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Abstract: 
            The present Proteases are commercially important enzymes with extensive applications in detergent, 
pharmaceutical, and food industries. This study aimed to isolate, screen, and optimize protease-producing 
bacteria from poultry waste contaminated soil collected from Perambalur, Tamil Nadu, India. Soil samples 
were serially diluted, and 0.1 mL aliquots were spread on nutrient agar plates and incubated at 37 °C for 48 
h. Four morphologically distinct bacterial isolates were obtained and screened for proteolytic activity using 
skim milk agar by plate assay. Among them, isolate SPB2 exhibited the highest activity with a clear zone of 
14 mm and was selected for further study. Based on morphological and biochemical characteristics, the 
isolate was identified as Bacillus sp. Key physicochemical and nutritional parameters influencing protease 
production, including incubation time, pH, temperature, inoculum size, and substrate concentration, were 
systematically optimized. Maximum enzyme activity was observed at 36 h incubation (40.5 U/mL), pH 8.0 
(42 U/mL), temperature of 37 °C (49 U/mL), and 3% inoculum size (30 U/mL). Supplementation with 2% 
casein resulted in the highest protease production (68.3 U/mL). These findings demonstrate that the isolated 
Bacillus sp. is a promising source of extracellular protease. The study also highlights the potential of poultry 
waste-contaminated environments for sustainable enzyme production and waste valorization. 
Keywords — Protease, Poultry waste, Skim milk agar, Bacillus, Plate assay, Bioprocess optimization. 
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1.INTRODUCTION 

This document is a template.  An electronic copy 
can be downloaded from the conference website.  
Proteases are essential regulators of all living cell 
processes, including conception, birth, digestion, 
growth, maturation, aging, and death. By regulating 
the activation, synthesis, and turnover of proteins, 
proteases control the majority of physiological 
activities [1]. Additionally, proteases are necessary 
for the reproduction and propagation of infectious 
diseases in viruses, bacteria, and parasites; for the 
efficient transmission of diseases in all insects, living 
cells, and animals; and for the mediation and 
maintenance of diseases in human and animal hosts. 
Additionally, proteases are necessary for the 
reproduction and propagation of infectious diseases 
in viruses, bacteria, and parasites; for the efficient 

transmission of diseases in all insects, living cells, 
and animals; and for the mediation and maintenance 
of diseases in human and animal hosts. 

Approximately 60% of all enzyme production and 
sales worldwide are made up of proteases, one of the 
three biggest categories of commercial enzymes [2]. 
Peptide connections between protein amino acids are 
broken by proteases, which include proteinases, 
peptidases, and proteolytic enzymes. A wide variety 
of intracellular and/or extracellular proteases are 
secreted by microorganisms. Numerous cellular and 
metabolic functions depend on intracellular 
proteases. Extracellular proteases allow the cell to 
absorb and use hydrolytic products and are crucial 
for the hydrolysis of proteins in cell-free conditions 
[3]. Additionally, extracellular proteases have been 
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used commercially to aid in the breakdown of 
proteins in a variety of industrial processes. 

Microorganisms are a good source of enzymes 
because of their wide biochemical diversity and 
responsiveness to genetic modification. Microbial 
proteases account for over 40% of total global 
enzyme sales. Protease production has been studied 
in a variety of bacteria species, including Bacillus 
spp. [4], Vibrio spp., Pseudomonas spp. [5], 
Lactococcus spp. [6], and Staphylococcus [7]. 

Proteases conduct a wide range of functions and 
play a vital role in biotechnology-based sectors such 
as food, leather, detergent, pharmaceutical, and 
bioremediation processes [8]. In general, microbial 
proteases are directly released into the production 
medium since they are extracellular, making enzyme 
purification easier than with proteases obtained from 
plants and animals [9].  As a result, the goal of the 
current study was to identify protease-producing 
bacteria from soil and enhance enzyme production 
through submerged fermentation. 
2. MATERIALS AND METHODS 
2.1. Sample collection  

