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1. Introduction 
Proteases (EC 3.4.x.x) are among the most extensively utilized 

industrial enzymes, accounting for nearly 60% of the global 

enzyme market due to their broad applications in detergents, 

leather processing, pharmaceuticals, food processing, and 

waste management (Contesini et al., 2018; Razzaq et al., 2019; 

Anichebe et al., 2019; Uba et al., 2020a; 2020b). These 

enzymes catalyze the hydrolysis of peptide bonds in proteins, 

leading to the generation of smaller peptides and amino acids 

(Okoye et al. 2020a; 2020b; 2020c). Among the different 

classes of proteases, alkaline proteases are particularly 

significant because of their optimal activity and stability at 

high pH conditions (pH 8–11), making them indispensable in 

detergent formulations and leather industries (Sharma et al., 

2019; Uba, 2019a; 2019b; Okpalaunegbu et al., 2025). 

Microorganisms are the preferred sources of industrial 

proteases due to their rapid growth rates, ease of genetic 

manipulation, and ability to secrete large quantities of 

extracellular enzymes (Egurefa et al. 2020a; 2020b; Obiefuna 

et al. 2025; Obiefuna et al. 2026; Okoye et al., 2026). Bacterial 

genera such as Bacillus, Pseudomonas, and Streptomyces have 

been widely reported as prolific producers of alkaline 

proteases, with Bacillus species being the most dominant due 

to their robustness and capacity to thrive under extreme 

environmental conditions (Sundararajan et al., 2021; Uba et 

al., 2019a; 2019b; Okolo et al., 2025). In particular, Bacillus 

species are known for producing thermostable and alkali-

tolerant enzymes that are highly suitable for industrial 

processes (Uba, 2019c; Uba et al. 2019c; 2019d). 
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Environmental niches rich in organic matter, such as fish 

ponds and poultry farm effluents, represent promising sources 

for isolating protease-producing bacteria (Uba et al. 2024; 

Mere et al. 2025; Enemchukwu et al. 2026a; 2026b; Ofunwa 

et al., 2026a; 2026b). These environments contain high levels 

of proteins, nitrogenous wastes, and microbial diversity, which 

create selective pressure for microorganisms capable of 

producing extracellular proteases for nutrient acquisition 

(Abdel-Fattah et al., 2020; Nkamigbo et al. 2020a; 2020b). 

Despite this, such ecological niches remain underexplored, 

especially in developing regions, highlighting the need for 

systematic screening and characterization of indigenous 

microbial strains with industrial potential (Uba et al. 2016; 

Uba et al., 2017; Njoku et al. 2019a; 2019b). 

Advancements in molecular biology techniques, particularly 

16S rRNA gene sequencing, have revolutionized bacterial 

identification and phylogenetic analysis (Dokubo et al., 2022a; 

2022b; Anidu et al., 2023; Uba et al., 2021a; 2021b; Obiefoka 

et al., 2023; Ubajekwe et al., 2025; Uba et al., 2025). This 

method provides high-resolution taxonomic classification and 

enables comparison with global databases such as GenBank, 

thereby facilitating the identification of novel or underreported 

enzyme-producing strains (Janda & Abbott, 2021; Uba et al., 

2020c; Dokubo and Uba, 2023; Uba and Obiefuna, 2023). 

Additionally, techniques such as zymogram electrophoresis 

allow for the detection of multiple enzyme isoforms and 

estimation of their molecular weights, which are crucial for 

understanding enzyme functionality and optimizing industrial 

processes (Uba et al. 2020d; 2020e; Ghorbel-Frikha et al., 

2022; Dokubo et al., 2024). 

Beyond isolation and identification, the evaluation of enzyme 

kinetics and functional performance is critical for determining 

industrial applicability (Uba et al., 2020f; 2020g). Parameters 

such as specific growth rate, product yield coefficient, and 

enzyme productivity provide insights into fermentation 

efficiency and scalability (Contesini et al., 2018; Ubani et al., 

2024a; 2024b; Ubani et al., 2025; Ekwenze et al., 2025). 

