
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Process optimization and partial purification of bacterial 
proteases to evaluate meat tenderization 

ABSTRACT 
Proteases, a class of enzymes, play a crucial role 
in breaking down peptide bonds within proteins. 
In the food industry, microbial proteases find 
diverse applications, including cheese-making, 
meat tenderization, gluten modification, and 
protein hydrolysis. Their preference over animal 
and plant proteases stems from their stability, 
specificity, and diversity. This research focuses on 
the extraction, purification, and activity assessment
of the protease enzymes obtained from soil and 
water samples collected at Khulna University. The 
selection process involved the use of Skim Milk 
Agar media to identify protease-producing bacteria,
including Lysinibacillus sphaericus MGB1077, 
Bacillus firmicutes HBB525, Bacillus cereus
VKK8, Lysinibacillus fusiformis S1B12, and 
Bacillus cereus CEN5. Submerged fermentation 
was employed to produce protease from these 
strains over 48 hours. After centrifugation, we 
obtained crude protease, which was tested by 
Sigma’s non-specific protease activity assay using 
casein as the substrate. Subsequent purification 
involved 60% ammonium sulfate precipitation. 
Notably, partially purified proteases exhibited 
higher activity than crude proteases. We optimized
the enzyme production process for the five 
isolates, resulting in activities of 32.13 Units/ml, 
28.42 Units/ml, 18.83 Units/ml, 24.11 Units/ml, 
and 18.55 Units/ml, respectively. Sodium Dodecyl
Sulfate Polyacrylamide Gel Electrophoresis (SDS
 

PAGE) analysis revealed molecular weights of 
approximately 45 kDa for enzymes from 
L. sphaericus MGB1077 and B. firmicutes HBB525,
while those from B. cereus VKK8 and B. cereus
CEN5 exhibited weights around 30 kDa. 
Additionally, we characterized the enzymes based 
on incubation time, pH, and temperature. Finally, 
these proteases were applied to meat, demonstrating
a significant tenderizing effect. 
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INTRODUCTION 
Proteases are enzymes that are responsible for 
breaking down proteins and have diverse 
applications across various industries. Microbial 
proteases, especially those from bacteria and 
fungi, play a crucial role in industrial processes 
due to their stability and specificity [1].  
Researchers are exploring various approaches to 
discover, redesign, or artificially synthesize enzymes
with better applicability in industrial processes. 
However, the optimization of protease enzyme 
production from bacterial sources is essential to 
meet the rising demands and applications. The 
genus Bacillus is a crucial bacterial source of 
proteases. These microorganisms produce neutral 
and alkaline proteolytic enzymes with remarkable 
properties, including high stability in extreme 
conditions such as temperature, pH, and exposure 
to organic solvents, detergents, and oxidizing 
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compounds. Their contributions are valuable for 
various industrial applications [2]. Specifically, 
bacterial proteases are widely used in meat 
tenderization by degrading structural proteins in 
connective tissues, resulting in more tender meat. 
Another study highlights the importance of 
bacterial proteases in meat tenderization. These 
proteases, including bromelain, papain, ficin, 
actinidin, and calpain, play a crucial role in 
breaking down elastin and collagen [3]. 
In this research, we employed biochemical and 
molecular techniques to identify bacteria capable 
of producing proteases from environmental 
samples, including soil and water. Subsequently, 
we optimized the production conditions for these 
bacterial proteases and conducted a detailed 
characterization of the protease enzymes. Finally, 
we assessed the influence of these proteases on 
meat tenderness. 
 
MATERIALS AND METHODS 

A. Sample preparation 
Two soil samples and two water samples from 
near Khulna University were collected using 
sterile equipment. The purpose was to assess 
bacterial efficiency in protease production. After 
serial dilution, the soil bacteria were cultured in 
skim milk agar (SMA) media. Single colonies 
producing zones were streak-plated. A pure 
culture stock was prepared in 50% final 
concentration of glycerol solution and stored in 
the freezer at -20 °C. 

B. Identification of bacterial isolates 
Bacterial isolates undergo multiple identification 
methods. Morphological and physiological 
characterization of the isolates was performed by 
microscopic examination and Gram staining. 
Additionally, biochemical tests including casein 
hydrolysis, catalase, oxidase, citrate utilization, 
triple sugar iron, and urease tests aid in the 
identification. Finally, at the molecular level, 16S 
rRNA gene sequencing provides further insight 
into their classification.  

