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Abstract 
Thirteen Bacillus species including Bsp1-Bsp13 were isolated and screened for probiotic properties. Apparently healthy fish samples 
of Clarias anguillaris with mean weight and total length of 96 ± 28 grams and 24±22 centimeters were obtained randomly from Fed-
eral University of Agriculture, Makurdi (FUAM) Fish Hatchery Complex where the research was conducted. These Bacillus species 
isolates were subjected to mucosal attachment (colonization) test for adhesive ability, gastrointestinal tract (stomach, duodenum, 
intestine) transit and thereafter pathogenicity test. The results revealed that isolates Bsp13 (OD620 0.044) adhered significantly (P 
≤ 0.05) better to the mucus than all the other isolates with least adhesion recorded with Bsp6 (OD620 0.001) which shows a better 
potential to survive and proliferate in the GIT environment and effectively to discharge the desired probiotic effects. The survival of 
Bacillus species in gastrointestinal juice (25mM Nacl, 7mM Kcl, 45mM NaHCO3, 0.3% Pepsin) revealed all isolates thrived at vary-
ing degrees along the GIT transit except Bsp11. Bacillus species Bsp2, Bsp3, Bsp9, Bsp10 and Bsp12 were resistant to the simulated 
duodenal juice DJ (1%w/v bovine bile) and intestinal juice IJ (0.3% bovine bile and pancreatin) due to their increase in population 
compared to the initial. In the course of GIT transit, Bsp9, Bsp10, Bsp11, and Bsp13 were found worthy to be chosen due to their per-
formance in the simulated GJ, DJ, and finally IJ. The 90-100% survival rate recorded and good growth performance with significant 
difference suggests that the isolates selected in this study are safe for use in the catfish and for growth promotions. So, in this study, 
Bsp3, Bsp5, Bsp9, Bsp10 and Bsp13 showed good initial concentration of above 8LogCFUg-1 and after activation, passed through the 
simulated GIT and maintained the concentration above 8LogCFUg-1. The aim of the work was to select and evaluate potential probi-
otic bacteria among some Bacillus species isolated from the skin and intestine of indigenous catfish.
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A common way to select probiotics is to perform in-vitro antagonism 
tests, in which pathogens are exposed to the candidate probiotics or 
their extracellular products. The steps to select probiotic bacteria 
for use in aquaculture according to Gomez-Gil et al.(2000) involves: 
collection of background information; acquisition of potential pro-
biotics ordinarily from the host of its intended target, evaluation 
of the ability of potential probiotics to out-compete pathogenic 
strains; assessment of the pathogenicity of the potential probiotics 
on the target species; evaluation of the performance of the potential 
probiotics in the targeted host; and finally its economic cost/benefit 
analysis. The ability of microorganisms to colonize is often consid-
ered as one of the main selection criteria for potential probiotics, 
that is, the efficient adherence to intestinal epithelial cells to reduce 
or prevent colonization of pathogens (Vine et al., 2004). In addition, 
potential probiotics must exert its beneficial effects (e.g. enhanced 
nutrition and increased immune response) in the host (Vine, 2004). 
Finally, the probiotic must be viable under normal storage condi-
tions and also suitable for industrial processes (Sahadeva et al., 
2011).

Bacillus species is a genus of Gram positive, rod shaped, aerobic 
or facultative anaerobic and spore forming bacteria that is wide 
spread in the environment. The genus is composed of approxi-
mately 77 different species (Ngau and Phu, 2011). Bacillus species 
have a long history of use in biotechnology and as dietary supple-
ments for humans and animals (Ezema, 2013) and aquaculture 
(Ashiraf et al., 2013) of agricultural importance. Bacillus species 
are ubiquitous in nature, but are found in higher concentration in 
soil, water, and food products that have plant origin. Bacillus bac-
teria form endospore under stressful conditions which protect 
the dormant bacteria inside for years and can be resistant to ex-
treme heat, radiation, freezing, drying, and chemical disinfectants 
(Christian-Teodor et al., 2014) and when conditions are favorable 
for growth, the endospore converts to a vegetative cell which can 
thrive again. This makes Bacillus suitable for use, even in harsh ar-
eas especially aquatic environment (Ashiraf et al., 2013).

The ability to form spores is beneficial and allows for long-term 
storage without the loss of viability compared to those species that 
are non-spore-forming bacterium. Also, spores are able to survive 
the harsh, low pH of the gastric barrier and can reach the small 
intestine to exert their probiotic properties (Cutting, 2011). Strains 
of Bacillus are very good potential candidates to be used as probi-
otics (Schaltz et al., 2017). Mulalo et al. (2014) summarized some 
of the probiotic attribute of Bacillus spp including gastrointestinal 
tract stress tolerance, good adhesion capability, having bio-thera-
peutic properties, safe transit and localization in the gut, good sur-
vival life within animal GIT, sporulate and should be active even in 
water environment.

