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Abstract: The microbial cells serve asa valuable source of protease due to their diverse metabolic profile and cost - effectiveness. 

TheBacillus subtilisis widely accepted as a potentalkaline protease producer. These alkaline proteases are widely used as detergent 

additives, household cleaning agents, partial digestion of proteinaceous food, and waste treatment. The bacterial strains were isolated 

from dairy waste effluent and among them, the protease - producing B. subtilis was screened. The PPB - 16 (B. subtilis) exhibited the 

maximum quantitative protease activity of 41 ±0.33 U mL - 1 on Fortified Dairy Waste Effluent (FDWE). The kinetics study of PPB - 16 

(B. subtilis) - derived protease revealed bacterial species has also revealedVmax of 8.29 U mg - 1 proteinand Km of 2.37mg casein mL - 1 in 

FDWE. The prospects include the characterization of protease and their in - silico profiling for the best possible targets that could 

potentially be used in the food and pharmaceutical sectors. The limitation of the present study is that, as the literature claimed huge 

diversity in ingredients of dairy waste effluents accordingly protocols for protease production needs to be optimized accordingly.  
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1. Introduction 
 

Enzymes are active protein molecules that facilitate catalytic 

reactions in living cells andare ubiquitously distributed in all 

living cells including plants, animals, and microbes. Cells. 

The proteases (EC: 3.4) belong to the hydrolase group and 

participate in proteolytic activity in living cells. It is found in 

diverse forms including aspartic, cysteine, metalloprotease, 

serine, and threonine. Additionally, based on the pH, 

classified into alkaline neutral and acid proteases. The 

protease has a widespread industrial utility to facilitate 

chemical reactions (Beg and Gupta, 2003). The proteases 

have been reported to be utilized in detergent manufacturing, 

household cleaning additives, and partial digestion of 

proteinaceous food. Microbial cells nowadays serve 

asexcellentsources of protease due to diversity, easy genetic 

manipulation, and cost - effectiveness. However, the 

proteases are produced by eukaryoticcellsincluding plants 

and animals, but due to complex cultivation measures, time - 

consuming and large conditioned area requirements and to 

follow strict ethical guidelines. Microbial proteases capture 

40% of the global enzyme market. In the context of alkaline 

proteases, theBacillusgenus has been recognized asa potent 

protease producer (Contesiniet al., 2017; Solanki et al., 

2021). Among them, B. subtilis has been reported as a 

significant alkaline protease producer (Oda, 2012) 

andubiquitously distributed in an ecosystem (Harwood et al., 

2022). This bacterial species has also been revealed for 

extensive opportunitiesfor stable genetic medications (Hubar 

et al., 2017). Additionally, the proteasesderived from B. 

subtilis have been recognized as GRAS (Rao et al., 1998).  

 

As microbial - derived alkaline protease production is 

expensive (Rao et al., 1998) due to the higher cost of 

substrate or production media. Therefore, the use of 

inexpensive substrate or waste for protease production might 

reduce the production cost. The hair - , bakery - , fish - , 

dairy - , and soya - waste have been earlier studied (Sharma 

et al., 2019) for protease production. The present work was 

focused on dairy waste because itgeneratesa large quantity 

of processed wastewaterhavinghigh biological oxygen 

demand (BOD), protein, carbohydrates, and fats content 

(Gopinatha Kurupet al., 2019) that cause harm to an aquatic 

ecosystem (Balamane - Zizi and Ait - Amar, 2010) if 

discharged untreated. The local dairy and bakery waste 

effluents are often discharged in a municipality or nearby 

sewerage. Thereby, the work was planned towards the 

effective waste effluent utilization system for protease 

production which can further be extended to produce value - 

added products e. g., organic acids, organic alcohols, 

biofuels, and so on. The protease kinetics defines how the 

variables (e. g., substrate concentration) affectthe rate of 

protease activity. Michaelis–Menten (MM) and Line - 

weaver Burk (LB) reciprocal plots are well - known for 

enzyme kinetics studies (Rajendran & Thangavelu, 2008). 

The LB plot is often used to determine Km and Vmax for the 

enzyme. Hence, the present research work was focusedon 

theevaluation of the protease kinetics of B. subtilison 

FDWE.  

