting antagonistic activity against 
a wide range of Gram-positive and negative pathogens 
(Thankappan et al. 2015). The Bacillus sp. identified as a 
potent probiotic has the ability to produce many pharma-
ceutically significant antibiotics (>150) against pathogens 
including Helicobacter pylori (Pinchuk et al. 2001) by its 
4-5% of the genome (Stein 2005). In this study, we initially 
screened gut isolates with antagonistic activity against a 
wide range of pathogens. Among them, four bacterial 
isolates namely, KAF121, 124, 135 & 136 displayed the 

best results in terms of antagonistic activity and inhibited 
the growth of pathogens tested (A. hydrophila, V. algino-
lyticus, V. parahaemolyticus, S. aureus, S. flexneri MTCC 
1457, E. faecalis MTCC 439, A. hydrophila MTCC 1739, 
E. coli MTCC 40, P. aeruginosa MTCC 4679, S. aureus 
MTCC 737, K. pneumoniae MTCC 39 and P. vulgaris 
MTCC 426) indicating their broad antimicrobial spectrum 
against fish and human pathogens.

Further, the presently isolated bacteria were both Gram 
positives (B. cereus KAF124, B. thuringiensis KAF135) and 
negatives (P. aeruginosa KAF121 and Pseudpmonas otitidis 
KAF136). Bacillus strains are industrially important bacte-
ria with the ability to produce proteolytic enzymes (Urdaci 
and Pinchuk 2004; Jadhav et al. 2017) antioxidants (Shen 
et al. 2010) and tolerate extreme environmental conditions 
(Thankappan et al. 2015) due to their spore-forming ability. 
Various Bacillus sp. were evaluated for their efficacy in vari-
ous sectors like poultry, cattle and aquaculture (Hong et al. 
2005; Mazza 1994). However, Bacillus clausii was a potent 
probiotic commercially available in the market (Enterog-
ermina) to balance the intestinal flora during diarrhea or 
antibiotic therapy (Thankappan et al. 2015). The existing 
activity of P. aeruginosa KAF121 and P. otitidis KAF136 
were especially interesting since they are considered as 
opportunistic pathogens. The biosafety assay results con-
firm that they are non-pathogenic by means of not produc-
ing α-, and β-hemolysins, negative for gelatin liquefaction 
and lipase production. In addition, earlier studies are proven 
that Pseudomonas can be used as probiotics in aquaculture 
(Hoque et al. 2019).

The antibiotic susceptibility profile revealed that the 
selected isolates are immune to methicillin and ampicillin 
while being susceptible to all other antibiotics tested. The 
sensitivity of the probiotics to certain commercial antibiot-
ics is one of the requisites of probiotics. Antibiotic-resistant 
probiotics can transfer their genes to other gut microflora 
(Zheng et al. 2017) and are harmful to fish and humans, as 
secondary consumers via the food chain.

To exert the beneficial effect as probiotics on the host, the 
bacteria must have the ability to survive during the transi-
tion time between the stomach and upper part of the intes-
tine, and sufficient numbers must be reached and colonized 
in the gut (Abatenh 2018). So, resistance to low pH in the 
in vitro assay is a positive phenomenon to overcome the 
host stomach gastric juice and bile salt in the small intestine, 
which is one of the significant selection criteria to identify 
as potent probiotics. All the selected isolates showed vary-
ing viability levels in low pH. The highest survival rate was 
observed in B. cereus (68 and 57% in 0.3 and 1% of bile salt 
respectively) when compared to other bacteria. This result 
is concurrent with reports of Thankappan et al. (2015) who 
observed the highest tolerance of B. subtilis in 0.3% than at 
1% bile salt. The physiological concentration of bile salt in 
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the fish gut is between 30 g/L (Nieva-Echevarría et al. 2016), 
so 0.3% is considered a critical level for checking the bile 
tolerance ability of isolates by in vitro condition. B. cereus 
and B. thuringiensis screened in the present study showed 
increased survival after 3 h exposure to bile salt condition 
(0.3 and 1%) indicating their bile tolerance. Moreover, the 
two isolates showed stronger bile tolerance than other pro-
biotics reported by earlier studies Lactobacillus sp. (Shehata 
et al. 2016), Enterococcus faecium (Rehaiem et al. 2014) 
and Bacillus sp. (Thankappan et al. 2015). The two Bacil-
lus sp. also exhibited high BSH activity by producing large 
precipitation zones (7.2 and 6.8 mm respectively) in bile salt 
medium. The current result supports that the BSH activity of 
probiotics renders them more resistant to bile salt (Noriega 
et al. 2006). Overall, B. cereus KAF124 and B. thuringiensis 
KAF135 showed a high capacity of gastrointestinal transit 
tolerance, and these results are significant for considering 
these isolates as a potential candidate for probiotics develop-
ment in the aquaculture sector.