A distinctive feature of Bacillus species is high proteolytic activities 
which play roles in activation of regeneration process, the enhance-
ment or normal digestion and degeneration of allergic component. 
In in vitro trials, the tolerance of Bacillus spp to acid and bile salts 
reflect their survival rate and ability through gastrointestinal tract. 
(Christian-Teodor et al., 2014). Their heat stability and ability to 
survive the gastric barrier makes them attractive as food supple-
ments and this use is now growing (Cutting, 2016). 

Bacillus bacteria produce many kinds of metabolites which could 
affect the other microbes in the fish gut. The bacteriocin is anti-
microbial substances which are bactericidal or bacteriostatic pep-
tide that are mostly active against pathogenic bacteria. In order 
to be able to stimulate the gut immune system, probiotic bacteria 
should be resistant to the enzymes in the oral cavity (amylase and 

When looking at probiotics intended for aquatic usage, it is impor-
tant to consider certain influencing factors that are fundamentally 
different from terrestrial based probiotics. Aquatic animals have a 
much closer relationship with their external environment which is 
water. Potential pathogens are able to maintain themselves in the 
same external environment of the animal (water) and proliferate 
independently of host animal (Monica and Jayaraj, 2021). In select-
ing probiotics, microorganisms with beneficial health effects for the 
host, many criteria have to be met. However, it is important to know 
the mode of actions used by bacteria to achieve the beneficial ef-
fect to the host. The mechanisms used include, the production of 
inhibitory substances against pathogens, competition for essential 
nutrients and adhesion sites, the supply of essential nutrients and 
enzymes resulting in enhanced nutrition in the host and the modu-
lation of interaction with the environment and the development of 
beneficial immune response (Oyetayo and Oyetayo, 2005; Sihang 
and Sharma, 2012). Oyetayo and Oyetayo (2005) reported some 
properties that a good probiotic must possess including; not to be 
harmful to the host, acceptable to the host, reach the action site 
where the effect is required, work in-vivo and in-vitro and should 
not possess virulence gene, or antibiotic resistance genes like plas-
mids. A successful probiotic is expected to have a few specific prop-
erties in order to certify a beneficial effect. 

Introduction



Different Bacillus strain has been reported to display antimicrobial, 
anti-oxidative and immune-modulatory activity in the host and has 
been shown to possess pathogen exclusion and food fermentation 
ability (Ripert et al., 2016). Some strains of Bacillus species pro-
duce metabolites to accomplish growth performances (Quattara et 
al., 2017; Takana, 2016). All these metabolites possessed by Bacil-
lus species qualify them serve as good probiotic bacteria for use in 
aquaculture

Materials and Methods

Apparently healthy fish samples of Clarias anguillaris of both sexes 
with mean weight and total length of 96 ± 28 grams and 24 ± 22 
centimeters respectively were obtained randomly from Federal Uni-
versity of Agriculture, Makurdi (FUAM) Fish Hatchery Complex and 
6 homestead fish ponds in Makurdi Metropolitan at various times. 
The fishes were caught randomly from either concrete or earthen 
ponds using dragging net measuring 6x2m2 with mesh size of 2cm2 
by two trained fishermen. The fish species were identified with the 
aid of pictorial fish diagrams as compiled by Olaosebikan and Raji 
(2004). The fishes obtained were transported live to the veterinary 
microbiology laboratory Federal University of Agriculture, Makurdi 
in plastic buckets or in 25-liter Jerry-can containing water from 
the respective sources of the fish. From the laboratory, the culture 
materials were obtained and subjected to isolation and identifica-
tion following a standard procedure according to the Gram-positive 
identification flow chart according to Bergey’s manual. Thirteen 
Bacillus species were isolated from both skin and gastrointestinal 
tract of catfish Clarias anguillaris and screened for probiotic prop-
erties. The objective of this experiment is to select most successful 
Bacillus species with good probiotic properties that can be used for 
catfish production. There are various methods of selection, but this 

The ability of bacteria to colonize the gut and adhere to the epithe-
lial surface and consequently interfere with the adhesion of patho-
gens is a desirable criterion in the selection of probiotics (Lazado 
et al., 2012). The experiment was conducted in bacterial research 
laboratory NVRI Vom, Nigeria. Fifty adult Clarias anguillaris were 
purchased in a homestead pond in Jos town and was transported to 
the Laboratory in a 50-liter round-bottom rubber basin and aloud 
for 48 hours to stabilized and were not fed. 

The protocol of Ronan et al., (1999) and Balakrishna (2013) were 
employed for collection and processing the crude mucus. The 
fish were fasted for 48 hours in the container and the water was 
changed twice a day (morning and evening). The fish were sacri-
ficed humanely one after the other by giving a shock of blow on the 
head. The abdominal region of each fish was incised with a scalpel 
bled to expose the abdominal content. The intestine was severed 
out and placed into a sterile petri dish. The intestine was incised 
longitudinally with different scalpel blade to expose the intestinal 
lumen. With the use of spatula, mucus was scrapped from the lu-
minal surface into a sterile petri-dish. The mucus was mixed with 
normal saline at the ratio of 1:4 using automatic pipette. The mix-
ture was homogenized using vortex (Maxi mix II, thermolyne, USA) 
to obtain uniform mixture. The mixture was distributed into Ep-
pendorf tubes and centrifuged at high speed of 14,000 rpm (24xg) 
for 15 minutes using Eppendorf Centrifuge 5417®, Germany. The 
supernatant was collected into another new Eppendorf tube and 
centrifuged for the second time at the same speed. Thereafter the 
supernatant was sterilized under UV light for 30 minutes inside 
biosafety cabinet class II (SteriGARD® USA). The mucus solution 
was stored at -20°C until use. 

