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ABSTRACT: This study was designed to evaluate potential probiotic bacteria isolated from indigenous fresh-
water catfish (Clarias anguillaris) for productive performance and health status of catfish in the year 2022. The
probable probiotic bacteria (Bacillus species) were isolated and identified from the skin and intestine of catfish (C.
anguillaris) using standard procedures. The identified Bacillus species were screened for probiotic properties such
as antagonistic (inhibitory) properties, bacteriocin production ability, pH and bile tolerance, amylolytic; protease
and lipolytic activities and virulence tests were performed using standard procedures. Successful bacteria were
molecularly characterized using polymerase chain reaction (PCR) and sequenced for definitive identification.
Species with DNA sequences that matched closely with typed probiotics from National Center for Bioinformat-
ics (NCBI) data base were picked as prospective probiotic bacteria. Ninety (90) and eighty-six (86) bacterial
species from skin and intestine respectively were recorded. Five (5) and eleven (11) Bacillus species from skin
and intestine respectively were subjected for screening for probiotic capability. All the Bacillus species isolated,
characterized in this study showed positive response to the probiotic properties as possible probiotic bacteria.
All the Bacillus species inhibited more than 1 indicator organism with minimum of 11 mm diameter zone of
inhibition (DZI) during antagonistic test and all possess ability of bacteriocin production except Bsp4 and Bsp7.
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INTRODUCTION

Aquaculture is commonly referred to as fish farming
(Souza, 2018 because fish farming is the principal
form of aquaculture (Wang et al., 2021) which im-
plied some sort of intervention in the rearing pro-
cess to enhance production processes such as regular
stocking, feeding, and protection from diseases and
predators. The rapid growth of aquaculture is closely
linked to its significant contribution to global food
production, raw materials for industries and phar-
maceutical use and aquatic organisms for stocking
and/or for ornamental trade increased dramatically
in the past recent decades (FAO, 2010), which made
the need for aquaculture to increase globally. The
demand of fisheries in developed and developing
countries has continued to grow due both to pop-
ulation growth and increased per-capita consump-
tion. Fish and fish products is the cheapest source
of protein and an important cash crop improving the
livelihood of both rich and peasant in many regions
of the world (FAO, 2016) that has contributed for
1% of all global trade in value terms (Bhatnaga and
Davi, 2013). However, the aquatic organisms are like
any other terrestrial animals, they can experience
problems related to disease conditions either due to
deterioration of the environment or from ill handling
that results in some serious economic losses. Con-
ventional approach adopted to prevent and control
disease occurrence in aquaculture is the use of anti-
microbial drugs (Alderman and Hastings, 2004), but
Rodgers and Furones (2009) had observed that limit-
ed success had been achieved. Disease treatments are
often ineffective, costly and result in development
of drug resistant pathogens, product, residues in tis-
sues and environmental contamination (Senok et al.,
2005). The indiscriminate use of antibiotics even
without diagnosis resulting to giving incorrect dose,
have led to an increase frequency of drug resistant
microorganisms and multiple antibiotics resistance
(Muteeb et al., 2023). There have been serious grow-
ing concerns on the public health threat, which not
only in human medicine, but also in aquaculture
(Jahangiri and Esteban, 2018). The consequences of
antibiotic use have become a global issue, leading to
restrictions or bans on their use in food producing
animals. One of most significant technology that
evolved in response to disease control problem is
the use of beneficial bacteria (probiotics) which have
been considered a valid alternative to prophylactic
use of antibiotics for control of bacterial pathogens
in aquaculture and promoting the growth of ani-
mals. There is therefore growing advocacy to shift

from the use of the troublesome antimicrobial agents
to use a safer technology that is free from public
health hazard. The application of beneficial (pro-
biotic) bacteria which control pathogens through
variety of mechanisms of action is globally viewed
to be the best alternative to antibiotic treatment. The
use of probiotics in human (Rocha-Ramirez et al.,
2017) and aquaculture have been documented which
is focused on the probiotic ability to improve the
immune response and nutritional parameters of the
host through efficient feed conversion ratio (Rini
et al. 2014). Other significances are stimulation of
appetite, improvement of nutrition by production of
vitamins, detoxification, and breakdown of indigest-
ible compound (Jahangiri and Esteban, 2018) which
are not obtainable with antibiotics. The United State
Food and Drug Administration (FDA) designated
probiotics as ‘generally recognized as safe’ (GRAS)
according to Arora et al. (2019). The term probiotic
is derived from two Greek words, ‘Pro and Bios’
which means ‘for life’ is defined as live microbial
which when administered adequately or appropriate
confers health benefits to the host (FAO, 2001; FAO/
WHO, 2002). Due to aquaculture peculiarities’ pro-
biotics could be defined as live microbial supplement
that is administered via artificial or natural feed or
directly into rearing water which provide benefits to
the animal by improving the water quality, enhancing
nutrient utilization, and the general performance of
the host. The aim of the study was to isolate, identify
Bacillus species from the skin and intestinal tract
of indigenous catfish (Clarias anguillaris) and to
screen for potentials of probiotics In-vitro for catfish
production

MATERIALS AND METHODS

Sampling Methods

Apparently healthy fish samples of Clarias anguil-
laris of both sexes with mean weight and total length
0f 96+28 grams and 24+22 centimeters respectively
were obtained randomly from FUAM fish hatchery
complex (N = 115) and 6 homestead fish ponds (N
= 135) in Makurdi metropolitan between July to
September 2022. The fishes were caught randomly
from either concrete or earthen ponds using dragging
net measuring 6x2m?* with mesh size of 2cm? by two
trained fishermen between 8.00 to 10.00 hours in the
morning. The fish species were identified with the
help of pictorial fish diagrams compiled by Olaose-
bikan and Raji (2004). Immediately after collection
on each sampling day, the fish samples were trans-
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ported live in a 50 liters Jerrycan containing water
from the same source of fish to the laboratory of the
Federal University of Agriculture, Markudi where
the bacterial sample cultivation was carried out.

Sample collection for cultivation of bacteria
isolates.