Furthermore, practical application tests, including stain 

removal and dehairing of animal hides, are essential for 

validating the enzyme’s effectiveness in real-world industrial 

conditions. Enzymatic dehairing, for instance, offers an 

environmentally friendly alternative to conventional chemical 

methods that rely on toxic substances like sodium sulfide, 

thereby reducing environmental pollution and improving 

workplace safety (Razzaq et al., 2019; Alisa et al., 2020; 

Anukam et al., 2020a; 2020b; Umeh et al., 2020; 2021). 

Despite the extensive research on microbial proteases, there 

remains a continuous demand for novel strains with enhanced 

catalytic efficiency, stability, and multifunctional applications. 

Therefore, this study aimed to isolate and screen alkaline 

protease-producing bacteria from fish pond and poultry farm 

water samples, identify the most potent strain using molecular 

techniques, characterize its enzyme profile through 

zymographic analysis, and evaluate its kinetic parameters and 

industrial applications in detergent formulation and leather 

processing. 

2. Materials and Methods 
2.1 Sample Site Description 

The fish and poultry wastewater samples were collected from 

Umubazu and Umudaru Ubahudara, respectively, in Uli. Uli is 

a town of historic importance situated at the extreme 

southeastern corner of Ihiala Local Government Area (LGA) 

of Anambra State. The town is located between latitude 

5°46′59.99″N and longitude 6°51′59.99″E. The estimated 

terrain elevation above sea level is 62 metres (Uba et al., 

2026a, 2026b, 2026c; Okwonkwo et al., 2026). 

 

2.2 Collection of Sample 

One litre each of the fish and poultry wastewater are collected 

per point of the two designated points of the sampling sites. 

The sampling was done once in each of the two sampling sites 

in June, 2022. The wastewater sample was collected by hand 

dipping the 70 % ethanol sanitized clean, leak proof cylindrical 

shaped 500 mL plastic containers (Uba et al. 2018a; Uba et al. 

2018b Uba et al., 2018c). The containers with lids slightly 

opened were rinsed with samples twice before aseptically 

collecting the samples and were properly labelled with sample 

type, date, time and place of collection (Ibo et al. 2020; Okafor 

et al., 2023; Ele et al., 2025; Uba and Okonkwo, 2025; Dokubo 

and Uba, 2026). They were placed in a sterile bag and then 

transported immediately to the Microbiology laboratory, 

Chukwuemeka Odumegwu University, Uli Campus, Nigeria 

(Uba and Udaba, 2026). 

 

2.3 Screening of Bacterial Isolates for Protease Activity  

2.3.1 Serial dilution 

A ten - fold serial dilution was adopted in this study. One 

millilitre of the fish and poultry wastewater samples was 

weighed using a graduated pipette and mixed with 9 mL of 

sterile normal saline (the 10-1 labelled test tubes). Thereafter, 

1 mL series of transfers were aseptically made from the 10-1 

tubes to the 10-3 test tubes, respectively and finally dispensed 

serially diluted (Ofunwa et al., 2024: Alfred et al., 2023; 

Alfred et al., 2025; Okeke et al. 2025a; 2025b; Oghonim et al., 

2026a). 

    

2.3.2 Primary screening of potential alkaline protease-

producing bacterial isolate 
Primary screening of bacterial isolates was made to screen 

alkaline protease directors using 1 % skim milk agar (skim 

milk greasepaint 2.8 g, casein enzymic hydrolysates 500 mg, 

yeast extract 250 mg, dextrose 100 mg, agar 1.5 g powder) 

with 100 mL of distilled water maintaining pH 9.0 using 0.1 N 

sodium hydroxide (NaOH). The medium was prepared by 

weighing the appropriately as stated above, dissolved by 

heating, and sterilized by autoclaving at 121 °C and 15 psi for 

15 min. After sterilization, the medium left to cool to 45 °C 

and poured aseptically into the sterile Petri plates and allowed 

to solidify. Later, 0.1 mL aliquot of the samples stated above 

was inoculated into the labelled plates and were incubated at 

ambient temperature for 72 h. The colonies that surfaced from 

the plates were counted and recorded as colony forming unit 

(CFU/ mL). Also, a clearance zone around the invested point 

because of proteolytic exertion was observed after 72 h. The 

diameter of the clear halo- zone were measured by millimeter 

rule. The clear zone around the colonies was assessed as 

suggestion for protease activity. The colony with the topmost 
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clearance zone on skim milk agar was selected, that is, the 

isolate observed with a clearance zone of further than 10 mm 

was named and progressed for secondary screening (Masi et. 