Experimental fish

Mucosal attachment test was a determination of the adhesive 
ability of Bacillus strains: 

The Crystal Violet method was used to determine the adhesive 
ability of the selected strains according to method described by 
Vesterlund et al. (2005). The supernatant was removed from the 
freezer at -20°C and allowed to be thawed. Then 150µL of mucus 
were dispensed into 96 micro-titer wells using multi-micropipette 
(Multi talt finnpipette Lab system, Finland). These were incubated 

Mucosal Attachment (colonization) test of Bacillus species

Isolation and Processing of Crude Mucus from Intestinal Mu-
cosa

Archives of Veterinary and Animal Sciences

Citation: Kolndadacha Dahenji Oscar and Akwuobu Chinedu Adiev. (2025). Selection of Probiotic Bacteria from some Bacillus Species 
Isolated from the Skin and Gastrointestinal Tract of Catfish (Clarias Anguillaris) in Makurdi Metropolitan, Nigeria. Archives of Veterinary 
and Animal Sciences 7(1).

Page 3 of 11

lysozyme), to low pH in the stomach and to the concentration of 
bile, pancreatic juice and mucus in the small intestine which are 
important for survival and successful transit through the gastro-
intestinal tract. Microorganisms as probiotic must also be able to 
persist within and adhere to the gut epithelial tissues to stimulate 
the phagocytic cells as have been reported for Bacillus species by 
Chauhan and Singh (2019). Bacillus species have been included in 
various supplements for human, terrestrial and aquatic animals to 
protect against diseases, increase immunity, improves growth per-
formance and water quality to favor the culture organisms used in 
many countries of the world (Fouad et al., 2017).

research adopted selection criterion described by Rini et al. (2014) 
following screening processes performed. 
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For the duodenal transit test, the suspension was centrifuged 
again at 7000 rpm for 15 minutes using same centrifuge, and the 
sediment was re-suspended in the simulated duodenal juice (1% 
bovine bile, pH 8), then was incubated for 10 minutes at 37°C in 
anaerobic condition (10% H2, 10% CO2, 80% N2). Serial dilution 
fold of 10 dilution was made and plated on MRS agar incubated for 
48hrs. At 37°C. 

For the intestinal transit test, the isolate suspension from the pre-
vious duodenal test was centrifuged at 7000 rpm for 15 minutes 
and the sediment was re-suspended in the simulated intestinal 
juice (0.3% bile, 0.1% porcine pancreatin, pH 8) which was incu-
bated for 180 minutes under anaerobic condition (10% H2, 10% 
CO2 and 80% N2). After the incubation, serial dilution was finally 
done and plated on MRS agar followed by incubation for 48hrs. For 
viable count. All serial dilution was done in triplicate. Plate counts 
were done using manual tally counter and plates with colony count 
of 30-300 were considered for evaluation. The final percentage of 
survival was calculated from the difference of recovered bacteria 
after complete GIT challenge and CFU of initial bacteria.

The objective of this was to ascertain the safety of the successful 
potential probiotic bacteria to the live target host. A complete ran-
domized design was employed in this test. One hundred and twen-
ty (120) Clarias anguillaris juveniles obtained from homestead fish 
farmer in Makurdi metropolitan and transported to experimental 
site. After stabilizing the fish for 2 weeks they were distributed into 
8 groups comprising 10 fish each and in replicate. The pathogenicity 
test was carried out according to the modified protocol of Edward 
et al. (2010) and Sarka and Rashid (2012). All the 10-target fish in 
positive control group were injected intramuscularly with 0.2mL 
of potential fish pathogen Vibrio alginolytius at the concentration 
of 108 CFU/mL that was estimated with 0.5 McFarland standards. 
All the fish in negative control group were injected intramuscularly 
with 0.2 mL PBS. All fish in test groups were injected intramuscu-
larly with 0.2mL of test Bacillus species at the concentration of 108 
CFU/mL-1. The test groups were according to the number of suc-
cessful Bacillus species selected through the screenings.

Duodenal transit

Intestinal transit 

Gastrointestinal transit survival test

Pathogenicity test of Bacillus species on catfish

The objective of gastrointestinal survival test was to ascertain the 
probiotic bacteria to emerge is capable of passing through the gas-
trointestinal tract (gastric lumen, duodenum and the intestine) to 
reach alive the intestine which is the site of action of the probiotics. 
The experiment was done at National Veterinary Research Institute 
(NVRI), Vom, Plateau State. The modified method of Ayeni et al. 
(2011) was employed for the gastrointestinal transit survival test 
using chemically simulated techniques for the successful isolates. 