The fish was euthanized using MS222 (Tricaine
methane-sulfonate) (Lin et al., 2014) and placed on
a disinfected table. Aseptically, samples for bacterial
culture were obtained from the skin and gastrointes-
tinal tract of the C. anguillaris using sterilized surgi-
cal kit and hand gloves as described by Abareethan
and Amsath (2015). Sterile swab sticks were used
to swab the skin of the fish for sample collection.
After collection of sample from the skin, the ab-
dominal region of the fish was disinfected with 70%
ethanol. The gut region was incised to expose the
gastrointestinal tract using sterile scalpel blade. The
intestine was incised longitudinally and materials
from the intestinal lumen were obtained using sterile
wire loop. Each sample obtained from the skin and
intestine was inoculated onto brain heart infusion
agar (BHIA, LAB048, UK) plate and incubated for
18-24hrs at 37°C (Cowan and Steel, 1993). Pure
cultures were obtained by using sterilized wire loop
to pick discrete colonies with varying morphologies
and sub-cultured on separate fresh culture plates us-
ing the same agar. These isolates were grouped into
Gram positive coci or rods and Gram negative using
Gram stain (LAB, Nigeria) and stock cultured on
Nutrient agar (TM MEDIA, India) slant and stored
at 4°C until further use.

Phenotypic identification of Bacillus species as
bacteria of interest

All Gram-positive rods were identified by following
a Gram-positive identification flow chart provided
by Bergey’s Manual of Determinative Bacteriology
using standard procedures. Tests including carbohy-
drate fermentation tests (glucose, lactose, maltose,
manitol, fructose, arabinose, sucrose, rhamnose, xy-
lose, sorbitol), enzyme production tests (catalase,
oxidase, urease, citrate), motility test, nitrate reduc-
tion test, Voges Proskauer, methyl red test, amylase
test, NaCl growth test, growth at 55°C and starch
hydrolysis test were conducted.

Molecular characterization of Bacillus species,
using polymerase chain reaction (PCR).
Genomic DNA (gDNA) was extracted from each
isolate using the bacterial DNA Extraction Kit
(QuickExtract™ Epicentre, USA) and modified pro-

tocol of Baranzoni (2014). Briefly, 0.5 mL of the
bacterial culture grown in brain heart infusion broth
(BHIB, LAB048, UK) for 24hrs at 37°C was centri-
fuged at 1,700 x g (5,000 rpm) for 10 minutes in a
micro-centrifuge to pellet the cells. The supernatant
was decanted and the cell pellet was washed once
with 0.5 ml of sterile distilled water, and thereafter
re-centrifuged at 1,700 x g (5,000 rpm) for 10 min-
utes. The supernatant was decanted. Hundred micro-
liters (uL) of QuickExtract bacterial DNA Extraction
Solution (Epicentre /USA) containing Rnase A was
added to the cell pellet. Then 1 pL of Ready-Lyse Ly-
sozyme solution was added to each tube and mixed
gently by inversion to be sure that both the bacteria
cells and the Ready-Lyse Lysozyme are dispersed
in solution. Then the suspension was incubated at
room temperature for 15 minutes and thereafter was
centrifuged at 12,000 rpm for 20 minutes. Add 30pL
10% sodium dodecyl sulfate (SDS, Oxoid USA) and
3uL proteinase K, and gently invert and incubate
at 50°C for 60 minutes. Centrifuge at 12,000 rpm
for 15 minutes and carefully decant the supernatant
and thoroughly dry pellet in a 50°C incubator. The
pellet was re-suspended in 50 pL Tris-EDTA (TE)
buffer and allow pellet to sit overnight at 4°C as the
DNA. The extracted and purified DNA was stored
on FTA™ Micro Card.

Amplification of the 16S rDNA gene was car-
ried out by PCR using universal primers 27F and
1492R targeting the V1 to V9 variable regions by
PCR followed by sequencing (sense and antisense)
of the 1465bp amplified products using primers 27F,
1492R, 518F and 800R as previously described by
Sontakke et al. (2009). A consensus sequence cov-
ering the entire amplified region was then assembled
using the Bio-Edit Software (STABvida, Portugal).
Earlier a 2uL of PCR product and 5ul of DNA ladder
were loaded onto a 1.5% Agarose gel, stained with
ethidium bromide and electrophoresed at 120V for
20 minutes. Gel image was photographed using the
Bio-Rad documentation unit (Molecular imager®,
Crescent Lab, USA). Identification of each isolate
was carried out by querying each consensus sequence
to sequences in the GenBank using the basic local
alignment search tool — BLAST. The most similar
bacterial species was found in the GenBank by using
BLAST search (http://www.ncbi.nlm.nih.gov/).

Antagonistic capability tests of Bacillus species

All isolates of Bacillus species identified were sub-
jected to screening process for probiotics using well
diffusion agar assay (WDAA) according to modified
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method of Hemaiswarya ef al. (2013). Standardized
suspension of the potential pathogenic bacteria was
obtained by suspending colonies of potential patho-
gen (seed organism) in normal saline. Sterile swab
stick was immersed in the standard suspensions and
the surface of nutrient agar plate was inoculated by
streaking the swab stick several times over the entire
agar surface to obtain uniform inoculum and there-
after, wells of 3mm in diameter were punctured into
the agar using cork-borer. 0.2 mL of potential pro-
biotic (Bacillus species) culture with approximately
1 x 108 cfu/mL obtained from BHIB (LAB048-UK)
was added into the wells and incubated for 18-24hrs
at 37°C. Positive results for potential probiotics were
signified by clear zone of inhibition around the wells.
The screening was performed in factorial combina-
tions in such a way that every single Bacillus species
was tested against all the potential fish pathogens
(seed organism) selected.

In another experiment, the test isolates, grown
in MRS broth, were centrifuged for 15 minutes at
16xg at 4°C. The supernatants were harvested in
separate Eppendorf tubes and the sediments were
discarded. A drop (0.1ml) of 1x108 McFarland stan-
dards of potential pathogenic bacteria was seeded
on the agar plates and sterile swap stick was used to
spread the inoculum on the entire surface of the agar
plates. After the seeding, well of 3mm in diameter
were bored into the seeded agar plates using Cork
Borer. The supernatants of the putative bacteriocin
were added into the wells and incubated and clear
zones of inhibition around wells indicated positive
for bacteriocin production.