Soil samples were collected aseptically from a 
chicken waste accumulation zone in Perambalur, 
Tamil Nadu. Approximately 50-100 g of soil were 
taken from a subsurface depth of 5-10 cm to acquire 
a representative microbial load while minimizing 
contamination from surface trash. The samples were 
immediately packed in sterile, airtight polyethylene 
bags, carefully labeled with sampling information, 
and transferred to the laboratory under cold settings 
(4-8°C) to prevent microbial proliferation                     
during transportation [10]. All microbiological 
investigations were performed within 24 hours of 
collection to ensure the correctness of the native 
microbial composition and to avoid metabolic 
changes in the sample. Bacteria were isolated from 
soil samples using the serial dilution agar plate 
technique. 
2.2. Isolation of Proteolytic bacteria 

To obtain distinct colony populations, bacterial 
isolation was carried out using the spread plate 
approach in conjunction with the traditional serial 
dilution technique. To liberate associated microbial 
cells, ten grams of homogenized soil were suspended 
in ninety milliliters of sterile distilled water and 
extensively vortexed. Sterile saline was used to 

serially dilute the mixture up to 10⁻6. From each 
relevant dilution, 0.1 mL aliquots were seeded onto 
nutrient agar plates using a sterilized glass spreader.  
Different colonies appeared when plates were 
incubated for 24 to 48 hours at 37 °C. To produce 
pure isolates, colonies with variations in colour, 
margin, elevation, and overall morphology were 
subcultured via repeated streaking. To ensure that 
every isolate represented a distinct morphotype, 
these purified cultures were kept on nutrient agar 
slants at 4 °C for further examinations.  
2.3 Screening for Protease Production by plate 
assay 

Skim milk agar, a casein-rich substrate that makes 
it easier to identify proteolytic strains, was used for 
the primary detection of protease activity. After 
being spot-inoculated onto the agar surface, purified 
isolates were cultured for 48 hours at 37 °C. The 
development of translucent zones around the 
bacterial colonies demonstrated the hydrolysis of 
casein. A calibrated transparent ruler was used to 
measure the clearance zone's diameter in millimeters 
in order to compare the isolates' relative enzymatic 
strength. The only species selected for in-depth study 
were those that consistently produced distinct 
hydrolysis zones. Strong protease producers were 
successfully distinguished from weak or non-
producing bacteria by this initial assessment. 
2.4 Morphological and Biochemical 
Identification 

The isolate with the highest proteolytic activity 
was subjected to a thorough morphological and 
biochemical analysis. To ascertain cell form, 
organization, Gram reaction, and motility properties, 
Gram staining and motility testing were carried out. 
In accordance with standard bacteriological 
procedures, additional biochemical profiling was 
carried out using IMViC reactions (Indole, Methyl 
Red, Voges–Proskauer, and Citrate utilization), 
catalase and oxidase assays, starch hydrolysis, 
gelatin liquefaction, nitrate reduction, and 
carbohydrate fermentation tests [11,12]. Bergey's 
Manual of Systematic Bacteriology's reference 
descriptions of Bacillus species were matched to the 
collective traits.  
2.5 Optimization of Enzyme Production 

The basal fermentation medium, which has the 
following composition (% w/v): glucose 0.5, 
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peptone 0.75, MgSO4 0.02, KH2PO4 0.1, and pH 7.0, 
was used to optimize a number of cultural and 
environmental factors in order to maximize protease 
output [13]. In order to identify the growth phase 
linked to peak enzyme secretion, the impact of 
incubation time was evaluated throughout a range of 
0 to 48 hours [14]. The influence of cell density on 
enzyme synthesis was assessed by varying the 
inoculum levels between 1 and 5% (v/v) [15]. The 
medium was adjusted between pH 4.0 and 9.0 using 
suitable buffer systems, such as acetate, phosphate, 
and Tris-HCl, to achieve pH optimization [16]. We 
looked at temperature effects between 20 and 50 °C. 
Similarly, to comprehend substrate-dependent 
induction of protease, various casein concentrations 
(0.5–3%) were examined. Protease activity was 
measured after centrifuging culture broths to 
produce cell-free supernatants following each 
experiment. Every assay was performed three times. 
The most advantageous circumstances for maximum 
enzyme output were found mainly to this scientific 
optimization process. 
3. RESULTS AND DISCUSSION 
3.1 Isolation and Primary Screening 