Few colonies of overnight culture of test isolate on MRS (TM Me-
dia, TM 146-India) agar was transferred into MRS (TM Media, TM 
147-India) broth and incubated for 48hrs at 37°C. Serial dilution 
was made after the incubation and plated on MRS agar followed 
by further incubation for 48 hours at 37°C. The remaining broth 
solution was centrifuged at 7000 rpm for 15 minutes using high 
speed centrifuge (Hattrich Universal, Germany). The supernatant 
was discarded and the sediment was washed two times with sterile 
physiological buffer saline (PBS). The sediment was re-suspended 
in the solution of simulated gastrointestinal juice (25mM NaCl, 7 
mM KCl, 45mM NaHCO3 and 0.3% pepsin) at different pH of 1.3, 3.0, 
1.3+skimmed milk in triplicates. This was incubated for 90 minutes 
at 37°C; thereafter serial dilutions were performed plated on MRS 
agar and incubated for 48 hrs. At same temperature. 

overnight (18-24hrs) at 4°C. The micro-titer wells were washed 2 
times with phosphate buffer saline (PBS) and was dry bloated be-
fore use again. One hundred microliters (100µL) of the test isolate 
were then added into the wells which had already been coated with 
the mucus leaving one raw of the micro-titer wells as control wells 
and incubated for 90 minutes at 37°C inside ELISA shaker/incuba-
tor (Heidolph Titramax 1600, Germany). Thereafter, the cells were 
fixed at 60°C for 20 minutes and 100 µL/well of 0.1% of crystal vio-
let was added and incubated for 30 minutes at same temperature. 
The wells were washed 5 times with PBS and the plate was bloat-
dried again. To release the fixed and attached cells to mucus, 100µL 
of Citrate Buffer (24.087g sodium citrate dehydrate, 3.471g citric 
acid, pH 4.3) was added to each well and incubated for 45 minutes 
at room temperature. The micro-titer plate was then read in a mi-
cro-titer plate reader (Multiskan Ex Thermoscientific, USA). Results 
were expressed by subtracting the absorbance value of the control 
from the absorbance value recorded for the samples according to 
Vesterlund et al. (2005). Each experiment was done in triplicate.

Results
Mucosal attachment tests of Bacillus species
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The mucosal attachment test revealed differences in adhesion 
among the 13 isolates. The attachment pattern of the thirteen Bacil-
lus species is presented on figure 1. All selected isolates competed 
and adhered at varying degrees with few showing poor adhesion 
to the intestinal mucus. Among the selected isolates, Bsp13 (OD620 
0.044) adhered significantly (P ≤ 0.05) better than all the other iso-
lates tested. Other isolates followed according to the degree of ad-
hesion to mucus of the intestine of fish include: Bsp1 (OD620 0.034), 
Bsp12 (OD620 0.030), Bsp3 (OD620 0.029) Bsp10 (OD620 0.028) and 
Bsp11 (OD620 0.028. The weakest in capacity of adhesion were Bsp6 
(OD620 0.001), followed by Bsp5 (OD620 0.009), Bsp4 (OD620 0.014) 
and Bsp9 (OD620 0.018). 

Among these isolates subjected to mucosal attachment tests, 
Bsp1, Bsp3, Bsp10, Bsp11 and Bsp12 with Bsp13 demonstrated a 
good attachment capability recording significantly highest values 
(0.150±0.01) and mean difference of OD6200.044. All Bacillus spe-
cies with significant difference (P ≤ 0.05) from the control have bet-
ter chance of attachment (Table 1).

Thirteen Bacillus species were subjected to GIT transit test; only 10 
responded and were featured in this experiment. The survivability 
pattern of the 10 Bacillus species under selection that journeyed 
the different steps of simulated GIT is presented on figure 2(a-f) 
and figure 3(g-j) below.

Bacillus species tested thrived at varying degrees along the GIT 
transit except Bsp11. In all cases the addition of 10% skimmed milk 
to GJ pH 1.3 which raised the pH close to pH 5.0 or the use of pH 

After the adverse effects of the GJ, the sensitivity and resistance to 
the duodenal juice differ among the 10 Bacillus species observed 
in different pH levels. Bsp1, Bsp4, Bsp10 and Bsp12 (figure 2 a, d, 
and figure 3g and i) resisted better in the high bile salt concentra-
tion showing higher viability increase than others that were ap-
parently above 8logCFUmL-1. However, almost all were resistant to 
the DJ which resulted in increased more than those in the GJ. The

Figure 1: Absorbance curve of Bacillus species observed in 
attachment ability in gut of fish (C. anguillaris).