The Bile and pH tolerance test

The effects of bile on the growth of probiotic strains
were examined using modified methods by Vine
(2004). Test strains were grown in MRS (TM ME-
DIA, TM147-India) broth at 37 °C for 24 hours.
Different bile concentrations [(0%, 0.1%, 0.2% and
0.3% (w/v)] were prepared by dissolving oxygal bile
saltin MRS (TM MEDIA, TM147-India) broth. The
various concentrations of the bile solutions were
inoculated with 100pl of test isolate were incubat-
ed and thereafter, the growth rate was assessed by
measuring the optical density (OD) using spectro-
photometer at 600nm. All the experiments were
performed in triplicate. To know the ability of a
probiotic to survive the transit of the gastrointes-
tinal tract of the host, different pH levels such as
1.3, 3.0, 5.0 and 7 (control) were prepared by us-
ing 1% HCI and 1M NaOH to Man Roggsa sharp

(MRS TM MEDIA, TM147-India) broth to obtain
a desired pH. These were dispensed into universal
bottles with control bottles containing only the MRS
broth. All the broth media were autoclaved at 121°C
for 15 minutes and after cooling, were inoculated
with 0.2ml of overnight broth culture of Bacillus
species and incubated at 37°C for 24hrs. The optical
density (OD), as growth rate of bacteria, was mea-
sured by spectrophotometer (UV 2100 UNICO USA)
at 600nm. The tolerance of each testing isolate to
the different pH was determined as the percentage
reduction in absorbance in relation to the growth
medium with pH 7 (control).

Digestive enzyme production test

Amylase production test was done using a modified
method of Rini et al. (2014) and Sneha et al. (2014)
to know the ability of Bacillus species to hydrolyze
carbohydrate. Pure colonies of the test isolates were
inoculated onto Nutrient agar to which 2% starch
was added and incubated. The incubated plate was
flooded with 1% potassium iodide and allowed for
15-30-minute incubation at room temperature. The
ability to hydrolyze carbohydrate was signified by
the formation of yellow zone around the colonies.

The ability of probiotic bacteria to hydrolyze pro-
tein and fats was tested using the method of Sneha
et al. (2014) and Widanarni and Dedi (2015) with
some modifications for the assessment of lipolytic
activity of the isolates. Nutrient agar was prepared
and enriched with 2% olive oil. The Bacillus species
to be tested were grown on the olive oil enriched agar
and was incubated. After incubation, the plate was
flooded with saturated copper sulfate (CuSO,) solu-
tion and allow at room temperature for 15 minutes.
The fats hydrolysis was indicated by appearance of
green coloration on the colonies.

This experiment was aimed at assessing Bacillus
species with proteolytic activity.

A modified method described by Bhaskar et al.
(2007) was employed to assess Bacillus species hav-
ing proteolytic potential. To Nutrient agar (TM ME-
DIA, TM341-India) enriched with 2% skimmed milk
(LP 0031, Oxoid), about 3-5 discrete colonies of the
test isolate were packed and smeared on the center of
the surface of the agar plate followed by incubation.
Those isolates that hydrolyze protein showed zones
of clearance around the colonies were regarded as
protease producers.

All data collected were analyzed by Analysis of
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Variance (ANOVA) using the statistical package
for the Social Sciences (SPSS) version 21 of 2012
and the variant means were separated by Duncan’s
Multiple Range Test. Significance was accepted at
the probability level of 95% (P < 0.05) confidence
interval.

RESULTS

A total of 176 isolates of bacteria was obtained from
530 samples from the skin and gastrointestinal tract
of Clarias anguillaris and were subjected to phe-
notypic identification (Table 1). Ninety-eight (98)
isolates were Gram-negative and 78 were Gram-pos-
itive. Of the Gram-positive rods, forty-one (41) were
bacilli and while thirty-seven (37) were found to be

Gram positive cocci. Gram negative bacteria record-
ed the highest prevalence (55.7%), Gram positive
cocci (21%), Gram positive rods (14.2%) and Bacil-
lus recorded the least (9.1%) as presented on table 1.

Molecular identification of Bacillus strains
isolated from the skin and intestinal tract

of catfish (C. anguillaris) using 16S rDNA
sequencing.

The result of molecular identification is presented
on table 2 below. The homology blast of the se-
quences generated for the 13 isolates yielded a 100%
identity with 12 Bacillus species and 1 Clostridium
sporogenes. The 12 Bacillus species strains were
distributed into five species; Bacillus subtilis (n=5),

Table 1. Cultural microscopic groupings of bacteria isolated and Biochemical characteristics of
Bacillus strains on the skin and gastrointestinal tract of C. anguillaris

Isolates Number Prevalence (%)
Bacillus species 16 9.1
Other Gram-positive rods 25 14.2
Gram-positive cocci 37 21.0
Gram-negative rods 98 55.7
Total 176 100
s .
3 2 Z
2 2 g
<= s = H 2
£ = g = L > 2
o =. z (=] E f’n 5 '_o' 1
— — Ee) S Yo = = (5]
= = =] - en Q - )
[=] o— /\\ I @ — hS 1 g ] Y 2 =
3] < ] el [>) p— < ] ) )
~ %) o 5 At 1 (=) el U - =) > =
g ° Z 3 § £ g z £ £ g 23 Ef s =
= E = 3 Z = = g = 2 & =5 2 858 = © =
T £ EEZes 3T T OE & : 2 E £EZ2%E s 3
Z 0O < 0 0 @»w O & = QO zZ U=<= & ]
Bspl + - -+ - -+ - - - + 4+ + + - B. subtilis
Bsp2 + + + NA + + + - -+ + + - + - B subtilis
Bsp3 + + -+ - -+ - - - + - - 4+ 4+ B. cereus
Bspd + - - - - - -+ - - - + - - - - B insolitus
Bsp5 + + + + + - -+ - - - + - + - - B polymyxia
Bsp6 + + + + + +  + + - + - - - B. macquariensis
Bsp7 + + + + NA - -+ - - - + - + - - B polymyxia
Bsp8 + + + NA + - -+ + + - + - B.macquariensis
Bsp9 + - - - + + + + - - - + - + - - B.sphericus
Bspl0 + - - - - - -+ - - - + - - - - B insolitus
Bspll + + + NA - -+ - - - + - + -+ B lechinoformis
Bspl2 + + + NA - + + - - - + - + - - B. amyloliquifaciens
Bspl3 + + + - + - +  + + -+ + - + - + B. velezensis

Keys: + = positive, - = negative, NA = not applicable
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B. cereus (n=2), B. velezensis (n=3), B. amylolique-
faciens (n=1) and B. safensis (n=1) and Clostridium
sporogenes (n=1)

The combination of highest identity, total score
and query over values were used to attribute the
suggested species. The sequencing of isolate Bsp6
with primer 518F and 800R failed and the most
represented species was Clostridium sporogenes
(MK341728.1) with identity similarity of 100%.
Although, the preliminary identification and the con-
firmatory identification did not agree 100% on the
Bacillus strains finally identified, 12 were Bacillus
species and 1 Clostridium species.