Through serial dilution and nutrient agar culture, 
four different bacterial isolates SPB1, SPB2, SPB3, 
and SPB4—were successfully extracted from soil 
associated with poultry waste. The significant 
variation in colony morphology was indicative of the 
microbial ecology that is inherently heterogeneous in 
waste-enriched settings. Only SPB2 and SPB3 
showed detectable casein hydrolysis during primary 
screening on skim milk agar, resulting in halo zones 
of 13 mm and 2 mm, respectively. The lack of 
clearing zones in SPB1 and SPB4 indicated that, in 
the investigated conditions, these isolates did not 
exhibit considerable extracellular protease activity. 

The notably strong hydrolytic activity of SPB2 
indicates its potential suitability for industrial-scale 
enzyme production. Recent studies confirm that 
poultry-waste soil is a rich ecological niche for 
proteolytic bacteria because of abundant 
proteinaceous material. Several authors reported that 
soil remains the best source for novel protease-
producers, especially Bacillus spp. exhibiting strong 
skim-milk hydrolysis [17]. 
3.2 Identification of Potent Isolate 

Through morphological and biochemical analyses, 
SPB2, the isolate with the highest protease activity, 
was further examined. Gram-positive, motile, rod-
shaped cells characteristics of Bacillus species were 
visible under a microscope. The identification of this 
isolate as Bacillus sp. was further corroborated by 
further biochemical reactions, including a positive 
catalase test, starch hydrolysis, and a distinctive 
IMViC pattern (Table 1). Bacillus species are widely 
recognized for producing extracellular proteases that 
are useful in industry, particularly alkaline proteases 
that are frequently used in the leather and detergent 
industries. Since Bacillus species continue to be the 
predominant extracellular protease producers due to 
their strong growth and high enzyme-secretion 
efficiency, this observation is in line with published 
research [20]. Bacillus continues to be the most 
industrially significant protease-producing genus, 
according to numerous recent research [18]. 
3.3Optimization of protease enzyme production 

Only after a specific incubation period, which 
permits the culture to grow at a studied state, could 
maximum enzyme production be achieved. Each 
strain's production of enzymes is determined by its 
unique growth rate. The two primary features that are 
primarily impacted by incubation time are the 
culture's growth rate and enzyme synthesis [19]. 
Protease production grew steadily from 0 to 36 hours 
in time-optimization testing, reaching a peak at 40.5 
U/ml. The synthesis of the enzyme gradually 
decreased with additional incubation. This decrease 
may be caused by both auto-proteolysis and the halt 
of enzyme production (figure 1). Similar results were 
also reported by a prior researcher [20], who found 
that Bacillus sp. bacteria produced the most protease 
enzyme after 36 hours of incubation. Conversely, 
several writers claimed that the synthesis of the 
protease enzyme peaked after 72 hours of incubation 
[21]. 

A key factor in microbial fermentation, inoculum 
volume controls the amount of biomass and product 
production. It is clear that, depending on the traits of 
the microbial strains, the inoculum size has a variety 
of effects on the production of biomass and the 
synthesis of enzymes [22]. This experiment 
examined a variety of inoculum concentrations, from 
1% to 5%. Enzyme production varied with the 
percentage of inoculum, reaching a maximum of 30 
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U/ml at 3% inoculum concentration. Protease 
production somewhat decreased when the inoculum 
amount was increased from 3% to 5% (Figure 2). 
Similar findings were reported by Espoui et al. [23], 
who found that 3% inoculum size produced the 
highest level of protease enzyme synthesis (9.21 
U/ml) and that further increases led to a drop in 
alkaline protease production. Reduced dissolved 
oxygen, a lack of nutrients for the greater biomass, 
and faster development could all contribute to the 
decrease in protease levels with higher inoculum 
sizes. By regulating oxygen transport and food use, 
a moderate inoculum size (2–3%) promotes protease 
synthesis in Bacillus species [24]. Excessive biomass 
produced by larger inoculum sizes frequently results 
in nutritional deprivation and decreased enzyme 
production.  