Bacillus species Optic density 
(OD620 ± SD)

Mean – control 
(OD620, 0.106)

Bsp1 0.141±0.02ab 0.035
Bsp2 0.137±0.01ab 0.031
Bsp3 0.137±0.07ab 0.031
Bsp4 0.120±0.02bc 0.014
Bsp5 0.117±0.02bc 0.011
Bsp6 0.110±0.10c 0.004
Bsp7 0.127±0.01abc 0.021
Bsp8 0.127±0.11abc 0.021
Bsp9 0.123±0.02bc 0.017

Bsp10 0.133±0.01abc 0.027
Bsp11 0.133±0.02abc 0.027
Bsp12 0.137±0.01ab 0.031
Bsp13 0.150±0.01a 0.044

Gastrointestinal survival transit in simulated gastric, duode-
nal and intestinal juices

Survival of Bacillus species in Gastrointestinal Juice (25mM 
Nacl, 7mM Kcl, 45mM NaHCO3, 0.3% Pepsin)

Survival of Bacillus species in Duodenal Juice (1%w/v bovine 
bile)

3.0 increased the viability and the differences in simulated DJ (1% 
bovine bile, pH 8) became apparent. Bacillus species Bsp1, Bsp4, 
Bsp5, Bsp11 and Bsp13 (figure 2 a, d, e, 3h and j), were all sensitive 
to the simulated gastric juice in pH 1.3, 3.0 and 1.3+10% skimmed 
milk, which was evident due to decrease in population compared to 
the initial colony forming unit. While Bsp2, Bsp3, Bsp9, Bsp10 and 
Bsp12 (figure 2 b, c, f, 3g and i) were resistant due to their increase 
in population compared to the initial. The multiplication of Bsp10 
in pH 1.3 + skimmed milk was glaringly apparent and the multi-
plication of Bsp7 pH 3.0 in GJ was visibly pronounced. For Bsp4, 
despite being sensitive, the growth in pH1.3 was higher than the 
other pH levels (figure 2d). The growth of Bsp1 in GJ was at the 
same frequency in all pH level.

abcmean with different superscript within the same column differ 
significantly (P≤0.05)

Table 1: Attachment capability of Bacillus species isolated and 
identified in the scrapped intestinal mucosa of C. anguilaris.
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With regard to individual performance in the GIT transit, Bsp1 can 
reach the IJ in good population only when supplemented with 10% 
skimmed milk having 9LogCFU-1. Bsp2 increased significantly high-
er in GJ especially when supplemented with 10% skimmed milk and 
maintained the level with initial in DJ and IJ but did not thrive well 
compared to those in pH 1.3 with skimmed milk and pH 3.0. Bsp3 
in pH1.3 maintain its population from the GJ to IJ, but despite drop-
ping in DJ to 7 Log/ml, multiplied rapidly to reach 8LogCFUmL-1 in 
IJ which differed significantly (P≤0.05) (figure 2c). For Bsp4 and 
Bsp5 the population in in pH 1.3 was encouraging through the GIT 
transit, with the growth in pH1.3+skimmed milk reduced between 
the initial level (figure 2d and e). 

multiplication of Bsp1, Bsp3, Bsp9, were steady at same level in all 
pH 1.3 + 10% skimmed milk. The resistance of Bsp4, Bsp9, Bsp10 
and Bsp12, were commendable in the DJ (figure 2 d, f, figure 3 g 
and i).

The final journey to the IJ did not affect the viability instead there 
was significant increase in the multiplication in almost all except 
for Bsp2, Bsp4, Bsp9 and Bsp11 (figure 2 b, d, f, figure 3 h). Bsp1 
population decreased in the GJ but increased when entered the DJ 
and IJ. The acidic level of GJ did not affect Bsp2 with evidence of 
increase when the bacteria entered GJ, but decreased when in DJ, 
however, those Bacillus species in pH 1.3 maintained their course 
through the journey. The growth of Bsp3, Bsp4 and Bsp5 fluctuated, 
but maintained similar population as the initial before reaching the 
IJ. Bsp12, showed a steady increase from initial population to the 
GJ, but multiplied greatly in the DJ and IJ. Bsp13 was sensitive to 
GJ and DJ, but exceedingly multiplied above the initial population 
when the bacteria reached the IJ. The growth of Bsp9 was main-
tained uniformly across the journey from GJ to IJ. However, Bsp10 
exceedingly multiplied sharply from the initial to GJ and reached 
highest population in the IJ. The Bsp11 recorded the poorest per-
formance in the journey with evidence of serious dropping far be-
low the initial population.

Survival of Bacillus species in Intestinal Juice (0.3% bovine 
bile and pancreatin)

Figure 2 (a-f): Log CFU/ml of isolates of Bacillus species after the 
chemically simulated gastrointestinal transit. GJ: gastric juice, DJ: 

duodenal juice and IJ: intestinal juice, SKM = skimmed milk.