Antagonistic capability testing
The result of the antagonistic capability testing is
presented in table 3 below.

The result showed that Bsp1 inhibited 6 out of the
7 seed bacteria and was effective against 2 strains of
Pseudomonas fluorescens-25. Bsp4 inhibited 5 of the
seeded bacteria, Bsp6 and Bsp12 inhibited 4, while
the rest of the selected Bacillus species, except Bsp3
and Bsp9 that inhibited only 2 of the testing bacte-
ria, inhibited 3. All the 13 Bacillus species selected
inhibited more than 1 indicator organisms with good
zone of inhibition against the seeded bacteria in this
experiment.

Bacteriocin Production test

The inhibitory activity revealed the presence of bac-
teriocin in these Bacillus species. There were varying
degrees of inhibitions according to the effectiveness
of organism in the well and or sensitivity of the seed-
ed organism. Table 4 showed the result of the Bacil-
lus species producing bacteriocin against different
indicator organisms. The results revealed that some
Bacillus species produced bacteriocin against some
strains and could not produce against other strains
of the same species of indicator organism. Bsp10
produce bacteriocin against 85.7% of the indicator
organisms. Others are Bsp3 and Bsp5 (71.5%), Bsp9,
Bspl1, Bsp12 (30.6%), Bsp13 (28.6%), Bsp1, Bsp2,
Bsp6, Bsp8 (14.3%), while Bsp4 and Bsp7 could
not produce bacteriocin against any of the selected
indicator organism. In this study, Bsp3, Bsp5 and
Bspl0 are regarded as good bacteriocin producers
followed by Bsp9, Bspl1, and Bsp12.

The tolerance of the Bacillus species in different
pH levels

The tolerance of Bacillus species to different pH
levels showed that all the 13 Bacillus species sur-
vived in all the pH including the highly acidic level
(pH 1.3) as shown in Figure 1. The results signif-
icant differences among Bsp3, Bsp4, Bsp5, Bsp6,
Bsp7, Bsp10, Bsp12 and Bspl13 compared to the

Table 2. Bacillus species distribution and Percentage similarity of identified strains against reference

strains in the GenBank

Sample ID Suggested spp Accession number Identity percentage (%)
Bspl Bacillus subtilis MKO085082.1 100
Bsp2 Bacillus subtilis CP026608.1 100
Bsp3 Bacillus cereus MN122695.1 100
Bsp4 Bacillus subtilis MN099359.1 100
Bsp5 Bacillus subtilis MKO085082.1 100
Bsp6 Clostridium sporogenes MK341728.1 100
Bsp7 Bacillus cereus MN122695.1 100
Bsp8 Bacillus subtilis MN099359.1 100
Bsp9 Bacillus velezensis CP041145.1 100
Bspl0 Bacillus amyloliquefaciens MN099360.1 100
Bspll Bacillus velezensis CP041145.1 100
Bspl2 Bacillus velezensis CP041145.1 100
Bspl13 Bacillus safensis MF980894.1 100
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Table 3. Antagonistic capability test of Bacillus species against known fish pathogens

Fish pathogens
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Bspl + + ++ + + - + 6 13
Bsp2 + - - - - - + 3 15
Bsp3 - - - - + - + 2 25
Bsp4 + + + + - - + 5 17
Bsp5 + + - + - - - 3 14
Bsp6 + + + - - + - 4 16
Bsp7 - + - + + - - 3 13
Bsp8 - - ++ +4 - + - 3 12
Bsp9 - - - - - + + 2 11
Bspl0 + - - + - - - 3 16
Bspll ot ot - - - - 3 13
Bspl2 - + ++ - - + - 4 15
Bspl3 + - + - - - - 3 16

Key: + represents positive antagonistic 1, ++ positive against 2 strains, +++ positive against 3 strains and — negative antagonistic capability
against indicator organism

Table 4. Bacteriocin production by Bacillus species against varied indicator organisms

Indicator organisms

5 s
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Bspl + - - - - - 1
Bsp2 - + - - - - 1
Bsp3 + + + + - - 5
Bsp4 - - - - - - -
Bsp5 - + + + - + 5
Bsp6 - - + - - - 1
Bsp7 - - - - - - -
Bsp8 - + - - - - 1
Bsp9 - + + - + - 3
Bspl10 + + + + + - 6
Bspll + + + - - - 3
Bspl2 + - - - + - 3
Bspl3 - + - - + - 2
Key: - = Negative result, + = positive results, + = positive but, negative against other strains
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control (pH 6.5). The pH tolerances of Bsp3, Bsp4,
Bsp5, Bsp6, Bsp7, Bspl10, Bspl1, and Bsp12 were
significantly lower (P < 0.05) compared to control.
The lowest tolerance in pH (pH 1.3) was recorded
in Bsp6 and Bsp7. The tolerance of all isolates de-
creased with increase in the acidic level and revealed
that Bsp1, Bsp2, Bsp8, Bsp9, Bsp12 and Bsp13 can
tolerate low acidic environment (pH 1.3) as well as
pH 6.5. The log CFU"!' demonstrates the trends of
growth (multiplication) in different pH levels. The
multiplications were uniform, close to the control
(pH 6.5) in all levels except for Bsp4, Bsp5 Bsp6,
Bsp10 and Bsp11. The uniformity of the growth was
more pronounced in Bspl, Bsp2, Bsp3, Bsp8, Bsp9,
Bspl2 and Bsp13.