Hydrophobicity is another key factor that contributes 
to the adhesion properties to the host tissues (Guo et al. 
2010) and the most commonly accepted way to identify 
non-specific cell adhesion properties (Rijnaarts et al. 1993). 
Consequently, this could indicate a key feature of the bacte-
rial balance in the fish gut and contribute to the competitive 
exclusion of pathogens (Gueimonde and Salminen 2006). 
The in vitro measurement of adhesion property has been 
extensively studied using various hydrocarbons. Herein, the 
results suggested that B. thuringiensis cell wall (KAF135) 
may be highly hydrophobic in nature and have acidic char-
acteristics. Moreover, the same isolate (KAF135) had max-
imum autoaggregation ability (75%) after 2 h incubation; 
illustrating aggregation is related to surface hydrophobicity 
(Del Re et al. 2000). This result is correlated with previ-
ous studies reported for Propionibacterium freudenreichii 
subsp. Shermanii (Zárate et al. 2002), Propionibacterium sp. 
(Darlimaz et al. 2012), Lactobacillus salivaris and Bacillus 
breve (Collado et al. 2008). The attribute of autoaggregation 
appears to be an essential probiotic feature for adhering to 
the intestinal epithelial cells, along with co-aggregation pos-
ing a barrier that prevents pathogenic colonization in the gut 
region (Del Re et al. 2000). Here, KAF135 and 124 showed 
remarkable co-aggregation ability with all the three patho-
gens tested with varying percentages. These results support 
that the co-aggregation ability directly correlates with auto 
aggregation propensity.

The ability of probiotics to exert antioxidant activity 
has been attracted since the reduction of excessive reactive 
radicals contributes to the prevention and control of sev-
eral diseases associated with oxidative stress in aquaculture 
organisms. Among the four probiotics, KAF135 (B. thur-
ingiensis) showed higher activity in DPPH, ABTS, radical 
scavenging, and β -carotene bleaching inhibition indicating 

their antioxidant potential. Overall results indicated that the 
B. thuringiensis possessed comparable antioxidant activ-
ity than Lactobacillus plantarum Ln1 (Jang et al. 2018), L. 
plantarum B4496 (Das and Goyal 2015) and Leuconostoc 
sp. (Ji et al. 2015) evaluated in earlier reports.

The ability of probiotics to produce extracellular enzymes 
such as protease, amylase, and cellulase are another antici-
pated property to select the potential probiotics, since these 
enzymes play a major role in the feed utility, feed conversion 
ratio (Mulyasari et al. 2016) and reducing environmental 
pollution (Lalloo et al. 2007). The in vitro results of the cur-
rent study strongly confirm that the characterized two Bacil-
lus sp. are potential candidates to use as probiotics when 
compared to the Pseudomonas sp.

The probiotic supplemented diet was found to be safe as 
there were no mortalities observed during the study period 
of 30 days, indicating the non-pathogenic nature of probi-
otics and enhancing non-specific immunity. On the other 
hand, all the fish died in the pathogen treated control group 
indicating the protective role of probiotics against micro-
bial infection. This current safety experiment result was 
supported by Wang et al. (2020) and Dias et al. (2018) who 
tested B. cereus and reported that the strain was safe to O. 
niloticus and Colossoma macropomum respectively and 
improved their growth.

The hematological analysis is evidenced by a significant 
increase in all the blood parameters in the group fed with 
KAF124, 135 and commercial probiotic when compared 
to the control group. The current result was supported by 
Abomughaid (2020) and Aly et al. (2008). All these reports 
revealed that nonspecific immunity was more intensely stim-
ulated by tested probiotics, KAF124 and 135 than positive 
control, B. subtilis.

Conclusion

The two Bacillus strains, B. cereus KAF124 and B. thuring-
iensis KAF135 showed better probiotic attributes including 
broad spectrum of antimicrobial activity, biosafety, possi-
ble transit and colonize in the gastrointestinal tract, capac-
ity to produce various essential digestive enzymes with 
antioxidant potential than that of the commercial probiotic, 
B. subtilis. Further, these two isolates were proved as non-
pathogenic and they stimulated fish growth and nonspecific 
immunity better than B. subtilis. The results concluded that 
the two Bacillus sp. KAF124 and 135 could be better pro-
biotic candidates than that of commercial probiotic, B. sub-
tilis. The study also reveals that the in vitro screening of 
native probiotics from marine sources constitutes a valuable 
approach for the large-scale preliminary selection of most 
effective and safe probiotics anticipated for enhancing the 
aquaculture production.
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