al., 2021). Bacterial strains with strong protease exertion were 

identified by molecular techniques (Lich et. al., 2022; Idu et 

al., 2026a; 2026b; Ibe et al., 2023 Chukwura et al., 2025).  

  

2.4 Molecular characterization  

The best isolate was carried out for molecular identification 

which include DNA extraction, gel electrophoresis, 

polymerase chain reaction, gene sequencing, blasting and 

phylogenetic analyses (Oghonim et al., 2026b). 

 

2.5 Zymogram  
Molecular mass and enzyme activity was assessed using 

zymogram electrophoresis. Zymogram was performed 

according to Wang et al. (2016). Fifteen microliters of the cell-

free supernatant were mixed with 2 X loading dye buffer. The 

mixture was subjected to SDS-PAGE with 5 % stacking gel 

and 12 % separating gel containing 0.8 mg/mL of casein. The 

gel was washed twice with Triton X-100 2.5 % (v/v) for 30 

min at room temperature and three times with distilled water, 

then incubated in the reaction buffer (50 mmol/L Tris - HCL 

pH 8.3, 50 mmol/L CaCl2) at 35 °C for 2 h. Gel was stained 

with Coomassie Brilliant Blue R-250 and destained in acetate 

methanol solution. The appearance of a clear zone on the blue 

background of the gel was accessed for protease activity (Lich 

et. al., 2016; Uba and Chukwura, 2016; Okafor et al. 2021a; 

2021b). 

 

2.6 Cell Growth Kinetic 
Following the method of Enemchukwu et al. (2026b), the 

exponential growth phase can be characterized by the 

following first order equation which states that the rate of 

increase of cell mass is proportional to the quantity of viable 

cell mass at any instant time dX/dt=μX  

Where dX/dt is the growth rate [g/L h]; X is the 

concentration of biomass [g/L]; μ is the specific growth rate 

[h-1]. 

Equation on integration gives Ln (X-X0) = μt Plot of ln (X-

X0) vs time of incubation, gives specific growth rate (μ) 

whereat logarithmic phase of microbial growth, μ = (μ) max 

and amount of X0 for protease production experiments were 

negligible. 

 

2.7 Kinetic analysis 
The following kinetic parameters were studied:  

1) Maximum specific growth rate (μmax) per hr. The value of 

μmax was calculated from plot of lnX vs time of fermentation;  

2) Product yield coefficient (Yp/x – U/g: the amount of 

enzyme produced per amount of biomass), its value was 

determined by the equation: Yp/x = dp /dx;  

3) Growth yield coefficient (Yx/s– g/g: the amount of biomass 

produced per amount of sugar consumed): Its value was 

determined by the equation: Yx/s = dx/ds;  

4) Specific product yield coefficient (qp- U/g/h: the amount of 

enzyme produced per amount of biomass per h): the value of 

qp was determined by the equation qp = Yp/x . μmax;  

5) Specific growth yield coefficient (qx- g/g/h: amount of 

biomass produced per amount of sugars consumed per h): Its 

value of qx was determined by the equation:qx = Yp/x . μmax; 

and  

6) Productivity (P – U/h the amount of enzyme produced per 

total time of fermentation): Its value was determined by the 

equation: P = ΔP/Δt 

 

2.8 Destaining of Cotton Fabrics  

Following the method of Kotb et al. (2023), white cotton 

fabrics of 4 × 4 cm2 dimension were stained with 100 µL of 

whole blood sample. After the dryness of stains at 60 ◦C for 60 

min, they were immersed in a solution of one set of the 

experiments at pH 9.0. The sets were (A) Whole blood sample 

(B) Distilled water as a control, (C) Detergent solution at 7 

mg/mL concentration, (D) Protease enzyme preparation at a 

concentration of 150 U/mL and (E) denatured detergent 

solution plus enzyme preparation at a concentration of 150 

U/mL. The incubation was allowed at room temperature (25 

◦C) for 1 h with a shaking speed of 150 rpm. By the end of 

incubation, fabrics were air-dried after being rinsed with tap 

water, and the stain elimination effectiveness was determined 

by visual inspection of the color intensity of cloth.  