 

2. Materials and Methods 
 

The samples were collected from the 24 sites marked under 

four sectors inthe Bilaspur Region. The two types of samples 

viz., Fresh Dairy Effluent (FDE) and Dairy Effluent Soaked 

in Soil (DESS) were collected from local Dairy units and 

brought to the laboratory for preliminary experiments as per 

the research design.  
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Isolation and Screening of protease - producingBacillus 

strains 
The bacterial strains were isolated by using serial dilution 

followed by spreading the 10
 - 6

 titer over the Nutrient Agar 

Media plates. The protease - producing bacterial strains were 

qualitativelyscreened on a Skim Milk Agar plate 

(supplemented with 2% skim milk) using the protocol 

mentioned by Das and Prasad (2010). Protease - producing 

bacterial strains were identified as per the key provided by 

BMDB (Bergey’s et al., 1974).  

 

Preparation of Fortified Dairy Waste Effluent  

The dairy effluent was fortified using glucose (0.5 %), milk 

powder (1 %), yeast extract (0.5%) and peptone (0.5%). The 

protein, fat, and sugar content were determined after 

fortification using Milkotester.  

 

Production of Proteases using Bacillus isolates 

The protease - producingBacillus isolates weresubjected to 

submerged fermentation using FDWE at 40
0
C, pH of 8.0, 

and rotation of 150 rpm for 72 h. The fermented FDWE 

broth was then centrifuged at 8000 rpm to remove bacterial 

cells and cell - free supernatant was marked as crude 

protease enzyme. The crude protease was partially purified 

by ammonium sulfate precipitation (at a gradual saturation 

from 0 to 65% at 4
0
C) method (Kumar et al., 1999) followed 

by dialysisusing 20mM of Tris - HCl buffer at pH of 8.5 for 

two successive times (Ellaiah and Srinivasulu, 1996) to 

remove ammonium sulfate fraction. The quantitative 

protease activity of Bacillus species was analyzed by using 

the method described by McDonald and Chen (1965). The 

most potent protease - producing bacteria was determined 

based on the quantitative protease activity and further 

selected for protease kinetics on FDWE.  

 

Assessment of protease kinetics onFortified Dairy Waste 

Effluent 

The Kinetics of partially purified protease derived from the 

most potent protease - producingBacillus isolates 

wasassessedusing LB (Philipp and Bender, 1983). The 

FDWE was used as a substrate for partially purified protease 

to determine the kinetics. The substrate concentrations of 

1.0, 1.5, 2.0, 2.5, and 3.0 mg L
 - 1

were taken for kinetic 

analysis. The temperature of 40
0
C and pH of 8.0 were 

maintained during the assay. The Km and Vmax were 

determined using a plot between 1/V versus 1/S in MS 

Office Excel 2021 using the equation y= mx + b.  

 

All the experiments were carried out in triplicates to 

minimize the error. The statistical calculation was done 

using MS Office Excel 2021.  

 

3. Results and Discussion 
 

The present research work was focused on the evaluation of 

Bacillus subtilis - derived protease kinetics on FDWE. The 

dairy waste has pH ranges between 6.4 ±0.12 to 8.9 ±0.23, 

temperature ranges from 23 ±1.0to 31 ±1.0, andmoisture 

content ranges from 46 ±2.74 to 61 ± 3.53. Likewise, the pH 

range of 7.2 to 8.8 (Deshannavaret al., 2012) and from 7.0 to 

8.0 (Arumugam and Sabarethinam, 2008) have been 

reported earlier. As the Bacillus spp. utilize nitrogen sources 

from media and release ammonium derivatives in fermented 

broth which tend to increase pH (Parkouda et al., 2009; 

Owusu - Kwarteng et al., 2022). The fortified dairy waste 

effluent (FDWE) has a pH of 7.3, protein content of 2.6 g 

100 ml
 - 1

, fat content of 1.8 g 100 ml
 - 1, 

and sugar content of 

4.9 g 100 ml
 - 1

.  

 

A total of three protease - positiveBacillusspecies were 

observed from collected samples and were identified as 

Bacillus cereus (PPB - 18), Bacillus licheniformis (PPB - 

27), and B. subtilis (PPB - 16) using the key provided by 

BMDB (Bergey et al., 1974). Similarly, Garcha et al. (2016) 

revealed B. subtilis SRS 35, Lysinibacillussphearicus 

B3PO2, B. cereus N24, Bacillus thuringiensis ODPY, 

Brevibacillus brevis KF152965 strains in unorganized dairy 

sector wastewater.  