The bile tolerance test

The growth performances of the Bacillus species
in bile solutions were found to be good in almost
all level of concentration. The result shows that the
colony forming units (CFU) ranges from 1.9x107 to
1.9x10° in 0% bile solutions, 5.0 x 107 to 1.4x10° in
0.1% bile, 5.7x107 t0 1.3x10° for 0.2% bile, while
4.9 x107 to 1.4x10° for 0.3% were observed in Ta-
ble 5. All these Bacillus species performed similar
to those in the control (0%) groups. The tolerance
of the isolates to simulated bile solution accord-
ing to the colony forming units in descending order
were as follows: Bsp10 (1.4x10°), Bsp11 (8.2x108),

Bspl (5.6x10%), Bsp13 (4.0x10%), Bsp12 and Bsp2
(2.8x10%) each. The multiplication of Bsp3 was more
or less uniform in all the levels of the bile solutions.
Bsp4, Bsp6, and Bsp11 recorded highest growth in
0.2%pbile of 6.4x1079.4x107 and 9.4x10® respec-
tively, while the growth at 0% recorded the least
(1.9x107) for Bsp4 and 2.3x10%at 0.3%. Bsp10 break
the record of multiplication reaching 1x10°CFUmL"!

The multiplications of all the isolates in control
(0%) were high above 8 Log CFUmL! except Bsp3,
Bsp6 and Bsp7 and Bsp10 that recorded the highest
LogCFUmL ! above 9 all through the bile concentra-
tions (Figure 2). The trends of multiplication of all
isolates were really good, which multiplied above
7log CFU'mL.

The survival of the Bacillus species in different
bile concentrations is described in table 6. The sur-
vival of Bsp2 in 0.2% and 0.3% were higher than
those in control which dropped even lower in 0.1%.
The survivability of Bsp3 was uniform which rose
in 0.2% generally, however, Bspl survived better.
The trend of survival of Bsp6 increases steadily from
0% and reach a pick observed in 0.3%. The general
survivals of Bspland Bspl0 are the top most fol-
lowed by Bsp11. The survivals of the isolates in high
concentration of bile (0.3%) were observed higher
than control in Bsp2, Bsp6, Bsp7, and Bsp9. While
Bsp2, Bsp4, Bsp9, Bspll, showed better survival
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1 1 1
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N
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] I = -
3 4
2 -
1 -
O L T T T T T T T T T T T 1

Bspl Bsp2 Bsp3 Bsp4 Bsp5 Bsp6 Bsp7 Bsp8 Bsp9 BsplO Bspll Bspl2 Bspl3

pH5.0

pH6.5 (ctrl)

Figure 1. Log colony forming units (CFU™") of Bacillus species in different pH levels.
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Table 5. Growth performance of Bacillus species at various bile concentrations

Colony forming unit (CFUmL™")

Isolate 0% 0.1% 0.2% 0.3%

Bspl 7.4 x108 5.3 x108 5.8 x108 5.6 x10®
Bsp2 1.7 x108 6.1x107 3.0 x108 2.8 x108
Bsp3 5.4 x107 5.0 x107 5.7 x107 4.9 x107
Bsp4 1.9 x107 5.9 x107 6.4 x107 5.1 x107
Bsp5 3.2 x108 1.1 x108 1.2 x108 2.0 x108
Bsp6 2.9 x107 5.0 x107 9.4 x107 2.3 x108
Bsp7 6.3 x107 8.4 x107 8.4 x107 1.8 x108
Bsp8 9.4 x107 6.2 x107 8.6 x107 7.0 x107
Bsp9 1.8 x108 7.2 x107 2.3 x108 2.6 x108
Bspl0 1.9 x10° 1.4 x10° 1.3 x10° 1.4 x10°
Bspll 6.6 x108 7.9 x108 9.4 x108 8.2 x108
Bspl2 4.3 x108 5.2 x108 1.0 x108 2.8 x108
Bspl3 6.2 x108 1.8 x108 3.6 x108 4.0 x108

in 0.2%pbile solution compared to the control. There
was highly significant difference (P < 05) in the sur-
vival of Bsp2, Bsp4, Bsp6 Bsp§, Bsp9, Bsp12 and
Bsp13 across the simulated bile solution. So Bsp2,
Bsp4, Bsp6, Bsp7, Bsp9 and Bspl1 survived better
in concentrated bile (0.3%) more than the control
(0.0%) as shown in Table 6.

So, the growth performances of Bsp2 (0.833+0.04),
Bsp4 (0.697+0.05), Bsp6 (1.303+£0.12), Bsp7
(1.187+0.56) and Bsp9 (0.817+0.03) are the isolate
that survived better than those in the control groups
are considered to be good. All isolate with significant
(P <0.05) difference compared to control (0.0%) are

10 4
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= & =
8 4
= ==
7 4
E 6
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S 4
3 4
2 4
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Figure 2. Log CFU/ml of Bacillus species at different concentration of simulated bile solution.
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Table 6. The survival of Bacillus species in different bile concentrations

Optic Density + SD

Isolates 0.0% bile 0.1% bile 0.2% bile 0.3% bile

Bspl 1.933+1.00° 0.960+0.05° 1.045+0.11° 1.020£0.14®
Bsp2 0.610£0.11° 0.330£0.03¢ 0.853£0.06° 0.833£0.04®
Bsp3 0.30440.02° 0.29740.022 0.31040.02° 0.293+0.02¢
Bsp4 0.37740.07° 0.77040.07¢ 0.820+0.11# 0.697+0.05°
Bsp5 0.390+0.08° 0.247+0.04° 0.257+0.04° 0.313£0.01%
Bsp6 0.490£0.08° 0.440£0.15° 0.647+0.09° 1.303£0.122
Bsp7 0.503£0.27° 0.650£0.19%® 0.947£0.06® 1.187£0.56°
Bsp8 0.770+0.11# 0.57340.03° 0.65010.04% 0.6231+0.04°
Bsp9 0.633+0.08° 0.367+0.02° 0.743+0.03® 0.817+0.032
Bspl0 0.760+0.05° 0.627+0.15° 0.680+0.06° 0.610£0.08®
Bspll 0.457£0.06° 0.550£0.12° 0.570£0.10° 0.587£0.13®
Bspl2 0.66710.01° 0.76740.09° 0.310+0.01¢ 0.50740.10°
Bspl3 0.757%0.04° 0.36040.10° 0.51740.05° 0.567%0.05°

Different superscripts * in the same row indicate significant difference (P< 0.05)

Table 7. Digestive tract enzyme (Amylase, Lipase and Protease) production of the isolated Bacillus

species

Isolate Amylase Lipase Protease test and zone of clearance (mm)
Bspl + + - -
Bsp2 + - - -
Bsp3 - + + 10
Bsp4 - + + 25
Bsp5 - + - -
Bsp6 - + - -
Bsp7 + + - -
Bsp8 - + + 20
Bsp9 - + - -
Bspl0 + + - -
Bspll - - + 18
Bspl2 - - + 23
Bspl3 - + + 38

Bacillus species that survived better in all the levels
of concentration of bile.