Figure 2 (g-j): Log CFU/ml of isolates of Bacillus species after the 
chemically simulated gastrointestinal transit. GJ: gastric juice, DJ: 

duodenal juice and IJ: intestinal juice, SKM = skimmed milk.
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The increase of Bsp9 along the transit resulted in more numbers 
than the initial population with no significant difference which will 
do well only when pH 1.3 was supplemented 10% skimmed milk 
recording the highest level (fig. 3h) reaching close to 9LogCFU/
ml. The growth of Bsp10 along the transit test at varying degrees 
recording significant level when pH1.3 supplemented with 10% 
skimmed milk and very good multiplication was observed with 
those in pH 1.3 and 3.0 when reaching DJ and multiplied signifi-
cantly to reach above 9LogCFUmL-1 when arriving the IJ. The sen-
sitivity of Bsp11, recorded the poorest performance compared to 
the initial level which reduced significantly down to 6LogCFUmL-1 
with pH1.3+skimmed milk recording the least growth. Bsp12 re-
corded the best performance along the transit in all pH levels (fig. 
4.5i) with significant increase in DJ and IJ with population reaching 
the IJ higher than the initial one of 6LogCFUmL-1 although, there 
was no significant difference (P≥0.05). Similarly, Bsp13b showed 
sensitivity to the GJ and DJ which decrease down to 6LogCFUmL-1 
far lower than 8logCFUmL-1 of the initial population, but the popu-
lation increased in IJ reaching above 8LogCFUmL-1 with highly sig-
nificant difference (P ≤ 0.05) in the multiplication. 

So, in the course of this GIT transit Bsp9, Bsp10, Bsp11, and Bsp13 
were found worthy to be chosen due to their performance in the 
simulated GJ, DJ, and finally IJ. These isolates have potential to 
withstand the adverse effect of the GIT transit and reach the target 
site of action alive and in good population. 

The result showed that positive control recorded the least survival 
rate (60%), followed by Bsp11 (70%) and Bsp9 (80%). Bsp2 had 
90% survival rate and all the rest recorded 100% including the 
negative control. There was significant difference (P ≤ 0.05) on 
the growth rate by Bsp10 with final weight of 31.23 ± 012.50. The 
body weight increase of the treated fish groups Bsp9, Bsp11 and 
Bsp12, were lower, but not significantly different (P ≥ 0.05) from 
the positive control. However, Bsp1, Bsp3, Bsp4, Bsp5, Bsp13 and 
negative control were not statistically different from each other, but 
significantly (P ≤ 0.05) different from the positive control. These 
significant different were evident with high weight gain of these 
fish groups compared to the positive control. Bsp10 recorded the 
highest weight gain of 20.82 ± 8.3g in 20 days followed by Bsp1 
with 17.86 ±  g, Bsp2 (14.48 ± 1.65) and Bsp4 had 13.94g. Bsp9 
recorded the least weight gain of 5.88 ± 0.37, even lower than the 
positive control (7.28 ± 5.87). After subjecting the isolates to mo-
lecular identification, table 3 below present 10 successful Bacillus 
strains identified

This experiment was to assess if the Bacillus species intended to be 
used as probiotics would be harmful to the target host and as po-
tential of growth promoters. The results of pathogenicity assay of 
the potential probiotic Bacillus species are presented in the Table 
2 below:

Pathogenicity Assay of the Bacillus species on live C. anguil-
laris juveniles.

Treat-
ment 

Survivability 
(%) (n=10)

Initial 
weight(g)

Final 
weight(g)

Weight 
gain (g)

Positive 
Control

60 10.40 ± 
2.88ab

17.68 ± 8.75b 07.28 ± 
5.87

Negative 
Control 

100 11.44 ± 
2.92ab

22.14 ± 9.09ab 10.70 ± 
6.17

Bsp1 100 7.9 ± 4.07bc 25.76 ± 8.28ab 17.86 ± 
4.24

Bsp2 90 3.9±2.2d 18.38 ± 3.85b 14.48 ± 
1.65

Bsp3 100 13.82 ± 3.28a 23.02 ± 4.08ab 09.20 ± 0.80
Bsp4 100 9.32 ± 2.8abc 23.26 ± 7.60ab 13.94 ± 4.80
Bsp5 100 12.8 ± 3.0a 21.02 ± 9.54ab 08.22 ± 6.56
Bsp9 80 9.3 ± 4.6abc 15.18 ± 4.97b 05.88 ± 0.37

Bsp10 100 10.46 ± 4.2ab 31.28 ± 12.50a 20.82 ± 8.30
Bsp11 70 4.9 ± 2.8cd 15.52 ± 3.29b 10.62 ± 0.49
Bsp12 100 4.32 ± 1.75cd 15.18 ± 4.97b 10.86 ± 3.22
Bsp13 100 6.76 ± 4.28bc 20.12 ± 8.64ab 13.36 ± 4.36

Values are mean ± SD, n = 5, values with different alphabet super-
script are significant at p ≤ 0.05

Table 2: Survival rate of Clarias anguillaris juveniles and weight 
gain from In-vivo test during pathogenicity assay for 20 days.