 

2.9 Dehairing Activity  

Following the method of Kotb et al. (2023), a skin piece of 

cow was obtained from a local slaughterhouse then washed 

with distilled water to eliminate impurities and dried for 30 

min at 50 ◦C. It was cut into smaller pieces of 4.5 × 4.5 cm2. 

The pieces were then immersed in 150 U/mL of protease 

enzyme at pH 9.0 and 55 ◦C for 24 h with a shaking speed of 

150 rpm (B) while the other piece was immersed in water 

control (A). Dehairing activity was checked after 60 min of 

exposure by shedding the hair using sterile forcep. 

 

2.10 Statistical Analysis 

The data obtained was analyzed using one way analysis of 

variance (ANOVA) in GraphPad Prism Version 8.0.2. 

statistical package and Microsoft Excel package (Uba et al., 

2020h; Afulukwe et al., 2025; 2026). 

 

3. Result 
3.1 Isolation, Primary and Secondary Screening of 

Potential Alkaline Protease-producing Bacterial from Fish 

Pond and Poultry Farm Water Samples  

The both water samples from fish pond (FW) and poultry farm 

(PW), were serially diluted and tube 10-2 and 10-3 was pour 

plated on skim milk agar at 37 0C and pH 9 for 3 days in 

duplicates, for the determination of proteolytic activity. After 

incubation period was over, PW 10-2 A2 was observed to have 

more discreet clear zone around the colonies (13mm) and was 

sub cultured to get more discreet colony (Appendix I) which 

revealed the production of protease most predominantly, 

PW10-2B2 had many colonies (>300) but little diameter zone 

of hydrolysis (2mm), followed by PW10-2A1 with 22 colonies 

and 4 mm ZOH. Table 1 revealed the screening of the samples 

for protease producing organisms. The isolate was sub cultured 

and maintained in NB media for future tests.
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Table 1: Description of colonies grown from both the water samples from fish bond (FW) and poultry farm (PW) 

 Sample 

codes 

No. Of colonies that showed 

zone of hydrolysis (ZOH) 

Diameter of zones (mm) Colony description 

PW10-2 A1 22 4 Milky tiny circular colonies with little ZOH 

PW10-2 A2 3 13 Milky large colonies with ZOH 

PW10-3 B1 - - - 

PW 10-3 B2 >300 2 Milky tiny circular colonies with little ZOH 

FW10-2 A1 2 Insignificant Milky tiny circular colonies with little ZOH 

FW10-2 A2 - - - 

FW10-3 B1 2 - Milky circular colonies with no ZOH 

FW10-3B2 4 - Milky circular colonies with no ZOH 

 

3.2 Molecular Phylogeny and Identification of the Strain of 

Microorganism 

Genomic DNA of the selected bacterial isolate PW10-2A2 was 

extracted and the sequence was aligned and compared with the 

bacterial sequences available in the GenBank database The 

Blast result showed that the isolate is 99.84 % homologous to 

the nucleotide of Bacillus tropicus strains MW971701.1. A 

phylogenic tree was constructed as shown in Figure 1 based on 

16S rRNA gene sequences of isolate (Bacillus tropicus strains 

MW971701.1) Table 2. This was completed in the National 

centre for biotechnology information (NCBI) website. 

Homologies of the gene sequences were checked and 

compared with the sequences of the NCBI. NCBI accession 

number were also assigned to the bacterial strain as seen in 

Table 2. 