C. Fermentation  
To initiate fermentation, a single colony from 
a pure culture was selected and transferred to 
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a fresh, sterilized nutrient broth medium using 
an inoculation loop. This mixture was incubated 
overnight at 37 °C. Next, a specific protease-
producing media was prepared and sterilized at 
121 °C for 15 minutes. 4% of the inoculum was 
then inoculated into the fermentation media, 
which was incubated for 48 hours at 37 °C with 
160 rpm shaking in a shaker incubator. 
After incubation, the media was centrifuged at 
6000 rpm at 4 °C for 20 minutes. The cell debris 
(accumulated as a pellet) was discarded, and the 
cell-free supernatant was collected and stored at 
4 °C for further experiments. 

D. Partial purification of protease 
After centrifugation, crude protease was obtained. 
For partial purification, 60% ammonium sulfate 
precipitation was performed. To prepare a 100% 
saturated ammonium sulfate solution, a 76.68% 
ammonium sulfate solution was first prepared. 
Then, a 60% saturated solution was prepared 
using the following formula: 

Final volume × Final concentration = Concentrate 
volume × Concentrate concentration 

Here, Final volume = Solution volume + Concentrate
volume 

Ammonium sulfate was added slowly with gentle 
stirring using a magnetic stirrer. It was then 
allowed to precipitate for a few minutes. After 
that, it was centrifuged at 6000 rpm at 4 °C for 
20 minutes. The supernatant was discarded, and 
the pellets were dissolved in tris-HCl buffer 
(pH 8.0) [4]. The partially purified enzymes 
underwent salting out by dialysis tube. The 
dialysis membrane was activated, and the sample 
was placed inside, followed by dialysis at room 
temperature for about 60 minutes. The dialysate 
buffer was replaced after every 2 hours for a total 
duration of 24 hours. Finally, the protein was 
transferred to a new tube after dialysis. 

E. Protease activity assay 
A Tyrosine standard curve was created using 
a graphing program to plot the change in 
absorbance of standards on the Y axis, versus 
the amount in micromoles for each of our 
five standards on the X axis. To determine the
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calculated in units per/ml, using the following 
equation: 
 
 
 
 
 
 
 
 

H. Molecular identification of protease  
The partially purified enzymes were identified on 
a molecular basis by using SDS PAGE [6].  

I. Application on meat tenderization  
The uniformly weighted beef chunks (each 
weighing 20 g) were treated with enzyme 
solutions of 0%, 0.5%, and 1.0% (w/v). Two meat 
pieces were used for each treatment. After 
thorough mixing with the produced enzymes, 
the meat chunks were placed in a small beaker 
and left at room temperature for 60 minutes. 
Subsequently, the physiochemical and quality 
characteristics were assessed in terms of water-
holding capacity (WHC) and cooking yield (CY). 
WHC and CY were determined following the 
method mentioned in [7]. WHC was calculated in 
percentage by using the following equation: 
 
 
 
 
 
 
 
 
 
The selected isolates were studied microscopically 
for physiological and morphological properties. 
The physiological and morphological properties 
of the isolates are shown in Table 1. 
All the bacterial isolates were confirmed as Gram-
positive bacteria because they were rod-shaped 
and purple in color when observed under a 
microscope. Several biochemical properties of 

proteolytic activity of the isolated enzyme 
Sigma’s universal protease activity assay was 
followed [5]. The activity of the enzyme was
 
 
 
 
 
 
F. Process optimization of protease production
The one variable at a time (OVAT) experimental 
design was employed to optimize protease 
production. The study investigated the impact of 
incubation time, varying from 24 to 96 hours, on 
protease production. Additionally, the effect of 
pH (ranging from 7 to 11) and temperature
(25 °C, 37 °C, 45 °C, and 60 °C) was assessed. 
Enzyme activity was determined using “Sigma’s 
universal protease activity assay”. The results 
provide insights for optimizing protease production
conditions. 

G. Partial purification of protease 
Protease produced under the optimized condition 
was partially purified by 60% ammonium sulfate 
precipitation as stated above. The activity of the 
enzyme was measured again by using Sigma’s 
universal protease activity assay [5].  

 

 

 

 

 

 

RESULTS 

A. Isolation and identification of bacterial 
strains 
From the four samples, five bacterial isolates were 
found to show proteolytic activity. These isolates 
were designated as OPS1, OPS2, OPS3, FW1, 
FW3.2.  
 