Sample ID Suggested spp Accession 
number

Identity %

Bsp1 Bacillus subtilis MK085082.1 100
Bsp2 Bacillus subtilis CP026608.1 100
Bsp3 Bacillus cereus MN122695.1 100
Bsp4 Bacillus subtilis MN099359.1 100
Bsp5 Bacillus subtilis MK085082.1 100
Bsp9 Bacillus cereus MN122695.1 100

Bsp10 Bacillus subtilis MN099359.1 100
Bsp11 Bacillus velezensis CP041145.1 100
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Discussion

Bsp12 Bacillus amylolique-
faciens

MN099360.1 100

Bsp13 Bacillus velezensis CP041145.1 100

Table 3: Bacillus species distribution and Percentage similarity 
of identified strains against reference strains in the Gen Bank.

The twelve Bacillus species characterized were Bacillus subtilis (5 
strains), B. cereus (2), B. velezensis (3), B. amyloliquefaciens (1) 
and B. safensis (1). Clostridium sporogenes (1) was also charac-
terized and screened successfully alongside with Bacillus species, 
probably because, there has been record of its been potential probi-
otic bacteria (Guo et al., 2020). The isolation, characterization and 
use of these Bacillus species on fish elsewhere as potential probiot-
ics have been documented by other workers including B. velezensis 
(Wang et al., 2020), B. subtilis (Hussein et al., 2013; Overview et al., 
2014), B. amyloliquifaciens (Afrin et al., 2019) and C.sporogenes 
(Guo et al., 2020).

The mucosal attachment revealed differences in the adhesion 
among the Bacillus species. The significant difference (p ≤ 0.05) of 
better adherence in the mucus of the catfish by B. velezensis (OD620 
0.044), B. subtilis (OD6200.034), B. amyloliquefaciens (OD6200.030) 
corroborates with the works of Ayeni (2011) and Barbosa et al. 
(2014) who evaluated the functional potential of Weissella and 
Lactobacillus isolates obtained from Nigeria traditional fermented 
foods and cow’s intestine in selection process of probiotics. The 
reduction in population in the course of mucosal attachment cor-
roborate with the studies of Yao et al. (2017) and Yao et al. (2018) 
who reported the reduction of Lactobacillus salivarius Li01 and Pe-
diococcus pentesaceus Li05 in simulated intestinal fluid. Successful 
colonization of the GIT is a key factor for probiotic bacteria to be 
able to exert a sufficient host-interaction to confer health benefits 
(Yao et al., 2018). The ability of probiotic bacteria to adhere to the 
intestinal mucosa is considered as one of the main criteria in selec-
tion of potential probiotic bacteria since adhesion prolongs their 
performance in the intestine which in turn allows them to exert 
beneficial health. Any successfully attached probiotic bacteria to 
intestinal mucus influences the gastrointestinal microflora of the 
host which enhances their antagonistic activities against patho-
gens (Lazado and Caipang, 2014).

Adhesion of probiotic to intestinal mucosa is considered to be as-
sociated with several documented health benefits that give the 
organism an edge to easily colonize the intestine and achieve the 

The purpose of the gastrointestinal simulation was to know the 
survival and concentration of potential probiotic bacteria in the 
stomach, duodenum and intestine in the presence of enzymes, pH 
changes and the adherence of the isolates to the luminal mucosa. 
It was also to assesses the survival rate of bacteria before reach-
ing the intestine which is the site of action of orally administered 
probiotics. The survival in the chemically simulated GIT transit was 
studied among the Bacillus species that have undergone selection 

desired goal. Chauhan and Singh (2019) iterated the importance of 
adhesion of probiotic to intestinal mucosa that the survival in bile, 
pH and pancreatic enzymes are considered prerequisites for probi-
otic functionality and these benefits constitute the main selection 
criteria for probiotics. Therefore, in this study, the significant (p ≤ 
0.05) difference recorded increased mucosal attachment compared 
to control group shows a better potential to survive and proliferate 
in the GIT environment and effectively discharge the desired pro-
biotic effects.