 

Among them, B. subtilis (PPB - 16) was further selected for 

fermentation as per the experimental design and objective of 

the present research work. The colony, morphological, and 

biochemical characteristics of B. subtilis (PPB - 16) are 

shown in Table 1. B. subtilis (PPB - 16), B. cereus (PPB - 

18), and B. licheniformis (PPB - 27) exhibited 41 ±0.33 U, 

39 ±0.28 U, and 38 ±0.35 U protease activity in FDWE at 

pH of 7.0, Temperature of 40
o
C, RPM of 150 rpm, and time 

of72h undersubmerged fermentation (Table 2). A similar 

study was carried out by Mahakhanet al. (2022) on alkaline 

protease production byBacillus gibsonii 6BS15 - 4 using 

fortified dairy effluent and they revealed 766.60 mg/l of 

protein and 381.30 mg/l of reducing sugar on effluent. 

Additionally, they reported 78.85 ± 8.87% of relative 

protease activity of B. gibsonii 6BS15 - 4 on dairy effluent 

which was fortified with basal media and 0.25% skim milk. 

El - Gayaret al. (2020) revealed that the Bacillus 

thuringiensis that wasisolated from the Mangrove 

rhizosphere, exhibited 101.22 U/ml of protease activity on 

dairy industry wastes (50% dairy waste) fortified with 1% 

skim milk, NaCl, and CaCl2 at pH of 7.0 and 37°C of 

temperature.  

 

The maximum protease kinetic was found Vmax (U mg
 - 1

 

protein) of 8.29 Km (mg casein mL
 - 1

) of 2.37with PPB - 16 

(B. subtilis) - derived protease on FDWE substrate (Fig.1). 

Similarly, Sumardi et al. (2016) claimed that the Bacillus sp. 

derived protease exhibited 0.33 U ml
 - 1

 of Vmax and 5.64 U 

ml
 - 1

 of Km at pH 8, and likewise, Abdullah et al. (2022) 

noted 0.307 U g
 - 1

 of Vmax and 11.2 mg mL
 - 1

 of Km with 

proteasederivedfrom B. subtilis.  
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Table 1: Colony, Morphological, and Biochemical Characteristics of B. subtilis 
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B. subtilis CW Irregular Flat + Rod + + + + + - + + + 

CW: Creamish White; +: Positive; -: Negative 

 

Table 2: The potent proteasesproducing Bacillus species 

Bacterial isolates 
Identified 

as per BMDB 

Protease activity 

Qualitative 
Quantitative 

Zone diameter (mm) Colony diameter (mm) Hydrolysis capacity 

PPB - 16 B. subtilis 12 27 2.25 41 ±0.33 

PPB - 18 B. cereus 10 19 1.90 39 ±0.28 

PPB - 27 B. licheniformis 14 22 1.57 38 ±0.35 

 

 

 
Figure 1: Line weaver - Burk (L - B) double reciprocal plot for Km & Vmax of protease produced by PPB - 16 in FDWE. 

The graph is plotted between 1/V versus 1/S and y= mx + b was generated by Microsoft Excel 2022. 

 

4. Conclusion  
 

Protease enzymes havetremendousapplications in the 

industrial sector includingdetergent manufacturing, food 

processing, tannery, pharmaceutical preparations, 

agricultural practices, bioenergy generation, and waste 

treatment methods. The microbial proteases attract scientific 

communities due to easy cultivation, diverse substrate 

utilization, diverse metabolic profile, effective genetic 

manipulation opportunities, and less associated ethical 

concern as compared to other related living organisms 

producing the enzyme. The genus Bacillusis a potent 

producer of alkaline proteases and can utilize a broad array 

of substratesfor protease production. Dairy waste effluent 

has a high nutrient content. Thereby, the protease production 

by B. subtilis using FDWE and protease kinetics has been 

assessed in the present study. The PPB - 16 (B. subtilis) 

exhibited maximum quantitative protease activity and 

significant Km and Vmaxin FDWE. The prospects of the 

present research work include the molecular characterization 

of protease enzymes and their in - silico profiling for the 

best possible targets in the food and pharmaceutical sectors.  
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