( )
( ) ( )

( )

         
/  =

                  
    

µmole tyrosine equivalents Total volume in milliliters of assay
Units ml enzyme

The volume of enzyme in milliliters used time of assay in minutes as per the unit definition
volume in milliliters

×
×

×    used in colorimetric determination

( ) ( )%
Volume of  NaCl  before centrifuge  Volume of  NaCl  after  centrifuge

WHC × 100Volume of  NaCl  before centrifuge
−

=  

The cooking yield was calculated by determining the difference between the raw and cooked weights:  

( )%
Weight  of  cooked  chunks

Cooking  Yield × 100
Weight  of  raw chunks

=  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Partially Purified Enzyme) by Sigma’s universal 
protease activity assay [5]. Here casein was used 
as substrate. The results demonstrated in Figure 2 
shows that the partially purified enzymes have 
better proteolytic activity than crude enzymes.  
In the case of crude enzymes, the highest activity 
was observed in B. cereus CEN5, which was 7.38 
Units/ml, while the lowest activity was observed 
in L. fusiformis S1B12, which was 4.24 Units/ml. 
In the case of partially purified enzymes, the 
highest and lowest activity was again observed in 
B. cereus CEN5, which was 16.67 Units/ml, and 
in L. fusiformis S1B12, which was 8.2 Units/ml, 
respectively. 
However, one unit of protease activity is defined 
as the amount of enzyme required to liberate 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

the selected isolates were investigated for the 
identification of bacteria. The results of the 
experiment are shown in Table 2. 

B. Molecular identification of selected isolates 
16S rRNA gene was used for the identification of 
bacteria. The sequence results for all five bacterial 
isolates are shown in Table 3. 

C. Protease activity assay 
To determine the activity of the protease enzyme, 
the tyrosine standard curve was prepared by 
following Sigma’s universal protease assay [5]. 
Figure 1 shows the tyrosine standard curve. 
Proteolytic activity was measured before (Crude 
Enzyme) and after ammonium sulfate precipitation
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Table 1. Physiological and morphological properties of the selected isolates. 

Strain Shape Color Gram staining 

OPS1 Rod Purple Positive 

OPS2 Rod Purple Positive 

OPS3 Rod Purple Positive 

FW1 Rod Purple Positive 

FW3.2 Rod Purple Positive 

Table 2. Summary of biochemical tests. 

Biochemical properties OPS1 OPS2 OPS3 FW1 FW3.2 

Casein hydrolysis [8] +ve +ve +ve +ve +ve 

Catalase test [9] +ve +ve +ve +ve +ve 

Oxidase test [10] +ve +ve +ve +ve +ve 

Citrate utilization test [11] +ve +ve +ve +ve +ve 

TSI (slant) Red Red Red Red Red 

TSI (butt) Yellow Yellow Yellow Yellow Yellow 

Gas -ve -ve -ve -ve -ve 
Triple sugar iron 
(TSI) test [12] 

H2S -ve -ve -ve -ve -ve 

Urease test [11] -ve -ve -ve -ve -ve 

Suspected bacterial genus Bacillus Bacillus Bacillus Bacillus Bacillus 
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Table 3. Identification of bacterial strains. 

Bacterial isolates Identified bacteria Strains Accession number 

OPS1 Lysinibacillus sphaericus MGB1077 MH260967.1 

OPS2 Bacillus firmicutes HBB525 OM510455.1 

OPS3 Bacillus cereus VKK8 JX852574.1 

FW1 Lysinibacillus fusiformis S1B12 MK559524.1 

FW3.2 Bacillus cereus CEN5 KF822672.1 

Figure 1. Standard curve of tyrosine. 

Figure 2. Protease activity of crude vs partially purified enzymes. 
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observed during the determination of their 
specific effects, the steps for which are given in 
Table 4.  
The activity of the protease enzymes produced in 
optimized conditions is shown in Figure 6. 

F. Molecular identification of protease 
To investigate the purity of the obtained protease 
enzyme, SDS PAGE was performed. The 
electrophoresis involved five isolates of the 
crude enzyme extract. Several protein bands with 
different molecular weights were observed in the 
 

1.0 µg of tyrosine per minute per milliliter under 
the standard assay conditions. 

D. Process optimization of protease production
To determine the optimal production of protease, 
different incubation periods, pH, and temperatures 
were selected. The results are shown in Figures 3, 
4, & 5. 