The varied level of adhesion recorded in the study also was in agree-
ment with Hemaiswarya et al. (2013) who enumerated factors that 
influence the colonization of microorganisms such as host- and mi-
croorganism-related factors. The process of attachment of bacteria 
to intestinal mucosa involves 2 processes including reversible and 
stable stages (Han et al., 2021). Widanarni et al. (2015) explained 
that, “the reversible factor involves probiotic bacteria binding to 
mucosa through nonspecific physical contact, while “the stable 
stage involved specific interaction between adhesins and compli-
mentary receptors where the probiotic establish a stable binding 
to the mucus which successfully colonize the GIT. Adhesion and 
colonization of mucosal surfaces are possible protective mecha-
nism against pathogens through competition for binding site and 
nutrient or immune modulation. This attachment or colonization 
is a good attribute to probiotic bacteria, since by attachment to the 
intestinal mucosa, probiotics can extend their time within the gut 
and influence the gastrointestinal microflora of their host (Moham-
mad et al., 2021). Since the bacteria adhesion to tissue surfaces is 
important during the initial stages of pathogenic infection, compe-
tition for adhesion receptors with pathogens might be the first pro-
biotic effect (Hemaiswaryaet al., 2013). When the concentration of 
probiotic bacteria is high enough, the harmful bacteria would not 
colonize the adhesion sites and, thus cannot proliferate to establish 
infection. Therefore, colonization capacity of these probiotic bacte-
ria is very important in development of resistance against coloniza-
tion by unwanted microorganisms.
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processes. In general, the isolates showed good survival in the GIT 
transit with acceptable adhesion except for Bsp11 that grow and 
acidify milk. The sensitivities of Bsp1, Bsp4, Bsp5 and Bsp11 to 
the simulated gastric juice (GJ) in all the pH with evident drop in 
population compared to initial population could serve as an early 
indication that their population may not be enough at the final ac-
tion point (intestine), so may not encourage good probiotic effects. 
However, the resistance of Bsp2, Bsp3, Bsp9, Bsp10, Bsp12 and 
Bsp13 in the GJ in all the pH levels was an indication of reaching 
the intestine in a good population to discharge good probiotic ac-
tivities. The bile concentration of the simulated duodenal juice (DJ) 
did not affect the activities of almost all the Bacillus species since 
they multiplied more than those in the GJ. In this study, the resistiv-
ity of Bsp9, Bsp10, Bsp12 and Bsp13 were significantly (p ≤ 0.05) 
good which means that no matter the adverse effect of the GJ, their 
proliferation in the DJ will cover the lost and good population can 
still reach the intestine.

The significant (P ≤ 0.05) increase in the multiplication of these 
Bacillus species in almost all stages except Bsp2, Bsp4, Bsp9 and 
Bsp11 was a good indication of having good population in the in-
testine and subsequently good probiotic activities. The record of 
maintaining a constant or increase in population along the GIT 
transit and significant multiplication in IJ was a sign of being a good 
probiotic for oral administration. This implies that as good popula-
tion of probiotic bacteria reach the intestine; good effect will be 
achieved such as blocking the adhesion of pathogenic bacteria to 
the epithelium through inhibitory substances, enhancing the intes-
tinal immune response, repair intestinal permeability and regulat-
ing intestinal electrolytes absorption (Ayeni et al., 2011). The sur-
vival of these isolates along the GIT transit fulfills some criteria for 
bacteria to be used as probiotic bacteria must survive the intestinal 
transit (acid and bile tolerant); must adhere to mucosal surface and 
colonize the intestines, and it must be stable during processing and 
storage (Singh et al., 2011). 

During this study, numbers of probiotic bacteria ranged between 
6-9Log CFUg-1 which agreed with the postulation of Maritiel et al. 
(2021), that probiotics should be present in food in an amount of 
8-9 LogCFUg-1 in the daily recommendation before ingestion to 
ensure that a sufficient therapeutics minimum of 6-7LogCFUG-1 
can reach the colon. But the range obtained in the work of Mari-
tiel et al. (2021) was 2-9LogCFUg-1 recording a wider range than 
6-9LogCFUg-1 obtained in this study. However, the study of Hill et 
al. (2014) affirms that for the probiotic supplement to offer such 

benefit, it must reach the ileum portion of the small intestine in a 
minimum concentration of 6LogCFUg-1. So, in this study, Bsp3, Bsp5, 
Bsp9, Bsp10 and Bsp13 showed good initial concentration of above 
8LogCFUg-1 and after activation, passed through the simulated GIT 
and maintained the concentration above 8LogCFUg-1.

The pathogenicity of these successful isolate on catfish was con-
ducted to scrutinize their effect before using them on catfish for 
probiotics and as growth promoter. The 90-100% survival rate re-
corded and good growth performance with significant difference 
suggests that the isolates selected in this study are safe for use in 
the catfish and for growth promotions. Globally, especially in these 
recent years, focus has been shifted from the use of synthetic addi-
tive in fish diet for disease control and or growth promotion to the 
use of probiotics and its products for health purposes. Several pro-
biotics have been used in nutritional studies as growth promoter 
(Moshen et al., 2016), water quality improvement (Padmavathi et 
al., 2018), for disease control and prevention (Sihang and Sharma, 
2012), anti-stress (Cruz et al., 2012) in the field of aquaculture. 
There has not been any report on isolation and characterization of 
probiotic bacteria from the skin and gastrointestinal tract of indig-
enous catfish for use as disease prevention, growth promotion and 
immune modulation for good yield. 

Among the Bacillus species subjected for selection, Bsp9, Bsp10, 
Bsp12 and Bsp13 were significantly (p ≤ 0.05) resistant through 
the git which means that no matter the adverse effect of the GJ, their 
proliferation in the DJ will cover the lost and good population can 
still reach the intestine and also an indication of reaching the in-
testine in a good population to discharge good probiotic activities. 
With the good mucosal attachment power and growth performance 
these isolates were selected as potential probiotics. These isolates 
were identified as Bacillus cereus, Bacillus subtilis, Bacillus amyloliq-
uefaciens and Bacillus velezensis.

Conclusion 
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