 

Table 2: Blasting profile of the alkaline proteolytic bacterial isolate 

Parameter  Description 

ID NO 5_785F_D11_11.ab1 

Description Bacillus tropicus strain INV FIR211  16S ribosomal RNA gene partial 

sequence 

Scientific name Bacillus tropicus  

Max score 1147 

Total score 1147 

Querry cover 100% 

E value 0.0 

% ID 99.84% 

Accession LENGTH 1419 

Accession NO from GenBank MW971701.1 

 

 
Figure 1: Phylogenetic tree constructed based on 16S rRNA gene sequences of Bacillus tropicus (MW971701.1 obtained from 

the GenBank database 

 

3.3 Zymogram 

Molecular mass of the enzyme activity was assessed using 

zymogram electrophoresis. The cell-free supernatant of the 

selected bacterial strain Bacillus tropicus PW10-2A2 was 

subjected to polyacrylamide gel electrophoresis to separate 

and determine the molecular weight of the extracellular 

alkaline protease. The zymogram showed two distinct casein- 

resolution luminous areas on the gel with molecular masses of 

between 36 and 116 kDa (Figure 2). 
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Figure 2: Proteolytic zymogram of Bacillus tropicus PW10-2A2 cell-

free supernatant. 
Key: Lane STD: SigmaMarker™ (Sigma-Aldrich, St. Louis); Lane 1, 2: 

Bacillus tropicus cell-free supernatant 

3.4 Kinetics Profile on Growth of Protease production by 

Bacillus tropicus PW10-2A2 

A kinetic study of protease production by Bacillus tropicus PW10-

2A2 was carried out, providing fairly good quantitative 

information regarding the behavior of a system (Table 3), which 

is essential for the study of fermentation process. The utilization 

of sugar by Dinitro Salicylic Acid (DNS) method of the system 

was determined. Specific growth rate, product yield coefficient, 

growth yield coefficient, specific product yield, specific growth 

yield coefficient and productivity was determined at every 

incubation time as shown in Table 3. Exploitation of such kinetics 

analysis would be useful in marketing microbial enzyme 

production. 

 

Table 3: Kinetic parameters of growth and protease production for batch fermentation by parameters of protease production 

by Bacillus tropicus PW102A2 at optimized condition 
Incubation 

time (h) 

Specific growth 

rate (µmax) 

Product yield 

coefficient 

Growth yield 

coefficient g-1 

Specific 

product 

yield (U/h) 

Specific growth 

yield coefficient 

g-1 h-1 

Protease 

activity 

(U/ml) 

Productivity 

(U/h) 

24 0.1001 100.2436 25.0392 4.1768 1.0433 115.21 4.8004 

48 0.0539 81.7943 27.42 2.1914 0.5713 105.1875 2.1914 

72 0.0389 61.8337 36.7585 1.4774 0.5105 106.3725 1.4774 

96 0.0303 74.2769 40.6549 1.4793 0.4235 142.0175 1.4793 

120 0.0206 65.3806 42.7569 1.0951 0.3563 131.415 1.0951 

 
3.5 Application of Alkaline Protease Produced by Bacillus 

tropicus PW10-2A2 

Blood was stained on white cotton materials and washed with 

different solution, which the alkaline protease produced by the 

above-mentioned isolate was one of them. The result revealed 

that, E - the combination of protease solution with detergent 

resulted in complete stain removal, seconded by C- detergent 

alone and then D, B (Figure 3) 

Cow skins were soaked in alkaline protease produced by Bacillus 

tropicus PW10-2A2 after 96 hours and sterilized water of the same 

value (100 ml) and condition, after 24 h the cow skin in alkaline 

protease was seen to peel off effortlessly than that of sterilized 

water as seen in Figure 4A - B. Alkaline protease from Bacillus 

tropicus PW10-2A2 was efficient in unhairing cow skins after 24 

h more than the counterpart. 