The result of digestive enzyme production tests
All the Bacillus species were assessed for their abil-
ity to produce amylase, lipase and/or protease. The
results are presented on table 7 below.

The physiological tests in this study revealed the
production of detectable amylase, protease and/ or

lipase. The results showed that Bspl, Bsp2, Bsp8
and Bsp10 produced amylase on 20% starch enriched
media. For Lipolytic test the result showed that all
the isolates except Bsp2, Bspll and Bspl3 were
positive in the hydrolysis of lipids on 2% olive oil
enriched agar. For protease production, Bsp3, Bsp4,
Bsp8, Bspll, Bspl12 and Bsp13 produced protease
with Bsp13 recording the highest diameter zone of
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clearance of 38mm. Four (30.7%), ten (76.9%), and
six (46.2%) out of 13 isolates were positive for am-
ylase, lipase and protease production respectively.
Seven (53.9%) isolates produced at least 2 of the
3 enzymes and 5 (38.5%) strains produced only 1
of the 3 enzymes, while none produced all the 3
enzymes as seen in table 7 above.

DISCUSSION

The central aim was to isolate, screen and select
indigenous Bacillus species as potential probiotic
bacteria that would be used for disease control to
attain maximum yield in fish production in aquacul-
ture. Characterization of the Bacillus species and
evaluation of their effects on the productive perfor-
mance and health status of the C. anguillaris was
the expected end of the study. The choice of Bacillus
species as probiotic bacteria of interest from the
general selection in this study was in consideration
of the beneficial results obtained using these bac-
terial and their contribution to the probiotic world.
They have been shown to possess good attributes
and have a wider range of action in human, animal
and aquatic environment (Anee et al., 2021; Tarnecki
et al., 2019) which offers higher acid and bile toler-
ance, and better stability during heat processing and
thrive at low temperature storage (Somashekaraiah
etal., 2019).

The twelve Bacillus species characterized were
Bacillus subtilis (5 strains), B. cereus (2), B. velezen-
sis (3), B. amyloliquefaciens (1) and B. safensis (1).
Clostridium sporogenes (1) was also characterized
and screened successfully alongside with Bacillus
species, probably because, there is record of its being
potential probiotic bacteria (Guo et al., 2020). The
1solation, characterization and use of these Bacil-
lus species on fish elsewhere as potential probiotics
have been documented by other workers including B.
velezensis (Wang et al., 2020), B. subtilis (Hussain
et al., 2013; Zuenko et al., 2017), B. amyloliquifa-
ciens (Afrin and Bhuiyan, 2023) and C.sporogenes
(Guo et al., 2020).

The tolerance to pH and bile recorded in this
study was one of the most important factors affecting
the survival of bacteria in gastric juice. This potential
served as one essential characteristics of probiotic
candidate since they have to pass through the host’s
stomach to reach the site of action (the intestine).

All the twelve Bacillus species and the Clostrid-
ium sporogenes subjected to antagonistic test and
bacteriocin production test, inhibited more than 1

indicator organism with good diameter zone of in-
hibition (DZI). This is an indication of having good
attributes for potential probiotic bacteria that pro-
duce inhibitory substances or ability to inhibit the
growth of another as mode of action (Krishna et al/.,
2015) subject to fulfilling other criteria. The reports
of Bacillus species to produce metabolites and inhib-
itory substances have been documented in a study
(Kuebutornye et al., 2020). The inhibitory effects of
Bacillus species which were successfully recorded
in this study agrees with the report of (Krishna et
al., 2015) who isolated Bacillus species which suc-
cessfully inhibited Aeromonas hydrophila due to the
inhibitory substances. By producing antimicrobial
compounds, the probiotic organism gain edge over
other microorganisms to survive in the adverse con-
dition of gastrointestinal tract of animal. Probiotic
bacteria produce substances including bacteriocin,
hydrogen peroxide, siderophore, lysozymes, and
protease with bactericidal or bacteriostatic effects
on the other microbial populations.

The survival of these Bacillus species in acidic
environment and bile solution was significantly good
in all pH levels and various bile concentrations. The
significant difference in the growth of this Bacillus
species in bile and low pH corroborated with the
work of Sahadeva et al. (2011) and Hassan et al.
(2015) who investigated the antibacterial, acid and
bile tolerance of commercial probiotic bacteria. They
reported that acid and bile tolerance as an important
criterion for a good probiotic that tolerate high acid
and bile solution which is present in the stomach
of animals.

The growth performances of the entire Bacillus
species generally were uniform ranging from 80-
100% in this study. The significant difference record-
ed in the survival of B. cereus, B. amyloliquefaciens
and B. velezensis across the simulated bile solution
indicated a good attribute for survival in the duode-
num of catfish. The survival rate was similar to the
trend portrayed in acid tolerance test according to
the report of Sahadeva et al. (2011). The successful
production of digestive enzymes (amylase, lipase
and protease) by these groups of Bacillus species in
this study was reported by Zokaeifar ef al. (2012).
The amylase, protease and lipase activities showed
significant difference (P < 0.05) among all the Ba-
cillus species screened. The findings of the study
are supported by Ziaei-Nejad et al. (2006) who ob-
served higher digestive enzyme activities in shrimp
when treated with Bacillus species compared to the
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control. A good digestive enzyme activity recorded
in this study shows a better digestive potential and
subsequently correlate to the increase in produc-
tive performance of animal to be treated with these
Bacillus species. Probiotics are expected to have
direct growth promoting effect on the host by nutri-
ent uptake or providing nutrient which could result
in improve digestibility and weight gain (Ezema,
2013). This was evident in this study possibly due
to the digestive enzyme productions by these Ba-
cillus species. This result is also in agreement with
the work of Sayed et al. (2011), who reiterated the
importance of the ability of probiotic bacteria to
produce digestive enzymes. The ability of probiotic
bacteria to produce hydrolytic enzymes enhances the
digestion of nutrients in the gastrointestinal tract of
fish and increase degradation of ingested food.