E. Protease activity in optimized conditions 
The optimal conditions for all bacterial strains 
were identified based on the highest activity
 

 
 
 
 
 
 
 
 
 

Figure 3. Effects of incubation time on protease production. 

Figure 4. Effects of pH on protease production. 
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Figure 5. Effects of temperature on protease production.

Table 4. Optimized conditions for bacterial strains. 

Enzyme derived from bacterial 
strains 

Incubation period 
(Hours) pH Temperature (°C) 

Lysinibacillus sphaericus MGB1077 48 9 45 

Bacillus firmicutes HBB525 24 8 37 

Bacillus cereus VKK8 48 10 37 

Lysinibacillus fusiformis S1B12 48 9 37 

Bacillus cereus CEN5 48 9 45 

Figure 6. Protease production in optimized conditions. 
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purified, compared to crude enzymes. Bacillus 
firmicutes HBB525 showed superior activity after 
24 hours of fermentation, while others performed 
better after 48 hours. Optimal pH levels varied, 
with Bacillus firmicutes HBB525 excelling at pH 
8, and others at pH 9 and 10. Temperature-wise, 
37 °C was ideal for most, except for Lysinibacillus
sphaericus MGB1077 and Bacillus cereus CEN5, 
which favored 45 °C.  
The molecular weight of enzymes derived from 
Lysinibacillus sphaericus MGB1077 and Bacillus 
firmicutes HBB525 was approximately 45 kDa, 
which is similar to the findings of [13]. 
In contrast, Bacillus cereus VKK8 and Bacillus 
cereus CEN5 showed a molecular weight of 
around 30 kDa, which comes closer with the 
results of [14], except for Lysinibacillus fusiformis 
S1B12, which lacked a distinct band, possibly due 
to sample concentration issues. 
The observation in this study indicates that as 
the enzyme treatment rates increase, there is 
a reduction in the water-holding capacity and 
cooking yield of meats. Essentially, higher
 
 

crude samples. Enzymes derived from 
Lysinibacillus sphaericus MGB1077 and Bacillus 
firmicutes HBB525 showed a molecular weight of 
approximately 45 kDa, whereas, Bacillus cereus 
VKK8 and Bacillus cereus CEN5 showed a 
molecular weight of around 30 kDa. But, 
Lysinibacillus fusiformis S1B12 did not show any 
specific band. 

G. Meat tenderization  
The physio-chemical and quality characteristics 
like water-holding capacity and cooking yield 
of the protease enzyme-treated meats were 
evaluated. Three different types of enzyme 
treatments- 0, 0.5%, and 1.0% (w/v) were studied. 
As the percentage of enzyme treatments 
increased, there was a significant reduction in 
water-holding capacity and cooking yield as 
shown in Table 5.  
 
DISCUSSION 
Enzymes from five bacterial strains were found to 
exhibit higher protease activity when partially
 
 
 

 

 
 

Table 5. Effect of protease enzyme on treated samples of meat. 

Protease derived from 
bacterial strains 

Percentage of enzyme 
treated (%) 

Water-holding capacity 
(%) 

Cooking yield  
(%) 

0 68.98 48.36 

0.5 46.35 45.6 L. sphaericus MGB1077 

1 42.38 44.81 

0 67.85 49.31 

0.5 49.52 48.32 B. firmicutes HBB525 

1 47.69 48.04 

0 69.47 55.76 

0.5 56.25 53.83 B. cereus VKK8 

1 52.94 52.37 

0 68.26 52.94 

0.5 52.38 49.35 L. fusiformis S1B12 

1 50.21 48.1 

0 68.93 57.81 

0.5 56.41 54.15 B. cereus CEN5 

1 54.12 53.86 
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enzyme treatment rates seem to negatively impact 
the ability of meat to retain water and its overall 
yield during cooking. 
 
CONCLUSION 
In summary, this study involved the production 
of protease enzymes from five bacterial isolates. 
We successfully optimized the production process 
to enhance enzyme yield, identifying their optimal 
reaction conditions (including time, pH, and 
temperature) for each strain. Notably, we observed
the meat tenderization effect of these enzymes 
across all strains. Moving forward, our research 
could explore techniques such as Liquid 
Chromatography-Mass Spectrometry (LCMS), 
site-directed mutagenesis, or X-ray crystallography
to pinpoint the specific protease type based on 
catalytic residues. Additionally, further optimization
of activity-related factors and the development of 
a mass-produced, stable enzyme product are 
promising avenues for future work.  
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