 

 
Figure 3: Washing performance analysis test of alkaline protease produced by Bacillus tropic PW10-2A2  
Key: (A) Control: untreated stained cloth pieces or stained cloth pieces washed with, (B) distilled water (50 ml), (C) Detergent (0.05 g/50 mL), (D) 

alkaline protease produced by Bacillus tropicus PW10-2A2 (50ml), (E) alkaline protease produced by Bacillus tropicus MW971701.1 (50 mL) + 

detergent (0.5g) 

 
Figure 4A - B: Dehairing ability of alkaline protease produced by Bacillus tropicus PW10-2A2 on cow skin against the negative 

control. Key: A- Alkaline protease produced by Bacillus tropicus PW10-2A2; B – in sterilized water.

 

 BA
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4. Discussion 
The successful isolation of protease-producing bacteria from 

poultry farm water (PW) and fish pond water (FW) confirms 

these environments as rich reservoirs of industrially relevant 

microorganisms. The superior performance of isolate 

PW10⁻²A2, with a ZOH of 13 mm, indicates high extracellular 

protease secretion, as larger hydrolysis zones correlate with 

increased enzymatic activity (Sharma et al., 2019; Umennadi 

et al. 2026a; 2026b). Interestingly, isolate PW10⁻²B2 

exhibited dense growth (>300 colonies) but low proteolytic 

activity (2 mm ZOH), suggesting that microbial abundance 

does not necessarily equate to enzyme productivity, a trend 

also reported by some researchers (Iheukwumere et al., 2012a; 

2012b; Mundi et al., 2013; 2014; Okoye et al. 2013; Okoye et 

al. 2014; Okoye et al., 2016a; 2016b; Razzaq et al., 2019; 

Alisa et al., 2020). 

Molecular identification revealed 99.84% homology with 

Bacillus tropicus, a species increasingly recognized for its 

enzymatic capabilities. The use of 16S rRNA sequencing and 

phylogenetic analysis aligns with current best practices in 

microbial taxonomy and ensures accurate strain identification 

(Janda & Abbott, 2021; Anameze et al. 2023; Ezeamama et al. 

2025a; 2025b; Umezulora et al., 2026a; 2026b). 

Zymogram analysis revealed two protease isoforms (36 – 116 

kDa), indicating the presence of multiple proteolytic enzymes. 

This multiplicity may enhance substrate versatility and 

stability under varying industrial conditions (Ghorbel-Frikha 

et al., 2022; Enemchukwu et al. 2026b). Similar findings have 

been reported for Bacillus spp., where multiple proteases 

contribute to improved catalytic efficiency. 

Kinetic analysis demonstrated that maximum protease activity 

(142.02 U/mL) occurred at 96 h, coinciding with the late 

exponential or early stationary phase of bacterial growth. This 

observation is consistent with previous reports that protease 

production in Bacillus species is growth-associated but peaks 

during nutrient limitation (Contesini et al., 2018). The decline 

in activity at 120 h suggests possible enzyme degradation or 

feedback inhibition. 

The enzyme's effectiveness in stain removal, particularly when 

combined with detergent, highlights its compatibility with 

commercial formulations. Proteases enhance detergent 

performance by hydrolyzing protein-based stains such as 

blood, a property widely exploited in laundry industries 

(Sundararajan et al., 2021; Kotb et al., 2023). 

Furthermore, the efficient dehairing of cow skin within 24 h 

demonstrates the enzyme's potential in eco-friendly leather 

processing. Traditional chemical methods involve harsh 

chemicals like sodium sulfide, which pose environmental and 

health risks. Enzymatic dehairing offers a sustainable 

alternative, reducing pollution and improving leather quality 

(Abdel-Fattah et al., 2020; Kotb et al., 2023). 

 

5. Conclusion 
This study successfully isolated and characterized a potent 

alkaline protease-producing bacterium identified as Bacillus 

tropicus PW10⁻²A2 from poultry farm water. The isolate 

exhibited high proteolytic activity, optimal enzyme production 

at 96 h (142.02 U/mL), and multiple protease isoforms (36 – 

116 kDa). Its demonstrated efficiency in detergent-assisted 

stain removal and enzymatic dehairing highlights its strong 

industrial potential. These findings support the application of 

Bacillus tropicus PW10⁻²A2 as a sustainable and cost-

effective source of alkaline protease for detergent and leather 

industries. 
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