CONCLUSION

All the 12 Bacillus species and a Clostridium spo-
rogenes isolated, screened and characterized from
indigenous catfish are found to be potential probiot-
ics and so will have beneficial effects in the produc-
tion of fish as shown from the result of this study.
Bacillus cereus, B. subtilis, B. amyloliquefaciens

and B. velezensis showed significant difference in
survival rate in simulated bile indicated a good at-
tribute for survival in the duodenum of catfish. The
similar survival rate portrayed in acid tolerance test
and the successful production of digestive enzymes
(amylase, lipase and protease) by these potential
probiotics with better digestive enzyme production
potential and subsequently correlate to the increase
in productive performance of animal to be treat-
ed with these Bacillus species, made them to be
selected as good potential probiotic that will have
direct growth promoting effect on the host, which
was evident due to the digestive enzyme productions.

Compliance with Ethical Standards

All experiments in this study associated with fish
complied with animals welfare ethical approval
(FVM-UNN-IACUC-2019-0925) obtained from
Faculty of Veterinary Medicine Institutional Ani-
mal Care and Use Committee, University of Nigeria,
Nsukka

Conflict of Interest
The authors declare that they have no conflicts of
interest.

J HELLENIC VET MED SOC 2025, 76 (3)
TIEKE 2025, 76 (3)



O. D. KOLNDADACHA, E O. ABONYI, V.O. OMEJE, D.C. EZE, C. EZEMA

9589

REFERENCES

Abareethan M, Amsath A. (2015). Characterization and evaluation of
probiotic fish feed, International Journal of Pure and Applied Zo-
ology, 3(2), 148-53.

Afrin S, Bhuiyan MN. (2023). Antagonistic activity of Bacillus am-
yloliquefaciens subsp. amyloliquefaciens against multidrug resist-
ant Serratia rubidaea, Current Research in Microbial Sciences, 5,
100206. https://doi.org/10.1016/j.crmicr.2023.100206

Alderman DJ, Hastings TS. (2004). Antibiotic use in aquaculture: Devel-
opment of antibiotic resistance-potential for consumer health risks.
International Journal of Food Science Technology, 33(2), 139-155.
https://doi.org/10.1046/j.1365-2621.1998.3320139.x

Anee 1J, Alam S, Begum RA, Shahjahan RM, Khandaker AM. (2021).
The role of probiotics on animal health and nutrition. The Journal
of Basic and Applied Zoology, 82, 1-6. https://doi.org/10.1186/
$41936-021-00250-x

Arora M, Arora M, Bansal P, Baldi A. (2019). Need and recommen-
dations for universal guidelines on regulatory status and quality
control/safety of probiotic products. Applied Clinical Research,
Clinical Trials and Regulatory Affairs, 6(3), 231-49. https://doi.or
2/10.2174/2213476X06666190206120712

Baranzoni GM. (2014). Advances in methods to detect, isolate and
quantify foodborne pathogens, [Dissertation thesis], Alma Mater
Studiorum Universita di Bologna. Dottorato di ricerca in Scienze
veterinarie, 26 Ciclo https://doi.org/10.6092/unibo/amsdottora-
t0/6256

Bhaskar N, Sudeepa ES, Rashmi HN, Selvi AT. (2007). Partial puri-
fication and characterization of protease of Bacillus proteolyticus
CFR3001 isolated from fish processing waste and its antibacterial
activities, Bioresource Technology, 98(14), 2758-2764. https://doi.
org/10.1016/j.biortech.2006.09.033

Cowan ST and Steel KJ. (1993). Manual for identification of Medical
bacteria. Third Edition. Edited by G.I. Barow and R.K.A. Fatham,
Canbridge, Pp 1- 300

Ezema C. (2013). Probiotics in animal production: A review. Journal
of veterinary medicine and animal health, 5(11), 308-316. https://
doi.org/10.5897/JVMAH2013.0201

FAO/WHO (2001). Evaluation of health and nutritional properties of
powder milk and live lactic acid bacteria. Food and Agricultural
organization of the United nations and World Health Organization
Report, Pp 1-50. Available at http://www.fao.org/es/ESN/probio/
probio/probio.htmAccessed 20/9/22

FAO/WHO (2002). Guidelines for evaluation of probiotics in food.
Report of a Joint FAO/WHO working group on drafting guidelines
for the evaluation of probiotics in food, Ontario, Canada, 1-11

FAO (2010). World Review of Fisheries and Aquaculture. The State of
World Fisheries And Aquaculture, Pp 1-197

Guo P, Zhang K, Ma X, He P. (2020). Clostridium species as probiotics:
potentials and challenges. Journal of animal science and biotech-
nology, 11, 1-10. https://doi.org/10.1186/s40104-019-0402-1

Hasan S, Hossain MM, Alam J, Bhuiyan ME. (2015). Benificial effects
of probiotic on growth performance and hemato-biochemical pa-
rameters in broilers during heat stress. International Journal of
Innovation and Applied Studies, 10(1), 244-249

Hemaiswarya S, Raja R, Ravikumar R, Carvalho IS. (2013). Mechanism
of action of probiotics. Brazilian archives of Biology and technology,
56, 113-119. https://doi.org/10.1590/S1516-89132013000100015

Hussain T, Roohi A, Munir S, Ahmed I, Khan J, Edel-Hermann V, Kim
KY, Anees M. (2013). Biochemical characterization and identifi-
cation of bacterial strains isolated from drinking water sources of
Kohat, Pakistan. African Journal of Microbiology Research,7(16),
1579-90. https://doi.org/10.5897/AJMR12.2204

Jahangiri L, Esteban MA. (2018). Administration of Probiotics in the
Water in Finfish Aquaculture Systems A Review, Fishes, 3:33.
https://doi:10.3390/fishes3030033

Krishna PV, Gopi G, Panchakshari V, Prabhavathi K. (2015). Effects of
probiotics on the survival and growth of Catla catla, Labeo rohita,
Cirrhinus mrigala and Pangasius hypophthalmus under polyculture
system. International Journal of Advanced Research, 3,625-632

Kuebutornye FKA, Abarike ED, Lu Y, Hlordzi V, Sakyi EM et al. (2020).