Because it affects nutrient solubility and 
absorption, enzyme activity, cell membrane 
architecture, byproduct production, and redox 
reactions, the pH of the culture medium is crucial for 
cell development [25]. The bacterial isolate was 
cultivated in media with varying pH values between 
4.0 and 9.0. Bacillus sp. produced the most protease 
enzyme in a medium with a pH of 8.0 (42 U/ml) 
(figure 3). This conclusion is corroborated by a 
previous study [26], which found that the medium's 
pH needs to be kept above 8.0 during the 
fermentation process.  Numerous researchers have 
reported that, depending on the species and source of 
isolation, proteases produced from microbial sources 
can be either acidic or alkaline. 

By incubating the inoculation media at various 
temperatures between 20 and 50°C, the ideal 
temperature for maximum protease synthesis was 
investigated. It was discovered that enzyme 
production peaked at 37°C (49 U/ml) (Figure 4) and 
decreased at higher temperatures. Since the enzyme 
is a secondary metabolite that is created during the 

exponential growth phase, incubation at a high 
temperature may result in poor growth, which would 
lower the yield of the enzyme [27]. According to 
Thakor et al. [28], the ideal temperature for bacterial 
growth and protease synthesis in shaken cultures is 
37°C. 

Influence of different concentration of substrate on 
the production of protease by Staphylococcus sp. 
was evaluated. In this study, protease production was 
significantly enhanced when 1.5% of casein was 
used as substrate in the medium with 68.3 U/mL of 
protease activity (figure 5) Generally, casein is a 
protein rich substrate, which supports high protease 
production. The concentration of casein at various 
levels (5 to 30 g/L) was evaluated by Zhang et al. 
[29]. Casein at a concentration of 15 g/L 
significantly (p<0.05) yielded the maximum amount 
of protease (125.40 U/mL). Similarly, Tennalli et al. 
[30] studied the optimum concentration of casein for 
maximum protease production was obtained to be 
2%, where the protease activity of crude extract was 
39 U/ml.  
3.4. Conclusion 
The outcomes of this study show that bacteria that 
can produce proteolytic enzymes are present in soil 
taken from the Perambalur poultry waste site. The 
obtained isolates that displayed distinct zones on 
skim milk agar were chosen for additional 
investigation and were found to be members of the  
Bacillus genus. To increase protease production, 
important bioprocess factors such as the length of the 
incubation period, the size of the inoculum, the pH, 
the temperature, and the amount of substrate were 
methodically tuned. The isolate found in this work is 
a promising new source of functional enzymes given 
the broad application of microbial proteases in 
numerous biotechnological and commercial 
processes.  

Table 1 Morphological and Biochemical 
characterization of bacterial isolate 
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Fig. 1 Optimization   of Incubation Time on Protease  
          production by Bacillus sp.        

 
                      
 
 
 
 
 
 
 
 
 
 

Fig.2 Effect of Inoculum concentration on protease  
                  production by Bacillus sp.     
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
            Fig. 3 Effect of medium  pH on   protease production  
                              by   Bacillus sp. 
.     
 
 
 
 
 
 
 
 
 
 
           Fig.  4 Effect of temperature on   protease production  
                                                     by Bacillus sp. 
 
 
      
                      
 
 
 
 
 
 
 
 
 
 
Fig.  5 Effect of substrate concentration on   
protease production by Bacillus sp 
 
 
  

                                                                                                                                                                        

Test Isolate SPB2 
Grams reaction Gram Positive rod 
Spore stain Central oval spores 
Motility test Motile 
Skim milk agar  Clear halo zone 
Catalase Positive 
Oxidase Positive 
Starch hydrolysis Positive 
Nitrate Reduction 
Test 

 Positive 

Indole Positive 
  VP Test Positive 
Indole test Negative 
Citrate test Positive 
Glucose 
fermentation 

Acid production 

Lactose fermentation  Negative 
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