Mechanisms and the role of probiotic Bacillus in mitigating fish
pathogens in aquaculture. Fish Physiology and Biochemistry, 46,
819-841. https://doi.org/10.1007/s10695-019-00754-y.

Lin R, Jiang Y, Zhao XY, Guan Y, Qian, et al. (2014). Four types of
B ifidobacteria trigger autophagy response in intestinal epithelial
cells. Journal of digestive diseases, 15(11), 597-605. https://doi.
org/10.1111/1751-2980.12179

Muteeb G, Rehman MT, Shahwan M, Aatif M. (2023). Origin of antibi-
otics and antibiotic resistance, and their impacts on drug develop-
ment: A narrative review. Pharmaceuticals, 16(11), 1615. https://
doi.org/10.3390/ph16111615

Olaosebikan BD and Raji A. (2004). The Family Claridae. In : Field
guide to Nigerian Freshwater Fisheries, second edition. Federal
College of Freshwater Fisheries technology, New-Bussa, 51-55

Rocha-Ramirez ML, Pérez-Solano AR, Castafion-Alonso LS, Moreno
GSS, Ramirez AP, Garcia G and Eslava C. (2017). Probiotic Lacto-
bacillus strains stimulate the inflammatory response and activate hu-
man macrophages. International Journal of Current Research,5(7),
1696-1700. https://doi.org/10.1155/2017/4607491

Rodgers CJ, Furones MD. (2009). Antimicrobial agents in aquaculture:
practice, needs and issues. Options Méditerranéennes, 86, 41-59.
http://om.ciheam.org/article.php?IDPDF=801061

Sahadeva RP, Leong SF, Chua KH, Tan CH, Chan HY et al. (2011).
Survival of commercial probiotic strains to pH and bile. Interna-
tional Food Research Journal 18(4),1515-1522

Sayed HS, Zakaria A, Mohammed GA and Mohammed KK. (2011). Use
of probiotics as growth promoters, antibacterial and their effects on
the physiological parameter and immune response of Oreochromis
niloticus Lin fingerlings. Journal of Arabian Aquaculture Society,
6(2),201-222

Senok AC, Ismaeel AY, Botta GA. (2005). Probiotics: facts and myths.
Clinical Microbiology and Infection,11(12) 958-966. https://doi.
org/10.1111/j.1469-0691.2005.01228.x

Sneha S, Merina PD and Rebecca LJ. (2014). Isolation and screening of
protease producing bacteria from marine waste. Journal of Chemical
and Pharmaceutical Research, 6(5), 1157-1159

Somashekaraiah R, Shruthi B, Deepthi BV, Sreenivasa MY. (2019).
Probiotic Properties of Lactic Acid Bacteria Isolated From Neera :
A Naturally Fermenting Coconut Palm. Nectar, 10: 1-11. https://
doi.org/10.3389/fmicb.2019.01382

Sontakke S, Cadenas MB, Maggi RG, Diniz PP, Breitschwerdt EB.
(2009). Use of broad range16S rDNA PCR in clinical microbiolo-
gy. Journal of microbiological methods, 76(3), 217-25. https://doi.
org/10.1016/j.mimet.2008.11.002

Souza M. (2018). Aquaculture Benefits. The Top Aquaculture (Fish
Farming) Countries, Pp. 1. https://www.thebalance.com/top-aq-
uaculture-countries-1301739

Tarnecki AM, Wafapoor M, Phillips RN and Rhody NR. (2019). Benefits
of a Bacillus probiotic to larval fish survival and transport stress
resistance. Scientific Reports, 9(1), 1-11. https://doi.org/10.1038/
s41598-019-39316-w

Vine NG. (2004). Towards the Development of a Protocol for the Selec-
tion of Probiotics in Marine Fish Larviculture, PhD, Thesis, Rhodes
University, Grahamstown, South Africa, pp 209

Rini M, Mohammad AS, Widanarni and Enang H. (2014). Isolation,
Selection and Application of probiotic bacteria for improvement
of the growth performance of Humpback grouper (Cromileptes
altvelis). International journal of science: Basic and applied Re-
search, 16(1):364-379

Wang Y, Jiang Y, Deng Y, Yi C, Wang Y, et al. (2020). Probiotic Sup-
plements: Hope or Hype? Frontier in Microbiology, 11(160): 1-9.
https://doi.org/10.3389/fmicb.2020.00160

Wang C, Li Z, Wang T, Xu X, Zhang X, Li D. (2021). Intelligent fish
farm—the future of aquaculture. Aquaculture International, 29,
2681-2711. https://doi.org/10.1007/s10499-021-00773-8

Widanarni TN, Dedi J. (2015). Screening of Probiotic Bacteria Candi-
dates from Gastrointestinal Tract of Pacific White Shrimp Litope-
naeus vannamei and their Effects on the Growth Performances.
Research Journal of Microbiology, 10, 145-157

J HELLENIC VET MED SOC 2025, 76 (3)
TIEKE 2025, 76 (3)



9590 O. D. KOLNDADACHA, F. O. ABONYI, V.O. OMEJE, D.C. EZE, C. EZEMA

Ziaei-Nejad S, Rezaei MH, Takami GA, Lovett DL, Mirvaghefi AR, ease resistance of white shrimp, Litopenaeus vannamei. Fish and
Shakouri M. (2006). The effect of Bacillus spp. bacteria used as Shellfish Immunology, 33(4), 683—689. https://doi.org/10.1016/j.
probiotics on digestive enzyme activity, survival and growth in the si.2012.05.027
Indian white shrimp Fenneropenaeus indicus. Aquaculture, 252(2- Zuenko VA, Laktionov KS, Pravdin IV, Kravtsova LZ, Ushakova NA.
4), 516-524. https://doi.org/10.1016/j.aquaculture.2005.07.021 (2017). Effect of Bacillus subtilis in feed probiotic on the digestion

Zokaeifar H, Luis J, Roos C, Salleh M, Sijam K, et al. (2012). Fish and of fish cultured in cages. Journal of Ichthyology, 57, 152-7. https://
Shell fish Immunology Effects of Bacillus subtilis on the growth doi.org/10.1134/S0032945217010143

performance, digestive enzymes, immune gene expression and dis-

J HELLENIC VET MED SOC 2025, 76 (3)
TIEKE 2025, 76 (3)


http://www.tcpdf.org

